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Abstract: Recently, the delivery of hydrophobic/ poorly water-soluble drugs has been a difficult
task. Various approaches have been developed to counter the former and other main issues, such
as solubility, bioavailability, etc. However, only a few formulations have successfully addressed
the problems and nanoemulgels are a standout among them. The nanoemulgel drug delivery ap-
proach combines multiple benefits associated with emulsion and gel technologies to improve ac-
tive moiety solubility, bioavailability, and longevity. The article discusses the present status of na-
noemulgel research and development, including its preparation methods and characterization tech-
niques. Additionally, the possible uses of nanoemulgel in targeted drug delivery and cosmetic/ per-
sonal care products are discussed. Overall, nanoemulgel technology has shown significant
promise as a novel approach to augment the transport of water-insoluble moieties. With further re-
search as well as development, it is expected to have a substantial impact on the pharmaceutical
and cosmetic industries. This inclusive review highlighted the role of nanoemulgels as a promis-

ing carrier for drug delivery, with an overview of a few illustrations supporting the cause.
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1. INTRODUCTION

Comprehensive research in developing chemical synthe-
sis techniques has resulted in a large increase in the produc-
tion of drugs that are not readily soluble in water [1]. Ac-
cording to the latest data, around 70% of novel chemical enti-
ties (NCEs) are insoluble in water [2]. A drug delivery sys-
tem is a multidisciplinary approach to the delivery of thera-
peutics to the target tissue, which gives new ideas on con-
trolling the pharmacokinetics, pharmacodynamics, immuno-
genicity, bio-recognition, non-specific toxicity, and efficacy
of the drug. These recently created drugs are challenging to
administer orally due to their hydrophobic characteristics.
Their characteristics include limited ingestion bioavailabili-
ty, variable assimilation processes, and intra- and intersubjec-
tive pharmacokinetic heterogeneity [3]. Researchers have de-
vised numerous techniques to circumvent the restrictions of
poor solubility and biological availability. Alternative means
of delivery of formulation design and synthetic or physical
altering of drug molecules can be employed to resolve the
absorption of drug problems. Despite their numerous ways
to administer drug methodologies, lipid-based drug delivery
has attracted much interest in hydrophobic drug delivery. Its
components include macroemulsion, nanoemulsion, nio-
somes, self-emulsifying formulation, liposomes, solid-lipid
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nanoparticles, and more. Within various composition alterna-
tives, emulsion-based preparation is a commercially viable
way to overcome the constraint of poor absorption [4]. Na-
noemulsions can improve dermal drug absorption, enhanc-
ing the absorption rate and penetration of hydrophobic
drugs, making them a viable alternative for drug delivery ap-
proach [5]. Although the oral route increases patient com-
pliance, it has significant downsides, including gastrointesti-
nal irritation, unavoidable adverse effects, extensive poison-
ing, and first-pass liver metabolism [6]. To circumvent any
of such concerns, a soothing, easy, and subtle topical drug
delivery method may be an acceptable option. This offers
multiple benefits above the ingestion route, including target-
ed drug distribution resulting in lower systemic adverse reac-
tions, minimal gastrointestinal discomfort, bypass of the
first-pass metabolic process, and enhanced drug absorption
[7, 8]. Indigenous topical formulations, such as lotions,
creams, and ointments, have a viscous nature, durability con-
cerns, limited spreadability, and other limitations that impair
patient compliance. Advanced transdermal preparations,
such as clear gel, nano gel, and (micro/nano) emulgel, en-
hance patient compliance and formulation efficiency, dura-
bility, and tolerability. Numerous investigations indicate that
topically applied medication strategies enhance drug absorp-
tion [9, 10]. The usual epidermal approach is approximately
three times more effective than ingestion regarding la-
cidipine bioavailability. This could be because the therapy
avoids the metabolic process's first-pass [9].

© XXXX Bentham Science Publishers
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Fig. (1). Structure of nanoemulsion and nanoemulgel. (4 higher resolution / colour version of this figure is available in the electronic copy of

the article).

Bhaskar and colleagues reported in another study that
flurbiprofen topical nanoemulsion has 4.4 times the biologi-
cal efficacy of oral administration [10]. Thus, a topical drug
delivery system can boost a lipophilic drug's biological effi-
cacy. Topical application enhances penetration over the skin
by enabling the drug to endure in a constant state for an ex-
tended period [9].

