Taylor &Francis
g - Journal of Dispersion Science and Technology
SCNENCE AND )
—;""""E"'_3 =
e
'-.:::;'I‘_‘.{_l.; |‘
B
_ ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/Idis20

Phytosomal gel of Manjistha extract (MJE)
formulated and optimized with central composite
design of Quality by Design (QbD)

Mohamad Taleuzzaman, Ali Sartaj, Dipak Kumar Gupta, Sadaf Jamal Gilani &
Mohd. Aamir Mirza

To cite this article: Mohamad Taleuzzaman, Ali Sartaj, Dipak Kumar Gupta, Sadaf Jamal Gilani
& Mohd. Aamir Mirza (2021): Phytosomal gel of Manjistha extract (MJE) formulated and optimized
with central composite design of Quality by Design (QbD), Journal of Dispersion Science and
Technology, DOI: 10.1080/01932691.2021.1942036

To link to this article: https://doi.org/10.1080/01932691.2021.1942036

@ Published online: 28 Jun 2021.

\]
CA/ Submit your article to this journal

A
& View related articles &'

P

(!) View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=Idis20


https://www.tandfonline.com/action/journalInformation?journalCode=ldis20
https://www.tandfonline.com/loi/ldis20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01932691.2021.1942036
https://doi.org/10.1080/01932691.2021.1942036
https://www.tandfonline.com/action/authorSubmission?journalCode=ldis20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ldis20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01932691.2021.1942036
https://www.tandfonline.com/doi/mlt/10.1080/01932691.2021.1942036
http://crossmark.crossref.org/dialog/?doi=10.1080/01932691.2021.1942036&domain=pdf&date_stamp=2021-06-28
http://crossmark.crossref.org/dialog/?doi=10.1080/01932691.2021.1942036&domain=pdf&date_stamp=2021-06-28

JOURNAL OF DISPERSION SCIENCE AND TECHNOLOGY Taylor & Francis
https://doi.org/10.1080/01932691.2021.1942036 Taylor &Francis Group

‘ W) Check for updates‘

Phytosomal gel of Manjistha extract (MJE) formulated and optimized
with central composite design of Quality by Design (QbD)

Mohamad Taleuzzaman?®, Ali Sartaj®, Dipak Kumar Gupta®, Sadaf Jamal Gilani¢, and Mohd. Aamir Mirza®

®Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Maulana Azad University, Jodhpur, Rajasthan, India; PDepartment of
Pharmaceutics, Faculty of Pharmacy, School of Pharmaceutical Education & Research, Jamia Hamdard, New Delhi, India; “Department of
Basic Health Sciences, Preparatory Year, Princess Nourah Bint Abdulrahman University, Riyadh, Saudi Arabia

ABSTRACT ARTICLE HISTORY
The objective of the current research to investigate the transdermal delivery of phytosomal Received 28 February 2021
Manjistha extract gel (MJE gel). The optimized formulation was prepared and evaluated for differ- Accepted 5 June 2021

ent parameters. MJE-loaded phytosomes were prepared by solvent evaporation method using

rotary evaporator. The formulation was prepared with a variable concentration of lecithin

(0.15-0.25% w/v), with stirring speed of the round bottom flask (80-160rpm). Design expert soft- i - .
L2 . . vesicular size; phytosomes;

ware was used for the optimization of MJE-loaded phytosomal formulations. Central composite Carbopol; in vitro release;

design-based factorial design was applied and evaluated for vesicular size and entrapment effi- ex vivo permeation

ciency as dependent variables. The optimized formulation was further characterized with vesicle

size, zeta potential, in vitro release. The Carbopol 934 was used to convert the phytosomal formu-

lation (F10) into phytosomal gel and evaluated for ex vivo permeation to check the difference in

permeation profile in compare to conventional MJE gel. The optimized MJE-loaded phytosomal

formulation (F10) showed the vesicular size of 122.15+3.73nm, entrapment efficiency of

96.25 +£2.45% with PDI value of 0.98+0.06. Among the drug release kinetic models, the formula-

tion followed the Higuchi model with drug release of 84.2+4.1% in 12h. Transmission electron

micrograph showed the uniform structure and spherical shape. The prepared phytosomal gel

shows prolonged release and enhanced permeation compared to conventional MJE gel.
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Entrapment efficiency;

GRAPHICAL ABSTRACT

Phytosomal gel of Manijistha Extract (MJE) formulated and optimize with central
composite design (CCD) of Quality by design (QbD).

