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Abstract

Background: A microsponge delivery system (MDS) is an innovative and unique way of delivering drugs in a struc-
tured manner. Using microsponge drug delivery, requlated drug delivery may now be achieved quickly and easily.

Main body: MDS comprises porous microspheres ranging in size from 5 to 300 microns, with a large porous struc-
ture and a very tiny spherical shape. MDS is normally used to deliver drugs via topical channels, but they have recently
shown the potential approach to drug delivery via oral, ophthalmic and parenteral routes. MDS can easily modify the
pharmaceutical release contour and improve formulation stability while minimising the negative impact of the drug.
The fundamental purpose of microsponge drug administration is to reach the highest possible peak plasma concen-
tration in the blood. The capacity of MDS to self-sterilise is their most prominent attribute.

Conclusions: MDS is used as anti-allergic, anti-mutagenic and non-irritant in innumerable investigations. This review
includes formulation, criteria for drugs to be incorporated in MDS, formulation methods, assessment parameters, and
role of MDS in the management of various disorders. This review will be quite useful in the future in exploring the
MDS in different disorders.
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Background

Drug release techniques are designed particularly for
the purpose of delivering drugs to specific places inside
the body. This increases the efficiency of drug treatment,
and patient compliance has a substantial influence on
the health care system [1]. The pharmaceutical indus-
try has learned that delivering APIs to controlled target
locations within the body has proven to be a significant
issue [2]. Recently, much attention has been dedicated
to the creation of novel drug delivery systems based on
microsponges, as well as the modification and regulation
of drug release performance. By combining a drug with a
carrier system, it may be feasible to vary the duration and
therapeutic index of the drug [3]. The most consistent and
predictable route for active substances to enter the body’s
local and systemic systems is through the skin, as shown
in Fig. 1. The major drawback of the transdermal admin-
istration route is that a common route of pharmaceuticals
is poorly soluble in water, causing various obstacles dur-
ing the creation of conventional dosage forms. Another
important difficulty with topical pharmaceutical admin-
istration is evaporation of the drug, unpleasant fragrance,
and visually unattractive carriers, which can result in
greasiness and stickiness and may lead to impaired
patient compliance [3]. Due to their ineffectiveness,

traditional methods demand a larger amount of drug be
incorporated for beneficial therapy. MDS based on pol-
ymeric microspheres may be able to achieve this objec-
tive [4]. Won created the MDS drug delivery method
in 1987; his patents were assigned to Advance Polymer
Systems, Inc. Following that, Cardinal Health, Inc. was
awarded a licence to use this innovative technology in
topical treatments. This corporation launched a huge
number of improvements in approach and applied them
to over-the-counter items, cosmetics, and pharmaceuti-
cally prescribed products [4]. Traditional topical medi-
cines are meant to have an influence on the outer layer
of the skin. Following the application of such mixtures,
their active moieties are released. They provide a film of
concentrated active moiety, which is readily absorbed.
This leads to an increased accumulation of medicines in
the dermis. MDS can assist to avoid this. Perhaps, the
microsponge drug delivery technology can considerably
limit drug unwanted effects like itching while yet deliver-
ing the medicine efficiently to the skin [5]. Due to their
visually unpleasant appearance, as well as their stickiness
and greasiness, patients’ adherence to ointments is low.
On the other hand, the MDS prolongs the time, which
drug spends on the surface of the skin. Microsponge
delivery technology outperforms other strategies such
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Fig. 1 Penetration of microsponge of loaded material (active) through skin