1.1. Topical Application of an Emulsion-based Nanocar-
rier

Hydrophobic drug administration poses an essential obs-
tacle with standard transdermal delivery systems due to its
limited effectiveness in therapy and low membrane penetra-
tion. According to research, nanoscale-sized transdermal pre-
parations may enhance drug penetration by influencing the
structure of the skin's double layer of lipids [11] and prolong-
ing the active moiety residence time frame at the targeted
spot [12, 13]. Nanoemulsion serves as an envisaged tech-
nique for transporting lipophilic pharmaceuticals. It has
more mechanical durability and drug-dissolution ability than
emulsion and other diffusion methods. The process also has
an extended lifespan, requiring minimal external power [14].
A nanoemulsion is a dispersion system developed from
nanoscale-sized (20-200 nm width) tiny drops of an agent in
a phase consisting of water in addition to oil stabilized by an
acceptable emulsifier. As illustrated by Fig. (1), the active in-
gredient gets trapped inside, thereby being associated with a
surfactant layer. Permeation enhancers are typically superflu-
ous when utilizing nanoemulsion as a vehicle for the trans-
port of water-phobic pharmaceuticals [15]. It is more stable
because it is less prone to phase separation than other widely
used emulsions [16]. Some experiments have revealed that
nanoemulsion delivery techniques efficiently transfer drugs
into the skin more effectively than conventional ointments
[17], creams [18], gels [19], and emulsions [20]. The pro-
cess can disperse all water-resistant and water-loving drugs

in its molecular makeup, depending on whether the nanoe-
mulsion is oil mixed with water or water mixed with oil
[21].

Despite its multiple advantages, nanoemulsion has a
poor spreading coefficient, viscosity, and adhesion to the
skin [22]. As an outcome of these issues, topical nanoemul-
sion's therapeutic use is limited [23]. The challenge was han-
dled by inserting the nanoemulsion into the gel matrix,
which transformed it into a nanoemulgel, as illustrated in

Fig. (1).
1.2. Topical Delivery of Drugs through Nanoemulgel

“nanoemulgel” refers to an amalgamation consisting of
nanoemulsion and hydrogel. The two approaches offer draw-
backs, including nanoemulsion's poor spreadability and re-
tention and hydrogels' difficulty in integrating lipophilic in-
gredients [24, 25]. Nanoemulgel is collectively made-up of a
variety of polymers, emulsifiers, and oil molecules that are
neutral, chemically produced, or man-made in nature, with
particle sizes varying between 5- 500 nm [26]. The draw-
backs of both approaches can be overcome by using nanoe-
mulgel. A hydrophobic agent becomes dispersed into the oi-
ly component of the nanoemulsion, which follows the addi-
tion to the water-based gel, resulting in nanoemulgel [27],
enabling the hydrophobic active medicament to be absorbed
within a water-based gel while additionally enhancing the
consistency of the nanoemulsion. The nanoemulgel serves
as a drug reserve in topical drug administration. A therapeu-
tic agent will be transferred from the internal to its external
stage, eventually reaching the epidermal layer. While the na-
noemulgel had been put onto the epidermis, oil-rich drops
emerged from its gel matrix, penetrating the epidermal layer
via the corneum layer and efficiently releasing the active
component [23]. The density of crosslinks and the chemical
makeup of the web of chain-like polymers determine the un-
derlying drug release process (Fig. 2) [28, 29].
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Fig. (2). Mechanistic visualizations of nanoemulgel permeation via skin along with its therapeutic benefits. (4 higher resolution / colour ver-

sion of this figure is available in the electronic copy of the article).

2. THE KEY ELEMENTS OF A NANOEMULGEL

Nanoemulgel is an amalgam of two systems: nanoemul-
sion and gel system. Water-in-oil or oil-in-water nanoemul-
sions can be employed as delivery systems for drug vehi-
cles. In both circumstances, it consists of an oil-based com-
ponent, a water-based component, and a material called an
emulsifier, in addition to a cosurfactant [15]. The following
section briefly describes the key elements of nanoemulgel
formulation that are most typically employed, as illustrated
in Fig. (3).

2.1. Lipid/ Oil-based Solvents

Lipid has been a key component in developing nanoe-
mulgels; therefore, meticulously chosen, relying on at-
tributes such as dissolution, rigidity, accessibility, and con-
sistency. Due to their limited emulsification characteristics
and drug solubility, triglycerides/ edible oils are not com-
monly employed in nanoemulgel formulations [30-32]. As a
result, synthetically altered oils like mono- or diglycerides

or medium-chain triglycerides frequently serve as the oil
component in nanoemulgel compositions for hydrophobic
medication transport [15]. Butenafine nanoemulgel was cre-
ated by Syamala and his colleagues utilizing Labrafac, a
medium-chain triglyceride [33]. Capryol 90 is another oil
phase used in nanoemulsion creation that has increased the
effectiveness of leflunomide and paclitaxel nanoemulsion
formulations [3, 34].

Researchers, alternatively, are working on using natural
oil's added value in medicinal effect. Tea tree oil's antibacte-
rial action has been combined with the antifungal drug itraco-
nazole to provide a complementary benefit of nanoemulgel
formulation towards candidiasis in the genital tract [35].
Jeengar and colleagues described an additional nanoemulgel
of curcumin and emu oil. Emu oil is a pain reliever, abirri-
tant, sedative, antioxidant, and antiallergic, and encourages
drug permeability for the therapeutic management of joint
synovial sickness [36]. The oils employed by different
researchers in manufacturing nanoemulgels are listed in
Table 1.
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Fig. (3). A framework illustrates the foundational blocks required for developing a nanoemulgel. (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).

