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Abstract: In the present investigation, a nanoemulgel of minocycline was formulated and optimized
for an improved drug delivery and longer retention time in the targeted area. Combining eucalyptus
oil, Tween 20, and Transcutol HP, different o/w nanoemulsions were formulated by the oil phase
titration method and optimized by pseudo-ternary phase diagrams. The morphology, droplet size,
viscosity, and refractive index of the thermodynamically stable nanoemulsion were determined.
Furthermore, optimized nanoemulsion was suspended in 1.0% w/v of Carbopol 940 gel to formulate
the nanoemulgel, and for this, pH, viscosity, and spreadability were determined and texture analysis
was performed. To compare the extent of drug penetration between nanoemulsion and nanoemulgel,
ex vivo skin permeation studies were conducted with Franz diffusion cell using rat skin as the perme-
ation membrane, and the nanoemulgel exhibited sustained-release behavior. It can be concluded that
the suggested minocycline-containing naoemulgel is expected to treat acne rosacea more effectively.

Keywords: o/w nanoemulsion; minocycline; eucalyptus oil; Carbopol 940; permeation study

1. Introduction

Acne is a widely prevalent disorder of pilosebaceous unit-hair follicles in the skin [1].
Secretion of sebum by the oil glands is a natural skin phenomenon that helps to keep the
skin moist [2]. Clogging of the oil glands may eventually lead to pimples and cysts.

Patient with mild acne is diagnosed by the presence of minor pimples, whiteheads,
blackheads, and comedones. Moderate acne is characterized by severe papules/pustules,
comedones, and cystic nodules that usually leave behind scars on the skin [3]. The distin-
guished symptoms of rosacea from acne are either transient or persistent facial erythema,
visible blood vessels [4], papules, and pustules [5]. Based on these physical patterns, rosacea
is classified into four subtypes: erythematotelangiectatic, papulopustular, phymatous, and
ocular [6].

The disease etiology of rosacea is still under many wraps, which paves the way for
diverse research avenues. Several hypotheses document the potential role of vascular
abnormalities, dermal matrix degeneration, environmental factors, and microorganisms,
such as Demodex folliculorum and Helicobacter pylori [7], in the condition of rosacea.

The topical modalities against acne rosacea are directed to four major areas involved in
disease progression: keratinous plugs in sebaceous ducts, large sebaceous glands producing
excess sebum, increased numbers of resident follicular bacteria, and inflammatory response
to chemical mediators passing through the follicular wall. The conventional antibiotics used
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are erythromycin, clindamycin, metronidazole, and sodium sulfacetamide. Skin permeation
enhancers, such as salicylic acid (0.5 to 2%) in the form of a gel, lotion, cream, or solution,
are also used [8]. Some of the marketed topical preparations are Finacea gel, Metrogel,
Avar LS cream, brimonidine topical, and so on [9]. For systemic delivery, antibiotic agents,
such as tetracycline, erythromycin, ampicillin, metronidazole, and minocycline, are much
commonly prescribed [10]. In the aspect of lifestyle, practicing sun avoidance behaviors and
the use of broad-spectrum sunscreens have central importance to rosacea management [11].

In order to eliminate the first-pass metabolism of minocycline, there is a need for
a suitable drug delivery system through which the desired effect is achieved without
compromising its efficacy. Since topical delivery has an edge over the systemic route
in terms of elimination of first-pass metabolism, locoregional application, and intimate
contact with the affected site, various researchers have carried out numerous studies to
administer minocycline topically [12] for the treatment of facial papulopustular rosacea [13].
Minocycline nanoemulgel is one such directed approaches conceived for the present work.
An o/w nanoemulsion of minocycline was formulated with eucalyptus oil as an internal
phase and dispersed in a Carbopol 940 gel base. Eucalyptus oil may cause high irritation to
an already-compromised skin if taken as an external phase [14]. The purported formulation
may expectably improve dermal drug absorption, aid the delivery of poor lipophilic drug,
enhance drug retention time [15] in the targeted area, and show fewer side effects as
compared with systemic delivery [14,16].

2. Materials and Methods
2.1. Materials

Minocycline was procured from Sun Pharmaceuticals Industries Ltd., Gurugram,
India; Carbopol 940 was from Lubrizol Advanced Materials India Pvt. Ltd. (Mumbai,
India); and Cremophor EL was purchased from Sigma-Aldrich (St. Louis, MO, USA). Tween
80, Tween 40, Tween 20, and propylene glycol were taken from Merck Pharmaceuticals,
Mumbai, India. Transcutol HP were the gift samples obtained from Gattefosse India Pvt.
Ltd. Mumbai, India ethanol and propan-2-ol were procured from SD Fine Chem Ltd., India,
Mumbai, Maharashtra. Olive oil, rose oil, castor oil, and eucalyptus oil were of appropriate
purity grades, as needed and purchased from local vendors.

2.2. Screening of Oils

The solubility of minocycline in various oils was determined by adding an excess
amount of drug in 2 mL of individual oil (olive oil, rose oil, castor oil, eucalyptus oil) in
5 mL capacity stopper vials, ref. [17] and mixed using a vortex mixer. The mixture vials
were then kept in a biological shaker at 25 ± 1.0 ◦C for 72 h. The samples were removed and
centrifuged at 3000 ± 50 rpm for 15 min. The supernatant obtained was passed through
a 0.22 µm nylon syringe filter, dissolved in methanol [18], and analyzed using a UV-VIS
spectrophotometer (UV 1601, Shimadzu, Japan) at 254 nm.