as microencapsulation and liposomes in terms of quality.
Liposomes have a limited carrying capacity, are difficult
to make, and are chemically and microbially fragile. The
rate of release of the pharmaceutical active moiety is rou-
tinely regulated in microencapsulation. When the micro-
capsule wall is ruptured, the pharmaceutically active
moiety is released [5]. MDS porous polymeric micro-
spheres are used to extend the life of topical drugs. It is
claimed that they release the drug at the smallest practi-
cal dose in the most effective manner possible, resulting
in greater stability and the capacity to reduce undesirable
effects and change the drug release profile. MDS is capa-
ble of absorbing secretions, which results in less greasy
skin. These are microscopic, inert, and unbreakable
spheres that cannot penetrate the skin. They collect to a
certain extent in the skin’s minute crevices and nooks and
release the drug contained within the MDS when the skin
needs it. MDS’ microspheres size (diameter of 5-300 um)
may vary according to the smoothness of the skin [6, 7].
MDS can assist in avoiding an excessive build-up of com-
ponents in the skin [7]. Numerous perfumes, essential
oils, sunscreens, antifungal, emollient, and anti-infective
agents, as well as pharmaceuticals, become trapped in
MDS. MDS is stable at pH values ranging from 1 to 11
and temperatures up to 130 °C. The vast majority of vehi-
cles and substances are compatible with the components
of MDS. Bacteria cannot penetrate a 0.25-um-diameter
MDS pore, which makes MDS compositions self-sterilis-
ing [4, 8].

The drug must be totally mixable in the monomer or
can be made mixable by adding a small quantity of non-
polar solvent. It must be insoluble in water and inert to

monomers. Otherwise, the MDS will deteriorate prior to
application, and the vehicle must be stable in proximity
to and under specified circumstances of the polymeriza-
tion catalyst [4, 9]. As shown in Fig. 2, MDS technology
possesses various advantages over other drug delivery
systems [4, 10, 11].

Main text

A number of polymers were utilised to form the MDS
‘cage! Eudragit RS-100, polylactide-co-glycolic acid,
Eudragit RS PO, polydivinylbenzene, Eudragit S-10,
polylactic acid, and polyhydroxybutyrate are among the
polymers explored for the creation of MDS for utilisation
topically or orally. The polymer Eudragit RS-100 was the
most commonly examined polymer due to its versatil-
ity in allowing the investigator to apply it in a number of
ways. By improving the solubility, the polymer Eudragit
RS PO also controls drug release. Polymers such as pol-
ylactic acid and polylactide-co-glycolic acid were also
studied for peptide and protein delivery. MDS generated
with these polymers also exhibits the ability to float due
to the hydrophobicity of the polymer, by preventing the
particles from becoming wet in aquatic circumstances,
allowing them to be utilised to make floating MDS. The
usage of polymers in the fabrication of MDS reveals that
production techniques may be modified to satisfy unique
demands. A few MDS formulations further incorporated
a plasticizer, such as triethyl citrate, for the active moiety
and polymers, which assists in microsponge structural
stability [3, 12].
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Fig. 3 Drug release mechanism through microsponge

The drug release profile of MDS
These are designed in a way to drug release within the
definite period as a result of external stimulus [11, 13].
Figure 3 shows various triggered-based mechanisms
employed for drug release in MSD.

pH-stimulated system
By altering the coating on the MDS, pH-dependent drug
release is enabled.

Change of temperature
At room temperature, the entrapped drug may be too
viscous to move rapidly from the microsponge to the

dermis. However, when the temperature of the skin
increases, the rate of active flow increases, and hence the
rate of release increases as well.

Pressure

Applying pressure while rubbing can result in the release
of drugs encapsulated in MDS onto the skin. The amount
of gas released is governed by the sponge’s quality.
Microsponge formulations can be improved by altering
the material used and a number of other variables.

Solubility

Water-miscible chemicals (antiperspirants and antisep-
tics) will release additives in the presence of water. Addi-
tionally, the diffusion mechanism may initiate the drug’s
release [14].

Engineering of MDS

Apart from the microsponge composition, the deliv-
ery system’s performance is influenced by the
preparation processes used. However, due to their com-
plexity and expense, microsponge preparation meth-
ods are restricted. Drug release can be performed in
two ways: one-step process and two-step process (liq-
uid-liquid polymerization) and quasi-emulsion dif-
fusion method. Both methods are dependent on the
physicochemical properties of the active drug that must
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be entrapped; for example, if the drug is a non-polar and
inert material, it will produce a structure that is poros-
ity, as shown in Fig. 4. Porogen drugs that do not inhibit
polymerization and do not trigger it, as well as being sta-
ble towards free radicals, may be entrapped using a one-

step procedure [3, 13].

