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Abstract

Background: The present study aimed to design, optimize, and evaluate primaquine loaded nanoemulgel for
malaria treatment. Nanoemulgel was prepared with the help of different components such as castor oil, Tween 80:
Transcutol P (S,ix ratio), and polymers. Pseudoternary phase diagram was constructed to optimize Sy ratio.
Response surface methodology was used for the optimization of nanoemulsion preparation based on
characterization parameters such as droplet size (nm), zeta potential (mv), polydispersity index (PDI), viscosity
(mPa-S), conductivity (mS/cm), and percent drug release. Based on these parameter results, F5 formulation was
selected as an optimized formulation. F5 formulation was loaded in hydrogel preparation which was developed by
using hydroxypropyl methylcellulose (HPMC K15M) 1-2% concentrations. The prepared nanoemulgel was evaluated
with the following parameters: percent drug content, in vitro drug release, ex vivo skin permeation, pH
determination, spreadability determination, and viscosity measurement.

Results: The droplets of primaquine loaded nanoemulsion were nanosized (10-200 nm) in the transmission
electron microscope (TEM) images. Zeta potential for all formulations (F1-F9) was observed as — 0.7 + 0.02 to 2.12 +
0.04 mv. Response surface curves were plotted for optimization of perfect nanoemulsion preparation.
Nanoemulgels (F5, F5,, F5p, and F5.) were evaluated for their different parameters such as pH (F5, 5.2 £ 0.2; F5,, 5.3
+ 0.1, F5,, 53 £ 0.1; and F5., 54 + 0.1), viscosity (mPa-S) (F5, 9876 + 0.61; F5,, 14,564.6 + 042; F5,, 14,8419 + 0.82;
and F5., 16,872.1 + 0.921), spreadability (g.cm/s) (F5, 7.89 + 0.10; F5,, 5.09 + 0.03; F5;,, 430 + 0.02; and F5., 3.13 +
0.01), and percent drug content (F5, 100 + 0.46; F5,, 98.10 + 0.38; F5,, 99.70 + 041; and F5., 97.34 + 0.51), and

ex vivo skin flux of F5;, was evaluated for 24 h. Ex vivo skin permeability was found ~ 70% within 12 h and ~ 86%
within 24 h.

Conclusion: The nanoemulsion loaded hydrogel of primaquine with optimum viscosity was prepared for
transdermal application. Nanoemulgel was prepared by using HPMC K15M into nanoemulsion because HPMC K15M
was responsible for significant viscosity. The permeation rate of nanoemulgel was greater than other drug solutions.
The great permeation rate was achieved by the incorporation of Transcutol P (cosurfactant). The optimized
formulation was justified by using statistics. Stability studies confirmed that nanoemulgel is a promising carrier for
the delivery of primaquine.
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Background

Nanoemulsion comes under the category of novel drug
delivery systems. It is used to increase the efficacy of a
less water-soluble drug once it enters the systemic circu-
lation of a body [1]. Nanoemulsions are formed by the
mixture of two immiscible liquids in which one phase is
dispersed in another phase. Their size typically ranges
from 50 to 200 nm. Mostly, nanoemulsions consist of oil
molecules or droplets dispersed in a watery phase or
water droplets dispersed in an oily phase depending on
their method of preparation. Nanoemulsions show the
separation of two different layers within them that is
mostly termed as phase separation. Not all of them show
phase separation if they show greater stability [2].

The transdermal route for the delivery of drugs in a
small dose is very promising. Interest in drug delivery
through skin is as well day by day for systemic adminis-
tration and local effects. There are many significant ad-
vantages of the transdermal drug delivery system over
other routes of drug delivery, viz. for the avoidance of
hepatic first-pass metabolism, gastric irritation, gastric
pH, and gastric emptying rate. The hydrogel can also
avoid pulsed administration of a drug into the systemic
circulation [3]. Although less viscous nanoemulsion re-
stricts its application as transdermal formulation, the
rheological behavior of nanoemulsion is modified by gel
formation with less interaction of surfactant and cosur-
factant [4]. For modification of the rheological behavior
of nanoemulsion, various gel matrices such as carra-
geenan, xanthan gum, and carbomer 940 are used for
transdermal formulation [5]. However nanoemulsion
loaded hydrogel formulation may be more relevant for
transdermal delivery than nanoemulsion.