2.3. Screening of Surfactant and Cosurfactant

The screening of surfactants (Cremophor EL, Tween 40, Tween 80, Tween 20) and
cosurfactants (propylene glycol, ethanol, propan-2-ol, Transcutol HP) was carried out on
the basis of saturation solubility of minocycline in respective surfactants and cosurfactants.
In a 5 mL stoppered vial, an excess amount of drug was added to 1 mL of selected surfactant
and cosurfactant and was kept it in a mechanical shaker at 25.0 ± 0.5 ◦C for 72 h to reach
equilibrium. The contents were then centrifuged using a high-speed centrifuge (Remi
Instruments, Delhi, India) at 3000 rpm ± 50 rpm for 30 min at 37 ± 0.5 ◦C. The collected
supernatant was dissolved in methanol and analyzed using a UV spectrophotometer
(Shimadzu, Kyoto, Japan) at 254 nm for which the linearity range was found to be between
2 and 18 µg/mL, and LOQ was 1 µg/mL. The solubility studies were conducted in a
triplicate manner, and results were reported as mean ± SD.
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2.4. Pseudo-Ternary Phase Diagram Construction

Pseudo-ternary phase diagrams were constructed with the aqueous titration method
to determine the concentration range of components for the existing boundary of nanoemul-
sions (NEs). Five phase diagrams were prepared with 1:1, 1:2, 2:1, 4:1, and 5:1 weight ratios
of Tween 20/Transcutol HP [19]. The surfactant and cosurfactant used (i.e., Tween 20 and
Transcutol HP) were sufficient to attain the required HLB to emulsify the oil (required
HLB of oil = 9.8) within these ratios. The aqueous phase and the surfactant mixture were
then mixed at weight ratios of 1:9, 1:8, 1:7, 1:6, and 1:5 (w/w). These weight ratios of
oil and S/CoS were diluted dropwise with water under moderate agitation. After being
equilibrated, the mixtures were assessed visually [20].

2.5. Method of Formation of Nanoemulsion

Minocycline-loaded nanoemulsion was a formulation by the aqueous titration method.
For this, selected formulation components based on a pseudo-ternary phase diagram were
vortexed for few minutes to obtain a clear, transparent, and stable isotropic system. The
desired method for formulating a nanoemulsion is a high-energy input in the system, but a
significant literature also supports alternative methods, such as aqueous titration [21]. As
reported, the low-energy methods (aqueous titration) are comparatively simple and can be
used to produce fine droplet nanoemulsions [22].

2.6. Physical Stability Studies of the Developed Nanoemulsion
2.6.1. Centrifugation

To determine metastable systems, the optimized nanoemulsion was centrifuged at
3500 rpm for 30 min, and those that did not show any change in the homogeneity were
taken for the freeze–thaw stress test [23].

2.6.2. Heating Cooling Cycle

Nanoemulsion formulations were subjected to six cycles between refrigerator temper-
atures of 4 and 45 ◦C (storage not less than 48 h at each temperature). Visual inspection
was performed at different intervals for the stable formulations that were subjected to a
centrifugation test. The nanoemulsion formulation was checked for temperature stability
and was kept at three different temperature ranges of 2 to −8 ◦C (refrigerator), room
temperature, and incubation at 40 ◦C and observed for any possible change, such as phase
separation, flocculation, and precipitation [23].

2.6.3. Freeze–Thaw Cycle

The freeze–thaw cycle is one of the basic parameters to be carried out for a nanoemul-
sion study, where we need to take freshly prepared O/W nanoemulsion in a glass vial in a
freezer for approximately 20 h and then transfer the same nanoemulsion to an oven at a
fixed temperature of 40 ◦C, which is called thawing phase. It needs to be observed that if
there is no phase separation, then it is sent back to the freezer (up to 10 cycles). Further,
the formulations are observed for any change in phase separation, and other stability
parameters need to be observed; for example, there should not be any conglomeration of
particles that can be measured using a zetasizer [23,24].

2.7. Characterization of Minocycline-Loaded Nanoemulsion
2.7.1. Globule Size and Polydispersity Index (PDI)

Globule size is a critical parameter that may influence the composition and bioac-
ceptability of a nanoemulsion. The PDI mainly determines sample uniformity in terms
of either monodisperse or polydisperse particle in a nanoemulsion. The determination
of both was performed using Zetasizer Nano ZS90, Malvern Instruments, Malvern, UK)
at 633 nm [25]. The different samples were analyzed in triplicate, and the results were
described as mean ± standard deviation.
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2.7.2. Zeta Potential

The zeta potential of an optimized nanoemulsion was measured by a dynamic light
scattering technique, Zetasizer Nano (Malvern Instruments, Ltd., Malvern, UK), at room
temperature and applied electric field 1 V. Prior to analysis, the formulation sample was
dispersed in a prefiltered double distilled water at a ratio of 1:100. The analysis was
performed in triplicate, and the result was described as mean ± standard deviation [26].

2.7.3. Refractive Index

The Abbe-type refractometer (Precision Standard Testing Equipment Corp., Berlin,
Germany) determined the refractive index of the nanoemulsion formulation. The measure
of the speed of light through a substance is called refractive index. The more is the time
taken by light to travel through the media, the higher is the value [27].

2.7.4. Drug Content

An amount of 1 mL of the prepared nanoemulsion formulation was taken and added
into the methanol. Absorbance was determined using a UV spectrophotometer [28] at a
lambda max of 254 nm.