Liquid-liquid suspension polymerization

Typically, a solution containing monomers and active

additives that are water-immiscible is created first. Fig-

ure 5 summarises the number of stages involved in liq-
uid-liquid suspension polymerization processes [15].
This water-soluble phase is suspended in water with

Thermometer

Nitrogen Gas Outlet

]

@ Nitrogen Gas Inlet

Fo
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Fig.5 Preparation of liquid-liquid suspension polymerization using reaction vessel
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agitation and often comprises chemicals such as emul-
sifiers and dispersants. Polymerization is achieved by
activating monomers with the assistance of catalysis,
temperature elevation, or irradiation after the solution
has been formed with separate droplets of the desired
size. The polymerization technique results in the for-
mation of 1000 cages of MDS with spherical structures
that are linked and resemble a bunch of grapes. After the
polymerization is finished, the solid particles will be col-
lected from the resulting suspension. After that, the par-
ticles were rinsed and dried before being used again [3,
16].

Quasi-emulsion solvent diffusion

The procedure described here is commonly used to make
topical and oral microsponges. The procedure involves
the production of two phases, one of which is the inner
organic phase, which contains the drug, and the other is
the outer aqueous phase, which is then agitated and fil-
tered before being used. The inner phase is then blended
drop by drop in the outer phase with the assistance of a
mechanical stirrer for 60 min. The quasi-emulsion drop-
lets were formed as a result of continual stirring, and
the solid cages of microsponge were formed as a result
of further organic solvent evaporation. After that, the
microsponges were filtered and dried in the oven for
12 h. Figure 6 summarises the steps required in micro-
sponge production utilising the approach quasi-emulsion
solvent diffusion [17-19].
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Multiple-emulsion solvent diffusion method

The approach was developed to create porous and biode-
gradable microspheres. An aqueous inner phase was used
with the addition of stearyl amine, and the span was dis-
tributed in solution. This w/o emulsion is then dispersed
again in an aqueous phase with polyvinyl alcohol to gen-
erate (w/o/w) double emulsion. This method reveals the
advantage of capturing both soluble and insoluble actives.
This method may also be used to entrap thermolabile com-
pounds like proteins [3].

Addition of porogen

Porogens such as sodium bicarbonate or hydrogen per-
oxide were utilised to replace the numerous emulsions in
this approach. To do this, the porogen was dissolved in a
polymeric solution to create a single-phase system, which
was then disseminated in a water phase containing poly-
vinyl alcohol. After that, an initiator was added to create
numerous emulsions, and the organic solvent was evapo-
rated, leaving the particles behind to build MDS [3].

Lyophilisation

The produced microspheres from the gelation proce-
dure were converted into porous microspheres using
this approach. After that, the microspheres were incu-
bated in chitosan hydrochloride solution and stored for
lyophilisation. This approach produces microsphere
holes as a result of the quick solvent removal. Because
of the quick elimination of solvent, the lyophilisation
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Fig. 6 Quasi-emulsion solvent diffusion
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process of producing MDS has the disadvantage of creat-
ing shrunken or otherwise fragmented microparticles [3].

Ultrasound-assisted production

This approach was created by modifying the liquid-liq-
uid suspension polymerization process for MDS genera-
tion. This approach uses beta-cyclodextrin monomer and
diphenyl carbonate as a cross-linking agent to create MDS.
To regulate the size of the microparticles, the reaction mix-
ture is heated and sonicated. The mixture was cooled and
powdered, which was then washed with distilled water
before being washed with ethanol as illustrated in Fig. 7.
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Larger particles with a diameter of 30 pm cause grittiness;
hence, tiny particles with a diameter of 10-25 um are
preferred for use in topical formulations [6, 8].

