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Abstract

Vitamin A palmitate (VAP) contains retinol and palmitic acid which is easily
absorbed by body and widely used in skin care products. But, it is a hydro-
phobic and oxidation sensitive molecule which undergoes rapid degradation
especially in an aqueous environment. The purpose of this study was to pre-
pare microcapsules of VAP using combination maltodextrin and modified
starches. Emulsion of VAP was prepared using cremophore RH 40 with
Tween 80 in a homogenizer and formed emulsion was spray-dried. The spray
process was optimized using a central composite design for two variables to
obtain microcapsules with desirable characteristics. Microcapsules containing
30% of VAP were produced using different concentration of wall materials.
The prepared microcapsules were evaluated for their physical, morphological,
in-vitro drug release and SEM study. The results showed that obtained mi-
crocapsules are nearly spherical in shape with a particle size ranged from 1 to
12 pm. The drug content and encapsulation efficiency (53% - 63%) of differ-
ent batches were found within acceptable range. These stabilized drug loaded
microcapsules were incorporated into silicone cream based formulation for
convenient topical application and evaluated for its physicochemical parame-
ters. The drug release study showed 80.18% to 83.43% of drug release from
VAP microcapsules while topical formulations prepared by VAP microcap-
sules showed 67.09% to 71.45% drug release at the end of 24 hrs. The formu-
lations were kept for 3 months stability study as per ICH guidelines and found
to be stable.
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1. Introduction

Vitamin A is the fat-soluble polyunsaturated hydrocarbon vitamin including re-
tinoids and carotenoids [1]. Vitamin A obtained from plant source is a carote-
noid that your body can transform into a retinol, while the vitamin A from ani-
mal sources is already in a form of retinol which is easily absorbed by your body
[2]. Vitamin A palmitate (VAP) is the ester of retinol and palmitic acid which is
available in oily or dry forms. Figure 1 showed VAP chemical structure [3].

Sufficient amount of vitamin A is important in childhood development be-
cause of its role in ocular health, immune system and nutritional development. It
has to be provided by food or dietary supplements because, it cannot be synthe-
sized in humans [1] [4].

Recommended dietary allowance (RDA) for adults is 900 micrograms daily
(3000 IU) for men and 700 micrograms daily (2300 IU) for women [5] [6]. Sup-
plementation with large, pharmaceutically administered doses of vitamin A can
substantially reduce the incidence and severity of some infectious diseases. Oxy-
gen accelerates photo-catalyzed degradation of retinoids under light or chemi-
cally generated free radicals [7]. Also, the degradation of VAP in aqueous solu-
tion is rapid, and the solubility of retinoids in aqueous solvents is poor because
of their low polarity [8]. Therefore, there is a need to encapsulate VAP in a form
that protects them from chemical degradation during storage, to solubilize it in
aqueous systems and also does not adversely affect product quality [9].

Dispersibility and stability can be improved by encapsulating VAP oil in
powder microcapsules by using suitable barrier component [8] [10]. This barrier
used for encapsulation may protect against light, oxygen, water, protect it from
other ingredients or give control diffusion. It is generally made of compounds
with chains to create a network, with hydrophilic and hydrophobic properties.
Physical properties of microcapsules may also depend on the properties of the
wall material. The wall materials used for stabilization may require specific sta-
bility properties during heating or freezing processes, and for an optimal release
of the encapsulated active component [11].

Different techniques were used for encapsulation, among which spray drying
of a formulated emulsion/suspension/solution is the most widely used technique
for preparation of microcapsules where the active component is well dispersed
in the matrix [12]. The wall material acts as a stabilizer in the case of emulsion

and also it is able to disperse again in water. The fraction of oil on the surface
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Figure 1. Structure of Vitamin A palmitate.
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of powder showed it is unprotected against oxidation and it does not seem to be
significant to increase its shelf life [13].

For spray drying process, carbohydrates, gums, semisynthetic cellulose deriva-
tives and synthetic polymers are the commonly used carriers [14] [15] [16].
Maltodextrin is a hydrolyzed starch having multiple functions including film
formation properties, binding ability, reduction of oxygen permeability of wall
matrix. However, it has a low glass transition temperature and low emulsifying
capacity to agglomeration or caking of micro particulate powders [17] [18]. It
affects release of encapsulated actives and degradation/oxidation process may
occur during the storage period. To increase efficiency of microencapsulation
combination of wall materials is often used [19].

In this research work combination of maltodextrin with modified starches
such as Hi cap 100, which have good emulsifying capacity helped in increasing
stability of active. The modified form very stable oil-in-water emulsions and is
recommended as a total replacement for expensive encapsulating agents such as
gum arabic and gelatin [20]. The characteristics of the VAP microcapsules
loaded with combination of maltodextrin and modified starch matrix prepared
by using spray drying technique.

VAP is also a constituent of some topically applied skin care products. After
its absorption into the skin, retinyl palmitate is converted to retinol, and ulti-
mately to retinoic acid. It increases moisturization of skin, decreases skin wrin-
kling and also acts as antioxidant when applied topically [21] [22].

This study investigates the formulation and characterization of powder mi-
crocapsules of VAP. The microcapsules were incorporated into silicone cream

based formulation for convenient topical application.

2. Materials and Methods

Vitamin A palmitate was donated from Piramal enterprises Ltd. BASF Ltd.
(Batch no.: MHO0033) (India). The surfactants used were PEG-40 hydrogenated
castor oil (Mw = 2589) (CremophorRH40) kindly donated by BASF (Ludwig-
shafen Germany) and Polyoxymethyl sorbitan monooleate (Mw = 1310 g/mol)
(Tween 80) purchased from SD Fine chemicals (India). Maltodextrin and
HICAP 100 (Batch no. DC16611) were purchased from Gujrat ambuja exports
Itd. (India) and Ingredion Ltd. (CP ingredients India Pvt. Ltd.) respectively. Si-
licone cream base were procured from DOW corning Ltd. Mumbai. All other
chemicals were of HPLC grade and were purchased from Merck (Darmstadt,

Germany).