Primaquine comes wunder the category of 8-
aminoquinolone which is a very effective drug in treating
malaria. The absorption capacity of primaquine was sig-
nificantly increased as nanoemulsion formulation [6, 7].
Primaquine belongs to class III in biopharmaceutical clas-
sification with high solubility low permeability (log P =
2.76). Primaquine shows the first-pass metabolism. How-
ever, in the liver, primaquine is metabolized into three
metabolites- and 5-hydroxy-6-desmethyl-primaquine, 5-
hydroxy primaquine, and 8-(3-carboxyl-1-methyl-propyla-
mino)-6-methoxy-quinoline. The major metabolite is
carboxyl derivative found in plasma; on repeated adminis-
tration, it accumulates in the body when unchanged
primaquine concentration exceeds than normal limits.
These metabolites show less antimalarial effects than
primaquine but the hemolytic activity of these metabolites
is higher due to the generation of methemoglobin
(in vitro) [8-10]. To avoid G.I. disturbances (abdominal
pain), nausea, long duration of therapy, bitter taste, high
frequency of drug administration, etc., transdermal route
was selected for delivery of the drug.
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The present study aims to develop novel nanoemulgel
of primaquine for better permeability and better applic-
ability through transdermal delivery. Furthermore, con-
stituents of nanoemulsion worked as penetration
enhancers thereby avoiding the irritability of chemical
permeation enhancers.

Methods

Primaquine was procured as a gift sample from Indian
Pharmaceutical Combine Association Limited laborator-
ies (IPCA laboratories, Ratlam, India). Castor oil L.P. (In-
dian Pharmacopeia) was purchased from a chemist shop
(manufactured by Search Creation Company). Transcu-
tol P (diethylene glycol monoethyl ether), propylene gly-
col, Span 80, and hydroxypropyl methylcellulose
(HPMC) were procured from Himedia Laboratories Pvt.
Ltd., Delhi, India. Tween 80 was procured from Rama-
gundam Fertilizers And Chemicals Limited (RFCL Ltd.)
Delhi, India. Solvents, water, and other chemicals were
used of analytical grade (chemicals that meet specifica-
tions of American Chemical Society (ACS) are called re-
agent or analytical grade). The animal experimental
studies were approved by IAEC (Institutional Animal
Ethical Committee) as per the regulation committee for
CPCSEA (Committee for Purpose of Control and Super-
vision of Experiments on Animals) Government of India
and registration number of approval was IAEC/JU/47.

Solubility of primaquine

The solubility of primaquine in castor oil, sesame oil,
surfactant (Tween 80, Capryol 90, and Span 80), and co-
surfactant (Transcutol P and propylene glycol) was esti-
mated by dissolving excess amount of primaquine in
each of selected components (castor oil, surfactant, and
cosurfactant) in stoppered vials. Vortex mixer was used
for a continuous stirring of drug solution for 20 min
then after it was kept for isothermal shaker for 72h at
37°C (£ 0.5°C). Onto the next step, samples were cen-
trifuged for 20 min at 3000 rpm and the supernatant was
collected and filtered through a membrane filter (0.45 p).
Then with the help of continuous phase samples were
quantified for drug content through UV-VIS spectro-
photometer (Shimadzu-1800, Japan) at 259 nm [11].

Selection of components for nanoemulsion

Oil was selected based on the maximum solubilization
amount of primaquine in different oil. Surfactant and
cosurfactant were selected for nanoemulsion formulation
on percent transmittance criteria. Emulsification potency
of surfactant was determined by adding 200 mg surfac-
tant in 200 mg selected oil. The mixture was homoge-
nized by gentle heating (~ 40°C) for 30s. From this
mixture 40 mg was taken and diluted up to 40 ml with
water for getting nanoemulsion. Then emulsion was kept
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for 2h and analyzed with the help of UV-VIS spectros-
copy (Shimadzu-1800, Japan) at 617 nm. Cosurfactant
was selected for nanoemulsion formulation in the same
manner as the surfactant selection procedure.

Construction of pseudoternary phase diagrams

Titration technique was used for the construction of the
pseudoternary phase diagram of oil, water, surfactant,
and cosurfactant [12]. Castor oil was used as an oil
phase. Snix (a mixture of surfactant—Tween 80 and co-
surfactant—Transcutol P) was used in four different
weight ratios (1:1, 2:1, 3:1, and 4:1) for optimization and
determination of best ratio based on the maximum
coverage area of nanoemulsion and for optimization and
determination of the optimum concentration of oil to
Smix ratio and varied as 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8,
and 1:9. Gradually, water was added in a dropwise man-
ner by using microsyringe with vigorous stirring through
magnetic stirrer and the endpoint was observed visually
for transparency against a dark and light background
and experiments were performed in triplicate to get re-
producible results. The endpoint of different concentra-
tions of castor oil, S, and water were calculated and
constructed as triangular coordinates (pseudoternary
phase diagrams).

