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ABSTRACT

Topical medicinal solutions now use microsponge technology to reduce localizes cutaneous areas responses to active drugs and prevents
exposure to them systemically. Microsponges are made of macroporous beads containing an active ingredient within that are typically
10 to 25 microns in diameter. Using microsponge drug delivery, topically active drugs can be more effective while also improving
product stability, safety, and aesthetic features. Drugs, herbal extracts, and other compounds can be suspended or entrapped by tiny,
polymer-based microspheres found in Microsponge Systems. Then, these microspheres may be included in a produced product, like a
herbal gel, cream, powder or liquid. Material can continuously flow out of the spherical since the outside surface is frequently porous. In
recent years, oral use of the porous, polymeric microspheres known as microsponges has increased. This review offers innovative
methods for creating herbal microsponges and discusses their characterization, assessment, and use.

KEYWORDS: Microsponges; Herbal Microsponges; Controlled release, Topical drug delivery, Polymer based microspheres; Non-
allergic
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INTRODUCTION:

Because it confines the therapeutic effect to the affected area
and minimizes systemic side effects, topical drug distribution is
a great technique for treating skin issues!. Improvements in
efficacy and safety have been made in many drugs that could be
administered more successfully through skin contact. TDS,
however, is not an effective delivery method for substances
whose intended final destination is the epidermis. The stratum
corneum and deeper skin layers than the epidermis cannot be
reached with any reliable means for controlled and localized
medicine administration®. The outer skin layers are the target
area for conventional topical medication compositions. These
products typically start to release their active ingredients as
soon as they're administered, forming a coating of concentrated
active substance that is swiftly absorbed*. The use of
unattractive delivery methods, such as those that are oily,
sticky, or create discolorations, poses another potential
challenge for topical medication delivery because it may
impede patient compliance. Because the delivery system is
ineffective and causes irritation and allergic reactions in
significant users, for topical formulations to be medically
effective, active ingredient concentrations must be high®.
Topical formulations also have unpredictable evaporation rates
of the active chemicals, which cause them to release
disagreeable odors, & a high likelihood of drug-vehicle
incompatibility. A technique is necessary to maximize an active
agent's time on the skin's surface or inside the epidermis while
minimizing its transdermal penetration into the body®.

The issue of medicinal chemicals building up unnecessarily in
the skin's dermis and epidermis can be solved by using a
microsponge delivery method. Using microsponges can lessen
the irritability of an effective medicine without affecting its
efficacy. Various polymers, such as ethyl cellulose, Eudragit
RS 100, and others are used to create microsponge. Depending
on how smooth they are, microsponges can range in diameter
from 5 to 300 m. With a diameter of 25 um, there are
approximately 250000 pores’. Clinical trial failure is caused by
a number of factors, including poor ingredient solubility, poor
stability due to gastric and colonic acidity, poor metabolism
due to the influence of gut flora, poor absorption across the
intestinal wall, poor active efflux mechanism, and first-pass
metabolic effects® ®,

Utilizing medicinal plants, which are incredibly therapeutically
beneficial, is used to treat a number of illnesses. The secondary
metabolites of medicinal plants that cause physico-chemical
activity in humans include alkaloids, steroids, and tannins.

Additionally, the secondary metabolites perform a number of
different tasks, such as anti-inflammatory, anticonvulsant, anti-
ulcer, anti-psoriatic, anti-tumor, sedative, and anti-microbial.
The herbal extract can be used in the microsponge formulation
utilising a variety of techniques, taking into account the quasi-
emulsion solvent diffusion method. The best microsponges are

created by incorporating hydrogels of plant extracts, which is
how nearly all of them are made. These boost any
dermatological agent's efficiency and decrease any unfavorable
local effects. The microsponges allow the drug to remain in the
epidermis for an extended period of time. Microsponges can
provide controlled release of the medicine that is entrapped
while reducing the amount of API that is deposited in the
dermis and epidermis. Topical bases such as gel, ointment,
emulgel, etc. can be used to manufacture microsponges. The
environment may have an impact on the amount of medication
release from microsponges®.

The dermis and epidermis that make up human skin are
essentially sandwiched together. Microscopically,
bioengineering, and biophysical techniques have been used to
thoroughly characterize the stratum corneum, which is the top
layer of the epidermis. It is composed of keratinized dead
corneocytes that are embedded in a network of extracellular
multilamellar lipid bilayers. The barrier properties of SC are
caused by the presence of extracellular lipids and impaired SC
barrier function as a result of removal of the skin tape or lipid
extraction, according to visualization studies in this regard
because percutaneous penetration is primarily attributed to the
intracellular pathway 214,

Due to the structure and physiology of human skin,
microsponges offer increased dermatological agent efficacy and
lower local adverse effects. The most important aspect of
microsponges for topical application is their typical size (5-300
m) > 16 since they are unable to get through the stratum
corneum as a result. These carriers are therefore very helpful as
delivery systems for dermal applications since they allow the
medication to stay on the skin's surface or epidermis for a long
period of time. The active agent's transdermal penetration is
reduced at the same time. This characteristic is essential in the
context of topical medication delivery!®. Additionally, because
of their porous structure, microsponges enable the regulated
release of the medicine that is entrapped, resulting in the least
amount of the active ingredient being deposited in the dermis
and epidermis®®. Microsponges are less appropriate for topically
administered direct therapy due to their particle makeup,
though. For improved efficacy, they are added to topical bases
like gel, emulgel, ointment, or cream. According to literature
reports, loading microsponges intended for dermatological use
has most frequently used gel bases®® 20-24),

HISTORY OF MICROSPONGE

In 1987, Won invented the microsponge technology, and
Advanced Polymer Systems, Inc. (Redwood City, California,
US) received the initial patents. For both cosmetic and over-
the-counter (OTC) and prescription pharmaceutical products,
this company developed a wide variety of technique
improvements?.
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Characteristics of Microsponges (%629

Formulations for microsponges are stable from
pH1to 11.

Microsponge composition stability is unaffected
by temperatures up to 130°C.

Most vehicles and chemicals can be used with
microsponge Formulations.

Due to the typical hole size of 0.25 mm, which
bacteria cannot pass through so, microsponge
formulations are self-sterilizing.
Microsponge formulations offer a higher payload (between
50 and 60 percent), are still freely flowing and may be
cost-effective.

BENEFITS:

The following benefits of the Microsponge Drug Delivery
System may exist:

a. The shelf life and product stability can be increased
without the application of preservatives because a.
bacteria cannot enter the microsponge because they
are too large®.

b. Because microsponges are highly compartmentalized,
they have a large internal surface area and a high pay
loading capacity®".