2.1. Determination of VAP Solubility in Fixed Oils

Solubility of VAP in three different fixed oils namely olive oil, coconut oil and
hydrogenated castor oil was initially investigated. Excess amount of VAP was
added to 2 g of each of the oils and the mixtures were stirred using magnetic
stirrer and covered with aluminum foil to protect it from light. Aliquots were

taken to determine the amount of VAP until it reaches the equilibrium solubility.
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2.2. Preparation of VAP Emulsion

A series of emulsions were prepared with fixed concentration of VAP (6%w/w),
Cremophore RH 40 (4%w/w), and Tween 80 (0.2% w/w) as emulsifier (lipid
phase). And varying the concentration of maltodextrin and OSA modified starch
in combination (Aqueous phase). Aqueous phase were prepared by dissolving
OSA modified starches or maltodextrin in distilled water at 70°C under gentle
stirring for 30 min to enhance hydration then cooled to room temperature. The
lipid phase was prepared by mixing VAP with Cremophore RH 40 and heated to
60°C - 65°C also added Tween 80. The aqueous phase containing combination
of OSA modified starch and maltodextrin were also heated to 60°C - 65°C and
added very slowly to lipid phase with thorough stirring using a rotor-stator ho-
mogenizer (Ultra-turrax IKA T18 Basic, Wilmington, NC, USA) operated at
10,000 rpm for 30 min at room temperature. As a result of hydration, the solu-
tion thickens, with the viscosity attaining a maximum after about half of the wa-
ter has been added. Further addition of water then decreases the viscosity again.
If the first half of the water is added too quickly, the solution can become opa-
lescent. Alternatively, the warm mixture of the VAP and Cremophore RH 40 can
be slowly stirred into the water, which results in a lower increase in intermediate

viscosity. The composition of emulsions was showed in Table 1.

2.3. Emulsion Stability

Immediately after the emulsion preparation, 25 mL aliquots of each sample were
transferred to graduated cylinders, 25 mL, sealed, stored at room temperature
for one day, and the volume of the aqueous phase measured after 24 hours. The

stability was measured by % of separation, expressed as:

% sepration = H, /H X (1)

where, H, represents the emulsion initial height and A, is the upper phase
height.

2.4. Particle Characterization

The mean particle diameter, particle size distribution, and electrical charge of

mixed micelles were determined. The mean particle diameter and particle size

Table 1. Formulation composition of VAP microcapsules.

Formulation VAl VA2 VA3
Ingredients Quantities %w/w
VAP 6 6 6
Cremophore RH40 4 4 4
Tween 80 0.2 0.2 0.2
Maltodextrin 22 4.4 6.6
HICAP100 6.6 4.4 2.2
Purified water q.s. for 100 gm
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distribution were measured using the laser light diffraction instrument (Malvern
Instruments, Mastersizer 2000, UK). This instrument calculates the particle size
of oil droplets in a medium by the scattering pattern of a traversing laser light.
The electrical charge ({-potential) was determined using electrophoretic mobility
measurements (Particulate system, Nano-Plus, Malvern Instruments). This in-
strument determines the sign and magnitude of the particles charge by measur-
ing the direction and velocity of their movement when they are placed in a ca-
pillary test tube between two electrodes. Samples were equilibrated for 1 min in-
side the instrument before data were collected over at least 10 sequential read-

ings and analyzed using the Smoluchowski’s model.

2.5. Shear Viscosity Measurement

The shear viscosity of samples was measured using a rheoplus instrument (An-
ton Parr, Rheoplus/32). A cone and plate geometry consisting of a measuring
system with spindle number of CP50-2-SN15926 (diameter = 0.209 mm) was
used for measurement of viscosity. The samples were loaded into the rheometer
measurement plate and allowed to equilibrate at 25°C for 5 min before begin-
ning all experiments. Shear viscosity (h) measurements were carried out at dif-
ferent shear rates (0.01 to 100 s™!), and all oil phases and aqueous phases tested
were found to be Newtonian. We therefore only reported the shear viscosity

measurements at a fixed shear rate (10 s™).

2.6. Interfacial Tension Measurement

The interfacial tension was measured at oil-water interfaces using a drop shape
analysis instrument Rame-hart automated dispensing system (Model no. 100-22).
The aqueous phases were prepared by mixing appropriate amounts of water,
cosolvents and wall materials whereas oil phases were prepared by mixing ap-
propriate amounts of VAP and Cremophore RH 40. The oil phase was injected
into the aqueous phase after the equilibrium (more than 5 min.) and then the

interfacial tension was determined by drop shape analysis method.

2.7. Statistical Analysis

All measurements were performed on to three freshly prepared samples (ie.,
new samples were prepared for each series of experiments). The final values
were reported as mean of the three measurements + standard deviation (SD)

calculated from these values.

2.8. Spray-Drying Process

Homogenized microemulsions were spray-dried in a Mini spray dryer JISL
equipped with a co-current nozzle atomizer. Inlet and outlet temperatures were
110°C - 130°C and 55°C - 60°C respectively, with a feed rate of 1 - 5 ml/min
atomization air pressure 2-3 kg/cm’and aspiration rate 40% - 45%. Obtained
microcapsules were sealed into amber colored glass bottles (50 mL) and then put

in plastic bag and kept into a desiccator at room temperature for further analy-
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sis. Composition for microcapsule preparation was showed in Table 1.

2.9. Determination of Drug Content

Accurate weight (10 mg) of VA-loaded microcapsules was dissolved and diluted
with isopropanol to an appropriate concentration for determination of drug
content of the microcapsules. The obtained solutions were measured for its ab-
sorbance (in triplicate) using ultraviolet (UV) spectrophotometer (Shimadzu
UV-1650, Tokyo, Japan) at 325 nm using isopropanol as solvent. The amounts
of drug content were calculated by comparing the measured absorbance values
with those in the standard curve [23].

Validation of the method was performed to ensure that the calibration curve
between 6 and 12 pg/ml of VAP in isopropanol solutions was in the linearity

range (r* > 0.999) and the measured absorbance was in the range of 0.2 - 0.8.

2.10. Encapsulation Efficiency

The microcapsules equivalent to 100 mg of VAP were accurately weighed. For,
determination of encapsulation efficiency microcapsules powder was dissolved
in cyclohexane (5 ml) in volumetric flask and the volume was made with 0.1 N
HCI. This solution was then filtered through whatmann filter paper No. 44. Af-
ter suitable dilution, the absorbance was measured at 325 nm using UV spec-
trophotometer and the percentage of drug entrapped was calculated Equation
(2). The drug entrapment study was conducted in triplicate.

