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Abstract

Oleogels have garnered a lot of attention in pharmaceutical research as innovative topical carriers for antifungal
medications due to their unique physicochemical properties and therapeutic potential. Oleogels, semi-solid systems
designed by structuring oil with a gelling agent, offer a non-aqueous, biocompatible medium that enhances the
solubility, stability, and bioavailability of lipophilic drugs. This study looks at the composition, characteristics, and
applications of oleogels in the topical delivery of antifungal medications. The study highlights the significance of
selecting the appropriate oils and gelling agents and how they impact the characteristics of medication release, skin
penetration, and spreadability. Important formulation parameters like stability, rheological behavior, and drug-loading
efficiency are investigated to optimize the efficacy of antifungal treatment.To evaluate the structural integrity and
interaction between the drug and oleogel matrix, advanced characterisation methods such as scanning electron
microscopy (SEM), differential scanning calorimetry (DSC), and Fourier-transform infrared spectroscopy (FTIR) are
used. Because they offer prolonged drug release, improved patient compliance, and less systemic adverse effects, oleogels
offer a compelling substitute for traditional formulations. Additionally, their hydrophobic nature enhances shelf-life
stability by guarding against microbial contamination. Recent developments are also included in the study, such as
the use of natural oils and innovative gelling agents to produce formulations that are both economical and
environmentally beneficial. The results open the door for further study into the therapeutic uses and commercialization
of oleogels by highlighting their adaptability as a viable platform for the topical administration of antifungal drugs.
To prove their effectiveness, more clinical research is required.
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1. INTRODUCTION

In order to treat localized illnesses or provide medications systemically, topical drug delivery devices apply
pharmacological formulations directly to the skin or mucous membranes. Numerous benefits are
provided by these systems, including localized treatment, less systemic adverse effects, and patient
compliance because of their simplicity of use. Creams, ointments, gels, and patches are common types.
Topical formulations use the surface of the skin as a delivery system, taking use of its vast surface area and
circulatory system to facilitate absorption. They are frequently used to treat localized infections,
discomfort, and dermatitis. Drug solubility, stability, and the vehicle's capacity to cross the epidermal
barrier are all critical to the effectiveness of these systems [1].

1.1. Limitations of Conventional Topical Formulations

Conventional topical formulations are widely used, but they frequently have a number of drawbacks that
compromise both their therapeutic effectiveness and user appeal. Poor drug penetration through the
stratum corneum, the skin's outermost layer, is a significant problem since it acts as a strong barrier to
the majority of medications, especially those with hydrophilic or high molecular weight properties. This
restriction lowers the active ingredient's bioavailability, frequently requiring larger dosages that raise the
possibility of adverse consequences [2].

Another major disadvantage of traditional formulations is their instability. These systems' active
components have a shorter shelf life and less efficacy since they are more likely to degrade when exposed
to environmental elements like heat, light, or oxygen. Furthermore, the oily or sticky nature of many
conventional vehicles, including lotions and ointments, can be uncomfortable, discolor clothes, or deter
patient compliance [3].

Furthermore, standard formulations frequently show unequal drug release, resulting in uneven
therapeutic effects as certain regions of application get larger dosages than others. In situations when
accurate, localized medication administration is necessary, this is especially challenging. These
formulations' acceptability among patients with sensitive skin or pre-existing dermatological disorders is
further limited by the inclusion of certain excipients that may cause local irritation or allergic responses.
These difficulties highlight the need for more sophisticated delivery methods that improve medication
penetration, stability, and user happiness [4].

1.2. Antifungal Topical Therapies

For the treatment of superficial fungal infections affecting the skin, nails, and mucosal surfaces, topical
antifungal medications are crucial. By delivering antifungal medications straight to the infection site,
these therapies minimize systemic exposure and adverse effects while providing localized relief. Topical
treatments work especially well for diseases like jock itch, ringworm, athlete's foot, and candidiasis because
they target the afflicted regions directly and lessen the intensity and spread of infection [5].

In topical treatments, azoles are among the most commonly utilized types of antifungal drugs. Azoles
function by preventing the production of ergosterol, an essential part of the fungal cell membrane, by the
enzyme lanosterol 14-a-demethylase. The fungal cells become unstable and eventually perish as a result
of this disturbance. Topical azoles that are particularly effective against a variety of fungal infections,
including yeasts and dermatophytes, include miconazole, clotrimazole, and ketoconazole. They can be
used to treat common diseases, including ringworm, athlete's foot, and candidiasis, since they come in a
variety of forms, including creams, lotions, and powders. Because of their efficacy and nonprescription
availability, they are a common option for treating superficial fungal infections [6].

For the treatment of dermatophyte infections, allylamines, another family of topical antifungals, provide
a powerful substitute. These substances, which include butenafine, naftifine, and terbinafine, function
by blocking the enzyme squalene epoxidase, which is necessary for the formation of ergosterol. The fungal
cell membrane is weakened in the absence of ergosterol, which results in cell death. Allylamines work
very well to treat dermatophyte infections like ringworm and athlete's foot. They frequently provide relief
more quickly than azoles and call for shorter treatment durations. Allylamines, which come in cream, gel,
and spray form, are well tolerated and have a low risk of adverse effects when used to treat localized fungal
infections [7].
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Another choice for topical antifungal treatment, particularly for Candida infections, is polyenes, such as
nystatin. The fungus is killed when polyenes attach to ergosterol in the fungal cell membrane and create
holes that allow essential cellular components to escape. Nystatin is frequently included in topical
treatments for Candida species infections, including cutaneous candidiasis and oral thrush. Topical
versions of nystatin are useful for treating localized Candida infections, even though polyenes are usually
used in systemic therapy. They come in cream, ointment, and powder form and are especially helpful for
infections of the mucosa or skin folds where Candida grows. When used topically, polyenes have few
adverse effects and are typically safe and well tolerated [8].

Another antifungal drug that interferes with fungal metabolism and damages the integrity of fungal cell
membranes is ciclopirox. Ciclopirox works well against molds, yeasts, and dermatophytes. Since other
topical antifungals may have trouble penetrating the hard nail surface, it is frequently used to treat nail
infections (onychomycosis). Fungal infections of the skin, nails, and scalp can be specifically treated with
ciclopirox, which is available in formulations such as lotions, shampoos, and nail lacquers. Both
superficial and deeper fungal infections can be effectively treated with ciclopirox due to its broad-spectrum
efficacy and comparatively low occurrence of adverse effects. All of these topical antifungal medications
are essential for treating localized fungal infections because they provide focused, efficient care with no
systemic effect. Patients can discover a practical and efficient way to treat fungal infections thanks to their
availability in a variety of formulations, which enhances compliance and results in general [9].

2. OLEOGELS

Innovative topical medication delivery methods called oleogels efficiently integrate and administer active
pharmaceutical ingredients (APIs) using a lipid-based matrix. They are mostly made up of oils that have
been organized utilizing organogelators, such as lecithins, fatty acid derivatives, or low molecular weight
chemicals, into a semi-solid gel consistency. Because of this structural change, oleogels have special
qualities including stability, biocompatibility, and superior skin adhesion. Oleogels solve important
problems with conventional topical formulations by promoting improved skin penetration through
interactions with lipid-rich skin layers and enabling greater solubility for lipophilic medicines [10]. Example
of Oil in Oleogel Formulation -

Linseed Oil - Linseed oil, sometimes referred to as flaxseed oil or flax oil (when edible), is a colorless to
yellowish oil that is extracted from the dried, ripened seeds of the flax plant (Linum usitatissimum).
Pressing is used to obtain the oil, and solvent extraction may be done afterwards.