2.7.5. Differential Scanning Colorimetry

A differential scanning calorimeter was used for thermal analysis, which suggests
the mechanism associated with the destabilization of the nanoemulsion. The sample to
be analyzed was crimped nonhermetically in an aluminum pan and heated from 30 to
200 ◦C. There was an increase in temperature, which was recorded as 10 ◦C/min, while
the nitrogen flow rate was maintained at 60 mL/min in the instrument. An amount of 5%
mannitol was used as a cryoprotectant for lyophilization [29].

2.7.6. Transmission Electron Microscopy

To investigate the nanoemulsions’ morphological characteristics and to confirm the size
measurement results, TEM (Zeiss, EM10C, 80 kV, Oberkochen, Germany) was employed.
A sample preparation for TEM was performed by placing one drop of 100 times diluted
sample on the copper grid. Samples were stained with uranyl acetate, and a dried copper
grid was placed for TEM analysis [30].

2.8. Development of Nanoemulgel

A nanoemulgel containing minocycline for topical application was prepared by using
Carbopol 940 as a gelling agent at different concentrations (0.5–1.0%). A minocycline
nanoemulgel was prepared by dissolving 1.0% Carbopol 940 in purified water and left
for complete swelling. TEA (triethanolamine (1–1.5% v/v)) was added in order to get the
gel matrix. The transparent hydrogel was obtained after thoroughly mixing. Further in
this gel, 20.0% v/w optimized minocycline nanoemulsion was incorporated to obtain a
minocycline-loaded nanoemulgel preparation.

2.9. Evaluation of Formulated Nanoemulgel
2.9.1. Measurement of pH

A digital pH meter was used to determine the pH of various gel formulations. One
gram of gel was dissolved in 100 mL distilled water and stored for 2 h [31].

2.9.2. Viscosity Study

A Brookfield viscometer is used for the determination of the viscosity of the pre-pared
gel. The gels were rotated at 80 rotations per minute, carried out for 160 s. At each speed,
the corresponding dial reading was noted.
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2.9.3. Spreadability

It helps in the determination of the extent of the area to which the gel readily spreads
after application to the skin or affected part. The higher the spreading value, the more
efficacious the formulation will be. A spreadability test was carried out by using an
apparatus suggested by [32]. It is a simple device that consists of a wooden block and a
pulley attached to it at one end. An excess amount of the gel was placed between two
slides. ‘Slip’ and ‘Drag’ are characteristics of a nanoemulgel, by which the spreadability
measurement was performed. One glass slide was fixed, and another was attached to a
pulley. On top of the two slides, a 500 g weight was applied to obtain the uniform film. The
upper slide moved with the application of the weight to it through the pulley, and amount
of the spread gel was noted.

2.9.4. Texture Analysis

The textural properties, such as rupture strength, brittleness, and adhesiveness of a
nanogel, were determined using the Texture Analyser TA.XT Plus (Stable Micro Systems,
Godalming, UK). Five replicate analyses were performed at room temperature for each
formulation, providing the same conditions, such as speed, rate, and depth of the insertion
for each measurement. [33].

2.10. In Vitro Drug Release

The in vitro drug release profile of an optimized minocycline nanoemulsion (20 mL)
and minocycline nanoemulgel (equivalent to 20 mL nanoemulsion) was carried out using
a semipermeable dialysis membrane of average diameter. The dialysis membranes were
immersed in a beaker containing 100 mL PBS (pH 5.5) on a magnetic stirrer (100 rpm) at
37 ± 0.2 ◦C for 24 h. An aliquot (3 mL) was withdrawn at predetermined time intervals and
replaced with an equal volume of PBS to maintain a sink condition. The drug concentration
in the samples withdrawn was analyzed spectrophotometrically at λmax 274 nm. The test
was performed in duplicate [25].

2.11. Ex Vivo Permeation Study

The ex vivo skin permeation studies of a minocycline nanoemulgel and minocycline
nanoemulsion were conducted using a Franz diffusion cell. Accurately weighed formula-
tion samples were placed in a donor compartment, and the receptor compartment was filled
with 10 mL of phosphate buffer saline of pH 5.5. A stratum corneum of 1 mm thickness
was prior obtained from female Wistar rats weighing 200–250 g at 3–4 months. The skin
was carefully excised, washed with saline, and placed between the compartments. The
prepared assembly was placed on a magnetic stirrer, 50 rpm, and maintained at 37 ± 1 ◦C
for 8 h [34].

2.12. Confocal Laser Scanning Microscopy (CLSM)

The excised rat skin samples were placed between the donor and receptor compart-
ments of the Franz diffusion cell. The donor compartment was filled with a rhodamine
nanoemulgel, and the receptor compartment was filled with PBS. The skin sample was
removed after 24 h, washed with distilled water and alcohol to remove the excess stain, and
evaluated using CLSM (Olympus FluoViewTM FV1000, Hamburg, Germany) at excitation
and emission wavelengths of 540 and 625 nm, respectively [33].

3. Results and Discussion
3.1. Screening of Oils

The high capacity of oil to solubilize a drug plays a critical role as the more the solubi-
lization more can be the target dose incorporated. For the present formulation, minocycline
was taken as a drug of choice, which has low lipophilicity (log p = 0.36 ± 0.002) [35]. This
attribute of a drug served as a primary criterion for the selection of oils as the oil capable of
solubilizing even the poor lipophilic drug at low concentrations could be more suitable than
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the one either poorly solubilizing or solubilizing at higher concentrations. The solubility of
minocycline was found to be highest in eucalyptus oil (4.6280 mg/mL) (Table 1).

Table 1. Solubility of minocycline in different oils.