Actual drug content

% Drug encapasulation efficiency = -
Therotical drug content

(2)

2.11. Moisture Uptake and Stability Studies

Moisture uptake by prepared microcapsules was studied using Moisture balance
MB 50C (Citizen, India). Moisture content was calculated as percentage. After
moisture content analysis microcapsules were placed in crucible at accelerated
conditions of temperature 40°C + 2°C and humidity 75% + 5% RH in an envi-
ronmental test chamber for 24 h (Thermo lab, India). These samples were then
analyzed for drug content by UV spectroscopy. This method is useful to deter-
mine the effect of moisture on degradation of drug and prepared microcapsules

systems [24] (need to add reference).

2.12. Design of Experiment (DOE)

The design of the experiment was done by software (Design Expert®, Version
9.0.4.1, Stat-Ease, system techno craft services pvt. Ltd. Ser. No. 5401-1156-
2569-7020 Inc., USA). The key elements of the study were the moisture content,
encapsulation efficiency, drug content and moisture uptake stability study.

In the preliminary study, the composition of the emulsion to be spray dried
(the quantity of VAP, Cremophore RH 40 oil, Tween 80 and combinations of
wall materials ratio) and the process parameters (inlet air temperature, aspira-

tion, feed rate, and solid concentration) were studied by single factor design.
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Table 2. Factors and levels.

Based on the results of preliminary study, the major factors were found to be the
feed rate and solid concentration.

Two-factor central composite design (CCD) with five center points was used
to find the optimum condition. The factors and levels were shown in Table 2
and Table 3. The best-fitting mathematical model was selected based on the
F-value provided by analysis of variance (ANOVA). The optimum values of the
process variables were obtained from the model. The reproducibility of the process

was studied on the optimized process by triplicate.

2.13. Flow Properties

The prepared microcapsules were evaluated for the parameters like bulk density,
tapped density, compressibility index (Carr’s index), angle of repose, and Hausner’s

ratio.

2.14. Solubility

The powder solubility in water was determined by dispersing the VAP micro-
capsules in water solution (0.3% w/v) and then gently stirred until solid solubili-
zation. The microcapsules powder was considered soluble when the time of so-
lubilization was not greater than 5 min. The time required to completely solubil-

ize microcapsules was recorded [25].

Factor Name Units Type Minimum  Maximum Coded Values Mean  Std. Dev.
A Solid concentration mg/ml  Numeric 7.92893 22.0711 —-1.000 =10 1.000 = 20 15 4.08248
B Inlet temperature °'C Numeric 91.7157 148.284 —1.000 =10 1.000 = 140 120 16.3299
Table 3. Experimental runs.
Experimental Type Solid concentration (mg/ml) Inlet Temperature °C
1 Axial 15 91.7157
2 Axial 22.0711 120
3 Center 15 120
4 Factorial 20 140
5 Axial 15 148.284
6 Factorial 20 100
7 Center 15 120
8 Center 15 120
9 Center 15 120
10 Axial 7.92893 120
11 Factorial 10 100
12 Center 15 120
13 Factorial 10 140
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2.15. Contact Angle Measurement

To investigate the behavior of water in contact with the VAP microcapsules sur-
faces, changes in the contact angle of water droplets were measured. For the
contact angle measurement, G10 Contact angle meter (KRUSS, Germany) was
used. Static contact angle method was adopted to measure it. A solid disc of
VAP microcapsules with flat surface was prepared by spray drying technique. A
single drop of distilled water was deposited on the flat disc surface and the con-
tact angle was measured immediately and after 60 s of equilibrium. In order to
minimize the evaporation of water, contact-angle measurements were carried
out in an atmosphere with saturated relative humidity. Measurements were car-

ried out in triplicate for each sample.

2.16. Solid State Characterization of Formulations

The solid VAP microcapsules were characterized by particle size analysis and
morphological characterization was done using scanning electron microscopy
(SEM).

2.16.1. Particle Size Analysis

The microcapsules were evaluated for their particle size distribution using the
laser light diffraction instrument (Malvern Instruments, Mastersizer 2000 Ver.
5.30.010, UK). The microcapsules were fed into the sample micro feeder. This
technique measures the size of particles dispersed in a medium by the scattering
pattern of a traversing laser light. Before analysis, microcapsules were suspended
in ethanol and submitted to an ultrasound during 1.50 min. During the analysis
(in triplicates), the samples were maintained at constant agitation.

All samples were analyzed 5 times, and average of results were taken. The
characterization of particles size distribution was analyzed by D10, D50 and D90
of the microcapsule size. The average of d (0.1), d (0.5), and d (0.9) values is
taken as mean diameter.

The size uniformity and dispersity of the microcapsules were represented by
span value. The narrow size distribution was indicated by small span value. Span

value was measured from the following Equation (3):

Span = (D90- D10)/D50 3)

2.16.2. Scanning Electron Microscopy (SEM)

To evaluate physical surface and morphology of microcapsules like size and
shape was analyzed using scanning electron microscope (XL 30 Model, JEOL
5400, Japan). Sample was prepared by affixing double-sided carbon tape on alu-
minum stubs over which sample of VE microcapsules were placed. The radiation
of the platinum plasma beam (JFC-1600) was bombarded on aluminum stubs to
make 2 mm coating thickness above the sample for 25 min. These prepared
coated stubs were then placed in the vacuum chamber of a scanning electron
microscopy (SEM) and adjusted to maximum magnification to obtain excellent

quality scanning images. Then, those samples were observed for morphological
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characterization using a gaseous secondary electron detector (working pressure:
0.8 Torr, acceleration voltage: 20.00 kV). SEM images were obtained at a maxi-
mum and visible magnification to understand the surface morphology VAP mi-

crocapsules.

2.17. Development of Semi-Solid Dosage Form for Topical
Delivery of VAP

2.17.1. Preparation of Semi-Solid Dosage Forms

Semi-solid formulations of VAP were prepared according to the composition

given below in Table 4 using aqueous silicone cream base. VAP oil and VAP

microcapsules incorporated into the formulation at 0.3% concentration of active

VAP. To obtain homogenous mass all the actives were triturated by using geo-

metrical dilution procedure.