Due to its ability to form polymers, linseed oil is frequently mixed with other oils, resins, or solvents to
be used as an impregnator, drying oil finish, or varnish in wood finishing, as a pigment binder in oil
paints, as a plasticizer and hardener in putty, and in the production of linoleum. With the rise of synthetic
alkyd resins, which work similarly but don't yellow, linseed oil use has decreased over the past few decades
[11-12].

Figure (1) - Linseed plant
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Figure 1: A twin of the Linseed plant
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Soybean & Olive Qil - Around 60% of the world's oil-producing grains come from soybeans because of
the oil's favorable quality and economics for a variety of industries. Soybeans are primarily composed of
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protein (up to 40%), but they also contain a significant amount of oil (18-22%) [13]. High levels of
vegetable protein can be found in legumes (Leguminosae), such as soybeans (Glycine max). Particularly
for Asians, soybeans are consumed virtually daily in the form of processed soybean products like tofu,
tempeh, sprouts, and others [14].

Figure (2) - Soybean plant
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Soybean plant
Olive Oil- The small tree species Olea europaea L., popularly known as the olive tree, is primarily found
in Mediterranean nations. Because of its organoleptic properties and related positive health effects, olive
oil, its primary derived product, has become more and more popular. One of the first species to be
cultivated was the olive tree. According to the International Olive Council (IOC), records of the earliest
trees ever cultivated in Asia Minor go back 6000 years [15].
Figure (3) - Olive plant

Olva planr

Grapeseed Oil & Clove Oil - Grape seed oil, sometimes known as grapeseed oil or grape oil, is a vegetable
oil made from grape seeds. Grape oil is frequently used as an edible oil, while grape seeds are a by-product
of winemaking [16].

Figure (4) - Grapeseed oil

Grapeseed plant
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Clove Oil - The clove tree's flowers, stems, and leaves (Eugenia aromatica or Eugenia caryophyllata, Fam.
Myrtaceae) are distilled to produce clove oil. In dentistry, clove is widely used to treat oral ulcers, sore
gums, and toothaches. Additionally, gargling with clove oil can help with bad breath and sore
throats.With biological activities like antibacterial, antifungal, insecticidal, and antioxidant qualities,
clove bud oil has long been used as a food flavoring and antimicrobial ingredient [17].

Thyme Essential Oil - The strong antibacterial qualities of thyme essential oil, which is derived from the
Thymus vulgaris plant, are mainly due to its high thymol content. Its effectiveness against a number of
pathogens, including the common foodborne fungus Aspergillus flavus, has been shown by research.
According to a 2007 study by Omidbeygi et al., thyme essential oil demonstrated strong antifungal activity
against A. flavus in tomato paste and liquid media [18].

Figure (5) - Thyme Essential plant

A liquid oil phase is immobilized within a network of three dimensions created by organogelators to
create oleogels, which are classified as semi-solid systems. Without affecting the oil's fluidity or
thermodynamic qualities, this structure turns liquid oils into a gel-like consistency. The following are the
main ingredients of oleogels [19]

. Liquid oils: These are the main solvent and medicine carrier and can be either synthetic (like
mineral oil) or natural (like castor, olive, or sunflower oil).

. Organogelators: Structuring agents that build a network by self-assembly or physical interactions,
such as sorbitan esters, lecithins, fatty acids, or polymers, and produce a gel matrix.

. Other excipients: To improve performance, stability, or medication compatibility, stabilizers,
emulsifiers, or co-solvents might be added [20].

Oleogels are extremely adaptable for a range of therapeutic requirements since they can hold both
hydrophilic and hydrophobic medications. Depending on the therapeutic need, their composition can
be modified to incorporate several types of oils, including mineral oils, vegetable oils (such sunflower or
olive oil), or synthetic oils. Based on their origin and use, organogelators—which are used to solidify the
oil phase—are divided into several categories, including [21]:

. Low molecular weight organogelators (LMOGs): These comprise substances that, at low
concentrations, form gel-like structures, such as sorbitanmonostearate and N-acyl derivatives.

. Polymeric organogelators: These contain materials that enhance structural integrity and control
drug release, such as poloxamers and polyethylene glycol (PEG).

. Surfactant-based organogelators:Lecithins and their derivatives are often utilized in
pharmaceutical and cosmetic formulations, where they improve medication solubility and
biocompatibility [22].

The smooth, non-greasy texture of oleogels greatly improves user compliance, and their regulated release
profile guarantees long-lasting therapeutic benefits. Because of their versatility, oleogels may be used for
a variety of purposes, including wound healing, dermatological therapies, and cosmetic formulations [23].
2.1. Relevance of Oleogels in Antifungal Therapy

Oleogels have shown promising potential in antifungal treatment because they can overcome the
limitations of conventional formulations. Fungal infections often require medications that can penetrate
the thick keratinized layers of the skin and provide sustained drug release for prolonged action. Because
of the remarkable skin-penetrating properties of oleogels, antifungal medications are more effectively
distributed to deeper layers of the skin, improving therapeutic outcomes. Furthermore, its lipid-rich
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structure serves as a barrier to prevent reinfection and enhance drug stability. Because they can be made
to deliver antifungal drugs with minimal discomfort, oleogels are ideal for treating sensitive or irritated
skin [24].

2.2.  Mechanism of Oleogel Formation

The gelation mechanism of oleogels is the process by which organogelators create a three-dimensional
network that transforms a liquid oil phase into a semi-solid gel structure. By immobilizing the liquid oil,
this transition preserves the oil's fluidity and thermodynamic qualities while giving oleogels their
distinctive semi-solid consistency. The kind of organogelator, concentration, temperature, and oil
characteristics are some of the variables that affect the process [25].

Figure (6) - Oil Dosage Form & Delivery Mechanism-
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2.2.1. Key Mechanisms Involved in Oleogel Formation:
. Self-Assembly of Gelator Molecules: Non-covalent interactions like hydrogen bonds, van der

Waals forces, hydrophobic contacts, or T-T stacking cause organogelator molecules to cluster. As a result
of this self-assembly, fibrous, crystalline, or lamellar structures are formed, giving the oil a three-
dimensional network [26].

. Physical Gelation by Cooling: To create the majority of oleogels, the oil-organogelator
combination is heated until the gelator is fully dissolved, and then it is cooled. The liquid oil phase
becomes immobile when the organogelator molecules consolidate or recrystallize during cooling [27].

. Gelation by Molecular Packing: The gelation process can be either cross-linked in a polymeric
matrix or include the alignment of gelator molecules into one-dimensional fibers, as in low molecular
weight organogelators, depending on the molecular structure of the organogelator. By trapping the oil,
these aggregates stop it from flowing and form a solid gel.

° Van der Waals Forces and Hydrogen Bonding: Weak intermolecular forces are frequently
involved in gelation. For example, hydrogen bonds between the molecules stabilize the network in gelators
based on fatty acids or fatty alcohols.

° Interactions with Oil Phase: How an oil interacts with the gelator depends on its polarity and
kind. For instance, the structure and strength of the gel may be impacted by the way polar and non-polar
oils interact with gelators [28].

2.2.2. Types of Structures Formed:
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° Fibrillar Networks: These are present in low molecular weight organogelators, where the oil phase
is trapped by fibrous structures.

. Gelators that crystallize to create ordered domains within the oil are known as crystalline
networks.

. Polymeric organogelators that depend on entanglements instead of crystalline structures have
been shown to exhibit amorphous networks [29].

Oleogels are adaptable carriers for topical drug administration and other applications because of their
method of oleogel production, which enables customization of characteristics including drug loading,
release profiles, and stability [30].

2.3. Advantages of Oleogels Over Other Topical Formulations

When it comes to stability, oleogels are far superior to traditional topical formulations. Active
pharmaceutical ingredients (APIs) are well protected by their oil-based matrix, which keeps them safe
from environmental deterioration brought on by light, air, and moisture. This feature is especially helpful
for formulations that contain chemicals that are readily oxidized or sensitive. Furthermore, even during
temperature fluctuations, oleogels retain their structural integrity due to their thermal resilience. They
are a dependable option for long-term usage because of their intrinsic resistance to microbial infection,
which is frequently brought about by the antibacterial qualities of the oils utilized [31].