Formulation of nanoemulsion

Primaquine was dissolved in the mixture of oil, S;,; with
different ratio groups from constructed phase diagram
as shown in Table 1, and after that water was added
gradually in the appropriate quantity. The primaquine
containing nanoemulsion was formulated by stirring and
vortexing at optimum temperature. All formulations
were kept at ambient temperature for onwards studies.

Optimization of nanoemulsion by response variables
effects (32 factorial designs)

The full 3> factorial designs were used for the determin-
ation of oil and S,,;x concentration effects on different
parameters, where oil and S.;, were two variables at
three levels (oil 5, 10, and 15 and S, 35, 40, and 45 %
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w/w). The prepared nanoemulsion was assessed for re-
sponses and the experimental data was collected for
comparative study. Based on the comparative study of
zeta potential, polydispersity index (PDI), droplet size,
and percent drug release, optimum formulation was se-
lected for hydrogel preparation.

Morphological and structural behavior of nanoemulsion
The morphological and structural behavior of drug-
containing nanoemulsion preparations was assessed with
the help of a transmission electron microscope (TEM)
(JOEL, USA). Nanoemulsion preparations were diluted
with aqua. Then after, a drop of it was directly placed on
the leaky porous film grid, phosphotungustic acid solu-
tion (1% aqueous) was used for staining, and droplets
size and shape were observed.

Micromeritic properties of nanoemulsion

The droplet size and PDI of nanoemulsion were mea-
sured by Zetasizer (Horiba Scientific SZ-100, Japan) by
dynamic light scattering technique. Before the estima-
tion, samples were sonicated and vortexed for getting
optimum results.

Conductivity analysis of nanoemulsion

This test confirmed that the preparation was o/w nanoe-
mulsion. All aqueous solutions have electrical conduct-
ance behavior. The measure of a solution those able to
conduct electricity is called “conductance” and is the re-
ciprocal of resistance. A conductivity instrument (Aster
Conductivity Meter CT-650) measures conductance in
which electrodes attached to a sensor dipped in a solu-
tion. The analyzer circuitry impresses changes as the
voltage on the sensor and records the size of the output
signals, which is linearly shown as conductivity.

pH and viscosity determination of nanoemulsion

The viscosities of nanoemulsion samples were measured
by using a viscometer (Brookfield Ametek, DVE, USA).
The 2 number spindle was used in viscometer and
dipped in nanoemulsion then rotated at 5, 10, 20, and

Table 1 Solubility of primaquine in various components at ~ 37 °C and percent transmittance for various surfactant and

cosurfactant

S. No. Components Solubility (mg/ml) Percentage transmittance (%)
Oil 1 Castor oil 3732+ 052 -

Oil 2 Sesame oil 0332+023 -

Surfactant 1 Tween 80 5221 £ 062 9736 + 032

Surfactant 2 Span 80 36.81 + 046 86.45 + 0.56

Surfactant 3 Capryol 90 3412+ 026 66.58 + 041

Cosurfactant 1 Transcutol P 48.13 £ 045 97.22 £ 037

Cosurfactant 2 Propylene glycol 3813+ 0.19 9049 + 0.60

Values are shown as mean + SD ( =3)
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50rpm at 25°C [13]. At every speed, readings were
noted on viscometer. The samples were repeated in the
triplicate manner and mean values were calculated.

The digital pH meter was used for the determination
of the pH of nanoemulsion. Nanoemulsion was weighed
(2 g) and the dispersion medium was purified water (20
ml). The 4, 7, and 9 pH buffer solution was used for cali-
bration of pH meter. The samples were repeated in the
triplicate manner and mean values were calculated [14].

Hydrogel preparation by using nanoemulsion

All formulation of nanoemulsion (F1-F9) was sized in
nanometer range and optimized formulation (F5) was in-
tegrated with the gel matrix (hydrogel). The HPMC
K15M was used as a gelling agent and hydrogel was used
for improving the viscosity of nanoemulsion. The HPMC
K15M was kept for 24 h in a little amount of water for
swelling so that viscous solution can be obtained. There
were used different (1%, 1.5%, and 2% w/w) concentra-
tions of polymer to obtain optimum viscosity of hydrogel
and the final concentration of hydrogel components was
decided based on transparency and viscosity [15, 16].