Surface morphology and topography

It can be used as a validation parameter to determine
this since the produced MDS is coated with Au-Pd in an
argon environment [8].

MDS loading efficiency
Equation 1 shows the loading efficiency of MDS [15]:

MDS drug content in actual

This technique of production is also insufficient in terms of Loading efficiency = : 100
entrapping harmful cross-linking agent residue [3]. Table 1 Theoretical drug content 1
compares the various strategies utilised in the production of (1)
MDS formulations. Equation 1 shows the production yield of MDS:
Practical f MDS
Production yield = - ractica’ mass o x 100 (2)
Theoretical mass of MDS (Polymer + Drug)

Evaluation of MDS

Particle size determination

MDS should not have particles larger than 30 um, with
a typical particle size range of 10-25 pum. Laser light
diffractometry or any equivalent technology is used to
determine the particle size of loaded or unloaded MDS.

Determination of true density
The real density of MDS can be determined using an
ultra-pycnometer under helium atmosphere [20].

Characterisation
The transport of drugs into the vehicle from MDS is
also influenced by the pore diameter. The diameter (D)
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Fig. 7 Ultrasound-assisted microsponge method
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of the pore has an impact on the rate of drug release [5,
20]. Equation 3 shows the Washburn equation used to
compute the pore diameter of MDS, where D is the pore
diameter (um); y is the surface tension of mercury (485
dyn/cm); 8 is the contact angle (130°); and P is the pres-
sure (psia):

—4y cos 6

D=—7— (3)

Porosity studies

To examine the size of nanocavities generated in MDS, a
porosity analysis can be done. Pore structure, diameter,
and volume can be calculated as per Eq. 4. Porosity can
be determined as

. Bulk volume — True volume
Porosity (%) = True volume x 100
ue volu
(4)

Compatibility studies
TLC and FTIR both can be used to explore drug compat-
ibility with reaction mixtures [8].

Resiliency

Resiliency of MDS also represents the viscoelastic nature
and may be changed to make beadlets that are softer, as
required [15].

In vitro dissolution studies

In vitro dissolution can be carried out with USP XXIII
in dissolution assembly containing a 900 ml solution of
saline phosphate buffer with a particular pH, heated to
375 °C, and spun at a set rotation rate per minute [21].

Stability studies

The investigations of stability are carried out in accord-
ance with the International Council of Harmonization
(ICH) criteria [21].

Polymer/monomer composition
The entrapped drug partition coefficient between the
microsponge and the vehicle should be determined [6].

Studies on drug release and drug deposition

Typically, a Franz static diffusion cell is used to release
the medicine from semi-solid dosage forms. In this pro-
cedure, the epidermal side of the skin is exposed to ade-
quate temperature, while the dermal side, or skin inner
side, is exposed to the receptor solution. The receptor
compartment contains 20 mL of buffer media, which
should be agitated at 600 rounds per minute and kept
at 32£0.5 °C. The skin was soaked with the diffusion
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medium for 1 h before the test sample was applied. A
particular amount of the sample is put in the donor com-
partment. Diffusion cells are used to assess the amount
of drug that is deposited on the skin, and they are sub-
sequently deconstructed at specified time intervals. The
skin is then gently removed, and the drug-affected area of
the skin is cleansed with distilled water [5].

Formulation considerations

1. MDS drug distribution system actions may then be
used in a variety of goods such as lotions, creams,
soaps, and powders. Certain thoughts are considered
while developing the vehicle in order to attain the
desired product features. The active substances’ sol-
ubility in the vehicle should be kept to a minimum.
If this is not the case, the vehicle will minimise the
MDS activity [22].

2. In order to minimise cosmetic issues, no more than
10-12% w/w MDS should be used in the car. Polymer
designs and payloads for active MDS should be tuned
for the needed release rate for the specified period.
Some considerations should be made while devel-
oping vehicles for a specific application in order to
attain the required product attributes.