¢. Ingredients can have their negative qualities, such as
oiliness and tackiness, as well as their unpleasant feel
and odour, significantly reduced, making them
appropriate for topical application to skin®2.

d. Liquids can be changed into freely flowing powder,
which has advantages for material handling®2.

e. Microsponges contribute to the formulation's increased
elegance®.

f. MDS increases the effectiveness of topically applied
medicines and allows for their prolonged release®.

g. Microsponges have a wide porous surface and are
made of interconnected voids within a non-collapsible
structure®,

h. Stable throughout a wide pH range of 1 to 11, and up
to 130 °C temperature,

Microsponges provide the following advantages over
traditional formulations:

Wounds, cuts, and bleeding on the epidermal layer of the skin
are frequently treated with traditional medicines including
lotions, gels, and ointments®. The skin's outermost layer
absorbs the majority of conventional formulations, which are
unable to reach the deeper layer. Contrarily, microsponge can
penetrate and absorb into the skin's dermis layer and only

needs a tiny amount of APl to have therapeutic benefits,
lowering the risk of adverse reactions.*°. (Fig)

Stratum Cormneun

Dryg

VAN

Conventional Cream

Figure-1: Difference between the conventional cream and microsponge gel

Benefits compared to
microencapsulation:

liposomes and

Compared to other technologies like microencapsulation and
liposomes, the Microsponges have advantages. Microcapsules
are unable to regulate the rate at which their contents are
released because the moment the capsule's wall breaks, its
contents begin to sporadically flow out. Liposomes have
disadvantages such as a tiny payload, challenging production,
intermittent chemical stability, and bacterial susceptibility. In
contrast to the technologies stated above, the microsponge
system can endure temperatures of up to 130°C, pH ranges of
1 to 11, is suitable for most vehicles and materials, has a
higher payload (50 to 60%), is free-flowing, and can be
economically viable®,.

Benefits over ointments:

Because of their ineffective penetration, ointments require a
high concentration of API for the optimum therapeutic results.
Due to the high conc., it often results in unpleasant side
effects, including allergic reactions and discomfort, and is
unsightly and sticky, which reduces patient compliance. They
also have a disagreeable smell and uncontrolled API
component evaporation. The drug delivery method for
microsponges is more permeable than that of ointments,
allowing for less transdermal penetration into the body and
longer drug retention inside the skin's top layer®.

Limitation:

The formulation techniques involving the use of organic
solvents as porogens could be hazardous to the environment
because of their high flammability. Sometimes, residues of
leftover monomers can absorb and pose a threat to human
health?.
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Features of the Material Entrapped in the Microsponge:

Most liquid or soluble components have the potential to
become caught in the particles. The following criteria must be
met by actives in order for them to be captured in
microsponges:

i. To prevent cosmetic issues, the active component must
exhibit restricted solubility with the carrier vehicle*..

ii. It should be either water insoluble or only very little
soluble®.

iii. The payload and polymer composition of microsponges
must be optimized for the appropriate release rate over
the allotted time.

iv. When in contact with the catalysts for polymerization
and the conditions for polymerization, it should be
stable®.

Process for Preparing Microsponges:

Depending on the physicochemical properties of the medication
to be loaded, drug loading in microsponges can be achieved in
one step or two phases as described in the liquid-liquid
suspension polymerization and quasi emulsion solvent
diffusion methods “449),

Drug Loading in Microsponge

One step Two Step
process Process
Liquid-liquid suspension ‘ Quasi SIS . had

polymerization ‘

Nitrogen Gas
Qutlet

Mechanical
Stirrer

Figure-2: Microsponge Preparation Processes
1. Liquid- Liquid Suspension Polymerization®$-59:

Porous microspheres are created in this liquid-liquid suspension
polymerization process utilizing this technique. They are
created by dissolving the monomers with the active ingredients
in a suitable monomer solvent solution first, and then
dispersing the resulting mixture in an aqueous phase including
additives (surfactants, suspending agents, etc.). The next step is
to start the polymerization by adding a catalyst, raising the
temperature, or using radiation.

The different steps involved in creating microsponges are
summed up as follows:

e Choosing a monomer or mixture of monomers.

e Chain monomer formation as polymerization starts.

e Ladders arise as a result of cross-linking between chain
monomers.

e Microsphere agglomeration results in the formation of
microsphere bunch. Spherical particles are produced by
folding the monomer ladder.

e  Bunches are bound together to form microsponges.

Nitrogen Gas
Inlet

Thermometer

Figure-3: Liquid-liquid suspension polymerization preparation utilizing a reaction vessel.

JETIR2308104 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | b50


http://www.jetir.org/

© 2023 JETIR August 2023, Volume 10, Issue 8

www.jetir.org (ISSN-2349-5162)

PVA + Water

Heating followed
by cooling

— -

- -4
External phase
l Stirrving

2 -
Continuous > ‘I‘
! stirrving :
P TR I, O —— —_—
-

Diffusionof organicsolventout

of the droplets

—

Drug + Polymer +Solvent
l Mixing

Internal Phase

Adding internal phase solution in to
external phase solution dropwise

—_— - I -
Drying -

‘-ﬁ.-: o

Micro sponges

Solidified microsponges

Figure-4: Quasi-emulsion solvent diffusion technique for making microsponges

2. Diffusive quasi-emulsion solvent:(52-%)

This approach uses a two-step process to create the
microsponges using a quasi-emulsion solvent diffusion
technique and varied polymer amounts. The inner phase was
made using an ethyl alcohol solution of Eudragit RS 100. The
medicine can then be dissolved in the solution by adding it and
ultrasonically stirring it at 35° C. A solution of Polyvinyl
alcohol in water (the outer phase) was then filled with the inner
phase. In order to separate the microsponges, the liquid is
filtered after stirring for 60 minutes. In order to calculate
production yield (PY), the microsponges are dried for 12 hours
at 40°C in an air-heated oven.

MECHANISM OF ACTION?®®:

o The vehicle is injected with the active ingredient that has
been entrapped.

o Due to the open structure of the particles and the fact that
the active is free to travel between the particles and the
vehicle when the vehicle reaches saturation.

o After the product is applied to the skin, the active will
seep into the skin and deplete the vehicles, which then
become unsaturated and disrupt the balance.

o It either absorbs or dries out the medium. The stratum was
then absorbed by the microsponge particles.