2.2. Surfactants and Co-surfactants

Surface active agents minimize the tension in the inter-
face amongst the immiscible liquid mixes, thus modifying
the dispersion entropy and stabilizing thermodynamically un-
reliable emulsion systems. The surfactant's security, stabili-
ty, substantial drug-loading capacity, and strong emulsifica-
tion capabilities are all variables in choosing an acceptable
surfactant for nanoemulgel [32]. Furthermore, the surfactant
of choice should be chosen depending on oil soluble con-
tent, for instance, Tween-20, initially selected following
Capryol 90 and oleic acid solubility [15, 37].

Cosurfactants may interact with surfactants and disrupt
the interfacial coating, assisting in emulsification. It could al-
so help with oil solubilization [15]. Depending on their
physicochemical qualities, propylene glycol, PEG 400,
ethanol, transcutol P, carbopol, and additional cosurfactants
have been widely employed for nanoemulsion and nanoemul-
gel synthesis [36, 37]. According to research, the area that
comprises the nanoemulsion on the equilibrium diagram de-
creases as its level of cosurfactant increases [38, 39].

2.3. Water-based Solvents

In producing an emulsion, water-based solvents act like
the phase of water. The most prevalent hydrocarbon solvents
around the globe include water as well as ethanol [15].

2.4. Solidifiers

Solidifiers for nanoemulgel include Carbopol 934, Car-
bopol 940, and hydroxy propyl methyl cellulose (HPMC).
Likewise, it strengthened the mix's consistency and might in-
teract to alter the consistency [40]. It is incorporated as part

of nanoemulsion formulation to transform the external ap-
pearance of the nanoemulsion formulation from liquid to
gel, resolving an issue of Nanoemulsions' restricted dispersi-
bility, thickness, and epidermal persistence.

2.5. Absorption Enhancer

The components have been employed to boost the acces-
sibility of the skin temporarily. It infiltrates the skin and en-
gages in its contents [41]. The most prevalent constituents in-
clude clove oil, olive oil, sodium lauryl sulfate, palmitate,
lecithin [5%], and oleic acid (1%) [42]. Lecithin, oleic acid,
urea, menthol, isopropyl myristate, and eucalyptus oil are a
few of the sorption enhancers used [41].

2.5.1. Characteristics

These are the following characteristics of absorption en-
hancers before employing and during the production of na-
noemulgel: (a) their actions shouldn't have any therapeutic
function in the human system; this implies that they can't in-
teract with any of the receptor sites [43]. (b) In terms of cos-
metics, they must be skin-friendly and should not create skin
irritation or disruption [44]. (c¢) No toxicity, low irritation,
and unfavorable susceptibility should exist [45]. (d) They
should be consistent with the additional drugs and excipients
[46]. () When withdrawn from the skin, the barrier's effects
should be restored soon [47].

2.5.2. Function

The alteration of the corneal layer's integrity [48] or
within the cell's attachment to protein molecules [49] initi-
ates the functioning of absorption enhancers. Absorption
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Table 1. Components utilized in a variety of nanoemulgel formulations.

Pharmacological Substance Lipid/ Oil Emulsifier Co-Emulsifiers Solidifiers  |References
Caprylic acid, isopropyl myristate,
Thymol pryfic ac1c, S8 Wr T Tween 20 PEG 400 Carbopol 940 | [52]
and tea tree oil
Curcumin Emu oil Cremophor RH40 Labrafil M2125CS Carbopol [36]
. Linseed oil, isopropyl myristate, and
Flurbiprofen triaceti Tween 80 Ethanol + PEG400 + propylene glycol | Carbopol 940 [53]
riacetin
Labrafac™
Ketoconazole . ) Tween 80 PEG 400 Carbopol [54]
Lipophile WL1349
Cyclosporine Oleic acid Tween 80 Transcutol P Guar Gum [25]
L Isosteryl . .
Ferulic acid Labrasol Plurolisotearique Carbopol 940 [55]
Isostearate
Ropinirole Caproyl 90 Tween 20 Carbitol Carbopol 934 [16]
Butenafine Labrafac Cremophor RH40 Ethanol Carbopol [33]
Ketoprofen Oleic acid Tween 80 Transcutol-P Carbopol [37]
Piroxicam Oleic acid Tween 80 Ethanol Carbopol 934 [40]
Amphotericin B Sefsol-218 Tween 80 Transcutol-P Carbopol [56]
Acelofenac and capsaicin Olive oil and miglyol Polysorbate 80 Transcutol Propylene glycol [57]
Terbinafine hydrochloride Liquid paraftin Polysorbate 80 Glycerin Carbopol 940 [58]
. . L. Diethylene glycol
Glibenclamide Labrafac and tiacetin Tween 80 Carbopol 934 [59]
monoethyl ether
Carvedilol Oleic acid Tween 20 Carbitol Carbopol 934 [60]
Telmisartan Labrafil Acrysol Carbitol Carbopol [61]

enhancers boost the penetration of co-enhancers, co-sol-
vents, or drugs into the superficial corneal layer [50].