3. To avoid cosmetic issues, the powder load in the car
should be sufficient (not more than 10-12%) [23].
The active agent’s solubility in the vehicle should be
limited; otherwise, the skin will degrade the poly-
mer before it is delivered to it. For the release of the
active agent throughout the specified duration, poly-
mer design, as well as loading levels, must be suitably
determined.

Safety considerations

Microsponge systems are built up of commonly used
polymers with extremely low levels of remarkable mono-
mers; also, cross-linking physiologically disables them,
since the body is unable to biodegrade them and replicate
them in other substances [24].

These microspheres are incredibly huge and pass
through the stratum corneum due to their size. They
linger under the skin’s surface, gradually releasing their
substance over time. This release pattern reduces the
excessive build-up of active substances in the epidermis,
perhaps improving topical drug safety [25].

Applications of MDS

Microsponge technology in cosmetics
Microsponge technology has an intriguing use in oral
cosmetics, such as sustaining the release of volatile
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chemicals, therefore enhancing the duration of the ‘fresh
feel’ Such volatile substances can be easily integrated into
dental pastes or mouthwashes as MDS. MDS can be used
in a range of coloured cosmetic items, such as rouge or
lipsticks, to extend the life of the product by trapping the
colour in the microsponge. MDS aids in the disintegra-
tion of uniformity and boosts the covering power. Hence,
the colourful cosmetics made with MDS will be incred-
ibly exquisite as a result [26].

MDS-based delivery systems for drug triggering

Because of the increased effectiveness of drugs when
formulated as microsponge, improved safety, and better
visual look of formulations used for topical treatments,
over-the-counter drugs, and personal care items, micro-
sponge delivery systems are being considered. This deliv-
ery method is designed to allow the active moiety to be
released at a slower pace over time, perhaps reducing
adverse effects while maintaining therapeutic efficacy.
They can be used for a variety of purposes. It is mostly
utilised for topical preparations, but it has also been
employed recently for drug delivery via the oral route.
It gives a formulator a variety of possibilities for making
medicine or cosmetic product. They are made in such a
way that they distribute active moiety efficiently with the
least amount of dosage, as well as improve product sta-
bility, reduce adverse effects, and change drug release.
Treatments including different moisturisers, sunscreens,
and specific rejuvenate items are included in the micro-
sponge delivery system that combines over-the-counter
products [15, 27]. The microsponge system is used for
topical administration in three ways in products that are
in development or on the market:

1) The active moieties are released for a prolonged
period of time by the MDS reservoir.

2) As a container for undesired things, such as excess
skin oils, to be absorbed.

3) MDS are closed containers that keep the components
away from the skin while they work on the surface
[15].

MDS are porous sponges that are used for topical
treatment and, more recently, oral delivery of active
ingredients. MDS is designed to administer a medicine
efficiently with the smallest amount possible, as well as
to increase product stability, reduce adverse effects, and
change the release of a drug [28]. Table 2 summarises the
available marketable items.

MDS for topical delivery
The action of traditional topical drug formulations is
thought to be limited to the outermost layers of the skin.
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When these traditional items are put to the skin, they
release their pharmaceutically active medicine, resulting
in an extraordinarily concentrated film of pharmaceuti-
cally active drug that is rapidly absorbed. This excessive
build-up of active components in the epidermis and der-
mis layers of the skin can be avoided by packaging the
medicine in a microsponge drug delivery system (Fig. 8
and Table 3). This microsponge technology can signifi-
cantly reduce drug irritation while maintaining its effec-
tiveness. Furthermore, these drug-containing porous
microspheres can be incorporated into dosage forms
such as creams, gels, powders, and lotions [30, 31]

MDS for oral drug delivery

The oral administration of drug using MDS is appropri-
ate because this technology has the ability to increase
the release rate of drugs that are poorly soluble in water
by entrapping these compounds in the pore system of
the microsponge. The pH of the microsponge oral drug
administration is regulated by it. Figure 9 shows that
when the microsponge is removed from the mouth; the
medicine is not delivered to the mouth and is protected
by gastric juice (pH 1-3) owing to enteric coating. The
coating dissolves in the gut owing to the action of colonic
enzymes (glycosidases), and the medicine begins to dis-
tribute after 6 h. When MDS move through the descend-
ing colon of the big intestine, they transport the most
drugs.