Characterization of nanoemulsion loaded hydrogel
Determination of drug content

The drug content in the formulated nanoemulgel was
measured by adding 150 mg of formulated nanoemulgel
in 15ml distilled water. This nanoemulgel mixture was
used for the determination of drug content through UV
spectrophotometer at 259 nm and distilled water was
used as a reference.

The pH determination

The digital pH meter was used for the determination of
the pH of nanoemulsion loaded hydrogel. Nanoemulgel
was weighed (2 g) and the dispersion medium was puri-
fied water (20 ml). The 4, 7, and 9 pH buffer solution
was used for calibration of pH meter. The samples were

Table 2 Characterization of primaquine loaded nanoemulsion
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repeated in the triplicate manner and mean values were
calculated [14].

Spreadability determination

The formulated nanoemulgel spreadability was analyzed
after 72 h of the formulation by determining the spread-
ing diameter of preparation between the two glass plates
after 1 min. A 400-mg nanoemulgel was weighed and
placed on a 1-cm premarked circle on a glass plate and
the second plate was placed on over it when weight was
increased on the upper plate, and increased diameter of
the gel was noted and calculated by using the following
equation:

where S = spreadability of nanoemulgel, m = weight
placed on the upper glass plate, [ = length upper of the
glass plate, and ¢ = time taken.

Viscosity measurements and rheological behavior

The viscosity of optimized nanoemulsion (F5) was ob-
served as 22.4 + 0.31 (mPa-S) as shown in Table 2. The
viscosity of different nanoemulgels having various poly-
mer quantities is shown in Table 3. As the viscosity of
HPMC K15M (1.5%) was optimum among other con-
centrations (1% and 2%), 1.5% of HPMC KI15M was
found as a suitable one. The viscosity of different nanoe-
mulsion loaded hydrogel is shown in Table 4.

In vitro drug release studies

Franz diffusion cell with cellophane membrane was used
for in vitro drug release studies of nanoemulsion loaded
hydrogel. The total capacity of the water-jacketed com-
partment was 50 ml and it had two arms one for sam-
pling and another for a thermometer. The internal
diameter of the donor compartment was 2 cm [17]. The
donor compartment was placed on the over receptor

Formulation Droplet size (nm) Zeta potential (mv) PDI Viscosity (mPa-S) Conductivity (mS/cm) Drug release (%)
F1 9791 £1.20 - 091 £ 003 0.162 = 0.01 11.8 £ 021 7831 £ 0.24 88.60 = 1.2
F2 10130 £ 1.0 1.8 £ 0.11 0.154 = 0.04 103 +£ 030 1121 +0.21 7891 £ 1.1
F3 10863 + 020 19+012 0.187+£005 176 £0.11 1024 + 041 8134+13
F4 40.22 = 0.69 - 181 £ 0.06 0.167 = 0.02 19.8 £ 0.23 100.7 £ 0.36 86.23 £ 09
F5 685 + 030 - 0.7 £0.02 0.171 £ 0.03 224 + 031 1266 + 0.34 9128 £ 1.1
F6 7410 £ 051 2.1 +£009 0179+ 005 188+ 046 56.76 + 0.23 8613+ 16
F7 70.83 £ 0.68 - 0.89 £ 0.05 0.161 = 0.06 274 £0.25 9045 = 0.26 87.56 = 0.8
F8 3934 £ 0.36 - 099 £ 0.08 0.180 = 0.04 285+ 033 1019 + 043 8288 + 1.2
Fo 5012 £ 1.20 212+ 004 0175+ 005 298 +021 121.5 + 031 8891+ 14

Values are shown as mean + SD (= 3)
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Table 3 Composition of nanoemulgel formulations (% w/w)

Components (% w/w) F5 F5, F5, F5.
Primaquine 2 2 2 2
Castor oil 10 10 10 10
Smix (1:1) 40 40 40 40
H,0 48 48 48 48
In HPMC K15M - 1 15 2

F5, F5,, F5p, and F5. = different concentrations of polymer (HPMC K15M)

compartment. The receptor compartment was filled with
phosphate buffer saline and its temperature was 37 °C +
0.5°C. The cellophane membrane was equilibrated be-
fore the application of nanoemulgel equivalent to 15 mg
of primaquine onto the donor side. Samples were with-
drawn at a fixed time interval through the sampling arm
of the receptor compartment, at the same time the same
amount of fresh phosphate buffer saline pH 7.4 was re-
placed and analyzed by using a UV spectrophotometer
at 259 nm.