2.6. Additional Components of Nanoemulgel

Preservation agents have been employed to safeguard a
preparation against contamination by microbes, thus extend-
ing its ability to last. Preservation agents frequently em-
ployed include methylparaben, benzoic acid, propylparaben,
benzalkonium chloride, and others. Antioxidant-rich subs-
tances such as butylated hydroxyl toluene, butylated hydrox-
yl anisole, and ascorbyl palmitate have been utilized to
avoid oxidative destruction of formulating ingredients. In
contrast, humectants such as glycerine and propylene glycol
are used [51]. Thus, as a consequence, nanoemulsion and na-
noemulgel formulations developed tend to be more resilient.

Table 1 offers a selection of the most typically reported
components associated with nanoemulgel formulations to
highlight the key elements of nanoemulgel [29].

3. BENEFITS OF NANOEMULGEL

The Nanoemulgel has multiple benefits, as indicated in
Fig. (4).

3.1. Enclosure of the Hydrophobic Drug

Because hydrophobic drug components are insoluble in
non-aqueous foundations, they exhibit inappropriate drug

distribution mechanisms inside the gel. The combination of
the water-based gel plus emulsified systems facilitates the in-
clusion of a hydrophobic medication within the water-solu-
ble base, resulting in improved absorption of the active moie-
ty. Non-polar medications undergo dissolution of the based-
on oil portion in the emulsion before they are incorporated
into the hydrogel system [62].

3.2. Better Loading Capacity

Nanoemulgel offers a greater loading capacity than other
innovative drug delivery approaches. It has more surface
area and improved entrapment effectiveness due to its nanos-
cale size, enabling it to load additional drugs into its web--
like system [62].

3.3. Enhanced Pharmacokinetic Profile

The T,,, and peak plasma concentration of lipophilic
drugs are higher in nanoemulgel than in conventional gel or
oral formulation. As a result, nanoemulgel preparation im-
proves lipophilic drug bioavailability many times over other
lipophilic drug formulations [63].

3.4. Improved Patient Compliance

A rubbing action is essential because of the sticky nature
of the transdermal preparation and its low spreading coeffi-
cient. Nanoemulgel has improved compliance among
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Fig. (4). Benefits of nanoemulgel. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

patients compared to other transdermal preparations as its
consistency is sticky-free and easily accessible [28].

3.5. Higher Drug Accessibility into the Surface of the
Skin

When juxtaposed with alternative formulations, nanoe-
mulgel demonstrated a substantial rise in the penetration of
drugs within the epidermal layer because it may infiltrate the
skin layer via both paracellular and transcellular routes.
However, nanoemulsion only exhibits transcellular infiltra-
tion [63].

3.6. An Enhanced Security Profiling

Nanoemulgel prevents metabolism in its first-pass, elimi-
nating its gastrointestinal adverse effect among the active
moiety key drawbacks. This produces no cutaneous reac-
tions nor toxic effects when applied [63].

4. DRAWBACKS OF NANOEMULGEL

Furthermore, there are several drawbacks, as indicated in
Fig. (5), in the formulation of nanoemulgels, such as contact
dermatitis causing skin inflammation, allergic responses
may occur, several drugs having inadequate skin permeabili-
ty levels, and drugs with large particle sizes have been chal-
lenging to absorb via the skin [64, 65].

Table 2 analyses crucial factors such as particle dimen-
sion, stability, permeation through the skin, bioavailability,
efc., in conventional emulgel and nanoemulgel formulations
[66].

5. FACTORS INFLUENCING DRUG PENETRATION
ACROSS THE SKIN

These are the following factors influencing the penetra-
tion of drugs across the skin.
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Table 2. The contrast of conventional emulgel with nanoemulgel.

Parameter Conventional Emulgel

Nanoemulgel

. > Not stable due to the inherent tendency of coales-
Thermodynamic stability . K b .
cence, which results in deposition or creaming [67]

Brownian motion is stable against gravity because of the smaller particle size,

preventing sedimentation or creaming [63].

Particle Dimension > 500 nm [68]

<100 nm [69]

Bioavailability It is not precisely absorbed as Nanoemulgel [70].

Increased bioavailability due to tiny size and vast surface area [29].

Permeation Permeation is decreased in comparison [71].

Because of its smaller particle size, it has a high penetration rate [63, 71].

Preparation High-energy procedures are required [72].

It may be created in two ways or both low and high-energy processes [26].