Oleogels are superior in terms of bioavailability because they increase drug solubility and penetration,
especially for lipophilic medicines. Better medication absorption and deeper penetration are made
possible by oleogels' lipid-rich composition, which enhances their interaction with the stratum corneum,
the skin's outermost layer. Because the oil phase effectively dissolves lipophilic medications, a greater
concentration of the active component is accessible for therapeutic action. Furthermore, the three-
dimensional gel network offers prolonged and regulated medication release, which lowers the frequency
of administration and guarantees steady therapeutic benefits over time [32].

Another area in which oleogels perform better than conventional topical formulations is patient
compliance. Their non-greasy, silky texture makes them more pleasant for consumers and solves typical
issues with sticky lotions and oily ointments. Oleogels are straightforward to use since they spread evenly
and readily over the skin. They are also appropriate for delicate skin because of their biocompatible and
inert qualities, which lower the possibility of allergic responses or skin irritation. Oleogels' attractive
appearance, which may be supplemented with pleasing scents and a sophisticated finish, adds to their
consumer acceptance and makes them a popular option for both cosmetic and medicinal purposes [33].
3. FORMULATION OF OLEOGELS

Active pharmaceutical ingredients (APIs) are carried and released by oleogels, semi-solid systems utilized
in topical drug administration that use a lipid-based matrix. Key elements including oils, gelling agents,
and active substances like antifungal agents must be carefully chosen when creating oleogels. To attain
desirable qualities including stability, improved medication penetration, and patient compliance, these
elements cooperate [34].

3.1. Key Components

. Oils, Selection of Carrier Oils: In oleogel compositions, the oils serve as the gel's basis or carrier.
Each of these oils—mineral, vegetable, or essential—offers special advantages in terms of texture, stability,
and skin compatibility. Because of their stability and inability to interact with active components, mineral
oils are frequently selected for use in pharmaceutical formulations. Because of their emollient qualities,
compatibility with skin, and capacity to improve the solubility of lipophilic medications, vegetable oils—
such as castor, olive, and sunflower oils—are frequently utilized. Essential oils can be used for their aroma
or therapeutic properties, but because of their strength and tendency to irritate skin, they should be used
with caution [35].

° Gelling Agents: Natural and Synthetic Alternatives, Gelling agents regulate the texture,
spreadability, and stability of the formulation and are essential for giving the oleogel the appropriate semi-
solid consistency. Gelling agents come in both natural and synthetic varieties. Because they are effective
at thickening oils and forming a stable matrix, synthetic gelling agents like sorbitan monostearate are
frequently utilized. Due to their biocompatibility and capacity to create stable emulsions and gels, natural
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gelling agents such as lecithin—a phospholipid present in soy or sunflower—are highly recommended.
When creating oleogels for sensitive skin or applications that call for natural components, lecithin is very
helpful [36].

. Antifungal Agents: Common Substances Oleogels are frequently utilized as a topical delivery
system for antifungal medications. For efficient and long-lasting release, these medications are integrated
into the gel matrix. Oleogel formulations frequently contain the following antifungal agents:
Clotrimazole: A broad-spectrum antifungal that affects the fungal cell membrane by preventing the
formation of ergosterol. Miconazole: Another azole antifungal used to treat superficial fungal infections
such as ringworm and athlete's foot, it prevents the synthesis of ergosterol. Depending on the intended
therapeutic outcome, other antifungal medications such ciclopirox, terbinafine, and ketoconazole may
also be added to oleogels [37].

3.2. Formulation Strategies

Ratios of Oil to Gelling Agent: For the oleogel to have the appropriate consistency and stability, the oil
to gelling agent ratio is essential. A harder gel is produced by a larger proportion of gelling agent, whereas
a softer, more spreadable product is produced by a lower ratio. The precise oils and gelling agents
employed, together with the necessary texture and viscosity for the therapeutic application, all influence
the optimal ratio [38].

Methods of Preparation: To guarantee adequate dispersion of the gelling ingredient inside the oil phase,
oleogels are prepared using regulated heating, cooling, and mixing procedures. Heating: To dissolve the
gelling ingredient and promote even distribution, the oil phase is normally heated to a particular
temperature (often between 60 and 70°C). Cooling: To enable the gel to form, the liquid is gradually
cooled to room temperature once the gelling ingredient has completely dissolved. Mixing Techniques: To
avoid air pockets or uneven gel formations, homogeneous mixing is essential. For ingredients to be evenly
distributed, a high-shear mixer or stirrer is frequently required [39].

Figure (7) - Direct method for Oleogel preparation
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Additives to Improve Properties: To improve the performance and stability of oleogel formulations,
additives are frequently added. Emollients like glycerin or stearic acid are used to enhance the moisture
and spreadability of the skin. Antioxidants, such as vitamin E, can be added as stabilizers to prolong the
oleogel's shelf life and stop oils from oxidizing. In formulations, especially those used in contaminated
regions like the skin or mucosal membranes, preservatives like parabens or phenoxy ethanol are utilized
to inhibit microbial development [40].

Oleogels may be created to provide an efficient, stable, and patient-friendly delivery method for a variety
of therapeutic applications, including antifungal therapies, by carefully choosing these ingredients and
adhering to exact formulation techniques [41].
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4. CHARACTERIZATION OF OLEOGELS

Oleogels must be characterized to make sure they fulfill the requirements for drug administration,
especially in topical treatments. The oleogel's physicochemical characteristics, drug-excipient
compatibility, release kinetics, skin penetration, and stability are all evaluated in these tests. The following
are essential methods for characterizing oleogels [42]:

4.1. Physicochemical Properties

. Rheological Analysis (Viscosity, Spreadability): Rheological study is essential for evaluating
oleogels' texture and flow. Measurements of the gel's viscosity reveal how resistant it is to flow, which has
a direct impact on how easily it applies and spreads on the skin. While a lower viscosity facilitates easier
spreading of the composition, a greater viscosity indicates a stiffer gel. In order to guarantee patient
compliance, spreadability studies evaluate how simple it is to apply the oleogel. By measuring shear stress,
shear rate, and viscosity under varied circumstances (such as temperature and applied pressure),
instruments such as a viscometer or theometer are used to assess these qualities [43].

° Drug-Excipient Compatibility Studies (FTIR, DSC):Medication-excipient compatibility is
investigated using methods like Differential Scanning Calorimetry (DSC) and Fourier Transform Infrared
Spectroscopy (FTIR) to guarantee the stability and effectiveness of the medication within the oleogel. By
analyzing distinctive peaks in the infrared spectrum, FTIR assists in determining any interactions that
may exist between the medicine and excipients. It can identify any chemical incompatibilities that could
impact the stability or release of the medicine, such as the creation of new bonds between the drug and
carrier. Understanding the melting or crystallization of the components in the oleogel can be aided by
DSC's evaluation of thermal behavior and phase transitions. Instability or interactions between the active
medication and other ingredients may be indicated by any notable changes in thermal characteristics
throughout the formulation process [44].

° Morphological Analysis (SEM, TEM): Morphological characterisation makes it possible to
visually inspect the oleogel's microstructure and physical characteristics. High-resolution pictures of the
gel's outside and inside structure may be obtained using scanning electron microscopy, or SEM. The size
and distribution of the particles in the oleogel, which might affect the drug's release and penetration, are
examined using SEM. Even greater resolution is available with Transmission Electron Microscopy (TEM),
which is especially helpful for examining interior structure at the nanoscale. It can offer comprehensive
information about how lipid phases are arranged and how drug-loaded oleogels behave [45].