Ex vivo skin permeation study

Franz diffusion cell was used for ex vivo skin permeation
study with an effective diffusion area of 4 cm? The ex-
cised Wistar rat dorsal side skin sample was placed and
tied between donor and receptor part of Franz diffusion
cell and stratum corneum side of skin towards the donor
compartment. Then 15 mg contained nanoemulgel was
applied on the donor part of the cell. The PBS 7.4 pH
solution was filled in the receptor compartment and the
temperature was maintained at 37°C + 0.5°C. At the
fixed time interval, the samples were withdrawn and the
same quantities of fresh PBS solutions were replaced
through sample arm [18]. After that, all samples were fil-
tered and assayed by UV spectrophotometer at 259 nm.
Drug permeability (apparent permeability) was calcu-
lated by using the following formula:

Va
area X time)>
Drug in acceptor compartment
<Drug in donnor compartment)

Apparent permeability = ( (

where V, = volume in acceptor compartment, area =
surface area of excised skin, and time = total transport
time.
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Thermodynamic stability of nanoemulsion

At the particular concentration of each component (oil,
Smix and water) of nanoemulsion, it must be thermo-
dynamically stable without creaming, phase separation,
and cracking. Thermodynamic stability of formulated
nanoemulsion loaded hydrogel was assessed based on
centrifugation and freeze-thaw cycles [19]. The strength
of the interfacial film was reflected through centrifuga-
tion. The nanoemulgel preparations were centrifuged at
3500 rpm for 30 min. The freeze-thaw cycle was per-
formed as—nanoemulgel was filled in test tubes and
then tubes were sealed hermetically and vertically kept
for 16 h at — 21°C in the freezer and that after tubes
were kept at room temperature (25°C) for 8 h. Freeze-
thaw cycle was performed three times for getting repro-
ducible results, and the last nanoemulsion loaded hydro-
gel was assessed for any changes.

Statistical analysis

One way analysis of variance (ANOVA) was used for
statistical analysis of data collected from evaluated for-
mulations [20].

Results

Selection of nanoemulsion components

To formulate a primaquine loaded nanoemulsion for
transdermal application, it should contain good solubility
constituents in the system because the soluble drug can
permeate through the skin. The solubility of primaquine
in castor oil, sesame oil, surfactant, and cosurfactant was
estimated as shown in Table 1. Primaquine has higher
solubility in castor oil (37.32 + 0.52 mg/ml) than sesame
oil (03.32 + 0.23 mg/ml). Drug solubility in different sur-
factants—Tween 80, Span 80, and Capryol 90—was
52.21 + 0.62, 36.81 + 0.46, and 34.12 + 0.26 mg/ml re-
spectively. Drug solubility in cosurfactant—Transcutol P
and propylene glycol—was 48.13 + 0.45 and 38.13 +
0.19 mg/ml respectively.

So castor oil was selected as oil phase based on solu-
bility data. The surfactant and cosurfactant were selected
on the criteria of percent transmittance. Percent trans-
mittance for various surfactants was 97.36 + 0.32 and
86.45 + 0.56 for Tween 80 and Span 80, respectively.
Percent transmittance for various cosurfactants was
9722 + 037, 9049 + 0.60, and 66.58 + 0.41 for

Table 4 The pH, viscosity, and spreadability of nanoemulgel formulations (% w/w)

Parameters F5 F5, F5, F5.

pH 52+02 53+0.1 53£0.1 54+0.1
Viscosity (mPa-S) 9876 + 0.61 14,564.6 £ 042 14,8419 £ 0.82 16872.1 £ 0.92
Spreadability (g.cm/s) 789 £ 0.10 5.09 £ 0.03 430 +£0.02 3.13 £ 001
Drug content (%) 100 + 0.46 98.10 = 0.38 99.70 + 041 9734 + 051

Values are shown as mean + SD (= 3)
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Transcutol P, propylene glycol, and Capryol 90 respect-
ively (Table 1). Based on percent transmittance, Tween
80 was selected as surfactant and Transcutol P as
cosurfactant.