—— Formulation —

— Factors — Response —

Lecithin’s cone. Rotation speed Vesiculér size Entrapment efficiency
(0.2 %wiv) (120 rpm) (122.15+0.73nm) (96.25+0.45%)

1. Introduction parts of the world, it is treated as complementary and alternative
medicines. The herbal products are consumed as dietary supple-
ments or nutraceuticals.""! Manjistha (Rubia cordifolia Linn.) is a

side effects and environmentally friendly nature. Herbal medicine medicinal constituent present in dried roots and stem. It is a good
in India and south-east Asia used as an indigenous system of ~SOUrce of anthraquinones and is reported for pharmacological

medicines (Ayurveda, Unani, Siddha, Chinese, etc.). In other ~Properties like anti-cancer, anti-oxidant, anti-inflammatory,
immunomodulatory, and hepatoprotective. It is also extensively

Presently, the demand for herbal medicines substantially increases
and is accepted by a large population globally due to their fewer
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used in urinary, blood, and skin disease.””) Several bioactive com-
pounds have been reported in root extract, including flavonoids,
saponins, carboxylic acid, polyphenols, and anthraquinones (e.g.,
purpurin, mollugin, rubiadin, and munjistin).B_S]

The solubility of phytoconstituents is a significant problem
that affects the bioavailability. It has high molecular weight and
low lipid solubility lead to poor absorption.'*®! Poor drug absorp-
tion is a significant concern and can be overcome by several for-
mulation approaches. Recently, the concept of phytosomes
formation is widely used and reported for greater therapeutic effi-
cacy. It is produced by forming a hydrogen bond between stoi-
chiometric amounts of drug functionalities and phospholipids
polar heads using a suitable solvent. The formation of phytosomes
by hydrogen bond gives better stability over the liposome’s.”) The
topical and transdermal delivery of several drugs reported for
desired therapeutic effects."®") To treat diseases through the
skin, the enhanced drug permeation of drugs achieved through
the intact epidermis and skin appendages.m’“] The stratum cor-
neum layer of skin for percutaneous absorption of drugs is a rate-
limiting step. The development of formulation with an object to
enhance drug permeation and drug retention in deeper skin layers
to avoid systemic absorption. It increases the dermatological bene-
fits by transdermal route.""'”) New formulations development
target should be effective and successful during this process, sev-
eral kinds of excipients and multiple steps are required to essential
quality target product profile (QTPP).!"*!

The optimization of conventional drug delivery involves one
variable at a one time (OVAT).["! The formulations optimization
is used to establish the "cause and effects” variable that changed
simultaneously to achieve by OVAT. The partial achievement can
be turned to full achievement by adopting Quality by Design
(QbD) that gives a complete perception of the product and pro-
cess.?! “QbD is a systematic approach of development that
begins with predefined objectives and emphasizes product, process
understanding, and process control, based on sound science and
quality risk management,” as described in ICH Q8 (R2).
According to ICH Q8 rule, the first step for applying QbD is the
firm a relationship between the QTPP, critical quality attributes,
critical process parameters, and critical material attributes.*"*

In the present study, the development of Manjistha extract
(MJE) phytosome formulation by a systematic optimization
approach. The optimized formulation was further characterized
for drug release surface morphology and drug permeation.

2. Material and methods
2.1. Materials

Sunpure Extract Pvt. Ltd. Delhi, India, has given MJE as a
gift sample and Lecithin and Carbopol 934 were obtained
from Thomas Baker, Mumbai, Maharashtra, India. Also
Chloroform and methanol. Other chemicals used in the for-
mulation were of analytical grade and procured from SD
Fine Chemical, Mumbai, India.

2.2. UV analysis of MJE

The standard stock solution was prepared with weighed
amount of MJE (10mg).The stock solution was dissolved

separately in 10 mL of phosphate buffer saline (PBS) (pH 7.2)
and 10mL distilled water in a volumetric flask. A series of
dilutions were prepared, and absorbance was measured at 215
and 225 nm, respectively, for PBS and distilled water.