4.2. Drug Release and Permeation Studies

. In Vitro Release Kinetics: Studies on in vitro release mimic the way the medication is released
from the oleogel when it is administered topically. These investigations, in which the oleogel is applied
to a membrane and the drug's concentration in the receptor media is tracked over time, are usually carried
out using Franz diffusion cells. To ascertain the rate of drug release and forecast its therapeutic efficacy,
the release kinetics (such as the zero-order, first-order, and Higuchi models) are calculated. In order to
ascertain if the oleogel will offer regulated or sustained drug release, these trials are essential [46].

. Skin Penetration Studies: Skin penetration experiments evaluate a drug's capacity to penetrate
the epidermal barrier and arrive at the site of action. Franz diffusion cells and excised human or animal
skin are commonly used in these investigations. Samples are taken from the receptor chamber after the
oleogel is applied to the skin in order to track the drug's concentration over time. Comparing the oleogel
to traditional formulations, skin penetration experiments assist ascertain whether the oleogel improves
skin permeability and increases the drug's bioavailability [47].

4.3. Stability and Shelf-Life

° Thermal Stability Testing: Testing for thermal stability assesses the oleogel's performance at
various temperatures. The structure, stability, and drug release characteristics of the gel can all be
impacted by high or low temperatures. The oleogel is usually stored for lengthy periods of time at different
temperatures (such as 4°C, 25°C, and 40°C) in order to conduct testing. The gel's shelf life and thermal
stability are next assessed by examining its appearance, texture, and drug release profile [48].
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° Microbial Contamination and Preservation Studies: Oleogels and other topical formulations
are prone to microbial contamination, particularly if they are used topically or include water. To make
sure the formulation doesn't encourage bacteria development, microbial contamination investigations are
conducted. To stop such development, the oleogel may be treated with preservatives. Challenge testing,
in which the formulation is exposed to bacteria and fungus and its capacity to prevent contamination is
assessed, is a common technique for evaluating microbiological contamination. Minimum inhibitory
concentration (MIC) testing and stability over time can be used to assess the preservative's efficacy and

make sure the formulation is safe and effective for the duration of its shelf life [49].

The quality, stability, and performance of oleogels may be assessed using these thorough characterisation
procedures to guarantee their appropriateness as a dependable and efficient topical drug delivery system

(50].

5. CURRENT OLEOGELS FORMULATION FOR ANTI-FUNGAL PROPERTY
Table 1: Current Oleogels Formulation for Anti-Fungal Property

Formulation | Active Target Fungus | Formulation Usage/
Name Ingredient(s) Details Indication
Clotrimazole | Clotrimazole | Candida Oleogel-based Treatment of
Oleogel albicans, Trichop | formulation, using | fungal  infections
hyton mineral oils as base and | like athlete's foort,
lecithin as a gelling | ringworm, and
agent [51] vaginal yeast
infections [52]
Miconazole Miconazole | Candida, Derma | Oleogel containing | Used in topical
Oleogel tophytes miconazole, enhanced | treatment of
with natural oils and | ringworm, jock
stabilizers for | itch, and athlete's
prolonged release [53] | foot
TerbinafineOl | Terbinafine | Dermatophytes Terbinafine Treatment of
eogel incorporated into an | athlete's foot,
oleogel base, designed | ringworm, and nail
for enhanced skin | fungus
penetration and
sustained release [54]
Ketoconazole | Ketoconazol | Candida, Malass | Oleogel  formulation | Used for dandruff,
Oleogel e exia with ketoconazole, | seborrheic
essential  oils, and | dermatitis, and
gelling agents like | fungal skin
sorbitanmonostearate | infections [55]
EconazoleOle | Econazole Candida, Tricho | Formulation with | Treatment of
ogel phyton econazole incorporated | superficial ~fungal
into oleogel for | infections like tinea
antifungal activity corporis and
candidiasis [56]
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ItraconazoleO | Itraconazole | Aspergillus, Can | Itraconazole Treatment of skin
leogel dida formulated into oleogel | fungal infections,
with vegetable oils for | including those
improved skin | caused
absorption by Aspergillus and
Candida [57]
NaftifineOleo | Naftifine Dermatophytes Oleogel with naftifine, | Used for treating
gel typically enhanced with | fungal skin
emulsifiers and | infections like tinea
stabilizers pedis (athlete's
foot) [58]
Fluconazole Fluconazole | Candida Oleogel containing | Treatment of
Oleogel fluconazole, designed | localized Candida
for topical application | infections,
and extended release | including
[59] cutaneous and
vaginal infections
[60]

6. CHALLENGES FOROLEOGELS FORMULATION FOR ANTI-FUNGAL PROPERTY
The process of creating oleogels with antifungal qualities is intricate and involves several obstacles that
must be overcome in order to produce a product that is stable, effective, and patient-friendly. These
difficulties cover a wide range of formulation-related topics, from patient usability to component
compatibility [61].

. Selection of Oleogelator: The stability and structural integrity of the oleogel depend on the
oleogelator selection. To prevent any negative reactions that can reduce the antifungal medication's
effectiveness, it must be compatible with it. The active component may occasionally become unstable or
lose some of its effectiveness due to common oleogelators such as waxes, fatty acids, and polymers. To
attain the intended gel strength, texture, and release characteristics without negatively impacting the
stability or efficacy of the medication, the oleogelator concentration must also be adjusted [62].

. Drug Solubility in the Oil Phase: Incorporating antifungal medicines into the oleogel matrix
can be difficult since many of them are hydrophilic or poorly soluble in oils. Because inadequately
solubilized medications might precipitate over time and lose their effectiveness, it is important to ensure
thorough solubilization. Formulators can improve medication dispersion by using solubilizers, co-
solvents, or surfactants, although doing so may increase the danger of phase separation or instability in
the oleogel system [63].

. Stability Concerns: One of the biggest problems with oleogel formulations is stability. Over time,
rancidity and a loss of effectiveness may result from the oil phase's susceptibility to oxidative destruction.
Furthermore, oleogels are susceptible to temperature changes, which may result in phase separation or
gel network disintegration. To guarantee the lifespan of the antifungal product, it is essential to preserve
the oleogel's structural and chemical stability under various storage circumstances [64].

° Drug Release Optimization: For antifungal action to be effective, medication release must be
regulated and maintained. The antifungal drug must be able to be released from oleogels at a steady and
therapeutically efficient rate. Achieving this balance can be challenging, though, because the gel matrix
may either permit fast diffusion or unduly slow down the release, resulting in less than ideal drug
concentrations at the application site. Therefore, one of the main formulation challenges is to optimize
the gel matrix to provide a consistent release profile [65].
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° Compatibility with Other Ingredients: The effectiveness and long-term stability of the
formulation can be enhanced by adding extra excipients, such as stabilizers, preservatives, and penetration
enhancers. These excipients, however, need to work well with the antifungal drug and the oil phase. Any
incompatibilities might result in chemical or physical instability, which would lessen the product's efficacy
[66].

° Patient Acceptability: Oleogels frequently have an oily texture that can make the skin feel greasy
and unpleasant, which may make patients less compliant. To guarantee patient pleasure, it is crucial to
improve the oleogel's sensory qualities, including its feel, spreadability, and absorption capabilities. One
of the biggest challenges is creating a product that is both aesthetically pleasing and therapeutically
effective [67].

. Regulatory and Scalability Challenges: Antifungal formulations frequently need to undergo
extensive testing for safety, stability, and effectiveness in order to meet regulatory criteria. It might be
difficult to meet these requirements and yet be cost-effective. Additionally, maintaining consistency and
homogeneity between batches may become a problem when oleogel manufacturing is scaled up from
laboratory to industrial levels [68].

To overcome these obstacles, a multidisciplinary strategy integrating knowledge of material chemistry,
pharmaceutical sciences, and patient-centered design is needed to create oleogels that are both practical
and efficient.