Optimization of S, ratio by pseudoternary phase diagram
The nanoemulsion existence was stabilized by the
optimum ratio of surfactant and cosurfactant through
the construction of the pseudoternary phase diagram.
The transparent nanoemulsion region was observed in
the ternary phase diagram. The rest of the area in the
pseudoternary plot was turbid when it was observed
visually [12]. Pseudoternary phase diagrams were plotted
separately for every ratio of surfactant-cosurfactant, and
based on these diagrams (Fig. 1a), nanoemulsion region
was identified as well as optimized. In Fig. 1 a, 1:1 Sy«
ratio was used and it observed a significant nanoemul-
sion region. Based on this result, S, ratio 1:1 was
loaded in the hydrogel. In Fig. 1b, 2:1 S,,;, ratio showed
higher covered region as compared to Fig. 1a, but higher
concentration of surfactant may produce skin irritancy.
In Fig. 1 c and d, 3:1 and 4:1 S, ratio showed lesser
covered region as compared to Fig. la. Although S, 1:
1 was selected as an optimized ratio, its different
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concentrations were used in nanoemulsion preparations

(Table 5).

Optimization of primaquine loaded nanoemulsion by 32
factorial designs

The purpose of the 3 factorial design (3°—2 variables at
three levels) was to select the stages of different independ-
ent variables (Table 6) of castor oil (R;) and S,,;, ratio (R5)
with droplet size, PDI, and zeta potential.

Nanoemulsion preparations were optimized by 3* factor-
ial designs and on the basis of response surface method-
ology and other evaluation parameters of nanoemulsions
(Table 2); F5 formulation was selected to load in hydrogel.

Fitting of data to the model

All the responses of nanoemulsion were observed for
nine formulations and fitted to various models by the
application of response surface methodology (Design-Ex-
pert software). In response surface methodology, linear-
ity was observed in the best-fitted model (Fig. 2a—d).

Characterization of nanoemulsion

Morphological and structural characterization

The smaller size of the nanoemulsion droplets is more
conducive to increase the absorption of the drug in vivo.

C

s

1000 Smix: 3:1

Fig. 1 a The pseudoternary phase plot of S.,x (Tween 80:Transcutol P) at 1:1 ratio. b The pseudoternary phase plot of Sy, (Tween 80:Transcutol
P) at 2:1 ratio. ¢ The pseudoternary phase plot of S (Tween 80:Transcutol P) at 3:1 ratio. d The pseudoternary phase plot of S, (Tween
80:Transcutol P) at 4:1 ratio
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Table 5 Composition of primaquine loaded nanoemulsion

Formulation Components (% w/w)

code Primaquine Qil (R,) Smix (1:1) (R2) Water
F1 2 15 (1) 35(=1) 48
F2 2 15 (1) 40 (0) 43
F3 2 15 (1) 45 (1) 38
F4 2 10 (0) 35(=1) 53
F5 2 10 (0) 40 (0) 48
F6 2 10 (0) 45 (1) 43
F7 2 5(=1 35(=1) 58
F8 2 51 40 (0) 53
Fo 2 51 45 (1) 48

By analyzing the TEM image of nanoemulsion, it could
be revealed that nanoemulsion has a good morphological
appearance, uniformed dispersion, and small droplet
size, and these images (Figs. 3 and 4) assured that the
droplet sizes were in the nano range (< 200 nm).
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Micromeritic properties

The droplet size of nanoemulsion is an essential part of the
safe and efficient delivery of dosage form. As the castor oil
concentration was kept 5% w/w, and then droplet size was
39.34 + 0.36 nm observed lowest. As oil concentration was
enhanced to 15% w/w, the droplet size increased up to
108.63 + 0.20 nm substantially. All preparations were ob-
served in the nanosize range which was expressed by the
lower value of PDI. PDI is a ratio of the standard deviation
to average droplet size and it shows the uniformity of drop-
let size within the preparations [21, 22]. The PDI values
were low as 0.154 to 0.187 and it indicates a narrow distri-
bution of droplet size within the preparation.

Viscosity and conductivity analysis

The viscosity of nanoemulsion preparations was deter-
mined as 10.3 + 0.30 to 29.8 + 0.21 mPa S and was not fit
for transdermal application which signifies its viscous gel
matrix preparation. The conductivity of formulations was

-
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Table 6 Actual unit with coded labels (3” factorial designs)

Variables Level 1 Level 0 (medium) Level 1 (low)
(high)

Qil Concentration (Ry) 15 10 5

Smix ratio (Ry) 45 40 35

found as 56.76 + 0.23 to 126.6 + 0.34 mS/cm which
showed that emulsion was o/w type as shown in Table 2.