Drug release mechanism from Microsponges:

The following variables affect the microsponge's ability to
release its active components®’:

1. Pressure triggered systems:

Microsponges' active ingredients can be discharged onto the
skin by rubbing or applying pressure?,

2. Systems that are activated by temperature:

Some active compounds could be too viscous to spontaneously
flow from microsponges on the skin at ambient temperature®,
Therefore, changing the temperature may be used to control the
substance discharge from the microsponge. Only when heat
from the sun is present would a microsponge produce a
sunscreen, for example, because thick sunscreens exhibit a
superior release from microsponges when subjected to superior
temperatures®®,

3. pH — activated devices:

Create a pH-based active release by modifying the
microsponge's covering®’.

4. Solubility Activated system:

When there is water around, microsponges can emit substances
that dissolve in water, such as antiperspirants and antiseptics.
Active chemicals may release more quickly when an aqueous
media is present, such as perspiration®?.

MICROSPONGE
METHODOLOGY:

EVALUATION

e Analysis of particle size: Utilizing optical or electron
microscopes, the particle size distribution is investigated.
Other relevant methods, such as laser light diffractometry,
may also be used to measure the particle size of
Microsponges®.

e Morphology and surface topography: The surface
morphology of the microsponge and photon correlation
spectroscopy (PCs), scanning electron microscopy
(SEM), and transmission electron spectroscopy (TEM),
which are frequently employed in the microsponge coated
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with gold-palladium under an argon atmosphere at room
temperature, are some of the techniques used in the
morphological analysis of microsponges’ topography®.

e Loading efficiency: How well the microsponges are
loaded may be determined using the following equation:

Actual drug content in microsponges

Theoretical content x100

Loading efficiency (%) =

e Production Yield: The standard mass of the raw
materials and the typical mass of the manufactured
microsponges may both be used to calculate the output
yield of the microparticles.

Practical Mass of Microsponges

Production Yield = Theoretical yield (drug + polymer x100

e True density: The microsponge's actual density is
estimated using an ultra-pycnometer and helium gas by
averaging out several observations.

e Compatibility study: It is possible to evaluate the
compatibility of drugs and polymers using thin layer
chromatography (TLC) and Fourier transform infrared
spectroscopy (FT-IR) 4,

e Release evaluation: Diffusion can be used to track the
release of microsponges or as a secondary trigger together
with moisture, pH, temperature, and resistance. This
releasing technique is used to enhance the attractiveness
of manufactured goods®.

e Resiliency: The viscoelastic qualities of the
microsponges can be adjusted for creating softer bead lets
depending on the necessities of the final formulation. The
rate of release slows dramatically as linkage rises®®.

e Stability study: According to ICH guidelines, the gel
formulation's durability is evaluated. Various replicates
were kept in sterile, lacquered, collapsible aluminium
tubes at 75+#5% relative humidity and 40+2°C
temperature for 30, 60, and 90 days, the gel's in vitro
release profile, pH, and outer shell were all assessed®’.

e Examining the pore structure: The rate of medicine
release may vary depending on the microsponges' pore
size. Porosity characteristics for microsponges are also
examined, including apparent density, mass, total pore
surface area, intrusion-extrusion isotherms, pore size
distribution, and average pore diameters® 6°,

Therapeutic application of microsponges:

In the area of therapeutics, microsponges have many different
uses. It can be used in many different ways, such as topical
formulations, to treat various skin conditions and diseases. It
has most recently also been applied to bone tissue engineering.

Microsponges can be employed in cardiovascular engineering
because they are items that self-sterilize.

In comparison to microsponges, nanosponges,
nanoferrosponges, and porous microbeads are more advanced
microsponges used to administer hydrophilic and hydrophobic
medications topically and orally. These cutting-edge
microsponges are intended to improve drug administration and
lessen skin irritation. Nanoferrosponges, which are propelled by
an external magnetic trigger, offer improved medication
penetration and delivery to the targeted spot™.

e Diabetes wound healing with microsponges:
Nebivolol-containing microsponges were created and are
now being used to treat diabetic wound healing. In diabetic
wounds, the drug fundamentally works as a vasodilator and
recovers endothelial function. In particular, the medication
promotes a healing environment that is ideal for diabetic
wounds, facilitating wound closure™.

e Microsponges in a fungus infection: Utilization of
microsponges anti-fungal gel formulation has been
confirmed to extend medication release duration when
compared to plain gel loaded with the drug. A regulated
release of the medication for up to 12 hours was achieved
with the formulation of oxyconazole nitrate microsponges
used to treat fungal infections®4.

e Microsponges for arthritic pain: Diclofenac is
delivered topically in cases of arthritis by the use of a
microsponge. By overcoming gastrointestinal discomfort
and first pass metabolism, diclofenac-containing
microsponges can be used topically to increase patient
compliance. Using the quasi-emulsion diffusion of solvent
strategy, diclofenac diethylamine microsponges gel was
produced, and it exhibited prolonged and controlled release
for the medical management of arthritis’2.

e Skin protection with microsponges: The use of
sunscreen shields our skin from UV rays, preventing
sunburns and Several tumors, include malignant melanoma
and basal carcinoma. In order to provide higher UV
protection and SPF value, Oxybenzone microsponge
sunscreen was developed®.

e Microsponges for acne: Acne is a serious skin
condition that can irritate the skin. Miconazole nitrate is a
component of an anti-acne cream created by Rizkalla et al.
To achieve sustained release, they created microsponges
with Eudragit RS_100 and added it to the cream. Studies
revealed that traditional formulations were exhausted
within four hours and released 83.089% of the drug, but
microsponges provided sustained drug release (78.28%) up
to 8 hours’.
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e Microsponges in psoriasis: An inflammatory skin hydroquinone and 0.15% retinol. The medication released
condition is called psoriasis. Psoriasis is also treated with slowly with minimal skin irritation, and just one patient
microsponges. Clobetasol propionate was added to had an adverse response to the formulation™.
microsponges in a study to treat psoriasis. In contrast to the e Microsponges for colon cancer: A chemotherapeutic
normal form, which releases the medicine over a period of drug called 5-fluorouracil (5-FU) has been produced as a
2.5 hours, they saw the drug last up to 12 hours™. microsponges formulation for the treatment of colon

e Microsponges for skin infections: Microsponges were cancer. By boosting the relative accumulation in cancer
additionally developed as creams to treat a number of skin locations and lowering the toxicity, the formulation
disorders, such as eczema and atopic dermatit. A stable and increased the drug's activity. In contrast to the
non-irritating formulation was created by Amrutiya et al. microsponges, pure 5-FU released the drug for up to 5
by incorporating mupirocin into microsponges’. hours, according to the drug release research.

e Microsponges in  melanoma: Pro-inflammatory
hyperpigmentation (PIH) and melanoma were treated with

hydroguinone  microsponges  that  contained 4%
Table 1: Some marketed Acne Vulgaris Preparations™.