Systemic absorption Minimum

Higher because of the particles' tiny size and huge surface area when com-

pared to conventional emulgel [72].

BBB cannot be crossed [73].

Ability to cross BBB

Due to its small particle size, it can cross the BBB [74].

5.1. Biological Factors

These are some biological factors that influence the pene-
tration of drugs across the skin [75].

e Surface/ dermis depth: The level of thickness of the
dermis ranges from the skin's outermost layer down
to the layer beneath its surface. The depth of the epi-
dermis is around 1-4 mm. The rate of skin dispersion

on both the foot and the hand is high.

e Lipid content: It functions as a fluid barricade if the
fat content inside the corneal layer is low and cuta-
neous permeation is high.

e Density of hair follicles: The infundibulum of the
hair follicle has a far bigger capacity for storage over
the corneal layer.

A certain number of sweating glands.
Surface pH: Perspiration and oily acids released by
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the sebaceous gland change the pH value within the
epidermis surface.
Circulation of plasma.
Increases drug absorption through the skin.
Skin inflammation disturbs the stratum corneum's
continuity and promotes permeability.

o Surface temperature: The percentage of skin permea-
tion increases as the surface temperature rises.

5.2. Biophysical/ Thermo-physical Factors

These are some biophysical/ thermo-physical factors that
influence the penetration of drugs across the skin.

e N-octanol-water partition ratio (log p): The higher
the significance of the n-octanol-water partition ra-
tio, the easier it is for the drug to be absorbed percuta-
neously.

Molecular mass (More than 400 Dalton).
Ionization level (only unionized medicines are well
absorbed).

o The Effect of the Vehicle: Hydroalcoholic gel pro-
vides an extremely effective absorption through cuta-
neous tissue [75].

6. FACTORS WHEN SELECTING A SKIN-CARE
PREPARATION

These are the following factors when selecting a skin--
care preparation that influences the penetration of the drug
across the skin.

The drug should not affect the skin.

Lotions and cream forms are often more soothing
than gel forms regarding irritation or sensitization po-
tential. Stay away from ointments if you are allergic

Kumar et al.

to emulsifiers or preservatives.

e An occlusive vehicle, for instance, promotes active
ingredient penetration while also increasing efficacy.
The vehicle's qualities could be drying out, chilling,
moisturizing, or protecting.

e It should correspond to the kind as part of composi-
tion on the specific area (for example, gel state or
moisturizer on hair-like areas).

e The treatment should be tailored to the kind of le-
sions. Avoid oily applications if you're suffering
from extreme blubbering allergic reactions, for ins-
tance [76-78].

The success of nanoemulgel as an innovative delivery
method depends on a few essential characteristics that en-
able its efficacy and versatility in various applications. The
major candidate properties that make nanoemulgel an appeal-
ing alternative for medicinal and cosmetic formulations are
outlined below in Fig. (6) [79, 80].

7. METHODOLOGY OF NANOEMULGEL

Nanoemulgel has been developed through an extreme--
pressure homogenizing approach. Nanoemulgel can be pro-
duced in three processes, discussed below [71], and repre-
sented in a flow diagram in Fig. (7).

7.1. Preparation of Nanoemulsion

Emulsifiers tend to dissolve in an oily or aqueous phase
of choice. The therapeutic agent is subsequently dissolved
within an oily or an aqueous phase based on solubility. After
both phases have been heated, they are blended by slowly ad-
ding one part to the other while continuously stirring as long
as it attains room temperature, together with numerous na-
noemulsification processes used for generating nanoemul-
sion [81].

The drug dosage should be under 10 mg.

The molecular weight ought to be more than 400 Dalton.

The drug's half-life should be shorter than 10 hours.

Log p (Octanol-water partition coefficient) ought to be between 1-3

Considering a penetration index of the skin exceeding 0.5 x 10-3 cm/hr.

The therapeutic index and oral bioavailability should be minimal.

Drugs with low polarity ought to be non-irritating and non-sensitizing.

Fig. (6). Ideal drug candidate qualities for formulation in nanoemulgel. (4 higher resolution / colour version of this figure is available in the

electronic copy of the article).
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Emulsifiers tend to dissolve in an oily or aqueous phase of
choice. The therapeutic agent is subsequently dissolved
within an oily or an aqueous phase based on its solubility.
After both phases have been heated. they are blended by
slowly adding one part to the other while continunously

stirring as long as it attains room temperature.

2. preparation of hydrogel:

A hydrogel base is generated by dispersing an appropriate
solidifier/ gelling agent in distilled water while agitating
consistently using a mechanical device before rectifying the

pH.

3. production of nanoemulgel:

A made-up gel plus nanoemulsion system has been
progressively infuised via constant stirring or homogenizing
at high speed to integrate nanoemulsion with the gel system.

Fig. (7). Flowchart of the methodology of nanoemulgel. (4 higher resolution / colour version of this figure is available in the electronic copy

of the article).