Percent drug release

The maximum drug release (91.28 + 1.1) was observed
within 8 h for F5 formulation. The release rate of prima-
quine loaded nanoemulsion from F5 preparation is
shown in Table 2.

Preparation and optimization of primaquine containing
nanoemulgel

For transdermal delivery, primaquine was loaded into a
nanoemulgel system having HPMC K15M (1-2% w/w)
as a gel matrix. The optimized viscous system is suitable
for transdermal delivery based on biophysical and sen-
sorial evaluations [23]. In the case of HPMC K15M, 1%
w/w was added directly to prepare nanoemulsion, and it
showed that it took more time for swollen than water.
Even some tiny agglomerates of HPMC K15M (1% w/w)
were observed. In the HPMC K15M (1.5% w/w) case, it
was swollen in the water phase and its pH and viscosity
were optimum with good homogenization property. In
the last case, HPMC K15M (2% w/w) case, it showed
higher viscosity than previous ratios (Table 3).

The pH and viscosity of optimized nanoemulsion (F5)
loaded nanoemulgel

The pH of nanoemulgel was observed 5.3 + 0.1 for all
ratios of polymer, which was closer to skin pH as shown
in Table 4. The viscosity of F5,, F5;,, and F5. were ob-
served 14,564.6 + 0.42, 14,8419 + 0.82, and 14,8419 *
0.82 respectively (Table 4). It was observed that F5,

-

Fig. 3 TEM image of primaquine loaded nanoemulsion
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contains 1.5% HPMC K15M showed optimum viscosity
in all three formulations.

Spreadability of nanoemulgel

Spreadability of emulgel formulations was found to be
5.09 £ 0.03, 4.30 £ 0.02, and 3.13 + 0.01 g.cm/s for F5,,
F5;, and F5. respectively (Table 4).

Determination of drug content

The content of the drug in various nanoemulgel prepa-
rations was found in range 98.10 + 0.38 to 97.34 +
0.51%, although 100% of drug content was observed in
F5 nanoemulsion preparation. The data of drug content
(Table 4) showed that the drug was distributed uni-
formly throughout the nanoemulgel and the drug loss
during or after the nanoemulgel formulation; it was
minimum.

In vitro drug release studies

The percent drug release data show the sustained release
of primaquine from the optimized nanoemulgel formula-
tions. Optimized nanoemulsion (F5) and nanoemulgel
formulations (F5,, F5;, and F5.) were evaluated for drug
release study for 24 h (Fig. 5).

Ex vivo skin flux and permeation study

Ex vivo skin flux was determined only for F5, formu-
lated emulgel (optimized emulgel) for 24 h. Ex vivo skin
flux study was conducted at 1, 2, 4, 6, 8, 10, 12, 18, and
24h and flux was observed as 0.49 + 0.06, 0.45 + 0.08,
0.43 + 0.10, 0.41 £ 0.03, 0.40 = 0.09, 0.39 + 0.07, 0.39 £
0.08, 0.39 + 0.01, 0.39 + 0.03 respectively. Ex vivo skin
permeability was found ~ 70% within 12h and ~ 85%
within 24 h (Fig. 6).

Release kinetic study of emulgel preparations

Optimized nanoemulgel (F5;,) release kinetic mechanism
was analyzed through the data fitting to the Peppas
model and Higuchi’s model and data compared to the
correlation coefficient (R?). These correlation coefficients
(R?) were observed for zero order, first order, Higuchi’s
model, Hixon-Crowell model, and Korsmeyer-Peppas
model as 0.996, 0.853, 0.942, 0.919, and 0.979 respect-
ively. The correlation coefficient (R?) was observed 0.996
for zero order which was higher than other models. So it
was obvious that the release of drug from the formula-
tion followed the zero-order release.

Thermodynamic stability of nanoemulsion

Stability study of optimized emulgel formulation (F5;)
was conducted for 3 months at different temperate con-
ditions (4 + 0.2°C, 25 + 2°C, and 40 + 0.1°C). All pa-
rameters of optimized emulgel preparation were found
in the range at all temperate conditions and these were
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Fig. 4 a Droplet size of optimized formulation. b Zeta potential of optimized formulation

percent drug content = 99.51 to 99.70, pH = 5.2 to 5.4,
transparency = good, and phase separation = no, and
creaming was observed after 3 months. Optimized emul-
gel preparation was stable and consistent for all evalu-
ated parameters.