S. No. Marketed product Herbs used Brand

1. Clove and neem extract in the VVaadi Herbal |Tea tree oil, Clove oil, neem & orange extract Vaadi Herbals
Anti Acne Cream.

2. Tea Tree & Cinnamon Anti-Acne Oil Cinnamon, Oak, Tea tree oil, Lotus Herbals.
Control Face Wash by Lotus Herbals

3. Biotique Bio Myristica Sustainable Face White sandalwood oil, pipali root, multani mitti Biotique.
Pack Spot Corrector for Acne . powder, jaiphal powder, and turmeric root .

4. Anti-Acne Face Wash by WOW Skin Neem leaf extract with tea tree essential oil WOW SKIN
Science SCIENCE.

5. Neem Tulsi Face Wash by Patanjali . Aloe vera, neem, and tulsi . Patanjali

6. Anti-Acne and Anti-Pimple Herbal Gel from |Neem, Aloe-vera, papaya. Soundarya
Soundarya Herbs

7. Khadi Organique Neem & Basil Acne Neem extract, lavender extract , basil extract, Khadi Organique.
Pimple Cream calendula extract, tea tree oil, turmeric , cinnamon

bark extract,

8. Tea Tree Spot Gel Face Cream by Tree of Tea Mamaearth.
Mamaearth For Acne

9. Indus Valley Seaweed Tea tree Calming Rose oil, grapefruit seed extract, rose water, Indus
Acne Gel wheatgerm oil, aloe vera, almond oil, niroli oil, and |Cosmeceuticals

rose oil.
10. Himalaya Natural Acne Treatment Cream  |Silk cotton oil, lentil, shalmali, nirgundi, Aloe vera |Himalaya

An analysis of the literature on herbal Microsponges:

Here, we'll talk about some of the reviews of herbal Microsponges that are listed in Table 2 because, according to a
literature study, this area still needs to improve.

Table 2: Researches on herbal microsponges

S. No. Authors Study

1. Dutta et al., 2022”7 |Established a procedure for making microsponge gel, a polyherbal composition, and
created procedures for assessing its sun protection abilities.
2. Muruganantham, et |Generate, develop, and put into practice techniques for evaluating the qualities of

al, 202278 sunscreen and utilizing microsponge gel as a polyherbal preparation.
3. GavaliR S et al; Develope and evaluate a microsponge-based gel with ocimum sanctum added for its
20227° antifungal properties.
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4. Velmurugan et al; | Create "Herbal Microsponges” utilizing "Ethanolic” extract of "Enicostemma
20218 axillare" leaves in order to explore the drug release dependent on the kind and
concentration of "Polymers™ used in the formulation.

5. N. Kumar et al.; A citronella oil microsponge infused hydrogel (HG-COMS) was developed as part of

20218 the manufactured project to provide future direction for developing a postponed
release preparation.

6. Sayal er al., 202082 |Febricate the Havan ash-based gel formulation for the microsponges to be used in the
treatment of acne. As a result, a topical formulation using Havan Ash microsponges
will be created and assessed.

7. Bhatia and Saini, Increasing the rate at which curcumin escapes from microsponges created using a

20188% quasi-emulsion diffusion of solvent technique using poly vinyl alcohol and ethyl-
cellulose as carriers were the aim of the current work.

8. Biswas et al; 2018%* | Develop and evaluate a novel herbal remedy using Syzygium cumini seed extract in
polymeric microspheres.

9. Wadhwa G et al; In order to increase stability, have an antibacterial impact, and reduce cutaneous

201785 toxicity, babchi essential oil is being encapsulated in ethyl cellulose (EC)
microsponges in this study.

10 Mounika et al. "Herbal Microsponges" were created using "Methanolic" and "Petroleum ether"

2015°% extracts of leaves from "Ricinuscommunis" in order to investigate the drug release
according to the kind and quantity of "Polymers™ employed in the formulation.

11. |Sareen et al., 2014% | Develop and evaluate curcumin microsponges for colon-specific drug administration
to avoid the upper gastrointestinal tract (GIT) for a greater therapeutic impact.

12.  |Aryaand Pathak, [The experiment aims to evaluate the gastro-retentive capacity of microsponges

201488 through the creation of targeted buoyant curcumin microsponges for increased
specifically to site absorption for gastric cancer. A modified quasi-emulsion solvent
diffusion method and a 3 2 complete factorial design were used to manufacture
microsponges.

13.  |Chanchal et al., "Nutracosmetics" is a new category of health and beauty aids that combines the

2008%° benefits of natural compounds with the sophistication, skin-smoothing properties, and
delivery systems of cosmetics.

14.  |Eugine et al., 2008% | The current research sought to develop ethylcellulose microparticles containing BPO
that could be controlled in their release into the skin while also reducing some of the
unfavorable effects of commercial BPO, such as skin irritation and percutaneous
absorption.

FUTURE PROSPECTS:

Microsponges delivery system have a promising future in a variety
of pharmaceutical applications in the years to come due to their
distinctive qualities, such as improved product performance and
elegance, extended release, reduced irritability, and improved
chemical, physical, and thermal stability. Microsponge’s delivery
system was first created for the topical administration of
medications such as anti-inflammatory, anti-acne, anti-fungal, anti-
pruritics, anti-dandruff, and rubefacients. The primary challenge of
the microsponge delivery system in the future will be obtaining for
the enhanced core/shell delivery of the drug-loaded microsponges
for oral peptide administration by modifying ratio of polymers.
Today, it may also be employed for tissue engineering,
biopharmaceutical delivery, and controlled administration of oral
medications for colon-specific delivery. The biopharmaceutical
(peptides, proteins, and DNA-based therapies) class of new
medications is accelerating the development of drug delivery
technologies.

CONCLUSION:

Innovative development strategies and distinctive formulation
techniques complete the image. One example is the medication
delivery method called Microsponges, which shows great potential
in both the medical and cosmetics industries. This method is
appealing because it offers a variety of safe, secure, more stable,
and less detrimental effectful ways to release bioactive chemicals.
In terms of drug mutagenicity and irritancy, microsponges also
significantly outperform other formulations. As a result, they hold
great promise for the development of novel formulations for
topical sickness. Herbal Microsponges are more important than
synthetic ones because they don't have any negative side effects.
As a result, the herbal microsponge drug delivery system has a lot
of potential and is still a relatively new subject that needs to be
further researched.

JETIR2308104 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

| b54


http://www.jetir.org/

© 2023 JETIR August 2023, Volume 10, Issue 8

www .jetir.org (ISSN-2349-5162)

REFERENCES:

10.

11.

12.

13.

14.

15.

16.