S. No. Oils Drug Solubility (mg/mL)
± SD (N = 3) Density Molecular

Formula

1. Olive oil 0.3145 mg/mL ± 0.003 0.920 g/mL C88H164O10

2 Rose oil 0.58802 mg/mL ± 0.23 0.964 g/mL NA

3. Castor oil 1.71409 mg/mL ± 0.46 0.955 g/mL C57H104O9

4. Eucalyptus oil 4.6280 mg/mL ± 0.78 0.909 g/mL C10H18O

3.2. Screening of Surfactants

Surfactants, as discussed earlier, may cause toxicity if used in larger concentrations
than prescribed limits. For the present formulation, the major concern could be an irritation
to an already-compromised skin. Thus, the surfactants having a safe skin profile were
considered for the present work, and the selection was performed on the basis of drug
solubilization capacity. The solubility of minocycline was found to be highest in Tween 20
(14.35563 mg/mL) (Table 2), which was selected as a surfactant [36].

Table 2. Drug solubility in surfactant.

S. No. Surfactants Drug Solubility (mg/mL)
± SD (N = 3) Density Molecular

Formula

1. Tween 20 14.35563 mg/mL ± 0.78 1.11 g/mL C26H50O10

2. Cremophor EL 9.81205 mg/mL ± 0.06 1.05 g/mL C5H12O4

3. Tween 40 6.82042 mg/mL ± 0.74 1.083 g/mL C12H18O11

4. Tween 80 6.04502 mg/mL ± 0.88 1.08 g/mL C24H44O6

3.3. Screening of Cosurfactants

Cosurfactants are also an integral part for nanoemulsion systems as they may affect
the phase separation behavior. The solubility of minocycline was found to be highest in
Transcutol HP (4.81338 mg/mL) (Table 3).

Table 3. Drug solubility in co-surfactant.

S. No. Cosurfactants Drug Solubility (mg/mL)
± SD (N = 3) Density Molecular

Formula

1. Transcutol HP 4.81338 mg/mL ± 0.87 NA NA

2. Ethanol 3.8204 mg/mL ± 0.54 0.789 g/mL C2H6O

3. Propylene glycol 3.81205 mg/mL ± 0.06 1.036 g/mL C3H8O2

5. Propan-2-ol 2.04502 mg/mL ± 0.67 0.785 g/mL C3H8O

3.4. Pseudo-Ternary Phase Diagram

Pseudo-ternary phase diagrams were constructed to study the existence of the na-
noemulsion formation zone. It was constructed using eucalyptus oil, Tween 20, and
Transcutol HP as the oil, surfactant, and cosurfactant, respectively. Minocycline with Tran-
scutol HP was dropped in a vial containing a mixture of Tween 20 and oil. Water was
added continuously to the mixture, and as the water was added, there were transitions
visible from opaque to translucent and, finally, transparent [37]. For the optimization of
the nanoemulsion, varied ratios of surfactant and cosurfactant (Smix) were used, and their
effect on nanoemulsion formation was assessed. As shown in Figure 1, a Smix ratio of 5:1
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was found in the phase diagram with a maximum o/w nanoemulsion region compared
with the nanoemulsion made with other ratios of the Smix.
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3.5. Dispersion Stability Study

The dispersion stability for the present formulation was performed qualitatively on a
visual parameter of either phase separation or no phase separation in various stress tests,
as presented in Table 4.

Table 4. Dispersion Stability of formulations.

Smix Batch No. Centrifugation Heating Cooling Freeze–Thaw Cycle

1:2

1:3 (F1) No phase separation No phase separation Hazy solution

1:4 (F2) No phase separation Complete phase separation No phase separation

1:5 (F3) Hazy solution No phase separation Hazy solution

3:1

1:3 (F4) Hazy solution Hazy solution Hazy solution

1:4 (F5) Hazy solution No phase separation Complete phase separation

1:5 (F6) No phase separation No phase separation No phase separation

5:1

1:3 (F7) No phase separation No phase separation No phase separation

1:4 (F8) Hazy solution No phase separation Hazy solution

1:5 (F9) No phase separation No phase separation No phase separation
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Following visual observation, the formulations F7, F8, and F9 were found to be stable
and selected for further characterization.

3.6. Characterization of Nanoemulsion

The average globule size and PDI of all the prepared nanoemulsions fall under the
range of 90–201 nm and 0.3–0.6, respectively (Table 5). Although all three formulations
showed globule size in the nanorange, the formulation F9 has shown the lowest particle
range, that is, 91.11 nm and PDI of 0.550. The formulation F9 was selected for further
studies.

Table 5. Comparative analysis of the globule size and PDI for different formulations.

Formulation
Globule Size PDI
Mean ± SD Mean ± SD
(N = 3) (nm) (N = 3)

F6 (3:1) Smix
Ratio (1:5) 200.2 ± 0.899 0.348 ± 0.003

F7 (5:1) Smix
Ratio (1:3) 175.0 ± 0.205 0.563 ± 0.004

F9 (5:1) Smix
Ratio (1:5) 91.11 ± 0.028 0.550 ± 0.002

3.6.1. Zeta Potential

The zeta potential of the formulation (F9) was found to be −17.40 mV (Figure 2), which
falls under the range of +30–−30 mV. The presented range gives an idea for formulation
stability in terms of less aggregation among the particles.
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3.6.2. The Refractive Index

The refractive index of the selected nanoemulsion formulations (F9) was found to be 1.6.

3.6.3. Drug Content

The drug content of the optimized nanoemulsion formulation (F9) was found to be
97.23 w/v ± 1.12%.