7. FUTURE PROSPECT:

With developments in drug delivery technology, material science, and a greater focus on patient-centered
care, the future of oleogel formulations for antifungal applications seems bright. Oleogels are a promising
foundation for the creation of potent and adaptable antifungal treatments due to a number of factors
(69].

° Enhanced Drug Delivery Systems: Future studies could concentrate on creating oleogels with
better drug delivery properties. In order to provide longer-lasting treatment benefits and improved patient
outcomes, this involves modifying the gel matrix to permit regulated and sustained release of antifungal
drugs. Drugs may become more effective against resistant fungus strains if nanotechnology advancements
like the addition of nanoparticles or nanostructured oleogels improve their solubility, stability, and
bioavailability [70].

. Multifunctional Formulations: It may be possible to use oleogels as multipurpose medication
delivery systems. Further therapeutic agents, including anti-inflammatory or wound-healing chemicals,
might be added to these formulations to better treat complicated fungal infections. This method works
especially well for treating skin infections and onychomycosis, where fungal development is frequently
accompanied by tissue damage and inflammation [72-78].

. Use of Biocompatible and Natural Ingredients: The move to environmentally friendly and
biocompatible formulations is probably going to have an impact on how oleogels are developed in the
future. Lecithin and sterols are examples of plant-based natural oleogelators that might be used to make
safer, more environmentally friendly goods. Furthermore, by serving as both a carrier and an active
ingredient, essential oils having antifungal qualities can be used as a foundation with double advantages
[79].

° Personalization and Smart Oleogels: Technological developments might result in customized
oleogels made to meet the requirements of certain patients. Customization according to skin type, illness
severity, or even hereditary predisposition may be one of them. Furthermore, tailored medication release
at the infection site may be possible using smart oleogels that react to environmental stimuli like pH or
temperature changes, increasing efficacy and lowering adverse effects [80].

° Improved Cosmetic Acceptability: The greasy feel and oily texture of oleogels are major obstacles
to their acceptability. Future formulations could make use of innovative oleogelator systems or
emulsification procedures to enhance the product's sensory qualities and increase consumer appeal.
Oleogels that are quick to absorb, lightweight, and leave no skin residue might greatly improve patient
compliance [81].
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. Wider Applications and Delivery Routes: Future studies might examine the use of oleogels in
various delivery methods, such as transdermal or mucosal, even though they are now mainly intended for
topical use. As an alternative to oral or intravenous antifungal medications, this might broaden their uses
to treat systemic fungal infections. Because of their flexibility, oleogels may play a significant role in
antifungal treatment [82].

° Integration with Advanced Technologies: Oleogels' formulation and manufacturing might be
completely transformed by combining them with cutting-edge pharmaceutical technologies like 3D
printing and artificial intelligence (AI). 3D printing may allow for accurate, adaptable dosage for various
patient demands, while Al-driven design processes can improve medication release patterns and
constituent selection [83].

° Potential for Combination Therapies: Co-forming oleogels with additional antifungal
medications or treatments may increase their effectiveness and expand their applications. Complex
infections may be fully resolved by combining antifungal therapy with immunomodulatory drugs or by
using combination therapies that target several fungus species [84].

. Global Market Expansion: Oleogels may become more widely accepted in international markets
as knowledge of fungal diseases and how to treat them increases. They are appropriate for environments
with low resources, where access to cutting-edge antifungal treatments may be restricted, because to their
affordability and versatility [85-110].

Oleogel compositions with antifungal qualities have a bright future ahead of them. Oleogels may become
a mainstay of antifungal treatment plans with further research and development and technology
improvements, which would be advantageous for patients as well as the pharmaceutical sector.

8. CONCLUSION:

One possible path toward the development of localized antifungal therapeutics is the synthesis and
characterisation of oleogels as topical carriers for antifungal drugs. Oleogels provide special benefits such
better stability of lipophilic antifungal drugs, controlled drug release, and increased drug solubility. They
are a great platform for topical treatment because they may be made using natural or synthetic oleogelators
to generate a stable gel matrix. This ensures focused delivery to the infection site while limiting systemic
adverse effects. Furthermore, the use of multifunctional excipients in oleogels enables the creation of
novel, patient-friendly formulations with improved therapeutic results.

But issues including medication compatibility, physical stability, and patient acceptance still need to be
studied and improved. These restrictions might be addressed and the effectiveness of oleogels increased
with the help of developments in nanotechnology, smart materials, and biocompatible components.
Future research should concentrate on enhancing oleogels' aesthetic qualities and broadening their uses
beyond topical use by investigating delivery methods including transdermal and mucosal. To sum up,
oleogels are a unique and efficient drug delivery method for antifungal medications. They are positioned
to become a mainstay in the treatment of fungal infections with further innovation and integration of
state-of-the-art technology, offering safer, more effective, and patient-centered therapeutic choices.
Acknowledgement: We are deeply thankful to the Noida Institute of Engineering and Technology
(Pharmacy Institute) for their unwavering support, motivation, excitement, and wealth of expertise.
Conflicts of Interest: The authors confirm that the content of the article has no conflict of interest.
Data Availability: The original data that support the findings of this study are included in the Article.

REFERENCES:

1. Leong C, Schmid B, Buttafuoco A, Glatz M, Bosshard PP. In vitro efficacy of antifungal agents alone and in shampoo
formulation against dandruff-associated Malassezia spp. and Staphylococcus spp. International journal of cosmetic science. 2019

Jun;41(3):221-7.

2. da Rocha Neto AC, Maraschin M, Di Piero RM. Antifungal activity of salicylic acid against Penicilliumexpansum and
its possible mechanisms of action. International journal of food microbiology. 2015 Dec 23;215:64-70.

3, Cornwell PA. A review of shampoo surfactant technology: consumer benefits, raw materials and recent developments.
International journal of cosmetic science. 2018 Feb;40(1):16-30.

1931



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 15s,2025
https://theaspd.com/index.php

4. Kumar A, Mali RR. Evaluation of prepared shampoo formulations and to compare formulated shampoo with

marketed shampoos. Evaluation. 2010 Jul;3(1):025.

5. AlQuadeib BT, Eltahir EK, Banafa RA, Al-Hadhairi LA. Pharmaceutical evaluation of different shampoo brands in
local Saudi market. Saudi pharmaceutical journal. 2018 Jan 1;26(1):98-106.

6. Pal RS, Saraswat N, Wal P, Wal A, Pal Y. Preparation & assessment of poly-herbal anti-dandruff formulation. The
Open Dermatology Journal. 2020 Jul 6;14(1).

1. Xu Z, Wang Z, Yuan C, Liu X, Yang F, Wang T, Wang J, Manabe K, Qin O, Wang X, Zhang Y. Dandruff is associated
with the conjoined interactions between host and microorganisms. Scientific reports. 2016 May 12;6(1):1-9.

8. Xu Z, Wang Z, Yuan C, Liu X, Yang F, Wang T. Dandruff is associated with the conjoined interactions between host
and microorganisms. Sci Rep. 2016; 6: 24877.

9. Pramodani MP, Wickramarachchi WJ. A clinical study to evaluate the efficacy of selected traditional hair pack for
dandruff. International Journal of Research-Granthaalayah. 2017 Jan;5(1):12-21.

10. Rao KJ, Paria S. Anti-Malassezia furfur activity of natural surfactant mediated in situ silver nanoparticles for a better
antidandruff shampoo formulation. RSC advances. 2016;6(13):11064-9.

11. Kudtacik-Kramarczyk S, Drabczyk A, Przybytowicz A, Krzan M. Linseed Oil-Based Oleogel Vehicles for Hydrophobic
Drug Delivery—Physicochemical and Applicative Properties. Pharmaceutics. 2024 Apr 29;16(5):600.