Qoemulsion

A

P —

Nanoemulgel

Fig. (8). Process of Formation of nanoemulgel. (4 higher resolution / colour version of this figure is available in the electronic copy of the ar-

ticle).

7.2. Preparation of Hydrogel

A hydrogel base is generated by dispersing an appropri-
ate solidifier/ gelling agent in distilled water while agitating
consistently using a mechanical device before rectifying the
pH.

7.3. Production of nanoemulgel

A made-up gel plus nanoemulsion system has been pro-

gressively infused via constant stirring or homogenizing at
high speed to integrate nanoemulsion with the gel system.

8. FORMULATION OF NANOEMULGEL

Nanoemulsion-based gels have been developed by
amalgamating 1g of a gelling ingredient with enough dis-
tilled water. A gel-forming solution  is stored in a dark
place for 25 hours to achieve a complete swelling system. A
drug-loaded nanoemulsion is slowly introduced while
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Fig. (9). Schematic representation of the nanoemulgel production process. (4 higher resolution / colour version of this figure is available in

the electronic copy of the article).

magnetically stirring it into a viscous gel-forming solution,
as illustrated in Fig. (8) [82].

8.1. Water-based/ Aqueous Phase

The aqueous phase composition predominantly deter-
mined the size of droplets and nanoemulsion stability [83].
The physiological environment has pH values between 1.2
(Stomach pH level) -7.4 or above (blood and intestinal pH
level). Further, many chemicals inside the body's environ-
ment may considerably affect nanoemulsion properties.

8.2. Methods for Preparing Stabilized Nanoemulsions

As shown in Fig. (9) for manufacture, adequate proce-
dures must be used to provide transparent and stabilized na-
noemulsion compositions [84]. The approaches are required
for lowering the size of droplets to the nanoscale.

8.2.1. Homogenization using High-pressure

A high-pressure homogenizer piston has been utilized to
create a stabilized nanoemulsion with particles as small as 1
nm by employing multiple forces such as cavitation, etc.
This method will be carried out again and again up until the
ideal nanosize formulation is attained.

8.2.2. Microfluidization

A device called a microfluidizer is used to microfluidize
the prepared formulation. High-pressure drives their product
through microchannels, which leads to submicron particles.
The process was repeated multiple times until the nanoemul-
sion was stabilized [81].

8.2.3. Ultrasonication

The ultrasonication approach employs ultrasonic vibra-
tions to generate a stabilized nanoemulsion with substantial-
ly smaller particles [85]. In this case, the cavitation process
is the technique of choice to accomplish the necessary nano-
sized composition.

8.2.4. Phase Separation Method

The phase inversion approach is utilized to manufacture
a stabilized nanoemulsion using chemical energy during
phase transition with a steady temperature with the assis-
tance of an emulsion formation process.

9. EVALUATION PARAMETERS FOR NANOE-
MULGEL

9.1. Appearance

Color, uniformity, consistency throughout, and pH of the
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developed nanoemulgel compositions were evaluated visual-
ly. An electronic pH meter (Digital pH meter DPH 115 pm)
has been employed for determining the pH level of one per-
cent of the water-based solution of the developed Gellified
Emulsion.

9.2. Spreadability

A device adapted in the research setting and employed
for this research [86] is used to determine spreadability. It is
formed with a hardwood block with a pulling system. This
approach is used to determine spreadability. A sufficient
amount of nanoemulgel (approximately 2 gm) has been
placed under examination of the ground slide. Nanoemulgel
has been positioned within that slide, accompanied by
another glass slide of identical size as the established base
slide alongside a clasp for holding it together. A mass of one
kilogram was set over the surface of each slide over 5 min-
utes to eliminate airflow while developing a homogeneous
layer of nanoemulgel beneath each slide. Scrape extra nanoe-
mulgel from the edges. The top part of the slide is subse-
quently removed with an 80-gram pull. A thread length con-
nected to an adjustable loop determines the duration mea-
sured in seconds necessary for the upper slide to reach a 7.5
cm area. A briefer time frame signifies increased Spreadabili-
ty. This equation is utilized to figure out spreadability.

S=M.L/T

Where,

S = spreadability,

M =Weight is fixed to the upper slide.
L = Glass slide length

T =Time required for separating the slides from one
another.

9.3. Rheological Studies

The consistency of the developed jellified nanoemulsion
compositions has been assessed by employing the Brook-
field viscometer (Brookfield DV-E viscometer). The jelli-
fied nanoemulsion was rotated for 10 (min.) and 100 (max.)
revolutions in a minute using Spindle 6. An associated dial
value upon each rate had a mark of 16. The formulation's
consistency was assessed.

9.4. Analysis of Drug Content

A UV-visible spectrophotometer has been employed to
analyze the drug amount within nanoemulgel. A predeter-
mined amount of nanoemulgel insolvent (methanol) is soni-
cated. The formulations' drug content was determined.