3.6.4. Differential Scanning Calorimeter

The DSC thermogram of pure drug minocycline exhibited the presence of an exother-
mic and endothermic peak at 163.5 and 219.1 ◦C, respectively, whereas the formulation (F-9)
showed its peak at 173.408 ◦C, as shown in Figure 3. As no significant peak of drug minocy-
cline was seen, this signifies that the drug is well encapsulated in the formulation [38].
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Figure 3. Differential scanning calorimetry (DSC) thermogram of (a) minocycline nanoemulgel (NEG)
and (b) pure minocycline.

3.6.5. Transmission Electron Microscopy

The TEM image of minocycline nanoemulgel particles in Figure 4 represents a spher-
ical morphology with uniform size distribution. The particle size observed was in good
agreement with the size obtained by a zetasizer (Nano-ZS90, Malvern Instruments, and
Worcestershire, UK). The technique of Cryo TEM was used as it is available at the Sophisti-
cated Analytical Instrument Facility (SAIF), All India Institute of Medical Sciences (AIIMS),
New Delhi. The energy used in TEM was reported to be 40–120 kV. The effect of TEM on
the structure of these soft materials is the visualization of their supramolecular organization
with defined microscopic properties and macroscopic characteristics [39].

Pharmaceutics 2022, 14, x FOR PEER REVIEW 11 of 15 
 

 

 
Figure 4. TEM image of nanoemulsion. 

3.7. Characterization of Nanoemulgel and Development of Nanoemulgel 
3.7.1. Development of Nanoemulgel 

A nanoemulgel was prepared using Carbopol 940 at a concentration of 1.0% v/v and 
triethanolamine at a concentration of 1% w/w to derive a clear gel.  

3.7.2. Measurement of pH 
The pH of the formulated gel was found to be 5.40, which is in the desirable range 

for skin care products (pH 4–7). 

3.7.3. Spreadability  
The spreadability of the gel is a critical parameter for better absorption of the drug. 

The formulated gel was found to be 5 cm/s spreadable by applying 500 gm of shear. 

3.7.4. Texture Analysis 
Texture profile analysis was performed for the optimized gel to evaluate its con-

sistency, firmness, and cohesiveness. The firmness of the sample was found to be 70.56 g 
± 0.66. Consistency was found to be 112.20 g s ± 0.021, which indicates a high sample con-
sistency, and cohesiveness was found to be −35.90 g ± 0.041, which suggests a high cohe-
sive nature of the gel. The above-mentioned parameters have the following real-life mean-
ing as these ingredients must provide adequate firmness so that the product is not too 
thick to cause difficulty in extrusion from the container, and important parameters of firm-
ness and consistency were observed, which indicate that the force needed to deform the 
gel became higher, thus determining better spreadability and ease of application on the 
skin. Cohesiveness is the negative peak that was recorded during the movement of the 
probe upwards and is related to the intramolecular forces of the nanoemulgel [39]. 

3.8. In Vitro Drug Release 
The in vitro release of minocycline from the selected nanoemulsion and nanoemulgel 

was assessed using the dialysis bag method. As demonstrated in Figure 5, the drug release 
from the selected optimized nanoemulsion formulae was comparatively higher than that 
from the nanoemulgel under the same set of experimental conditions. It was observed that 
the optimized minocycline nanoemulsion releases the drug at a faster rate as compared 
with the nanoemulgel preparation. Therefore, the desirable sustained release behavior 
was exhibited by the minocycline nanoemulgel. 

Figure 4. TEM image of nanoemulsion.



Pharmaceutics 2022, 14, 2322 10 of 13

3.7. Characterization of Nanoemulgel and Development of Nanoemulgel
3.7.1. Development of Nanoemulgel

A nanoemulgel was prepared using Carbopol 940 at a concentration of 1.0% v/v and
triethanolamine at a concentration of 1% w/w to derive a clear gel.

3.7.2. Measurement of pH

The pH of the formulated gel was found to be 5.40, which is in the desirable range for
skin care products (pH 4–7).

3.7.3. Spreadability

The spreadability of the gel is a critical parameter for better absorption of the drug.
The formulated gel was found to be 5 cm/s spreadable by applying 500 gm of shear.

3.7.4. Texture Analysis

Texture profile analysis was performed for the optimized gel to evaluate its consistency,
firmness, and cohesiveness. The firmness of the sample was found to be 70.56 g ± 0.66.
Consistency was found to be 112.20 g s ± 0.021, which indicates a high sample consistency,
and cohesiveness was found to be −35.90 g ± 0.041, which suggests a high cohesive
nature of the gel. The above-mentioned parameters have the following real-life meaning
as these ingredients must provide adequate firmness so that the product is not too thick
to cause difficulty in extrusion from the container, and important parameters of firmness
and consistency were observed, which indicate that the force needed to deform the gel
became higher, thus determining better spreadability and ease of application on the skin.
Cohesiveness is the negative peak that was recorded during the movement of the probe
upwards and is related to the intramolecular forces of the nanoemulgel [39].