17.

18.

Zaki Rizkalla CM, Latif Aziz R, Soliman II. In vitro and in vivo
evaluation of hydroxyzine hydrochloride microsponges for topical
delivery. AAPS PharmSciTech 2011;12:989-1001 doi: 10.1208/s12249-
011-9663-5

Kydonieus AF and Berner B. Transdermal Delivery of Drugs. CRC
Press, Boca Raton, 1987.

Chowdary KPR and Rao YS. Mucoadhesive Microspheres for
Controlled Drug Delivery. Biol. Pharm. Bull. 2004; 27(11):1717-1724.
doi: 10.1248/bpb.27.1717.

Nacht S, Katz M. The microsponge: a novel topical programmable
delivery system, in: D. W. Oshorne, A. H. Amman (Eds.), Topical Drug
Delivery Formulations, Marcel Dekker: New York, Basel 1990; 299-
/325.

Roy A. Microsponge as a novel drug carrier system: a review. World
Journal of Pharmaceutical Research, 2015; 4(12): 680- 701.
https://wjpr.s3.ap-south-
1.amazonaws.com/article_issue/1448877486.pdf

Hans et al, A Review on Microsponge Delivery System, Journal of Drug
Delivery &  Therapeutics.  2019;  9(3-5):1032-1040.  DOI
https://doi.org/10.22270/jddt.v9i3-5.2938

Dutta, D., Goyal, N., Sharma, D.K. Formulation, and development of
herbal microsponge sunscreen gel. Journal of Cosmetic Dermatology.
2021;21(4):1675-1687. doi: 10.1111/jocd.14274.

Teeranachaideekul V, Miller RH, Junyaprasert VB. Encapsulation of
ascorbyl palmitate in nanostructured lipid carriers (NLC) effects of
formulation parameters on physicochemical stability. Int J Pharm.
2007;340(1-2):198-206. doi:10.1016/j.ijpharm.2007.03.022  doi:
10.1016/j.ijpharm.2007.03.022.

Siddiqui 1A, Sanna V. Impact of nanotechnology on the delivery of
natural products for cancer prevention and therapy. Mol Nutr Food Res.
2016;60(6):1330-1341. doi:10.1002/mnfr.201600035

Arnab et al. Herbal microsponge incorporated sunscreen gel: A novel
strategy; Biomedicine: 2022; 42(5): 844-850. DOI:10.51248/.v42i5.2016
Euromoniter International. Market research on beauty and personal care,
2016.  Available from  http://www.euromonitor.com/beauty-and-
personal-care.

Sena M. Beauty industry analysis 2016-cost & trends, 2016. Available
from https://www.franchisehelp.com/ industry-reports/beauty-industry-
report/.

Jadoul A, Bouwstra J, Preat V. Effects of iontophoresis and
electroporation on the stratum corneum: review of the biophysical
studies. Adv Drug Deliv Rev 1999;35(1):89-105. || DOI:
10.1016/50169-409x(98)00065-9

Food and Drug Administration. Is It a Cosmetic, a Drug, or Both? (Or Is
It Soap?) 2016. Available from
http://www.fda.gov/Cosmetics/GuidanceRegulation/LawsRegulations/uc
m074201.htm#Intended_use.

Osmani RA, Aloorkar NH, Ingale DJ, Kulkarni PK, Hani U, Bhosale
RR, et al. Microsponges based novel drug delivery system for
augmented arthritis therapy. Saudi Pharm J 2015;23:562-72. DOI:
10.1016/}.jsps.2015.02.020

Osmani RA, Aloorkar NH, Thaware BU, Kulkarni PK, Moin A, Hani U,
et al. Microsponge based drug delivery system for augmented
gastroparesis therapy: formulation development and evaluation. Asian J
Pharm Sci 2015;10:442-51. DOI:10.1016/j.ajps.2015.06.003

Maiti S, Kaity S, Ray S, Sa B. Development and evaluation of xanthan
gum-facilitated ethyl cellulose microsponges for controlled percutaneous
delivery of diclofenac sodium. Acta Pharm 2011;61(3):257-70. doi:
10.2478/v10007-011-0022-6.

Li SS, Li GF, Liu L, Jiang X, Zhang B, Liu ZG, et al. Evaluation of
paeonol skin-target delivery from its microsponge formulation: in vitro
skin permeation and in vivo microdialysis. PLoS ONE
2013;8(11):e79881. DOI: 10.1371/journal.pone.0079881

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Jain V, Singh R. Design and characterization of colon-specific drug
delivery system containing paracetamol microsponges. Arch Pharm Res
2011;34:733-40. doi: 10.1007/s12272-011-0506-4.

Pawar AP, Gholap AP, Kuchekar AB, Bothiraja C, Mali AJ.
Formulation and evaluation of optimized oxybenzone microsponge gel
for topical delivery. J Drug Deliv 2015;2015:1-9.
https://doi.org/10.1155/2015/261068

Deshmukh K, Poddar SS. Tyrosinase inhibitor-loaded microsponge drug
delivery system: new approach for hyperpigmentation disorders. J
Microencapsul 2012;29(6):559-68. doi:
10.3109/02652048.2012.668955.

Shah CN, Shah DP. Design and optimization of fluconazole
microsponges containing ethyl cellulose for topical delivery system
using quality by design approach. Pharma Science Monitor 2014;5:95—
133.
http://www.pharmasm.com/pdf_files/20150105213903_10_chainesh.pdf
Bothiraja C, Gholap AD, Shaikh KS, Pawar AP. Investigation of ethyl
cellulose microsponge gel for topical delivery of eberconazole nitrate for
fungal therapy. Ther Deliv 2014;5(7):781-94. DOI: 10.4155/tde.14.43
Kumar PM, Ghosh A. Development and evaluation of silver sulfadiazine
loaded microsponge based gel for partial thickness (second degree) burn
wounds. Eur J Pharm Sci 2017;96:243-54.
DOI: 10.1016/j.ejps.2016.09.038

Saripilli Rajeshwari, Vanapalli Swapna Microsponges as a Neoteric
Cornucopia for Drug Delivery System, Int. J. Curr. Pharm. Research Vol
11, Issue 3, 4-12 DOI:https://doi.org/10.22159/ijcpr.2019v11i3.34099
Chadawar V, and J. Shaji, Microsponge delivery system. Curr Drug
Deliv, 2007 4(2); 9-123. doi: 10.2174/156720107780362320.