9.5. in-vitro Diffusion Analysis

During the purpose of drug diffusion analyses, the Franz
diffusion cell model (efficient diffusion process, surface
area 3.14 cm’ with cell volume 15.5 ml) has been employed
[87]. The surface of the cell membrane of an egg has been
liberally coated with nanoemulgel (around 200 mg). The
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membrane of the egg is pinched amid the donor and the re-
ceptor chambers of the diffusion cell. The receptor compart-
ment has been stuffed with a freshly prepared PBS (pH 5.5)
mixture to dissolve the pharmaceutical ingredient. An elec-
tromagnetic stirrer has been employed to stir the receptor
chamber. Specimens (1 mL fraction) have been obtained at
regular intervals. After successive dilutions, samples have
been examined for the amount of drug using an ultraviolet
(UV)-visible spectrophotometer at 226 nm. The aggregate
quantity of pharmaceutical ingredients donated after every
interval was estimated using progressive adjustments. The to-
tal quantity of the pharmaceutical ingredients diffused
through the cell membrane of an egg has been estimated
over time.

9.6. Dimension and Distribution of Globules in Nanoe-
mulgel

Using the Malvern zeta sizer dimension and dispersion
of globules have been figured out. A 1.0-gram specimen has
been diluted with distilled water to generate a uniform dis-
persion. The ingredient has been injected using the zeta sizer
photocell. The mean dimension of globules with their disper-
sion has been determined.

9.7. Scanning Electron Microscopy

SEM, or microscopy with scanning electrons, is frequent-
ly utilized to figure out the physical attributes of a nanoemul-
sion. SEM has been used to image the globules in three di-
mensions [23, 88]. The samples are inspected at various mag-
nifications at a sufficient increase in the voltage, generally
20 kV. The morphological characteristics of the surface of
the dispersed substance in the formulation are functionally
analyzed using SEM. To acquire an automated result of the
structure and surface morphology, software for image analy-
sis can be employed.

9.8. Stability Studies

The chosen formulations were stored for three months at
4, 25, and 40°C. Viscosity was determined in three monthly
batches, while the results were presented as mean = SD.

9.9. Extrudability Studies (Tube Analysis)

The objective of the examination was to determine the
force needed for the extrusion of a substance in a tube. The
total amount of nanoemulgel expelled from the lacquer alu-
minum flexible tube was computed using the mass in grams
necessary for dispensing a minimum 0.5 cm swath of nanoe-
mulgel after 10 seconds [89]. The larger the amount of emul-
gel ejected, the better the extrudability. The extrudability is
subsequently established by employing the equation out-
lined beneath,

Extrudability = Mass of nanoemulgel required for extru-
sion through a tube (in g)/Area (in cm’).

9.10. Skin Irritability Analysis (Patch Test)

A formulation has been applied on cleanly shaven rat
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skin, and unwanted color and skin morphological alterations
must be observed within 24 hours. The evaluation is regard-
ed as acceptable if no irritation develops.

9.11. pH Determination

A pH meter has been used to determine the created for-
mulations' pH. Each formulation was added to a 250 mL
beaker; then, the pH meter was placed in the solution to take
measurements [90]. The procedure was carried out over
three times utilizing alike phrasing.

9.12. Drug Release Kinetic Studies

To study the underlying process of the release of drugs
through the topical application of nanoemulgel, release data
is inputted in the subsequent equations in order [91, 66, 92]:

Zero-order equation:

Q=KO0t

Where Q = amount of drug released at time t, and
KO = zero-order release rate.

First-order equation:

In (100-Q) =In 100 - K1t

Where Q = percentage of drug release at time t, and
K1 = first-order release rate constant.

Higuchi's equation:

Q=K2nt

Where Q = percentage of drug release at time t, and
K2 = diffusion rate constant.

Korsmeyer-Peppas equation:

Qt/Qe=Kt"

Where Qt/Qe = the fraction of drug released from the gel
into the receptor media,

K = the device's structural and geometric properties and
n = the drug release mechanism.

The (n) value of 0.5 implies a quasi-Fickian diffusion
mechanism, while if (n>0.5), an anomalous or non-Fickian
diffusion mechanism exists and if (n=1), a zero-order release
mechanism exists.

9.13. Accelerated Stability Studies of Nanoemulgel

The formulations underwent six heating-cooling cycles,
each involving refrigeration at 4°C then oven exposure at
40°C for 48 hours at each temperature. The samples had
been optically examined for indicators of instability. Re-
silient samples from the heating-cooling cycle were cen-
trifuged at 3750 rpm for 5 hours. Visual inspection was con-
ducted to identify any cracking or separation, which estimat-
ed the gravitational force produced throughout the year [89].
10. APPLICATIONS

Kumar et al.

Nanoemulgel comprises an amalgam of both a nanoemul-
sion plus gel that comes with multiple benefits above stan-
dard dosage forms, including broadened drug solubility,
permeability, plus targeted administration.