3.8. In Vitro Drug Release

The in vitro release of minocycline from the selected nanoemulsion and nanoemulgel
was assessed using the dialysis bag method. As demonstrated in Figure 5, the drug release
from the selected optimized nanoemulsion formulae was comparatively higher than that
from the nanoemulgel under the same set of experimental conditions. It was observed that
the optimized minocycline nanoemulsion releases the drug at a faster rate as compared
with the nanoemulgel preparation. Therefore, the desirable sustained release behavior was
exhibited by the minocycline nanoemulgel.
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3.9. Ex Vivo Permeation Study

Ex vivo permeation studies were performed with the minocycline nanoemulsion and
its gel formulation (strength equivalent to minocycline 1 mg per mL). The cumulative
amounts of the drug permeated after 6 h from the minocycline nanoemulsion and minocy-
cline nanoemulgel were 75% and 58%, respectively [29], as shown in Figure 6. This indicates
that the nanoemulgel shows sustained release behavior and will give a better result after a
long hour of usage on the skin.
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3.10. Confocal Laser Scanning Microscopy

CLSM reveals fluorescence images of the dorsal skin of a rat after being mounted on
the Franz diffusion cell for a permeation study with rhodamine-loaded NEG. After 24 h, the
fluorescence images were taken. The amount of the drug released from the nanoemulgel
mainly depends on the organic content in it. The higher is the amount of oil, the greater is
the drug release. As shown in Figure 7, dye penetration was observed up to 25 µm, which
is expected to be sufficient for its therapeutic activity [40].
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4. Conclusions

Acne rosacea is considered a general category disease, but if left untreated, it leads to
worst cases, particularly in males, termed rhinophyma. The above collective results suggest
that the prepared o/w nanoemulgel of minocycline can provide sustained release topically.
The various characterization parameter of the formulation indicates that the nanoemulgel
was successfully developed and optimized. Drug release and permeation profile suggested
that the formulation is capable enough for the treatment being a better modality and
locoregional targeted drug delivery system. Henceforth, the proposed minocycline-bearing
nanoemulgel is expected to treat acne rosacea with better therapeutic outcomes.

Author Contributions: Conceptualization, A.S.; methodology, A.S.; software, T.S.A.; validation, P.J.;
formal analysis, T.S.A.; investigation, A.S.; resources, M.A.M. and A.S.; writing, A.S.; writing and
reviewing, P.J.; visualization, M.A.A., N.H., M.A.M. and Z.I.; project administration, M.A.A., M.A.M.
and Z.I.; review and editing, A.S.; funding acquisition, P.P.N., M.S.K. and J.H. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in this article.

Acknowledgments: The authors extend their appreciation to the Deanship of Scientific Research at
King Khalid University, Saudi Arabia (RGP 2/218/43). The author Pooja Jain is thankful to CSIR for
providing financial assistance in the form of SRF (09/0591(11905)/2021-EMR-I).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ankit, S.; Zeng, T.; Chen, Y. A Review on Treatments of Atrophic Acne Scars. IJSIT 2018, 7, 614–631.
2. Krutmann, J.; Moyal, D.; Liu, W.; Kandahari, S.; Lee, G.S.; Nopadon, N. Pollution and acne: Is there a link? Clin. Cosmet. Investig.

Dermatol. 2017, 10, 199. [CrossRef] [PubMed]
3. Najafi-Taher, R.; Ghaemi, B.; Amani, A. Delivery of adapalene using a novel topical gel based on tea tree oil nano-emulsion:

Permeation, antibacterial and safety assessments. Eur. J. Pharm. Sci. 2018, 120, 142–151. [CrossRef]
4. Abokwidir, M.; Feldman, S.R. Rosacea management. Ski. Appendage Disord. 2016, 2, 26–34. [CrossRef]
5. Mikkelsen, C.S.; Holmgren, H.R.; Kjellman, P.; Heidenheim, M.; Karppinnen, A.; Bjerring, P.; Huldt-Nystrøm, T. Rosacea: A

clinical review. Dermatol. Rep. 2016, 8, 6387. [CrossRef] [PubMed]
6. Wilkin, J.; Dahl, M.; Detmar, M.; Drake, L.; Liang, M.H.; Odom, R.; Powell, F. Standard grading system for rosacea: Report of the

National Rosacea Society Expert Committee on the classification and staging of rosacea. J. Am. Acad. Dermatol. 2004, 50, 907–912.
[CrossRef]

7. Crawford, G.H.; Pelle, M.T.; James, W.D. Rosacea: I. Etiology, pathogenesis, and subtype classification. J. Am. Acad. Dermatol.
2004, 51, 327–341. [CrossRef]

8. Singh, M.; Wojcik, M.A. Acne Treatment Composition with Cooling Effect. U.S. Patent US6428772B1, 6 August 2002.
9. Bhowmik, D. Recent advances in novel topical drug delivery system. Pharma Innov. 2012, 1, 12–31.
10. Sauder, D.; Miller, R.; Gratton, D.; Danby, W.; Griffiths, C.; Phillips, S. The treatment of rosacea: The safety and efficacy of

sodium sulfacetamide 10% and sulfur 5% lotion (Novacet) is demonstrated in a double-blind study. J. Derm. Treat. 1997, 8, 79–85.
[CrossRef]

11. Cribier, B. Rosacea: Treatment Targets Based on New Physiopathology Data; Elsevier: Amsterdam, The Netherlands, 2021.
12. Gold, L.S.; Dhawan, S.; Weiss, J.; Draelos, Z.D.; Ellman, H.; Stuart, I.A. A novel topical minocycline foam for the treatment of

moderate-to-severe acne vulgaris: Results of 2 randomized, double-blind, phase 3 studies. J. Am. Acad. Dermatol. 2019, 80,
168–177. [CrossRef]

13. Mrowietz, U.; Kedem, T.H.; Keynan, R.; Eini, M.; Tamarkin, D.; Rom, D.; Shirvan, M. A phase II, randomized, double-blind
clinical study evaluating the safety, tolerability, and efficacy of a topical minocycline foam, FMX103, for the treatment of facial
papulopustular rosacea. Am. J. Clin. Dermatol. 2018, 19, 427–436. [CrossRef]