Aritomi H, Yamasaki Y, Yamada K, Honda H and Koshi M.
Development of sustained release formulation of chlorpheniramine
maleate using powder coated microsponges prepared by dry impact
blending method. Journal of Pharmaceutical Sciences and Technology
1996; 56(1): 49-56. doi: 10.4103/0110-5558.72416

Parthiban KG. Manivannan R. Krishnarajan D, Chandra S, Nidhin Raj.
Microsponge role in novel drug delivery system. International journal of
pharmaceutical research and development 2011; 3(4): 117-125.
https://www.jetir.org/papers/JETIR2305596.pdf

Panwar AS, Yadav CS, Yadav P, Darwhekar GN, Jain DK , Panwar MS
, Agarwal A. Microsponge a novel carrier for cosmetics. J Global
Pharma Technology 2011; 3(7): 15- 24. DOI:10.1234/JGPT.V3107.406
Patel SB, Patel HJ, Seth AK. Microsponge drug delivery system: an
overview. J Global Pharma Technol 2010;2(8):1-9.
https://www.researchgate.net/publication/287938322_Microsponge_dru
g_delivery _system_An_overview

Orlu M, Cevher E, Araman A. Design and evaluation of colon specific
drug delivery system containing flurbiprofen microsponges. Int J Pharm
2006;318(1):103-17. DOI: 10.1016/j.ijpharm.2006.03.025

Patravale VB, Mandawgade SD. Novel cosmetic delivery systems: an
application update. Int J Cosmet Sci 2008;30(1):19-33. doi:
10.1111/j.1468-2494.2008.00416.x.

Osmani RA, Aloorkar NH, Kulkarni AS, Harkare BR, Bhosale RR. A
new cornucopia in topical drug delivery: microsponge technology. Asian
J Pharm Sci Technol 2014;4:48-60.
https://www.researchgate.net/publication/261873915_A_new_cornucopi
a_in_topical_drug_delivery_Microsponge_technology

Chanchal D, Swarnlata S. Novel approaches in herbal cosmetics. J
Cosmet Dermatol 2008;7(2):89-95. DOI: 10.1111/j.1473-
2165.2008.00369.x

Chadawar V, Shaji J. Microsponge delivery system. Curr Drug Deliv
2007;4(2):123-9. DOI: 10.2174/156720107780362320

Embil K, Nacht S. The microsponge® delivery system (MDS): a topical
delivery system with reduced irritancy incorporating multiple triggering
mechanisms for the release of actives. J Microencapsul 1996;13(5):575—
88. doi: 10.3109/02652049609026042.

Moin, A., Deb, T.K., Osmani, R.A., Bhosale, R.R., Hani, U. Fabrication,
characterization, and evaluation of microsponge delivery system for
facilitated fungal therapy. Journal of Basic and Clinical Pharmacy.
2016;7(2):39. doi: 10.4103/0976-0105.177705.

JETIR2308104 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

| b55


http://www.jetir.org/
https://doi.org/10.1208%2Fs12249-011-9663-5
https://doi.org/10.1208%2Fs12249-011-9663-5
https://doi.org/10.22270/jddt.v9i3-s.2938
http://dx.doi.org/10.51248/.v42i5.2016
http://www.euromonitor.com/beauty-and-personal-care
http://www.euromonitor.com/beauty-and-personal-care
https://doi.org/10.1016/s0169-409x(98)00065-9
http://www.fda.gov/Cosmetics/GuidanceRegulation/LawsRegulations/ucm074201.htm#Intended_use
http://www.fda.gov/Cosmetics/GuidanceRegulation/LawsRegulations/ucm074201.htm#Intended_use
https://doi.org/10.1016/j.jsps.2015.02.020
http://dx.doi.org/10.1016/j.ajps.2015.06.003
https://doi.org/10.1371/journal.pone.0079881
https://doi.org/10.1155/2015/261068
https://doi.org/10.4155/tde.14.43
https://doi.org/10.1016/j.ejps.2016.09.038
https://doi.org/10.22159/ijcpr.2019v11i3.34099
https://doi.org/10.4103%2F0110-5558.72416
https://doi.org/10.1234/JGPT.V3I07.406
https://doi.org/10.1016/j.ijpharm.2006.03.025
https://doi.org/10.1111/j.1473-2165.2008.00369.x
https://doi.org/10.1111/j.1473-2165.2008.00369.x
https://doi.org/10.2174/156720107780362320

© 2023 JETIR August 2023, Volume 10, Issue 8

www .jetir.org (ISSN-2349-5162)

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54,

55.

Viral Shaha et al. Microsponge drug delivery system: A review. Int. J.
Res. Pharm. Sci. 2010; 1:212-18.

Thakur R, Kumar S, Gaba P. A review: novel method for microsponge
drug delivery system. Journal of Pharmacy and Biological Sciences.
2020;15(4):35-44  https://www.iosrjournals.org/iosr-jpbs/papers/\Vol15-
issue4/Series-2/F1504023544.pdf

Jadhav N, Patel V, Mungekar S, Bhamare G, Karpe M, Kadams V.
Microsponge Delivery System: An updated review, current status and
future prospects. J Sci Innov Res JSIR. 2013;2(26):1097-1110
http://www.jsirjournal.com/Vol21ssue6019.pdf

Shah VP, Determination of In-vitro Release from Hydrocortisone
Creams. International Journal of Pharmaceutics. 1989; 53:53-9. doi:
10.1023/a:1015826205930.

Ravi R, Senthilkumar KS, Parthiban S. Microsponges Drug Delivery
System: A Review. International Journal of Pharmacy Review &
Research. 2013; 3(1): 6-11.

Aritomi H, Yamasaki Y, Yamada K, Honda H, Koshi M. Development
of a sustained-release formulation of chlorpheniramine maleate using
powder-coated microsponges prepared by dry impact blending method.
J. Pharm. Sci.Technol. 1996; 56(1):49-56.
https://eurekamag.com/research/008/455/008455121.php

Mahajan AG, Jagtap LS and Chaudhary AL, Swami Sima P:
Formulation & evaluation of Microsponge drug delivery system using
Indomethacin. International Research Journal of Pharmacy (2011);
2(10): 64-69.
https://www.researchgate.net/publication/284292086_Formulation_and_
evaluation_of_microsponge_drug_delivery_system_using_indomethacin
Kaur R., Kaur S: Role of polymers in drug delivery. Journal of Drug
Delivery and Therapeutics, (2014); 4(3):32-36.
DOI https://doi.org/10.22270/jddt.v4i3.826

Joshi Garish, kaur Rajandeep and kaur Harpreet, International Research
Journal of Pharmaceutical and Biosciences (2016); 3(1):1- 11.
https://www.semanticscholar.org/paper/Microsponges-%3A-A-Novel-
Drug-Delivery-System-Joshi-
Kaur/a329ed2748e3c39930fda8a5ch85d72916f5dfbc