10.1. Topical Drug Delivery

Because of its enhanced dissolution of drugs, stability,
and skin penetration, nanoemulgel is frequently employed as
a topical drug delivery technology method. For example, Na-
garaja et al. (2021) designed a chrysin-loaded nanoemulgel
for the focused, effective dermatological therapy of skin can-
cer [93].

10.2. Wound Healing

Because of its strong antibacterial activity and improved
drug penetration, nanoemulgel has been considered a
wound-healing aid. Alyoussef et al. (2021) designed a nanoe-
mulgel combining curcumin and resveratrol to recover
wounds caused by burns [94].

10.3. Cosmetics

Because of more effective skin penetration and con-
trolled release properties, nanoemulgel is additionally em-
ployed in cosmetic companies. Shawahna R (2022), for ex-
ample, grapeseed oil (Vitis vinifera L.) loaded with dermo--
cosmetic nanoemulgel owned remarkable cosmetic aspects,
offering success in repairing skin flaws [95].

10.4. Sunscreen

Because of its capacity to offer consistent coverage and
safeguard against UV rays, nanoemulgel is employed as a
sunscreen agent. Created a moringa leaf nanoemulgel sun-
screen with a high SPF value [96].

10.5. Ophthalmic Drug Delivery

Because of its enhanced drug penetration and persistence
in the eye, nanoemulgel has been considered for ophthalmic
drug delivery. For instance, designed a fluconazole-loaded
nanoemulgel [97, 98].

Table 3 [29] below conveys a comprehensive list of ac-
tive moieties, their trade names, and their medical proce-
dures and regimens applications.

11. CURRENT AS WELL AS FUTURE PROSPEC-
TIVE OF NANOEMULGEL

Nanoemulgel is a cutting-edge medication delivery de-
vice that combines the benefits of emulsion and gel. The
nanosized particle droplets in the emulsion offer a wide sur-
face area over the absorbed drug, while the gel basis pro-
motes consistent and prolonged drug release. Nanoemulgel's
existing prospective clients are very optimistic, as it has
been found to boost the absorption of drugs, security, and tol-
erability. Nanoemulgel preparations for a wide range of phar-
maceuticals were developed, notably anti-inflammatory subs-
tances, analgesics, antifungals, as well as anticancer treat-
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Table 3. Available marketed emulgelpreparations.
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Product Trade Name Active Moiety/Drug(s) Manufacturers Application
Benzolait AZ emulgel Benzoyl peroxide Roydermal Acne Pimples and skin discoloration
Coolnac Gel emulgel 1% Diclofenac diethyl amine Chumchon Trauma-induced inflammation and discomfort

Diclobar emulgel Diclofenac diethyl amine

Barakat Pharma

Pain-related inflammation and rheumatic illnesses

Meloxic emulgel Meloxicam

Laboratories Provet

Management of musculoskeletal pain and inflamma-
tion

Miconaz-H- emulgel Miconazole nitrate, hydrocortisone

Medical Union Pharmaceutics

Candida infection on the skin

Ashwagandha, myrrh, arnica, rosemary,

Reumadep emulgel .
p s mint, and cloves

Erbozeta Trauma-induced inflammation and discomfort

Voltaren emulgel Diclofenac diethyl ammonium

Novartis Pharma

Joint pain due to osteoarthritis

Voveron emulgel Diclofenac diethyl amine

Novartis Pharma

Joint pain due to osteoarthritis

ments. The Nanoemulgel technique will undoubtedly have a
major role in the forthcoming advancement of novel drug
preparations. Experts have been looking at the possibility of
using the technology for specialized transportation of active
pharmaceutical ingredient delivery, whereby the active moie-
ty might be administered specifically at the position of ac-
tion, lowering adverse effects and enhancing efficiency. In
addition, the usage of nanoemulgel in personal care products
and cosmetics is under consideration as it can improve the
transport and efficiency of pharmaceutical-grade compo-
nents such as sunscreen agents and anti-aging substances.
Overall, the upcoming potential of nanoemulgel technologi-
cal advances is extremely positive, and it should significant-
ly impact both the cosmetics and pharmaceutical sectors in
the years ahead.

CONCLUSION

The nanoemulgel fabrication combines the positive as-
pects of both emulsion plus gel technology. The carrier
above concept has improved the accessibility and longevity
of weakly water-soluble pharmaceuticals, resulting in an at-
tractive drug delivery strategy. The nanosized particles in
the emulsion offer an enormous surface area for medication
absorption, while the gel framework provides a prolonged re-
lease of the medication. Nanoemulgel offers numerous appli-
cation possibilities involving targeted drug delivery and sk-
in-care products/ personal care products. Following contin-
ued advancements in research and development, the nanoe-
mulgel technique is anticipated to eventually serve as a cru-
cial tool in advancing innovative therapeutic formulations,
particularly for water-insoluble drugs.
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