The microsponge delivery technology also has the
potential to embrace drugs in a restricted environment
and to transfer active ingredients to the lower region of
the GIT in a regulated way. The fundamental reason for
using the microsponge system as a carrier for colonic
administration is that actives with a size of less than
200 pm can be easily taken up by macrophages in the
colonic tissues, resulting in effective localised drug action
at the targeted spot [19, 32]. Table 4 shows a list of drug
candidates investigated using microsponge delivery for
oral drug administration.

Ocular delivery

Water-soluble drugs can be applied topically as an oint-
ment or an aqueous suspension, whereas water-insoluble
pharmaceuticals can be applied topically as an ointment
or an aqueous suspension. The pharmacokinetics of drug
in the eye is a complicated process (Fig. 10). Following
that, the drug is carried into the anterior chamber across
the blood—aqueous barrier. The drug is transported from
the anterior chamber to the Schlemm’s canal and tra-
becular meshwork, where it is removed through aqueous
humour turnover. Through the blood—aqueous barrier,
the medicine is also removed from the aqueous humour
and into the systemic circulation. Finally, a drug molecule



Page 11 of 25

(2022) 8:31

Tiwari et al. Future Journal of Pharmaceutical Sciences

uIys payoeid
pue ‘Axel} ‘AIp 01 UOIIBSLINISIOW Jao 0} pue

191JOS UPYS 91 93w 03 9AI9s uoneredaid
331 Ul paiesodiodul auladA|b pue Jsrem ay |

“uones|NIsIow upys bunse|-buoj sisAlep pue 12820 SUlIadA|6 pue
[67'8'5] Ajdde 01 Asea s} uoneledaid sbuodsoiw siy | VSN ‘N 49A0pUY DUl s|ednnadewleyd 4ds 191eM '91€108| WNIUOWWE ‘PIDB D1DBT 97| UIedsd BUISLNISIOW 967 |, XD11087] Il
SSOUYIO0UIS UPYS Pasealdul pue
‘Bujabe Ag pasned uoj1eINO|odSIP UPS Ul JudW
-anoldwi Jusiedde ‘uononpal saul| suy pue
SIPJULIM Ul SJUSUISA0IAWI 3|GISIA Ul SHNS3J
6z '8's] weasd 1ybIu-G | [oullay Jo asn snonuiuod sAy10s ' UILWBYIA PUB |OUla) 9Ingd wieald 1yblu-G | |ounsy 0l
2Insodxa
PaNUIUOD YIM UIYS 9U3 01 dUDIPaU 3y3 91N
[6'8'S] -qusip Ajpusb SQIA ‘UOIRILLI UIYS SSILUIUIUL O “DU| BIIPSNUS |oual pue suOUINbOIPAH QIDIN uINDId] 6
upys ay3 auodIyIBWIP
JO UO[1BINO|OSIP paie[al-abe pue ‘sapulm pue JawA|od-55010 31e|AIDeLIaWIP [02A|D
6785 'saul| auy jo soueieadde ayi sadNpay UOAY  /31ejAIDRYIaW [AYISW 94G€°0 ‘|IDRIN0CION|H %50 wieald deied) 3
pioe D1|AJ1jes pue 1oeIxd
2084INS synpoid 3}1BQ BYIURIO|YD BIIURUS ‘U0l ‘93euodn|b
l6z'8's) SUP{S 9Y1 UO Uaays Asealb ayy aonpal o 24D Ups ed16ojPWIRP JSBUID pue uyor JUIZ 'DUIayed 10RIIX3 158K ‘DpIUIBUIDEIN uoN0J [043U02 |10 BJIHOjPWIRQJ /
SOPULM BUY Ul UOLDONPaI € SE |[9M INIWLVIHL VIOV
[62'8'q] se ‘Dude pue uopeluawbid ur JuswarcIdu| eidoydolg \ UIWBYIA TONILIY T¥NQd Joreurui|s aur] 9
paonpai ale uoieluswbid pue sude
[6'8'S]  ‘Saulauy ay3 Ul pa10U 3q Aew JuswaAoidw| ejoydolg 9%0¢ p1oe d1jAd1|es 02 [99d 211A1jes S
panosdwi q
UBD SSUYIO0WS UPYS PUR ‘P3SeaIdap o7 Ued |96 snosnbe
Bulsabe 01 anNp UOIILINOJOISIP UIYS ‘PISILIIUIL JO s aseq ‘a1ejA1deylawip |024|6/31e1K108
6z '8's] 90 UBD UP{S 9yl UO SI|YULIM puUe Saul| Sulq sAy10s dipawolg -U19W |AYIaW ‘UIounai] %700 PUB %10 0IDIW-y-ullay 1
1uabe d13kj01
[6C'8'G]  -BJ43Y B OS|E S| pUE S1D3)3 [PLI91DRGIIUE SBY 1 VSN 296Z0MN UMOISLIO DU| sipuaiu|  |02A|6/21eA10ey1aw |Ayiaul/apixolad |Aozusg ODINZUDGOIN €
upis Ayieay o1 Ainful
(68l Buisnes Inoyum s|93 upys pesp buirowsy Jlpswiolg pioe o1jAd11es 9%0¢ 0¢€ [98d 2114d1jeS 14
S1Ue1D3104d UPS SUIRIUOD pue djuab
-19||rOdAY OS|e SI 11 ‘asn Jadelp AQ pasned upys
l6z'8's) 9Y1 UO Sayses JuaAa1d ued uonie|nuwiIoy sy Auedwo) Jaded 11025 auodiylawig pienb enn L
EERITEYETEN suonedijddy Jaandejnuey sjualpalbuy sweu 1pnpoud paiaylely ‘ON°'S