Saboji JK, Manoi FV, Gadad AP and Patel BD: Formulation &
evaluation of ketoconazole microsponge gel by Quasi emulsion solvent
diffusion. Journal of Cell & Tissue Research (2011); 11:2691-2696.
http://www.tcrjournals.com/uploads/JCTR/PDF%2011(1)%202011/34.
%20Saboj.pdf

Saripilli  Rajeswari,Vanapalli Swapna:Microsponges as a Neoteric
Cornucopia for Drug Delivery Systems.International Journal of Current
Pharmaceutical Research (2019); 11(3): 4-12. DOI:
https://doi.org/10.22159/ijcpr.2019v11i3.34099

Panwar AS, Yadav CS, Yadav P, Darwhekar GN, Jain DK, Panwar MS,
Agrawal A. Microsponge a novel carrier for cosmetics. JGPT, 3(7),
2011, 15-24. DOI:10.1234/JGPT.V3107.406

Vikrant K, Nikam, RT Dolas, Somwanshi SB, Gaware VM, Kotade KB,
Dhamak KB, Khadse AN and Kashid VA. Microparticles: a novel
approach to enhance the drug delivery - a review. IJPRD, 3(8), 2011,
170- 183.

Brunton LL, Lazo JS, Parker KL. Goodman and Gilmans
,»ThePharmacological Basis of Therapeutics™. 11th Edition. 2006, 1021.
John | D' Souza and Harinath N. Topical anti-inflammatory gels of
fluocinolone acetonide entrapped in eudragit based microsponge
delivery system. Research J Pharm and Tech, 1(4), 2008, 502.
https://rjptonline.org/AbstractView.aspx?P1D=2008-1-4-101

Comoglu T, Gonul N, Baykara T, Preparation and in vitro evaluation of
modified release ketoprofen microsponges, Il, Farmaco, 58, 2003, 101-
106. doi: 10.1016/s0014-827x(02)00007-1

Jain N, Sharma PK, Arunabha Banik, Recent advances on microsponge
delivery system, International Journal of Pharmaceutical Sciences
Review and Research, VVolume 8, Issue 2, May — June 2011.
https://www.globalresearchonline.net/journalcontents/volume8issue2/Ar
ticle-003.pdf

Mahant S, Kumar S, Nanda S, Rao R; Microsponges for dermatological
applications:  Perspectives and challenges, Asian Journal of

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Pharmaceutical Sciences 15 273-291
doi: 10.1016/j.ajps.2019.05.004

Indu Thakur* and Dr. Neelam Sharma, A Review on innovative and
novel strategyfloating microsponges, IAJPS 2021, 08 (05), 315-325
Prajakta K.Khule, Manoj M. Nitalikar , Vrunal V. More, Ritu M
Gilhotra; MICROSPONGE DRUG DELIVERY: A REVIEW; SGVU
Journal of Pharmaceutical Research & Education, 2019, 4(1), 359-365
https://www.gyanvihar.org/researchjournals/phar-
Journals/2.%20More%?20article.pdf

Jelvehgari M et al, The microsponge delivery system of benzoyl
peroxide: Preparation, characterization and release studies. Int J Pharma,
2006; 308: 124-32. doi: 10.1016/j.ijpharm.2005.11.001

N.H, Aloorkar et al, Microsponge As Innovative Drug Delivery System,
International Journal of Pharmaceutical Sciences and Nanotechnology,
April -June 2012; 5-1. DOI:10.37285/ijpsn.2012.5.1.2

Martin A. et al, Physical Pharmacy- Physical Chemical Principles in
Pharmaceutical Sciences. 3rd Ed, 1991; 527.

Emanuele AD et al, Preparation, Characterization and Drug Release
from Thermo responsive Microspheres Int J Pharma, 1995; 237-42.
https://doi.org/10.1016/0378-5173(94)00384-H

Kaity S et al, Microsponge: A novel strategy for drug delivery system, J
Adv Pharm Technol Res, 2010; 1(3): 283-90. doi: 10.4103/0110-
5558.72416

Shyam SM et al, Novel approach: microsponge drug delivery system, Int
J Pharma Sci Res, 2012, 3(4): 967-80.
DOI: http://dx.doi.org/10.13040/1JPSR.0975-8232.3(4).967-80
Srivastava R et al, Micosponges: a futuristic approach for oral drug
delivery, Expert Opin Drug Deliv, 2012; 9(7): 863-8. doi:
10.1517/17425247.2012.693072.

D’souza JI, Masvekar RR, Pattekari PP and Pudi SR: 1st Indo-Japanese
International Conference on advances in Pharmaceutical research &
Technology, Mumbai, India, 2005; 25-29.

Rajeshree M, Harsha P, Vishnu P. Microsponge for topical drug delivery
system. Int J Pharm Technol. 2014; 5(4):2839-2851.

Iwai S, Sawa Y et al, Novel tissue-engineered biodegradable material for
reconstruction of vascular wall. Ann. Thorac. Surg, 2005; 80(5): 1821-
27. DOI: 10.1016/j.athoracsur.2005.03.139

D'Emanuele A, Dinarvand R. Preparation, characterisation, and drug
release from thermoresponsive microspheres. International journal of
pharmaceutics. 1995 May 16;118(2):237-42.
https://doi.org/10.1016/0378-5173(94)00384-H

Viral S, Hitesh J, Jethva K, Pramit P. Micro sponge drug delivery. A
Review. Int. J. Res. Pharm. Sci. 2010;1(2):212-8.
https://ijrps.com/home/article/view/2895
Orthaber, K., Pristovnik, M., Skok, K., Peric, B., Maver, U. Skin cancer
and its treatment: novel treatment approaches with emphasis on
nanotechnology. Journal ~ of  Nanomaterials. 2017;  2:1-20.
https://doi.org/10.1155/2017/2606271

Pandit, A.P., Patel, S.A., Bhanushali, V.P., Kulkarni, V.S., Kakad, V.D.
Nebivolol-loaded microsponge gel for healing of diabetic wound. AAPS
Pharm Sci Tech. 2017;18(3):846- 854. DOI: 10.1208/512249-016-0574-
3

Kawashima, Y., Niwa, T., Handa, T., Takeuchi, H., lwamoto, T., Itoh,
K. Preparation of controlled-release microspheres of ibuprofen with
acrylic polymers by a novel quasi-emulsion solvent diffusion method.