2.17.2. Cream Enriched with VAP Microcapsules

Creams were prepared using silicone cream base. For the preparation of cream,
glycerol, SLS and microcapsules of VAP were weighed accurately and dispersed
in water [26]. The dispersion obtained was, then stirred in high shear homoge-
nizer (IKA T18 Digital Ultra-turrax) (7000 rpm). The clear solution of actives
was added in small aliquots to silicone cream base with constant agitation. The

cream was stirred till cream of desired uniformity and consistency was obtained.

2.17.3. Conventional Cream (Neat VAP)

Conventional cream of a Vitamin A was prepared by incorporating the VAP in
silicone cream base at the same concentration as microcapsule enriched cream.
The VAP was dispersed in part of water containing sodium lauryl sulphate and
glycerol [22]. The part containing VAP was added to the silicone cream base and

the cream was stirred till desired uniformity and consistency was obtained.

2.17.4. Evaluation of Topical Cream Formulations
1) Organoleptic properties

The physical appearance of formulations was checked visually (color, odor

Table 4. Composition of topical formulations of VAP cream.

Formulation Neat VAP VAPT1 VAPT2 VAPT3
Ingredients Quantities % w/w
VAP Neat 0.3 ---- ---- ----
VA1 microcapsules 1
VA2 microcapsules 1
VA3 microcapsules - - - 1
Silicone cream base 24.65 24.65 24.65 24.65
Glycerol 10 10 10 10
Sodium lauryl sulphate (SLS) 0.5 0.5 0.5 0.5
Purified water 64.55 63.85 63.85 63.85
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and homogeneity) while greasiness was assessed by application into the skin
surface. In addition, the pH of the VAP cream formulations was determined us-
ing a Eutech digital pH meter.

2) Rheological properties

The viscosity of VAP cream was measured on a Brookfield viscometer RV
model. T-bar spindle (C) was used for measurement of viscosity and viscometer
was operated at 0.5, 1, 2.5 and 5 rpm. A graph of shear rate vs. shearing stress
(viscosity X r.p.m.) was plotted which indicate rheology of VAP topical formula-
tion [27].

3) Texture profile

The spreadability of VAP topical formulation was analyzed using texture ana-
lyzer Brookfield engineering labs which consist of a set of matched male and fe-
male Perspex cones. CT3 with 100 gm load cell was used for measurement of
spreadability. For measurement of the spreadability of the VAP cream parame-
ters was maintained as follows:

Test type: compression, pre-test speed: 1.0 mm/s, target value and target force:
5.0 mm and 6.80 gm respectively.

4) Stability under centrifugation

The stability of VAP cream against aggregation of emulsified oil particles (e
creaming at the top of the sample) was evaluated. The VAP cream was evaluated
for aggregation of emulsified oil particles Ze. creaming at the top of the sample.
The centrifugation tubes filled with 10 ml of cream were centrifuged at 5000 rpm
for 30 min. and evaluated for phase separation. This test is used for evaluation of
VAP cream under accelerated deterioration and high stress conditions [26] [28].

5) Stability under thermal cycling

The prepared VAP cream was stored in wide mouth plastic containers made
up of Low Density Polyethylene (LDPE) and subjected to refrigerated tem-
perature (2°C - 8°C) for 24 hrs. Followed by exposure to 30°C/60% RH and
40°C/75% RH accelerated storage conditions for 24 hrs. This cycle was repeated
three times and any change in the color, viscosity was recorded.

6) In vitro drug release of VAP cream

In vitro drug release studies were performed using Franz glass diffusion cells.
It contains 0.785 cm? diffusion area and 10 ml volume of receptor chamber. For
permeation study, Dow Corning 7-4107 Silicone elastomer was used as semi-
permeable membrane for 24 hrs. Phosphate buffer pH 7.4 containing 3% poly-
sorbate 80 was used as receptor fluid. A weighed quantity of VAP cream formu-
lations were placed evenly on the surface of the membrane and immersed slightly
in receptor fluid which was continuously stirred with magnetic stirrer and
maintained at temperature 37°C + 0.2°C. Samples of 1 ml were collected over a
period of 24 hrs. The withdrawn samples were diluted suitably and VAP content

was estimated spectrophotometrically at 325 nm [22].

2.18. In-Vitro Release Profile of VAP Microcapsules

The dissolution study of prepared microcapsules was carried out by using eight

K2
035: Scientific Research Publishing

19



A. B. Gangurde, P. D. Amin

station USP apparatus II (Electro lab, TDT-08L, India) in 900 ml phosphate
buffer pH 7.4 at a temperature of 37°C + 0.5°C at 75 rpm. A 5 gm of powdered
microcapsules were introduced into the dissolution medium [29]. And dissolu-
tion study was carried out over a period of 24 hr. A 5 ml of aliquots sample were
withdrawn and same amount replaced by fresh medium to maintain sink condi-
tion. The withdrawn samples were analyzed through UV-Visible spectrophoto-
meter at 325 nm. All studies were carried out in triplicates.

2.19. Antioxidant Assay

Free radical scavenging activity of VAP microcapsules and topical formulations
of VAP was determined by stable 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radi-
cal. Methanolic solutions (1 ml) of different formulations containing 1, 2, 3, 4
and 5 pg/mL concentration of actives were added to 1 ml methanolic solution of
DPPH (2 mg/ml). Ascorbic acid was taken as reference compound. The absor-
bance is measured at 517 nm after 30 min. The results were evaluated as sca-
venging percentage of radical [30].

% Inhibition = eentel At 109 @)

control

whereas, A = absorbance; A, = absorbance of blank solution A, = absor-

test
bance of the reference standard.

The percentages of inhibition were plotted against the concentration for each
sample, and the concentration that corresponds to 50% inhibition of DPPH re-

duction was reported as the IC50 value [31].