$1oNpoid paladiew Wa3sAs A1aAllop brnup paseq-abuodsoidiu 9yl Jo s g djgeL



Tiwari et al. Future Journal of Pharmaceutical Sciences (2022) 8:31 Page 12 of 25
Drug released
Drug entrapped [ ]
Pores
Py ° [
) 0®®
* ¢4
Accumulation of [ T]
@ @ microsponge over skin () o o
» -
Penetration of drug
into skin Drug absorbed
into the skin
Microsponge
Skin Surface
Fig. 8 Mechanisms of drug release from topical microsponges
Table 3 Some examples of MDS currently marketed as cosmetic products
S.No. Name of the product Active moiety Indications Manufactures References
1 Retin-A-micro Tretinoin Acne vulgaris Ortho-McNeil Pharmaceutical,  [30, 31]
Inc. USA
2 Carac cream Fluorouracil Actinic keratoses Dermik Laboratories, Inc. USA [30,31]
3 Line eliminator dual retinol facial Retinol Anti-wrinkle Avon Products, Inc. UK [30,31]
treatment
4 Retinol night cream Retinol Anti-wrinkle Biomedical IMPORIUM, South [30, 31]
Africa
5 Lactrex™ 12% moisturising Lactic acid Moisturiser SDR Pharmaceuticals Pvt. Ltd,  [30,31]
cream India
6 EpiQuin micro Hydroquinone and retinol  Hyperpigmentation SkinMedica, Inc. USA [30,31]
7 Oil-free matte block SPF20 Zinc gluconate Sunscreen Dermalogica, LLC, USA [30,31]
8 Ultra guard Dimethicone Protective for babies Scott Paper Company, USA [30,31]
9 Micro-peel plus/acne peel Salicylic acid Acne vulgaris Biomedical IMPORIUM, South [30,31]
Africa
10 Retinol cream Retinol Skin supplement Biomedical IMPORIUM, South [30,31]
Africa
1 Glycolic acid moisturiser w/ Glycolic acid Anti-wrinkle and soothing AMCOL Health and Beauty Solu- 30, 31]
SPF 15 agent tions, Inc. USA

in the blood crosses the blood—retina barrier and reaches
the eye’s posterior chamber [6].