14. Gorain, B.; Choudhury, H.; Biswas, E.; Barik, A.; Jaisankar, P.; Pal, T.K. A novel approach for nanoemulsion components screening
and nanoemulsion assay of olmesartan medoxomil through a developed and validated HPLC method. RSC Adv. 2013, 3,
10887–10893. [CrossRef]

15. Chellapa, P.; Mohamed, A.T.; Keleb, E.I.; Elmahgoubi, A.; Eid, A.M.; Issa, Y.S.; Elmarzugi, N.A. Nanoemulsion and nanoemulgel
as a topical formulation. IOSR J. Pharm. 2015, 5, 43–47.

http://doi.org/10.2147/CCID.S131323
http://www.ncbi.nlm.nih.gov/pubmed/28579815
http://doi.org/10.1016/j.ejps.2018.04.029
http://doi.org/10.1159/000446215
http://doi.org/10.4081/dr.2016.6387
http://www.ncbi.nlm.nih.gov/pubmed/27942368
http://doi.org/10.1016/j.jaad.2004.01.048
http://doi.org/10.1016/j.jaad.2004.03.030
http://doi.org/10.3109/09546639709160276
http://doi.org/10.1016/j.jaad.2018.08.020
http://doi.org/10.1007/s40257-017-0339-0
http://doi.org/10.1039/c3ra41452c


Pharmaceutics 2022, 14, 2322 13 of 13

16. Kapoor, S.; lata Saraf, S. Topical Herbal Therapies an Alternative and Complementary Choice. Res. J. Med. Plant. 2011, 5, 650–669.
[CrossRef]

17. Azeem, A.; Rizwan, M.; Ahmad, F.J.; Khar, R.K.; Iqbal, Z.; Talegaonkar, S. Components screening and influence of surfactant and
cosurfactant on nanoemulsion formation. Curr. Nanosci. 2009, 5, 220–226. [CrossRef]

18. Mazonde, P.; Khamanga, S.M.; Walker, R.B. Design, optimization, manufacture and characterization of Efavirenz-loaded flaxseed
oil nanoemulsions. Pharmaceutics 2020, 12, 797. [CrossRef]

19. Ahmad, J.; Amin, S.; Kohli, K.; Mir, S.R. Construction of pseudoternary phase diagram and its evaluation: Development of
self-dispersible oral formulation. Int. J. Drug Dev. Res. 2013, 5, 84–90.

20. Gadhave, A.D. Nanoemulsions: Formation, stability and applications. Int. J. Res. Sci. Adv. Technol. 2014, 3, 38–43.
21. Trajkoska-Bojadziska, E.; Simonovska, J.; Popovska, O.; Knez, Ž.; Kavrakovski, Z.; Bauer, B.; Rafajlovska, V. Development of

nanoemulsion formulations of wild oregano essential oil using low energy methods. Maced. Pharm. Bull. 2016, 397, 397–398.
22. Shafiq-Un-Nabi, S.; Shakeel, F.; Talegaonkar, S.; Ali, J.; Baboota, S.; Ahuja, A.; Khar, R.K.; Ali, M. Formulation development and

optimization using nanoemulsion technique: A technical note. AAPS Pharmscitech. 2007, 8, E12–E17. [CrossRef]
23. Shafiq, S.; Shakeel, F. Stability and self-nanoemulsification efficiency of ramipril nanoemulsion containing labrasol and plurol

oleique. Clin. Res. Regul. Aff. 2010, 27, 7–12. [CrossRef]
24. Mahtab, A.; Anwar, M.; Mallick, N.; Naz, Z.; Jain, G.K.; Ahmad, F.J. Transungual delivery of ketoconazole nanoemulgel for the

effective management of onychomycosis. AAPS PharmSciTech. 2016, 17, 1477–1490. [CrossRef] [PubMed]
25. Elmataeeshy, M.E.; Sokar, M.S.; Bahey-El-Din, M.; Shaker, D.S. Enhanced transdermal permeability of Terbinafine through novel

nanoemulgel formulation; Development, in vitro and in vivo characterization. Future J. Pharm. Sci. 2018, 4, 18–28. [CrossRef]
26. Shakeel, F.; Ramadan, W. Transdermal delivery of anticancer drug caffeine from water-in-oil nanoemulsions. Colloids Surf B

Biointerfaces 2010, 75, 356–362. [CrossRef] [PubMed]
27. Arora, A.; Kumar, S.; Ali, J.; Baboota, S. Intranasal delivery of tetrabenazine nanoemulsion via olfactory region for better treatment

of hyperkinetic movement associated with Huntington’s disease: Pharmacokinetic and brain delivery study. Chem. Phys. Lipids.
2020, 230, 104917. [CrossRef]

28. Ahmed, S.; Gull, A.; Alam, M.; Aqil, M.; Sultana, Y. Ultrasonically tailored, chemically engineered and “QbD” enabled fabrication
of agomelatine nanoemulsion; optimization, characterization, ex-vivo permeation and stability study. Ultrason. Sonochem. 2018,
41, 213–226.

29. Karami, Z.; Khoshkam, M.; Hamidi, M. Optimization of olive oil-based nanoemulsion preparation for intravenous drug delivery.
Drug Res. 2019, 69, 256–264. [CrossRef]

30. Baibhav, J.; Gurpreet, S.; Rana, A.; Seema, S. Development and characterization of clarithromycin emulgel for topical delivery. Int.
J. Drug Dev. Res. 2012, 4, 310–323.