2.20. Stability Study

Stability study was conducted by placing powder microcapsule samples in closed
glass ambered color vials and topical cream formulation of VAP in wide mouth
plastic containers made up of low density polyethylene. Both, the samples were
stored in controlled temperature environments inside stability chamber with RH
of 75% and 40°C temperature and 65% and 30°C temperature. Microcapsule
samples were reevaluated for physical appearance, moisture content, and drug
content while the VAP cream formulation were reevaluated for appearance, pH

and drug content after 1, 2 and 3 months storage.

3. Results and Discussion

Vitamin A supplementation via foods and/or pharmaceuticals has been widely
used for prevention of diseases and ensures healthy childhood development in
developing countries [1]. However, utilization of VAP is limited due to its poor
dispersibility in aqueous systems and its vulnerability to degradation during
processing, transport and storage.

Preparation of VAP microcapsules with combination of carbohydrate mate-
rials is a promising way to improve solubility and stability.

In the present study, we investigated the impact of different combination ra-

tios of carbohydrate materials such as maltodextrin and modified starch (OSA
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starch) upon stabilization of VAP in the solid phase, dissolution, and solubiliza-
tion in aqueous media. Also, the prepared microcapsules were incorporated into
semi-solid dosage formulation (silicone cream base) for convenient topical ap-

plication.

3.1. Preparation of VAP Encapsulated Microcapsules

In the present study, VAP microcapsules were prepared by spray drying tech-
nique for delivery of VAP by topical route. In order to prepare stabilized VAP
microcapsule combinations of natural ingredients such as maltodextrin and starch
derivative (Hi cap100) were used in different concentrations as wall material for
microencapsulation.

The loading capacity of VAP was targeted by preparing emulsions containing
a 30% of VAP within the oil phase. However, it is difficult to homogenize alone
due to its relatively high viscosity and its oily nature. Therefore, for the devel-
opment of emulsion a right blend of low and high HLB (hydrophile-lipophile
balance) surfactant is necessary for the formation of stable emulsion [32] [33].

Initially, the solubility of VAP in three different fixed oils namely olive oil,
coconut oil and hydrogenated castor oil was investigated. VAP was found to be
very soluble in all the investigated fixed oils, but its solubility in hydrogenated
castor oil (1.24 g/1g) was found to be higher than olive oil and coconut oil as
showed in Table 5. Therefore, hydrogenated castor oil (Cremophore RH 40) was
chosen to formulate VAP microcapsules.

Polyoxyl 40 Hydrogenated Castor Oil (Cremophore RH 40) acts as nonionic
solubilizer and Tween 80 acts as emulsifier. Addition of surfactant is necessary
for preparation of stable emulsion. Also, the emulsion may become unstable
when it is highly diluted because the surfactant concentration may then fall be-
low the critical micelle concentration (CMC), so some of the surfactant leaves
the droplet surfaces, eventually leading to aggregation.

A series of oil-in-water emulsions with oil phase containing VAP, Cremo-
phore RH 40, Tween 80 and wall materials containing different composition of
combined wall materials was prepared as shown in Table 1. The emulsions were
produced using the high shear homogenizer (IKA T18 Digital Ultra-turrax) (10,000
rpm).

All emulsions prepared with combination of starch derivatives showed 100%
stability for 24 hours, with no phase separation.

The electrical characteristics of the emulsion were determined which showed
that negative charge was formed on the micelles which can be attributed to the

presence of anionic carboxylic groups (-COO). The prepared emulsion showed

Table 5. Solubility of VAP in different oils.
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0il Solubility of VAP in oil g/g
Olive oil 1.05
Coconut oil 1.01
Cremophore RH 40 (Hydrogenated castor oil) 1.24
21



A. B. Gangurde, P. D. Amin

0 -
2 A
4
= -6 A
«
£ -10 -
g -12 A
g -14
-16 -
218
-20
VAL VA2 VA3
|¢-potential (mv) -16.24 -16.78 -15.98

Figure 2. Zeta potential of VE emulsion determined by using nano-plus zeta sizer.

¢“potential (mv) is in the range of —15.98 to —16.74 mv as shown Figure 2.

The rheological behavior of emulsions was evaluated by determination of
shear viscosity at 25°C as showed in Figure 3. The experimental data showed
that emulsion showed Newtonian flow over the shear rate, according to which
viscosity is constant with shear rate. The shear viscosity of emulsions was in-
creased with increasing proportion of Hi cap 100 in wall material systems. The
shear viscosity measurement at fixed shear rate (10™") was found to be 1.431,
1.656 and 1.770 for VA1, VA2 and VA3 formulations respectively as shown in
Figure 3.

The interfacial tension plays an important role in the formation of small
droplets during homogenization, which is proportional to the force required to
deform and disrupt droplets within the homogenization zone [34]. Therefore,
we measured the interfacial tension at the oil-water interface of oil phases with
different composition as showed in Figure 4. The interfacial tension was in-
creased by increasing concentration of Hicap 100 in the aqueous phase changing
from 23.6 mNm™ to 29.2 mNm™". This study indicates that the free energy re-
quired to increase the interfacial area by increasing amount of Hi cap 100 in

aqueous phase which is having higher emulsifying capacity.

3.2. Optimization of Process Parameters

To optimize the levels of solid concentration and inlet air temperature statisti-
cally designed experiments were performed using central composite design (CCD).
A high correlation coefficient explained the goodness of fit of the experimental
data in the response surface models of moisture content, encapsulation efficien-
cy, drug content and moisture uptake drug content stability study.

The different graphs of 4 responses were developed as a function of the two
independent variables (levels of solid concentration and inlet air temperature)
according to their significance to the response.

The graphs for moisture content, encapsulation efficiency, drug content and
moisture uptake drug content stability study value as a function of levels of solid

concentration and inlet air temperature are showed in Figure 5. The optimized
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Figure 3. Shear viscosity as function of shear rate.
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Figure 4. Interfacial tensions of different formulations between oil phase (30 % VE acetate: 20% cremo-
phore RH 40 oil) and aqueous phase containing different combinations of wall materials VA1, VA2 and

VA3.

formulation was obtained by superimposing graphical methods which gives the

optimum area [35].