2.3. Development and optimization of Manjistha-
loaded phytosomes

By the thin-layer hydration method, phytosomes were pre-
pared. First, 10 mL chloroform-methanol mixture (2:1) was
taken in a round bottom flask to dissolve lecithin and chol-
esterol (9:1). The rotary vacuum evaporator was used to
evaporate the organic solvent at 40°C at 100 rpm for 3 min.
Chloroform was evaporated and kept in a vacuum to make
free it from traces of solvents. Finally, PBS of pH 7.2 was
used to rehydrate the dried deposited lipid film containing
100mg MJE for 1h with the rotation speed of 80-160 rpm
at room temperature. After that, developed dispersions were
ultrasonicated for 3 min at 1cycle/min (interval of 5min in
ice condition) to get the nanosized phytosome.!**!

2.3.1. Optimization

Design Expert 12.0.1.0, an experimental design with response sur-
face morphology of central composite design, was used to opti-
mize the developed phytosome. Depending upon the preliminary
risk assessment, independent variables such as the concentration
of lecithin (%w/v) and speed of rotation (rpm) were considered
independent variables. Then the effects of these two independent
varjables were assessed on the vesicular size (nm) and entrapment
efficiency (%) as dependent variables.'*"

2.4. Characterization of Manjistha-loaded phytosomes

2.4.1. Vesicles size distribution and vesicular size

The vesicle size and PDI evaluated the principle of dynamic
light scattering by Zetasizer-1000 HS (Malvern Instruments,
UK). Distilled water was used as a solvent for dilution of
the sample and placed in a quartz cuvette at a 90° scattering
angle.!*! All the batches were analyzed in a triplicate man-
ner, and the mean and SD were calculated.

2.4.2. Entrapment efficiency

The ultracentrifugation method was employed to determine
the entrapment efficiency of the developed phytosomes. The
formulation solutions were centrifuged at 15,000 rpm at 4°C
for half an hour. The supernatants were collected and free
drug concentration evaluated at 215nm by a UV-spectro-
photometer (Shimadzu-1601, Japan).***”!  Further, the
below mathematical formula was used to calculate the EE.

Entrapment efficiency = (total drug-free drug)
x 100/ (total amount of drug)

2.4.3. Vesicular shape
Transmission electron microscopy (TEM-Tecnai, G20,
Philips Scientific, the Netherlands) was employed to study



Table 1. Independent factor’s level and ranges.

Levels and ranges

Factors -1 0 +1
Conc. of Lecithin (%w/v) (A) 0.15 0.20 0.25
Rotation speed (RPM) (B) 80 120 160

the vesicular shape of developed phytosomes. The sample
was taken on a carbon-coated grid and stained with phos-
photungstic acid. Under the microscope observed at
10-100k times enlargements at 200kV of voltage.!?>*"!

2.4.4. In vitro release studies

The dialysis membrane method studied the comparative
release behavior of MJE phytosome and conventional formu-
lation (1 gm of gel containing ~20 mg MJE). The experiment
was performed by taking 2 mL of each formulation in dialy-
sis membrane (molecular weight cut off 12,000). The end of
the bag is properly closed to avoid leakage. Separately, mem-
brane were immersed in phosphate buffer (25mL) as
medium at fixed temperature of 37+0.5°C. The sample
(5mL) was collected at predefined time intervals such as 0,
0.5, 1, 2, 3, 4, 6,9, and 12h and the volume was makeup
with the same fresh medium.'*® The sample was analyzed
by using the UV spectrophotometer.

2.4.5. Drug kinetic modeling

Kinetics models like zero order, first order, Higuchi model,
and Korsmeyer Peppas models were employed to study the
release kinetics study of Manjistha from the developed phy-
tosomal formulation, and the regression analysis
was analyzed.!*”!

2.5. Development of phytosomal gel

For application, the developed formulation is converted into
a gel. To the above MJE dispersion weigh quantity of 0.5, 1,
1.5% w/v of Carbopol 934 was added to get uniform disper-
sion. The sample was stored in a dark and cool place to
complete the gelling process. Triethanolamine was used to
adjust the pH and to give the appearance of a clear, viscous
gel. Finally, a preservative benzalkonium chloride (0.01% w/
w) was added to the gel.l*"!