12. Jones FN. Alkyd resins. Ullmann's Encyclopedia of Industrial Chemistry. 2000 Jun 15.

13. Subroto E, Pangawikan AD, Yarlina VP, Isnaeni NF. Characteristics, purification, and the recent applications of
soybean oil in fat-based food products: a review. International Journal. 2020 Jul;8(7).

14. Subroto E, Qonit MA. Modification of soy protein for the production of bioactive peptides and their utilization. Int.
J. Sci. Technol. Res. 2020;9(2):3121-7.

15. Jimenez-Lopez C, Carpena M, Lourenco-Lopes C, Gallardo-Gomez M, Lorenzo JM, Barba FJ, Prieto MA, Simal-
Gandara J. Bioactive compounds and quality of extra virgin olive oil. Foods. 2020 Jul 28;9(8):1014.

16. Aizpurua-Olaizola O, Ormazabal M, Vallejo A, Olivares M, Navarro P, Etxebarria N, Usobiaga A. Optimization of
supercritical fluid consecutive extractions of fatty acids and polyphenols from Vitis vinifera grape wastes. Journal of food science.
2015 Jan;80(1):E101-7.

17. Ullah MA, Hassan A, Hamza A. Role of Clove in Human Medical History. SAR ] Anat Physiol. 2023;4(2):10-9.

18. Omidbeygi M, Barzegar M, Hamidi Z, Naghdibadi H. Antifungal activity of thyme, summer savory and clove essential
oils against Aspergillus flavus in liquid medium and tomato paste. Food control. 2007 Dec 1;18(12):1518-23.

19. Sanfilippo A, English JC. An overview of medicated shampoos used in dandruff treatment. P AND T. 2006 Sep
16;31(7):396.

20. Sharma RM, Shah K, Patel J. Evaluation of prepared herbal shampoo formulations and to compare formulated
shampoo with marketed shampoos. Int ] Pharm Pharm Sci. 2011;3(4):402-5.

21. Punyoyai C, Sirilun S, Chantawannakul P, Chaiyana W. Development of Antidandruff Shampoo from the Fermented
Product of Ocimum sanctum Linn. Cosmetics. 2018 Jul 15;5(3):43.

22. Gubitosa ], Rizzi V, Fini P, Cosma P. Hair care cosmetics: From traditional shampoo to solid clay and herbal shampoo,
a review. Cosmetics. 2019 Feb 19;6(1):13.

23. Al Badi K, Khan SA. Formulation, evaluation and comparison of the herbal shampoo with the commercial shampoos.

Beni-Suef University Journal of Basic and Applied Sciences. 2014 Dec 1;3(4):301-5.

24. Chen Q, Zhu L, Tang Y, Zhao Z, Yi T, Chen H. Preparation-related structural diversity and medical potential in the
treatment of diabetes mellitus with ginseng pectins. Annals of the New York Academy of Sciences. 2017 Aug;1401(1):75-89.

25. Aurora RN, Punjabi NM. Obstructive sleep apnoea and type 2 diabetes mellitus: a bidirectional association. The Lancet
Respiratory Medicine. 2013 Jun 1;1(4):329-38.

26. Li Z, Jin H, Chen W, Sun Z, Jing L, Zhao X, Zhu S, Guo X. Influencing factors of knowledge, attitude, and practice
regarding medical nutrition therapy in patients with diabetes: a national cross-sectional study in urban China. Journal of Diabetes

Research. 2017 Oct;2017.
21. Forbes JM, Cooper ME. Mechanisms of diabetic complications. Physiological reviews. 2013 Jan;93(1):137-88.

28. Kim S, Shin BC, Lee MS, Lee H, Ernst E. Red ginseng for type 2 diabetes mellitus: a systematic review of randomized
controlled trials. Chinese journal of integrative medicine. 2011 Dec;17:937-44.

29. Lu DY, Che JY. Rethink of diabetes treatment and drug development. Cell Dev Biol. 2014;3(2):e125.

30. Tu Y. Artemisinin—a gift from traditional Chinese medicine to the world (Nobel lecture). AngewandteChemie
International Edition. 2016 Aug 22;55(35):10210-26.

31. Bai L, Gao J, Wei F, Zhao ], Wang D, Wei ]. Therapeutic potential of ginsenosides as an adjuvant treatment for
diabetes. Frontiers in pharmacology. 2018 May 1;9:423.

1932



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 15s,2025
https://theaspd.com/index.php

32. Yuan HD, Kim JT, Kim SH, Chung SH. Ginseng and diabetes: the evidences from in vitro, animal and human studies.
Journal of ginseng research. 2012 Jan;36(1):27.

33, Shishtar E, Sievenpiper JL, Djedovic V, Cozma Al, Ha V, Jayalath VH, Jenkins D], Meija SB, de Souza R], Jovanovski
E, Vuksan V. The effect of ginseng (the genus panax) on glycemic control: a systematic review and meta-analysis of randomized

controlled clinical trials. PloS one. 2014 Sep 29;9(9):e107391.
34. Yoon JW, Kang SM, Vassy JL, Shin H, Lee YH, Ahn HY, Choi SH, Park KS, Jang HC, Lim S. Efficacy and safety of

ginsam, a vinegar extract from Panax ginseng, in type 2 diabetic patients: Results of a double-blind, placebo-controlled study.
Journal of diabetes investigation. 2012 Jun;3(3):309-17.

35. Kim YK, Yoo DS, Xu H, Park NI, Kim HH, Choi JE, Park SU. Ginsenoside content of berries and roots of three
typical Korean ginseng (Panax ginseng) cultivars. Natural Product Communications. 2009 Jul;4(7):1934578X0900400704.

36. Dey L, Xie JT, Wang A, Wu ], Maleckar SA, Yuan CS. Anti-hyperglycemic effects of ginseng: comparison between root
and berry. Phytomedicine. 2003 Jan 1;10(6-7):600-5.

37. Bang H, Kwak JH, Ahn HY, Shin DY, Lee JH. Korean red ginseng improves glucose control in subjects with impaired
fasting glucose, impaired glucose tolerance, or newly diagnosed type 2 diabetes mellitus. Journal of medicinal food. 2014 Jan
1;17(1):128-34.

38. Kwon DH, Bose S, Song MY, Lee MJ, Lim CY, Kwon BS, Kim H]J. Efficacy of Korean red ginseng by single nucleotide
polymorphism in obese women: randomized, double-blind, placebo-controlled trial. Journal of Ginseng Research. 2012
Apr;36(2):176.

39. Liu L, Huang J, Hu X, Li K, Sun C. Simultaneous determination of ginsenoside (G-Re, G-Rgl, G-Rg2, G-F1, G-Rh1)
and protopanaxatriol in human plasma and urine by LC-MS/MS and its application in a pharmacokinetics study of G-Re in
volunteers. Journal of Chromatography B. 2011 Jul 15;879(22).

40. Reeds DN, Patterson BW, Okunade A, Holloszy JO, Polonsky KS, Klein S. Ginseng and ginsenoside Re do not
improve B-cell function or insulin sensitivity in overweight and obese subjects with impaired glucose tolerance or diabetes.
Diabetes care. 2011 May 1;34(5):1071-6.

41. Simu SY, Ahn S, Castro-Aceituno V, Yang DC. Ginsenoside Rg5: Rk1 exerts an anti-obesity effect on 3T3-L1 cell line
by the downregulation of PPARY and CEBPa. Iranian Journal of Biotechnology. 2017;15(4):252.

42. Siraj FM, SathishKumar N, Kim YJ, Kim SY, Yang DC. Ginsenoside F2 possesses anti-obesity activity via binding with
PPARY and inhibiting adipocyte differentiation in the 3T3-L1 cell line. Journal of enzyme inhibition and medicinal chemistry.
2015 Jan 2;30(1):9-14.