31. Mutimer, M.N.; Riffkin, C.; Hill, J.A.; Glickman, M.E.; Cyr, G.N. Modern ointment base technology II. Comparative evaluation of
bases. J. Am. Pharm. Assoc. 1956, 45, 212–218. [CrossRef]

32. Khatoon, K.; Ali, A.; Ahmad, F.J.; Hafeez, Z.; Rizvi, M.M.A.; Akhter, S.; Beg, S. Novel nanoemulsion gel containing triple natural
bio-actives combination of curcumin, thymoquinone, and resveratrol improves psoriasis therapy: In vitro and in vivo studies.
Drug Deliv. Transl. Res. 2021, 11, 1245–1260. [CrossRef]

33. Shakeel, F.; Ramadan, W.; Ahmed, M.A. Investigation of true nanoemulsions for transdermal potential of indomethacin:
Characterization, rheological characteristics, and ex vivo skin permeation studies. J. Drug Target. 2009, 17, 435–441. [CrossRef]

34. Zbinovsky, V.; Chrekian, G.P. Minocycline. In Analytical Profiles of Drug Substances; Elsevier: Amsterdam, The Netherlands, 1977;
pp. 323–339.

35. Borhade, V.; Pathak, S.; Sharma, S.; Patravale, V. Clotrimazole nanoemulsion for malaria chemotherapy. Part I: Preformulation
studies, formulation design and physicochemical evaluation. Int. J. Pharm. 2012, 431, 138–148. [CrossRef]

36. Zhang, Y.; Shang, Z.; Gao, C.; Du, M.; Xu, S.; Song, H.; Liu, T. Nanoemulsion for solubilization, stabilization, and in vitro release
of pterostilbene for oral delivery. AAPS Pharmscitech 2014, 15, 1000–1008. [CrossRef]

37. Sabaghi, S. Impact of Physicochemical Properties of Lignin-Based Polymers on Their Flocculation and Adsorption Performance.
Doctoral Dissertation, Lakehead University, Thunder Bay, ON, Canada, 2021.

38. Franken, L.E.; Grünewald, K.; Boekema, E.J.; Stuart, M.C. A Technical Introduction to Transmission Electron Microscopy for
Soft-Matter: Imaging, Possibilities, Choices, and Technical Developments. Small 2020, 16, 1906198. [CrossRef]

39. Tafuro, G.; Costantini, A.; Baratto, G.; Francescato, S.; Busata, L.; Semenzato, A. Characterization of polysaccharidic associations
for cosmetic use: Rheology and texture analysis. Cosmetics 2021, 8, 62. [CrossRef]

40. Hussain, A.; Samad, A.; Singh, S.; Ahsan, M.; Haque, M.; Faruk, A.; Ahmed, F.J. Nanoemulsion gel-based topical delivery of an
antifungal drug: In vitro activity and in vivo evaluation. Drug Deliv. 2016, 23, 642–657. [CrossRef]

http://doi.org/10.3923/rjmp.2011.650.669
http://doi.org/10.2174/157341309788185505
http://doi.org/10.3390/pharmaceutics12090797
http://doi.org/10.1208/pt0802028
http://doi.org/10.3109/10601330903571691
http://doi.org/10.1208/s12249-016-0488-0
http://www.ncbi.nlm.nih.gov/pubmed/26857516
http://doi.org/10.1016/j.fjps.2017.07.003
http://doi.org/10.1016/j.colsurfb.2009.09.010
http://www.ncbi.nlm.nih.gov/pubmed/19783127
http://doi.org/10.1016/j.chemphyslip.2020.104917
http://doi.org/10.1055/a-0654-4867
http://doi.org/10.1002/jps.3030450406
http://doi.org/10.1007/s13346-020-00852-y
http://doi.org/10.1080/10611860902963021
http://doi.org/10.1016/j.ijpharm.2011.12.040
http://doi.org/10.1208/s12249-014-0129-4
http://doi.org/10.1002/smll.201906198
http://doi.org/10.3390/cosmetics8030062
http://doi.org/10.3109/10717544.2014.933284

	Introduction 
	Materials and Methods 
	Materials 
	Screening of Oils 
	Screening of Surfactant and Cosurfactant 
	Pseudo-Ternary Phase Diagram Construction 
	Method of Formation of Nanoemulsion 
	Physical Stability Studies of the Developed Nanoemulsion 
	Centrifugation 
	Heating Cooling Cycle 
	Freeze–Thaw Cycle 

	Characterization of Minocycline-Loaded Nanoemulsion 
	Globule Size and Polydispersity Index (PDI) 
	Zeta Potential 
	Refractive Index 
	Drug Content 
	Differential Scanning Colorimetry 
	Transmission Electron Microscopy 

	Development of Nanoemulgel 
	Evaluation of Formulated Nanoemulgel 
	Measurement of pH 
	Viscosity Study 
	Spreadability 
	Texture Analysis 

	In Vitro Drug Release 
	Ex Vivo Permeation Study 
	Confocal Laser Scanning Microscopy (CLSM) 

	Results and Discussion 
	Screening of Oils 
	Screening of Surfactants 
	Screening of Cosurfactants 
	Pseudo-Ternary Phase Diagram 
	Dispersion Stability Study 
	Characterization of Nanoemulsion 
	Zeta Potential 
	The Refractive Index 
	Drug Content 
	Differential Scanning Calorimeter 
	Transmission Electron Microscopy 

	Characterization of Nanoemulgel and Development of Nanoemulgel 
	Development of Nanoemulgel 
	Measurement of pH 
	Spreadability 
	Texture Analysis 

	In Vitro Drug Release 
	Ex Vivo Permeation Study 
	Confocal Laser Scanning Microscopy 

	Conclusions 
	References