2.6. Optimization of phytosomal gel

The prepared gel was physically examined for changes in
color, pH, consistency, viscosity, and phase separation. The
quantification of the drug in the gel was done by UV-spec-
trophotometer using a blank at 215nm. The prepared sam-
ple, 1g of formulation (Phytosomal gel) was dissolved in
10mL of ethanol and evaluated for drug content in a tripli-
cate. From the absorbance the mean drug content along
with SD was calculated.”*"
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2.7. Ex vivo permeation studies of phytosomal gel

Chicken egg membrane was used for the permeation study
of the developed formulation.®? The egg surface was
washed with distilled water. After that, it was immersed in
dilute hydrochloric acid (HCI) for 30 min. The egg mem-
brane was removed manually, and a specific portion was cut
and fixed to the diffusion cell between donor and receptor
compartments with an effective area of 2.6cm”!**
Phosphate buffer (pH 7.2) was used as permeation media.
In the donor compartments, 1g of phytosomal gel formula-
tion and conventional gel (~20mg of MJE) were placed.
The receptor compartments were maintained at the constant
stirring of 100+5rpm and 37°C. For 12h, 1mL aliquots
from each cell were withdrawn at an interval of 0.5, 1, 2, 4,
6, 8, and 12h. Throughout the experiment, sink conditions
were maintained, and the drug in the aliquots was analyzed
by UV spectroscopy at 215 nm.

2.8. Stability studies

A stability study was performed to assess the change in par-
ticle size, entrapment efficiency of the optimized phytosomal
formulation and physical appearance, drug content of the
optimized phytosomal gel. The formulations were sealed in
glass vials and stored at a temperature of 4+0.5°C for
3months.**! The samples were drawn at 0, 1, 2, and
3 months in a triplicate manner.

3. Results and discussion
3.1. UV-Visible spectrophotometric analysis of MJE

The UV-visible calibration curve of MJE in phosphate buffer
(pH 7.2) was found to be linear at a concentration 2-14 ng/
mL (n=3) with a correlation coefficient of 0.997 and in dis-
tilled water was found linear at concentration 2-14 pg/mL
(n=3) with a correlation coefficient of 0.998.

3.2. Preparation and optimization of Manjistha-
loaded phytosomes

Phytosomes were prepared by a thin layer hydration method
using lecithin and cholesterol with organic solvent chloro-
form and methanol. Based on preliminary studies different
formulations variables, as the concentration of lecithin and
rotation speed were selected as the independent factor for
optimization through Design expert software. As shown in
Table 1, lecithin concentration was chosen as 0.15-0.25% w/
v and rotation speed (80-160rpm). A total of 13 formula-
tion batches were prepared, as shown in Table 2. These two
independent variables were studied on the dependent varia-
bles such as vesicular size and entrapment efficiency. All the
experiments were performed in a triplicate manner.
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Table 2. Independent variables responses of formulation’s batches.

Factor Response
Vesicular size (nm) Entrapment efficiency (%)
Lecithin’s conc. Rotation speed mean + SD mean +SD PDI (mean +SD)
Formulation code (%w/v) (RPM) (n=3) (n=3) (n=3)
FO1 0.15 80 124.95+0.84 83.96 +0.90 0.382+0.09
F02 0.25 160 138.86 £ 0.96 84.05+0.66 0.453+0.78
FO3 0.15 80 137.15+£0.84 80.25+0.68 0.431+0.32
F04 0.25 160 141.03 £0.89 84.27 £0.96 0.198 £0.75
FO5 0.129289 120 130.18 £ 1.22 79.06 £0.85 0.218£0.55
FO6 0.270711 120 139.95+0.82 84.23+0.87 0.221+0.08
FO7 0.2 1.58579 131.85+£0.71 87.85+0.73 0.568 +£0.09
F08 0.2 441421 138.08 £ 0.94 86.06+0.77 0.668+0.10
F09 0.2 120 122.03+0.88 94.85+1.09 0.234+0.07
F10* 0.2 120 122.15+£0.73 96.25 +0.45 0.138+0.06
F11 0.2 120 123.33+£0.54 93.78+£0.55 0.910+0.52
F12 0.2 120 123.01+£0.71 93.27+0.77 0.553+0.34
F13 0.2 120 122.12+£1.03 93.85+1.14 0.229+0.55
Size Distribution by Number
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Figure 1. Particle size distribution and PDI using Zetasizer.

Table 3. The mean value of each parameter.