43. Gao Y, Yang MF, Su YP, Jiang HM, You X]J, Yang Y], Zhang HL. Ginsenoside Re reduces insulin resistance through
activation of PPAR-y pathway and inhibition of TNF-a production. Journal of ethnopharmacology. 2013 May 20;147(2):509-16.
44. Ha TS, Lee JS, Choi JY, Park HY. Ginseng total saponin modulates podocyte p130Cas in diabetic condition. Journal
of Ginseng Research. 2013 Mar;37(1):94.

45. Guo M, Guo G, Xiao ], Sheng X, Zhang X, Tie Y, Cheng YK, Ji X. Ginsenoside Rg3 stereoisomers differentially inhibit
vascular smooth muscle cell proliferation and migration in diabetic atherosclerosis. Journal of Cellular and Molecular Medicine.
2018 Jun;22(6):3202-14.

46. Du N, Xu Z, Gao M, Liu P, Sun B, Cao X. Combination of Ginsenoside Rgl and Astragaloside IV reduces oxidative
stress and inhibits TGF-B1/Smadssignaling cascade on renal fibrosis in rats with diabetic nephropathy. Drug design, development
and therapy. 2018 Oct 18:3517-24.

47. Liu Z, Li W, Li X, Zhang M, Chen L, Zheng YN, Sun GZ, Ruan CC. Antidiabetic effects of malonylginsenosides from
Panax ginseng on type 2 diabetic rats induced by high-fat diet and streptozotocin. Journal of Ethnopharmacology. 2013 Jan
9;145(1):233-40.

48. Shen J, Zhao Z, Shang W, Liu C, Zhang B, Zhao L, Cai H. Ginsenoside Rgl nanoparticle penetrating the blood-brain
barrier to improve the cerebral function of diabetic rats complicated with cerebral infarction. International Journal of

Nanomedicine. 2017 Sep 5:6477-86.

49. Yu H, Zhen ], Yang Y, Gu ], Wu S, Liu Q. Ginsenoside Rgl ameliorates diabetic cardiomyopathy by inhibiting
endoplasmic reticulum stress-induced apoptosis in a streptozotocin-induced diabetes rat model. Journal of Cellular and

Molecular Medicine. 2016 Apr;20(4):623-31.

50. Yu HT, Zhen ], Pang B, Gu N, Wu SS. Ginsenoside Rgl ameliorates oxidative stress and myocardial apoptosis in
streptozotocin-induced diabetic rats. Journal of Zhejiang University. Science. B. 2015 May;16(5):344.

51. Yang N, Chen P, Tao Z, Zhou N, Gong X, Xu Z, Zhang M, Zhang D, Chen B, Tao Z, Yang Z. Beneficial effects of
ginsenoside-Rgl on ischemia-induced angiogenesis in diabetic mice. ActaBiochimBiophys Sin. 2012 Dec 1;44(12):999-1005.

52. Takamura Y, Nomura M, Uchiyama A, Fujita S. Effects of aerobic exercise combined with panaxatriol derived from
ginseng on insulin resistance and skeletal muscle mass in type 2 diabetic mice. Journal of Nutritional Science and Vitaminology.

2017;63(5):339-48.

1933



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 15s,2025
https://theaspd.com/index.php

53. Wang JS, Yin HJ, Guo CY, Huang Y, Xia CD, Liu Q. Influence of high blood glucose fluctuation on endothelial
function of type 2 diabetes mellitus rats and effects of PanaxQuinquefoliusSaponin of stem and leaf. Chinese journal of

integrative medicine. 2013 Mar;19:217-22.

54. Sen S, Chen S, Wu Y, Feng B, Lui EK, Chakrabarti S. Preventive effects of North American ginseng
(Panaxquinquefolius) on diabetic retinopathy and cardiomyopathy. Phytotherapy Research. 2013 Feb;27(2):290-8.

55. Tsai CC, Chan P, Chen L], Chang CK, Liu Z, Lin JW. Merit of ginseng in the treatment of heart failure in type 1-like
diabetic rats. BloMed Research International. 2014 Mar 17;2014.

56. Imam SS. The future of non-invasive ways to treat cancer. Int ] Pharm Sci& Res.2021;12(8):4684-96.

57. Imam SS, Agarwal S. A Pragmatic Approach To Treat Lung Cancer Through LoadingTheaflavin -3,3-Digallate And
Epigallocatechin Gallate In Spanlastic. Asian ] PharmClinRes. 2021 Nov 7;14(11):1-8.

58. ImamSS,ImamST,Mdwasifathar,KumarR,AmmarMY.InteractionBetweenAce2 And Sars-Cov2, And Use Of EGCG
And Theaflavin To Treat Covid 19 In InitialPhases. International Journal of Current Pharmaceutical Research. 2022 Mar;
14(2):5-10.

59. ImamSS,SharmaR.NaturalcompoundspromisingwaytotreatLungCancer.International ~ Journal of Pharmaceutical

Research and Applications. 2023; 8(2): 552-558.
60. ImamSS,SharmaS,KumariD,KhanS,PathakP,KatiyarD.AnExpedientApproach to Treat Asthma through Non-

Steroidal, Natural Transferosomes AerosolSystem.Innovarejournalof medicalsciences. 2022;10(6):7-11.

61. Imam SS, Imam ST, Agarwal S, Kumar R, Ammar MY, Athar MW, Akthar A. LungCancer Therapy Using Naturally

Occurring Products and Nanotechnology. Innovarejournalof medicalsciences. 2022;10(4):1-5.

62. Imam ST, Imam SS. The Cream which relieves the pain of Menstrual cramps withoutinterfering with the Hormones
or Period Cycle. Research Journal of Pharmacy andTechnology.2023;16(3):1239-6.
63. Imam SS. Topical Formulation Constituted with Transferosomes for the Treatment OfNon-MelanomaSkin

Cancer.Asian JPharmClin Res. 2023May 7;16(5):27-32.

64. IMAM SS. NANOPARTICLES: THE FUTURE OF DRUG DELIVERY. Int ] Curr Pharm Sci. 2023 Nov. 15;15(6):8-
15.

65. Imam SS, Mehdi S, Mansuri A. A COMPREHENSIVE REVIEW ON THE PHARMACOLOGICAL POTENTIAL
OF RED GINSENG OIL, TEA TREE OIL AND HEMP SEED OIL. European Journal of Biomedical. 2024;11(4):167-77.

66. Imam SS. Sublingual Tablets Amalgamated with Nano-particles and natural products to treat Oral Cancer. 2024; 17(5):
2056-62.

67. Imam SS, Mehdi S. Factors Affecting Pharmaceutical Pricing In India. INTERNATIONAL JOURNAL OF
PHARMACEUTICAL SCIENCES. 2024;2(4):1367-1384. DOI: 10.5281/zenodo.11314004.

68. Mehdi S, Tabrez UZ, Imam SS. Management of Green Pharmaceuticals. International Journal of Pharmaceutical
Sciences And Research. 2024;15(7):1951-1962. DOI: 10.13040/1JPSR.0975-8232.15(7).1951-62.

69. Mechoulam R, Parker LA, Gallily R. Cannabidiol: an overview of some pharmacological aspects. The Journal of
Clinical Pharmacology. 2002 Nov;42(S1):11S9S.

70. Di Marzo V. New approaches and challenges to targeting the endocannabinoid system. Nature Reviews Drug
Discovery. 2018 Sep;17(9):623-39.

71. Costa B, Colleoni M, Conti S, Parolaro D, Franke C, Trovato AE, Giagnoni G. Oral anti-inflammatory activity of
cannabidiol, a non-psychoactive constituent of cannabis, in acute carrageenan-induced inflammation in the rat paw. Naunyn-

Schmiedeberg's archives of pharmacology. 2004 Mar;369:294-9.