3.2.1. Moisture Content and Encapsulation Efficiency

The coefficients of the first order terms variables showed that the moisture con-

tent decreased and encapsulation efficiency increased with the increase in inlet

air temperature and decreasing solid concentration. Inlet air temperature was

found to have maximum influence on moisture content followed by solid con-

centration. The generation of high hot air during drying which might have

trapped the moist air that was found in the fed product and it might have re-
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duced the moisture content and increased encapsulation efficiency to a greater
extent [36]. The moisture content was decreased by increasing the inlet air tem-
perature during spray drying [37].

The linear model was a statistically significant model (p = 0.0005). The ma-
thematical model (a polynomial equation) which was obtained by the software
(Design—Expert®) was described below:

Moisture content = +3.58+0.18* A—-0.29*B
Encapsulation efficiency = +56.71-2.93* A+1.20*B

where, A solid concentration, Binlet temp

3.2.2. Drug Content and Moisture Uptake Stability Study (45°C/75%)
The coefficients of the first order terms for variables indicated that drug content
and moisture uptake stability drug content of the VAP microcapsules increased
significantly by reducing the solid concentration and increasing inlet air tem-
perature.

The Quadratic model was a statistically significant model (p = 0.0005). The
mathematical model (a polynomial equation) which was obtained by the soft-

ware (Design—Expert®) was described below:
Drug content = +27.96—0.80* A+0.88*B —0.080* AB—0.016 A> —1.22* B®

Moisture uptake stability study (40°C/75%)
=+27.67-0.81* A+0.97*B —0.14#AB —0.037* A —1.16* B?

where, A solid concentration, Binlet temp.

ANOVA shown in Table 6 indicated that the effect of the corresponding fac-
tors on the response was significant. The response surface plots were showed in
Figure 5. The R value of all variables indicates that the model was in good fit
with the R.S.D. value and CV. An optimization procedure was used to obtain the
levels of solid concentration and inlet temperatures at which all the variables are
in acceptable range was obtained. The optimum levels for all the variables were
given in Table 6.

The VAP microcapsules under the optimum condition were prepared in trip-

licate. The observed value agreed with the predicted value which was showed in

Table 6. Significant level of powder response.

Results Moisture  Encapsulation Drug Moisture uptake stability study
content efficiency content (40°C/75%) (Drug content)

ANIO{;,;Z for Linear Linear Quadratic Quadratic

F-value 6.56 5.98 6.05 5.50

p-value 0.0151 0.0196 0.0176 0.0225

R value 0.5677 0.5447 0.8122 0.7972

R.S.D. 0.26 2.59 0.85 0.90

CV % 7.37 4.57 3.12 3.35

Model significant Significant significant Significant
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Figure 5. Effect of solid concentration and inlet temperature on different physico-chemical properties of the prepared microcap-
sules: (A) moisture content; (B) Encapsulation efficiency; (C) Drug content (D) Moisture uptake stability (40°C/75%).
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Table 7. Predicted and observed values.

Table 7. This proved the validity of the model. The reproducibility was proved
by the low S.D.

After, optimization of processing variables for spray drying process the mi-
crocapsules were evaluated for flow and compaction behavior of VAP micro-
capsules. It was found that VAP microcapsules has poor flow properties and
needs manual tapping to make it freely flowable and also has poor compaction
behavior because of fluffy nature of microcapsules as showed in Table 8.

Drug content of VAP microcapsules were determined by UV spectrophoto-
metric method. Table 8 showed that VA1 to VA3 were in the range 28% - 30%
which is implied that encapsulation could produce good reproducibility of drug
content. The encapsulation efficiency of VAP microcapsules varied between 59%
- 64% as showed in Table 8. Results demonstrate that increasing concentration
of maltodextrin increases encapsulation efficiency of VAP microcapsules.

The morphological study of VAP microcapsules showed that the uniform and
regular shape of particles. The aspect ratio of microcapsules varied from 1.03 to
1.08 which indicates almost spherical shape of microcapsules while the wall ma-
terials used for encapsulation showed irregular and non-uniform shape of par-

ticles with aspect ratio varied from 1.40 to 1.56.

3.3. Solubility and Contact Angle Measurement

The powder microcapsules were studied for time required to solubilize the mi-
crocapsules in water. The solubilization time required to solubilize the micro-
capsules was ranged from 3.3 to 4.5 min. Table 9 which indicated reducing con-
centration of maltodextrin decreases solubility of powder microcapsules [25]. To
check wettability changes through surface modification contact angle measure-
ment of VAP microcapsules were done. The time evolution of the water contact

angle of VAP microcapsule films is shown in Table 9. The contact angle of all

Response Predicted value Observed value Std Dev. 95% CI low 95% CI high
Moisture content 3.57615 3.49+0.23 0.263579 3.41327 3.73904
Encapsulation efficiency 56.7069 55.92 +0.89 2.59298 55.1045 58.3093
Drug content 27.96 27.24 +£0.72 0.848465 27.0628 28.8572
Moisture uptake stability study (40°C/75%) 27.672 26.92 +0.62 0.900937 26.7193 28.6247
Table 8. Evaluation of micro capsules for their flow properties, assay, aspect ratio and encapsulation efficiency.
s ARt Wity Tty Hets Gt Ay B
Maltodextrin  42.35+1.24 0.3784 0.5255 1.38+0.21 27.99+152 1.56+0.28 - -
Hicap 100 37.01 £1.17 0.4640 0.5373 1.15+0.11 13.64 £1.28 1.54 + 0.21 - -
VAl 39.24 £ 1.11 0.2052 0.3280 1.59 £ 0.04 37.5+1.02 1.03+£0.24 29.24 £0.69 59.12 £ 1.17
VA2 37.23 £0.93 0.2213 0.2822 1.27+£0.17  28.66 +£1.24 1.06 +0.14  31.01 £ 0.67 60.54 +1.31
VA3 36.24 £ 0.76 0.1929 0.2746 1.42+£0.04 2947 +1.03 1.08 +£0.13  30.86 +£0.71 63.45 +1.24
27
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Table 9. Solubility and contact angle measurement of VAP microcapsules prepared by
spray drying (n = 3, mean * SD).

Solubilization time Contact angle

VAP microcapsules

(min.) t=0s t=60s
VAL 3.3 4045 24° £ 1.06° 18° +1.29°
VA2 3.9+0.39 25"+ 1.12° 20" +1.07°
VA3 4.5+0.61 27° £ 1.12° 22°£1.20°

Table 10. Moisture content and drug content of encapsulated VE microcapsules after ac-
celerated temperature conditions.