Parameters Predicted value Observed value Standard error
Conc. of lecithin (%w/v) 0.2 0.2 -
Speed of rotation (rpm) 120 120 -
Vesicular size (nm) 122.78 122.15 0.28
Entrapment efficiency (%) 95.99 96.25 0.34

3.3. Characterization

3.3.1. Vesicle size

Vesicle size and PDI of all the batches were studied with the
DLS technique, as shown in Figure 1 for optimized formula-
tion. The mean value of each parameter along with SD is
listed in Table 3. The effect of formulation variables was
studied on vesicular size. ANOVA suggests that the quad-
ratic model and F value of 129.25 (p <0.05) implies the
model is significant. The following coded equation describes
the relation between independent factors and vesicular size:

vesicular size = +123.58 + 1.68A-8.25B-1.50AB
-8.91A°-6.41B*

The equation shows that factor A (lecithin concentration)
has a positive effect and B (rotation speed) has established a
negative effect on vesicular size. The interaction terms (AB)
and the higher-order terms (A? and B?) showed a negative
effect on vesicular size. The variations in vesicular size with

lecithin concentration and rotation speed are demonstrated
by the 3D response surface and contour plot in Figure 2.
Response surface plot indicates that with an increase in the
concentration of lecithin, vesicular size increases, whereas by
increasing the rotation speed to a certain point, vesicular
size increases, but at high speed, vesicular size decreases.

3.3.2. Entrapment efficiency

The entrapment efficiency of all the batches was performed
in a triplicate manner, and results are enlisted in Table 2.
The effect of formulation variables was studied on the
entrapment efficiency, and the results showed. ANOVA sug-
gests a quadratic model for the design; the F value was
found to be 58.26 (p < 0.0500). It implies the model is sig-
nificant. Lack of fit F value this large could occur due to
noise. Non-significant lack of fit is good, and we want the
model to fit. The following coded equation describes the
relation between independent factors and entrapment effi-
ciency:

entrapment efficiency = 4+94.99 + 3.69A-2.71B
+ 0.4075AB-3.33A-2.58B°

From the equation, it can be observed that Factor A
(Lecithin’s concentration) has a positive effect, and B
(Rotation speed) negatively affects entrapment efficiency.
Interaction terms (AB) show a positive effect on entrapment
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Figure 3. Effect of independent factors on entrapment efficiency with 3-D response surface (a) and contour plot (b).

efficiency, and higher-order terms (A* and B*) show a nega-
tive effect. The variations in entrapment efficiency with A
and B are shown by the 3D response surface and contour
plot in Figure 3. Plots indicate that, by increasing the

concentration of lecithin, entrapment efficiency increases. By
increasing the speed of rotation to a certain point, entrap-
ment efficiency increases, but at high speed, entrapment effi-
ciency decreases.
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3.3.3. Vesicular shape

TEM micrograph shown in Figure 4, suggests the spherical
shape of the phytosomal formulation. Also, the size depicted
in the TEM micrograph of optimized formulation was
122.85 and 141.77nm, which was in correlation with the
size observed in the Malvern zeta sizer.

3.3.4. In vitro release studies

To compare release behavior of optimized phytosomal for-
mulation (F10) with the free drug solution as shown in
Figure 5. The free drug solution showed 99.36+4.11%
release in in 6h, whereas, with phytosomal formulation
showed 84.20+5.23% in 12h. There was significant
enhancement in the prolonged release was observed. An ini-
tial burst was observed in initial 2h from optimized phyto-
somal formulation, probably due to the deposited drug on
the phytosomal particles. '**) The entrapped extract in the
lipid content able to sustained the drug release profile which
is ideal for the topical formulation. An initial burst release

ef.‘r‘;th 122 85 nm S
$."
M L
‘1 ength 141 77 nm

e

Figure 4. TEM micrograph of optimized formulation (F10).

help to reach therapeutic concentration and sustained
release able to maintain the therapeutic concentration.

3.3.5. Drug kinetic modeling

Data obtained by the in vitro release experiment was fitted
to various models like the zero-order model, First-order
model, Higuchi model, Korsmeyer Peppas model. The cor-
relation coefficient (R?) in the highest value was preferred
for selecting an order of release. Table 4 shows that the
highest correlation coefficient value in the case of optimized
Manjistha phytosomes was found for the Higuchi matrix
model, followed by first- and zero-order models. It was
observed that the optimized formulation follows Higuchi’s
model as a best-fit model after getting the value of the cor-
relation coefficient. The value of n was found below
0.45-0.89 (i.e., 0.62) representing that Manjistha release
from optimized Manjistha phytosomes follows non-Fickian
diffusion, where R? is the regression coefficient and K is the
rate constant.