Statistical analysis

One-way ANOVA method was used for statistical ana-
lysis of different formulations, when the P value < 0.05
than the values of all formulations were observed signifi-
cant statistically. P values of different parameters were

observed as 0.0010, 0.0021, 0.0350, and 0.0073 for zeta
potential, droplet size, percent drug release, and percent
PDI respectively. Linearity was observed for all responses
at < 0.05 P value. So it was obvious that the obtained
data was significant.

Discussion

Nanoemulgel was used as a carrier for transdermal deliv-
ery of primaquine due to its permeation enhancing
properties. With the help of transdermal delivery of
drugs, we minimized the problems associated with
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In-vitro drug release data
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Fig. 5 In vitro drug release profile for optimized nanoemulsion (F5)
and nanoemulgel formulation (F5,, F5p, and F5.)

conventional dosage form of primaquine. The nanoe-
mulgel formulation was a primaquine loaded multicom-
ponent system having oil, S.,;, water, and HPMC as gel
base. The nanoemulsions were formulated by figuring
out the range of concentrations for all components. All
nanoemulsion formulations (F1-F9) were optimized for
droplet size, zeta potential, percent PDI, and percent
drug release. The TEM images of nanoemulsion showed
spherical structure, and uniformity of droplet size re-
vealed by low PDI value. The conductivity test con-
firmed that nanoemulsion was o/w type. The values of
viscosities were observed to be low which did not indi-
cate its applicability onto the skin. Thus, F5 formulation
showed the 68.5nm droplet size and its - 0.7 mv zeta
potential value indicated that it created sufficient repul-
sive forces between the droplets. The F5 formulation
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Fig. 6 Ex vivo skin percent permeability for optimized nanoemulsion
(F5) and nanoemulgel formulations (F5,, F5,, and F5.)
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showed the highest (91.28%) percent drug release after
5h (Table 2). The conductivity of F5 formulation was
maximum (126.6 mS/cm) which indicated that it has
sufficient concentration of water which facilitates its ini-
tial permeability; based on these considerations, F5 for-
mulation was selected for loading in the hydrogel. When
zeta potential, droplet size, percent drug release, and
percent PDI were compared through one-way ANOVA
for all formulations, then P values observed as 0.001,
0.0021, 0.0350, and 0.0073 respectively. The P values for
these responses were observed lower than 0.05 which
showed that the model was significant. So it was obvious
that the obtained data was significant. Thus, F5 nanoe-
mulsion was incorporated in the hydrogel containing
HPMC K15M (1-2%). The pH of all nanoemulgel prepa-
rations was near to skin pH (5.5 pH) so it was suitable
for transdermal application without causing irritancy.
The viscosity was increased with HPMC K15M concen-
tration. As the variable 1 concentration was increased
from low level to high level (5-15%) and variable 2 con-
centrations were decreased from high level to low level
(45-35%), then permeability was increased. The in-
creased permeability may be due to castor oil perme-
ation in the lipid bilayer of stratum corneum. The
Transcutol P acted as a permeation enhancer. Ex vivo
skin flux study of optimized F5, emulgel formulation
showed the permeabilty of drug into specific diameter of
skin. Zero-order release was followed by the nanoemul-
gel formulation and it was revealed through data fitting
in various models. The value of correlation coefficient
was higher for zero-order model than other models. So
it was obvious that formulation followed zero-order kin-
etic. The prepared nanoemulgel was observed to possess
good permeability without the addition of any perme-
ability enhancers, although the efficacy of the nanoemul-
gel system was depending upon its composition (castor
oil, S and hydrogel). The thermodynamic stability
was also evaluated for nanoemulgel preparation; and
during the study, there were no changes observed in pH
and transparency. Thus, primaquine loaded emulgel
preparation could be beneficial to avoid adverse effects
of the conventional dosage form.

Conclusion

The nanoemulsion loaded hydrogel of primaquine with
optimum viscosity was prepared for transdermal applica-
tion. Nanoemulgel was prepared by using HPMC K15M
into nanoemulsion because HPMC K15M was respon-
sible for significant viscosity. The penetration rate of
nanoemulgel was greater than other drug solutions. The
great penetration rate was achieved by the incorporation
of Transcutol P as a cosurfactant. The optimized formu-
lation was justified by using statistics. Stability studies
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confirmed nanoemulgel to be a promising carrier for the
delivery of primaquine.
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