2308104 _522683_47 _57Journal of Pharmaceutical Sciences.
1989;78(1):68-72. https://doi.org/10.1002/jps.2600780118

Rizkalla, C.M., Aziz, L. R., Soliman, II. In vitro and in vivo evaluation
of hydroxyzine hydrochloride microsponges for topical delivery. Aaps
Pharmscitech. 2011;12(3):989-1001. DOI: 10.1208/s12249-011-9663-5
Amrutiya, N., Bajaj, A., Madan, M. Development of microsponges for
topical delivery of mupirocin. AAPS PharmSciTech. 2009; 10(2):402-
409. DOI: 10.1208/s12249-009-9220-7

Nokhodchi, A., Jelvehgari, M., Siahi, M.R., Mozafari, M.R. Factors
affecting the morphology of benzoyl peroxide microsponges. Micron.
2007;38(8):834-840. DOI: 10.1016/j.micron.2007.06.012

(2020)

JETIR2308104 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

| b56


http://www.jetir.org/
https://doi.org/10.22270/jddt.v4i3.826
https://doi.org/10.22159/ijcpr.2019v11i3.34099
https://doi.org/10.1234/JGPT.V3I07.406
https://doi.org/10.1016%2Fj.ajps.2019.05.004
http://dx.doi.org/10.37285/ijpsn.2012.5.1.2
https://doi.org/10.1016/0378-5173(94)00384-H
https://doi.org/10.4103%2F0110-5558.72416
https://doi.org/10.4103%2F0110-5558.72416
https://doi.org/10.1016/j.athoracsur.2005.03.139
https://doi.org/10.1016/0378-5173(94)00384-H
https://doi.org/10.1155/2017/2606271
https://doi.org/10.1208/s12249-016-0574-3
https://doi.org/10.1208/s12249-016-0574-3
https://doi.org/10.1002/jps.2600780118
https://doi.org/10.1208/s12249-011-9663-5
https://doi.org/10.1208/s12249-009-9220-7
https://doi.org/10.1016/j.micron.2007.06.012

© 2023 JETIR August 2023, Volume 10, Issue 8

www .jetir.org (ISSN-2349-5162)

76.

T7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Deepika J, Sneha B, Priya S, Bhavana S, Nidhi S. Novel Approaches In
Herbal Medicament For Acne Vulgaris. JOJ Dermatol & Cosmet. 2022;
4(4): 555641. DOI: 10.19080/J0JDC.2022.04.555641

Dutta D, Goyal N, Kumar Sharma D. development of herbal
Formulation and microsponge sunscreen gel. Journal of Cosmetic
Dermatology. 2022 Apr;21(4):1675-87. DOI: 10.1111/jocd.14274
Muruganantham, et al.; Design and Evaluation of Isolated Herbal
Extracts of Aloin, Proanthocyanidin, Quercetin Loaded Microsponge as
Sunscreen Gel, Asian Journal of Biological and Life Sciences, Vol 11,

Issue 2, May-Aug,
2022.https://www.ajbls.com/sites/default/files/AsianJBiol LifeSci-11-2-
356.pdf

Gavali R S et al; Formulation And Evaluation Of Ocimum Sanctum
Loaded Microsponge Based Gel For Topical Delivery, JETIR July 2022,
Volume 9, Issue 7, €532-e541.
http://www.jetir.org/papers/JETIR2207467.pdf

Velmurugan et al.; Formulation and evaluation of herbal microsponge
by using enicostemma axillare leaf ethanolic extract, World J Pharm Sci
2021; 9(9): 192-202. DOI: https://doi.org/10.54037/WJPS.2021.9907

N. Kumar et al. Enhanced protective potential of novel citronella
essential oil microsponge hydrogel against Anopheles stephensi
mosquito, Journal of Asia-Pacific Entomology 24 (2021) 61-69.
DOI:10.1016/j.aspen.2020.11.005

Syal S, Pandit V, Ankalgi AD, Verma CP, Ashawat MS. Formulation
and Evaluation of Microsponges Gel of Havan Ash for the Treatment of
Acne. Journal of Drug Delivery and Therapeutics. 2020 Nov
15;10(6):74-85. DOI:10.22270/jddt.v10i6.4380

Bhatia M, Saini M. Formulation and evaluation of curcumin
microsponges for oral and topical drug delivery. Progress in
biomaterials. 2018 Sep;7(3):239-48. doi: 10.1007/s40204-018-0099-9
Biswas et al; development and characterization of novel herbal
formulation (polymeric microspheres) of syzygium cumini seed extract;
Int J App Pharm, Vol 10, Issue 5, 2018, 226-234.
DOI:10.22159/ijap.2018v10i5.28624

Wadhwa G et al; Encapsulation of babchi essential oil into
microsponges: Physicochemical properties, cytotoxic evaluation and
anti-microbial activity; journal of food and drug analysis 27 (2019) 60-
70. doi.org/10.1016/j.jfda.2018.07.006

Mounika et al.; design, formulation in-vitro evaluation of herbal
microsponge by using “ricinus communis” leaf extract; World Journal of
Pharmaceutical Research; Vol 4, Issue 05, 2015, 1923-1940.wjpr.s3.ap-
south-1.amazonaws.com/article_issue/1430455848.pdf

Sareen R, Nath K, Jain N, Dhar KL. Curcumin loaded microsponges for
colon targeting in inflammatory bowel disease: fabrication, optimization,
and in vitro and pharmacodynamic evaluation. BioMed research
international. 2014 Jul 1;2014. doi: 10.1155/2014/340701

Arya P, Pathak K. Assessing the viability of microsponges as gastro
retentive drug delivery system of curcumin: optimization and
pharmacokinetics. International journal of pharmaceutics. 2014 Jan
2;460(1-2):1-2. doi: 10.1016/j.ijpharm.2013.10.045

Chanchal D, Swarnlata S. Novel approaches in herbal cosmetics. Journal
of cosmetic dermatology. 2008 Jun;7(2):89- 95. doi.org/10.1111/j.1473-
2165.2008.00369.x

Eugine Leo Prakash S. Designa and Evaluation of Microsponge Drug
Delivery of Psoralen-Isolated from Psoralea Corylifolia (Doctoral
dissertation, Periyar College of Pharmaceutical Sciences for Girls,
Trichy) http://repository-tnmgrmu.ac.in/3296/

JETIR2308104 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ b57


http://www.jetir.org/
https://doi.org/10.1111/jocd.14274
https://www.jetir.org/papers/JETIR2207467.pdf
http://dx.doi.org/10.1016/j.aspen.2020.11.005
http://dx.doi.org/10.22270/jddt.v10i6.4380
https://doi.org/10.1007%2Fs40204-018-0099-9
http://dx.doi.org/10.22159/ijap.2018v10i5.28624
https://doi.org/10.1016/j.jfda.2018.07.006