3.4. Development and optimization of phytosomal gel

Various combinations of Manjistha phytosomal gels
(MJG1-MJG3) were primarily inspected for color, pH,
homogeneity, viscosity, phase separation, and drug content
for the development of suitable gel formulation. Many
advantages of phytosome gel include enhancing dosage and
promoting bioavailability of the active molecule.”® It was
found that the MJG2 (1% Carbopol gel) was transparent, of
good homogeneity, consistency, and no phase separation, as

Table 4. Comparison of regression coefficients and rate constant of drug
release kinetics model.

Zero-order First-order Higuchi model Korsmeyer Peppas model
R K R K R? K R? K
0.788 1.7163 0.936 0.0042 0.902 0.0126 0.900 0.6247

100 +

Cumulative release (%)
N w H (O] D ~ (0] O
© © & © © o o o

—
o

0 2 4

6 Time (h) 8 10 12 14

1

—&—MIJE phytosomes

—-Conventional formulation

T

Figure 5. Comparison of in-vitro release behavior of optimized phytosomal formulation conventional formulation.



Table 5. Characterization parameters of gel.
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Drug content (%)

pH (mean + SD) Viscosity (Pa) (mean +SD)
Gel formulation code (N=3) (mean +SD) (N=3) Visual appearance (N=3)
MG-1 6.7+0.3 812.087 +5.23 Clear 96.98 +1.78
MG-2 6.65 +0.25 842.512+6.67 Clear 97.12+£1.35
MG-3 6.74+0.26 925.664 +4.89 Clear 96.52 +0.98
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20

Cumulative drug permeated (%)

10 -

T

0 2 4 6
Time (h)

——o—MIJE phytosomes

—-conventional formulation

T

8 10 12 14

Figure 6. Comparison of permeation behavior of optimized phytosomal gel (MJG) with the conventional gel system.

Table 6. Stability analysis.

Phytosomal formulation (F10) Phytosomal gel

Months

Particle size % EE Physical appearance Drug content
0 122.15+0.73 96.25 +0.45 Clear 96.25 +0.45
1 126.28£0.24 95.17 £0.38 Clear 95.85+0.45
2 131.78+0.34 93.78 £0.58 Clear 94.95+0.35
3 142.78 +0.74 91.24+0.28 Clear 93.45+0.25

shown in Table 5. It is safe for the skin and expects no irri-
tation and discomfort after its application. The optimized
gel was then subjected to further characterization.

3.5. Ex vivo permeation studies of phytosomal gel

Ex vivo permeation study of optimized MJG formulation
and conventional gel of Manjistha across the egg membrane.
Figure 6 shows the curve plotted between the calculated
amount of drug permeated per unit area across the egg
membrane and time. It was observed that conventional gel,
cumulative drug permeated was only 31.36+2.9ug cm ™~ in
12h  whereas, with the phytosomal gel depicted
75.20+3.9ug cm > in 12h drug gets permeated. Also, the
steady-state flux for both the formulations was calculated
and found that the flux of phytosomal gel was 3.13+0.33 pg
cm™? h™' whereas, from the conventional gel, it was
1.30+0.24pug cm > h™'. Thus, it can be assumed that the
phytosomal gel helps increase the permeation of Manjistha
across the egg membrane. Hence better therapeutics
response can be expected as compared to the conventional
gel system.

3.6. Stability study

The stability of any formulation during its shelf life is an
important requirement, and to assure this, a stability study
was performed. It was found that parameters studied for the
stability study of phytosomal formulation and phytosomal
gel, as shown in Table 6, were within limits. This indicates
that both the formulations remained stable for 3 months.
The MJE gel formulation has a good texture and clear trans-
parent, homogeneous appearance with good characteris-
tic odor.1”?%!

4. Conclusion

In summary, the design expert-assisted phytosomal formu-
lation of MJE was successfully developed and optimized. A
comparison of the optimized formulation with conventional
formulation was performed. The in vitro release proved
that the phytosomal formulation has shown better release.
The optimized formulation was incorporated into the
Carbopol gel and characterized based on pH, phase separ-
ation, viscosity, and drug content. The improved flux and
permeation across the egg membrane were obtained with
the phytosomal gel compared to the MJE extract-based gel.
Thus, it can be concluded that the phytosomal gel of MJE
is a good alternative for drug delivery. However, ahead of
the need to study preclinical, clinical, and long-term stabil-
ity studies.
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