Drug content after Accelerated

Batch Moisture content (%) temperature conditions (%)
VAl 3.49 £0.12 27.23 £0.54
VA2 3.45 +£0.15 29.32 £ 0.62
VA3 3.53+0.24 28.86 +£0.52

VAP microcapsule is in the range of 15° - 25° which showed higher wettability
of microcapsules. Conversion of VAP oil into the solid state leads to decrease in
contact angle which showed higher wettability of microcapsules. Therefore, VAP
microcapsule films are hydrophilic in nature with lower contact angle.

3.4. Moisture Uptake and Stability Studies

To check hygroscopic nature of microcapsules moisture uptake study was con-
ducted. VAP microcapsules were subjected to accelerate conditions of tempera-
ture and humidity and it shows that there is no significant change in weight of
the microcapsules.

The amount of moisture absorption is directly proportional to the amount of
hygroscopic surface area on the encapsulated particles (Ref. need to add). There-
fore, it indicates the intimacy of mixing of oil with wall materials in encapsulated
VAP. The Moisture content in encapsulated VAP was found to be in the range
of 3.45% to 3.53% as showed in Table 10 which is negligible and has no degra-
dation effect on drug efficacy. The drug content analysis was carried out after
treatment and observed to be in the range of 27.53% to 29.32% analyzed by
UV-spectrophotometric method.

3.5. Solid State Characterization

3.5.1. Particle Size Distribution of Microcapsules
The particle mean diameters ranged between 5.039 um and 7.712 pm. The mi-
crocapsules produced from VA3 containing higher concentration of Hi-Cap 100
showed greater size, probably due their higher emulsion viscosity. Table 11
showed the particle size distribution of microcapsules produced with different
proportion of maltodextrin and Hi-Cap 100 wall materials combination.

Particle size analysis showed a multi-modal particle size distribution. All pre-

pared VAP microcapsules showed the narrowest size distribution with lower
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span value which showed regular particle size and shape Figure 6.

3.5.2. Scanning Electron Microscopy (SEM)

The surface analysis of the microcapsule particles obtained with combination of
different proportion of encapsulating agents was performed using SEM allowing
three-dimensional characteristics to be visualized. Figure 7 shows the photomi-
crographs of the VAP microcapsules obtained using the combination of malto-

dextrin and Hi-Cap 100 carrier agents.

Table 11. Volume weighted mean particle size, the d (0.1), d (0.5), d (0.9), and span val-
ues of VAP microcapsules determined by laser diffractometry.

Batch Mean (pum) d (0.1) um d (0.5) um d (0.9) pm Span value
VAl 5.195 £ 0.041 1.042 £ 0.029 4,527 £0.024 9.611 £0.049 1.893 £ 0.044
VA2 5.039 £ 0.010 0.803 £ 0.03 3.898 £ 0.06 10.787 + 0.09 2.561 £0.51

VA3 7.712 £ 0.040 1.022 +0.02 5.188 +0.08 14.196 + 0.03 2.539 +0.67

Particle Size Distribution
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Figure 6. Particle size distribution of VAP microcapsules (A) VAL, (B) VA2, (C) VA3.
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Figure 7. SEM micrographs of (A) VA1 (B) VA2 & (C) VA3 prepared by combination of
maltodextrin and Hi-Cap 100 at different concentrations.

Microcapsules obtained with combination of encapsulating agents VA1 to VA3
exhibited irregular surfaces of angular shapes with several indentations. The for-
mation of these indentations obtained by spray drying technique on the surface
of microcapsules is usually attributed to particle shrinkage due to the drastic loss
of moisture followed by cooling [38].

The agglomeration of smallest particles between themselves and to the larger
particles was also observed in the microcapsules. Microcapsules with rough sur-
faces or dents can have problems in their flow properties, but they do not affect
stability [39].

The microcapsules prepared by spray drying technique are spherical in shape
but they have irregularities on their outer surface.

3.6. Development of Semi-Solid Dosage for Topical Delivery of
VAP

VAP is widely used in dermatological and cosmetic preparation as active com-
ponent. It involves in regulation of epidermal cell growth, participates in colla-
gen synthesis process, inhibits final step of keratinization and enhances glyco-
saminoglycan synthesis and essential in reproduction of basal membrane cells. It
also stimulates skin cell proliferation, which eventually causes the epidermis to
thicken, resulting in a stronger skin barrier function. Also it improves skin ap-
pearance and its elasticity [3].

The importance of VAP to skin has inspired development of topical drug de-
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livery.
The recommended concentration of VAP 1.7 million IU/g is 0.05% - 0.3%.

3.7. Evaluation of Semi-Solid Topical Cream Formulations

All the topical formulations of VAP were white in color and found to be smooth,
free from grittiness on application and homogenous in nature. The drug con-
centration of VAP in dermatological bases was found to be in the range of 94% -
99% (Table 12). It reveals that the method used was suitable for preparation of
topical dosage forms. There is no degradation of the active during the prepara-
tion as indicated by drug content. The pH of the VAP formulations was in the
range of 7.1 - 7.7 which is suitable for skin pH, indicated suitability of VAP for-
mulation when applied to skin.

The shear viscosity of VAP topical formulations was evaluated at 25°C as
showed in Figure 8. The shear viscosity measurement of topical cream formula-
tion at fixed shear rate 5 rpm was in the range of (6.00 - 6.70) x 10° centipoise.

The viscosity of VAP cream formulations was ranged from (6.24 - 6.72) x 10°

Table 12. Evaluation of topical formulations of VAP for their drug content and texture
studies [Hardness (gm) and Hardness work done (m])].