72. Walter L, Franklin A, Witting A, Wade C, Xie Y, Kunos G, Mackie K, Stella N. Nonpsychotropic cannabinoid
receptors regulate microglial cell migration. Journal of Neuroscience. 2003 Feb 15;23(4):1398-405.

73. McHugh D, Tanner C, Mechoulam R, Pertwee RG, Ross RA. Inhibition of human neutrophil chemotaxis by
endogenous cannabinoids and phytocannabinoids: evidence for a site distinct from CB1 and CB2. Molecular pharmacology.

2008 Feb 1;73(2):441-50.

74. Poupot R, Bergozza D, Fruchon S. Nanoparticle-based strategies to treat neuro-inflammation. Materials. 2018 Feb
9;11(2):270.

75. Chen T, He ], Zhang J, Zhang H, Qian P, Hao ], Li L. Analytical characterization of hempseed (seed of Cannabis sativa
L.) oil from eight regions in China. Journal of dietary supplements. 2010 May 1;7(2):117-29.
76. Roche HM. Unsaturated fatty acids. Proceedings of the Nutrition Society. 1999 May;58(2):397-401.

17. Saini RK, Keum YS. Omega-3 and omega-6 polyunsaturated fatty acids: Dietary sources, metabolism, and significance—

A review. Life sciences. 2018 Jun 15;203:255-67.

18. Menezes R, Rodriguez-Mateos A, Kaltsatou A, GonzilezSarrias A, Greyling A, Giannaki C, Andres-Lacueva C,
Milenkovic D, Gibney ER, Dumont ], Schir M. Impact of flavonols on cardiometabolic biomarkers: A meta-analysis of
randomized controlled human trials to explore the role of inter-individual variability. Nutrients. 2017 Feb 9;9(2):117.

1934



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 15s,2025
https://theaspd.com/index.php

79. Citti C, Pacchetti B, Vandelli MA, Forni F, Cannazza G. Analysis of cannabinoids in commercial hemp seed oil and
decarboxylation kinetics studies of cannabidiolic acid (CBDA). Journal of Pharmaceutical and Biomedical Analysis. 2018 Feb
5;149:532-40.

80. Cohen PA, Sharfstein J. The opportunity of CBD—reforming the law. N Engl ] Med. 2019 Jul 25;381(4):297-9.

81. Mander L, Liu HW. Comprehensive natural products II: chemistry and biology. Elsevier; 2010 Mar 5.

82. Antonelli M, Benedetti B, Cannazza G, Cerrato A, Citti C, Montone CM, Piovesana S, Lagana A. New insights in
hemp chemical composition: a comprehensive polar lipidome characterization by combining solid phase enrichment, high-
resolution mass spectrometry, and cheminformatics. Analytical and bioanalytical chemistry. 2020 Jan;412:413-23.

83. Cerrato A, Cannazza G, Capriotti AL, Citti C, La Barbera G, Lagana A, Montone CM, Piovesana S, Cavaliere C. A
new software-assisted analytical workflow based on high-resolution mass spectrometry for the systematic study of phenolic
compounds in complex matrices. Talanta. 2020 Mar 1;209:120573.

84. Gupta RC, Srivastava A, Lall R, editors. Nutraceuticals in veterinary medicine. Cham, Switzerland: Springer; 2019
May 21.
85. Gupta RC, Srivastava A, Lall R, editors. Nutraceuticals in veterinary medicine. Cham, Switzerland: Springer; 2019
May 21.

86. Marais JP, Deavours BE, Dixon RA, Ferreira D. The stereochemistry of flavonoids. The science of flavonoids. 2006:1-
46.

87. Barron D, Ibrahim RK. Isoprenylated flavonoids—a survey. Phytochemistry. 1996 Nov 1;43(5):921-82.

88. McClure JW. Physiology and functions of flavonoids. InThe flavonoids 1975 (pp. 970-1055). Boston, MA: Springer
US.

89. Holiman PC, Hertog MG, Katan MB. Analysis and health effects of flavonoids. Food chemistry. 1996 Sep 1;57(1):43-
6.

90. Rice-Evans CA, Packer L, editors. Flavonoids in health and disease. CRC Press; 2003 May 20.
91. Samanta A, Das G, Das SK. Roles of flavonoids in plants. Carbon. 2011;100(6):12-35.
92. Maleki SJ, Crespo JF, Cabanillas B. Anti-inflammatory effects of flavonoids. Food chemistry. 2019 Nov 30;299:125124.

93. Ielpo MT, Basile A, Miranda R, Moscatiello V, Nappo C, Sorbo S, Laghi E, Ricciardi MM, Ricciardi L, Vuotto ML.
Immunopharmacological properties of flavonoids. Fitoterapia. 2000 Aug 1;71:S101-9.

94. Treutter D. Significance of flavonoids in plant resistance: a review. Environmental Chemistry Letters. 2006
Aug;4(3):147-57.

95. Ciumdrnean L, Milaciu MV, Runcan O, Vesa SC, Rachisan AL, Negrean V, Perné MG, Donca VI, Alexescu TG, Para
I, Dogaru G. The effects of flavonoids in cardiovascular diseases. Molecules. 2020 Sep 21;25(18):4320.

96. Miura YH, Tomita I, Watanabe T, HIRAYAMA T, Fukui S. Active oxygens generation by flavonoids. Biological and
Pharmaceutical Bulletin. 1998 Feb 15;21(2):93-6.

97. Buer CS, Imin N, Djordjevic MA. Flavonoids: new roles for old molecules. Journal of integrative plant biology. 2010
Jan;52(1):98-111.

98. Rufino AT, Costa VM, Carvalho F, Fernandes E. Flavonoids as antiobesity agents: A review. Medicinal Research
Reviews. 2021 Jan;41(1):556-85.

99. Jager AK, Saaby L. Flavonoids and the CNS. Molecules. 2011 Feb 10;16(2):1471-85.

100. Erdman Jr JW, Balentine D, Arab L, Beecher G, Dwyer JT, Folts ], Harnly ], Hollman P, Keen CL, Mazza G, Messina
M. Flavonoids and heart health: proceedings of the ILSI North America flavonoids workshop, May 31-June 1, 2005,
Washington, DC. The Journal of nutrition. 2007 Mar 1;137(3):718S-37S.

101.  Cotelle N. Role of flavonoids in oxidative stress. Current topics in medicinal chemistry. 2001 Dec 1;1(6):569-90.
102.  Kanadaswami C, Lee LT, Lee PP, Hwang JJ, Ke FC, Huang YT, Lee MT. The antitumor activities of flavonoids. In
vivo. 2005 Sep 1;19(5):895-909.

103. Nijveldt R], Van Nood EL, Van Hoorn DE, Boelens PG, Van Norren K, Van Leeuwen PA. Flavonoids: a review of
probable mechanisms of action and potential applications. The American journal of clinical nutrition. 2001 Oct 1;74(4):418-25.
104.  Van Acker SA, Tromp MN, Griffioen DH, Van Bennekom WP, Van Der Vijgh W], Bast A. Structural aspects of
antioxidant activity of flavonoids. Free radical biology and medicine. 1996 Jan 1;20(3):331-42.

105. Saija A, Scalese M, Lanza M, Marzullo D, Bonina F, Castelli F. Flavonoids as antioxidant agents: importance of their
interaction with biomembranes. Free Radical Biology and Medicine. 1995 Oct 1;19(4):481-6.

106.  Javadi F, Ahmadzadeh A, Eghtesadi S, Aryaeian N, Zabihiyeganeh M, RahimiForoushani A, Jazayeri S. The effect of
quercetin on inflammatory factors and clinical symptoms in women with rheumatoid arthritis: a double-blind, randomized
controlled trial. Journal of the American college of nutrition. 2017 Jan 2;36(1):9-15.

1935