Texture analysis

Formulation Drug content %
Hardness (g) Hardness work done (m])
Neat VAP 96.79 £ 0.89 28.10 0.665
VAPT1 98.29 £ 0.78 33.42 0.736
VAPT2 99.06 £ 0.72 34.07 0.828
VAPT3 98.29 + 0.86 38.13 0.804
40 Neat VAP
35
== VAPTI
@ 30
2}
o
E 25 =de=—VAPT2
Z
m
220
E =>=VAPT3
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8 15
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Figure 8. Viscosities of VAP topical formulations (Neat VAP, VAPT1, VAPT2, VAPT3)
as a function of shear rate.
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spreadability using texture analyzer which consists of a set of matched male
and centipoise at 5 rpm. The VAP topical formulations were evaluated for
their female perspex cones. The graph of Time (seconds) vs. Load (gm.) Fig-
ure 9 indicates the maximum force value which is a measure of the firmness
of cream at specified area and depth. Also, the energy required to deform the
cream formulations which is the hardness work done. Lower the firmness and
hardness work done value indicates a more spreadable sample [26]. All the
topical cream formulations showed lower firmness and hardness work done
which indicates that VAP topical formulations were more spreadable as
showed in Table 12.

The topical formulations of VAP were also evaluated for their stability under
centrifugation and thermal cycling. It indicates that no creaming or phase sepa-
rations were observed under centrifugation and no change in viscosity and color

was observed under thermal cycling for VAP cream formulations [28].

3.8. In-Vitro Release Study

The in vitro release profile of VAP microcapsules was showed in Figure 10. In
the initial 2 hrs. the drug release was less than 20% this may be because of slow
dissolution of drug from the wall material. After 2 hrs. the drug release rate was
increased with time until 8 hrs. Comparing the drug release from semi-solid
topical formulation containing VAP microcapsules was slower from the cream
as compared with VAP microcapsules. As can be seen in this Figure 10 80.18%
to 83.43% of drug release from all VAP microcapsules (VAL, VA2 and VA3)
while semi-solid topical formulations prepared by VAP microcapsules showed
67.09% to 71.45% drug release at the end of 24 hrs. Neat VAP topical formula-
tion of cream showed 85.09% drug release in 8 hrs.

Drug release from all the formulations containing VAP microcapsule powder
and topical formulation followed the first order release kinetics. Higher correla-
tion, as indicated by R* value was observed for Higuchi matrix release kinetics in
all the selected formulation, suggesting diffusion as a probable prominent me-

chanism of drug release.

3.9. Stability Studies

VAP microcapsules prepared by combination of starch derivatives packed in
ambered colored glass bottles exhibited no significant change in moisture con-
tent (which is in the range of 4.30% to 4.35% at 30°C/65% and 4.41% to 4.46% at
40°C/75%) and drug content (which is in the range of 27.03% to 28.13% at
30°C/65% and 27.01% to 27.19% at 40°C/75%) after 3 months storage at accele-
rated conditions. Topical formulations of VAP indicated no evidence of phase
separation, change in color, consistency of formulation and development of dis-
agreeable odor during stability study; and, also showed no significant difference
in drug content (which is in the range of 93.23 to 93.51 at 30°C/65% and 94.12%
to 94.27% at 40°C/75%), and pH of the formulations after 3 months storage at

accelerated storage conditions.
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Figure 9. Texture profile of (A) Neat VAP, (B) VAL, (C) VA2, (D) VA3.
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Figure 10. In vitro release profile of (A) VAP powder microcapsules VA1, VA2, VA3 (B)
VAP topical formulation Neat VAP, VAPT1, VAPT2, VAPT3.

3.10. Antioxidant Activity

Antioxidant activity of VAP is characterized by a stable free radical by virtue of
the delocalization of the electron over the molecule, the delocalization gives rise
to the deep violet color, characterized by an absorption in methanol solution
centered at about 527 nm. When a solution of DPPH is mixed with VAP formu-
lations it can donate a hydrogen atom, then this gives rise to the reduced form
with the loss of this violet color which is characterized by absorbance at 517 nm
[40]. Antioxidant DPPH radical scavenging ability of VAP formulations showed

in Figure 11 as decrease in absorbance with concentration of antioxidant at 517
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nm. VAP formulations exhibited a comparable antioxidant activity (p < 0.5)

with ascorbic acid as the standard at various concentrations (1, 2, 3, 4 and 5

pg/ml). Results showed that the VAP formulations have a significant free radical

scavenging activity belonging to its hydrogen-donating ability. The comparison

of the antioxidant activity of VAP formulations and ascorbic acid as % inhibi-

tion of DPPH scavenging activity (IC50) are shown in Figure 12.

y=-0.0926x + 0.5914

R2=10.9964

2

Concentration (pg/mL)

3

4

—e— VAl
VA2
—e— VA3
—e— VAPTI
——VAPT2
—o— VAPT3

—0— Asc. Acid

Figure 11. Reduction of oxidizing ability of DPPH by VAP microcapsules, VAP topical formulations and standard
ascorbic acid (as function of decrease in absorbance).
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Figure 12. % Inhibition of anti-oxidant activity of DPPH by VAP microcapsules, VAP topical formulations and stan-
dard ascorbic acid.
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Results suggested that VAP retains its antioxidant activity as complex with
combination of starch derivatives and in topical cream based formulations. All,

formulations showed significant in vitro free radical scavenging activity.

4. Conclusion

The results obtained from this study revealed that using combination of wall
materials such as maltodextrin and Hi cap 100 can be an economically viable al-
ternative over expensive encapsulating agents such as gum arabic and gelatin.
These starches forms very stable oil-in-water emulsions and helps in increasing
stability of VAP. The spray drying technique used for micro encapsulation of
VAP was optimized using a response surface methodology (RSM) for two va-
riables such as solid concentration and inlet temperature to obtain microcap-
sules with desirable characteristics. The drug content and encapsulation effi-
ciency of microcapsules was found to be in the range of 29.24% to 30.86% and
59% - 63% respectively. Particle size analysis showed a multi-modal particle size
distribution for all samples, along with a main mode in intermediate diameters
range (5.039 to 7.712 pm). The morphological study showed spherical shape of
microcapsules with some irregularity on the outer surface. The topical formula-
tion of VAP containing moisturizing cream base developed using simple cold
processing technique was non-sticky and easily water washable. The drug release
study showed 80.18% to 83.43% of drug release from all VAP microcapsules
while topical formulations prepared by VAP microcapsules showed 67.09% to
71.45% drug release at the end of 24 hrs. All formulations showed significant in
vitro antioxidant activity and were found to be stable for 3 months at accelerated

conditions.
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