MDS in cosmetics and dermatology

Won’s initial patents for microsponge technology
were issued to Advanced Polymer Systems, Inc. in
1987. Microsponge technology was used in cosmetics,

over-the-counter (OTC), and prescription medicinal
goods by this firm. MDS ensures drug localisation on the
skin’s surface and inside the epidermis, bridging the gap
between systemic and local cutaneous side effects. Only
the technological aspects of MDS for dermatological
and cosmetic products differ. Cosmetic items have a lot
shorter manufacture, marketing, and introduction period
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Fig. 9 Drug release mechanisms from microsponges for an oral drug delivery system

Table 4 Drug candidates explored using microsponge delivery systems for dermatological and cosmetic applications

S. No. Drug candidates Formulation type Cosmetic and dermatological applications References
1 Fluocinolone acetonide Gel Skin inflammation [31,32]

2 Mupirocin Emulgel In both primary and secondary skin infections [31,32]

3 Fluconazole Gel Antifungal [31]

4 Silver sulfadiazine Gel Burn wounds with a partial thickness [31,32]

5 Oxybenzone Gel Sunscreen [31, 33]

6 Terbinafine Gel Fungicidal (hair and skin infection) [31-33]

7 Paeonol Cream Anti-inflammatory and anti-melanin activity [31]

than dermatological products due to minimal regulatory
restrictions. Table 5 and Fig. 11 list some examples of
microsponge-based cosmetic products now available on
the market [31].

Furthermore, skin targeting with microsponge drug
delivery devices is possible, preventing excessive drug
absorption into the percutaneous blood circulation.
Table 6 and Fig. 12 show microsponge-based formula-
tions for dermatological applications that have been pro-
duced using a variety of medicines [51].

MDS used for bone and tissue engineering
When polymethyl methacrylate powder was mixed with
liquid methyl methacrylate monomer and tricalcium

phosphate grains and calcium-deficient hydroxyapatite
powders in water, the mixture formed bone-like com-
pounds that looked like real bone. The final composites
looked like they had holes in them and were like micro-
sponges. The basic fibroblast growth factor (bFGF),
which was incorporated into a collagen sponge sheet,
was released into the mouse sub-cutis as the sponge
matrix degraded. The bFGF had local angiogenic activity
in a dose-dependent way. Microsponges of collagen with
bFGF were injected into the hind limb of a mouse that had
been deprived of blood. This caused a significant increase
in blood flow, which could not have been achieved by
giving the bFGF bolus. These findings show how impor-
tant and useful type I collagen is as a source of bFGF [63,
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64]. A biodegradable graft material with the collagen
microsponge was made for cardiovascular tissue graft-
ing because it would allow the tissue to grow back from
scratch [65]. Using biodegradable polymer and collagen
microsponge, an engineered patch is made that could be
used to help repair the cardiovascular system. This patch
could also be used as a new surgical material [65].

MDS in arthritis

The use of a microsponge to dispense diclofenac has been
studied in the treatment of arthritis (Fig. 13). Diclofenac
is the most often prescribed nonsteroidal anti-inflamma-
tory drug (NSAID) for the alleviation of pain and swell-
ing associated with arthritis and other musculoskeletal
disorders; however, it has been related to gastrointestinal
irritation and first-pass metabolism. A topical treatment
containing diclofenac MDS can be used to alleviate these
concerns. Osmani et al. used a quasi-emulsion solvent
diffusion technique to manufacture MDS gels containing
diclofenac diethylamine to achieve a prolonged release
for arthritis therapy. They compared their findings to the
commercial Voltaren Emulgel 1.16 per cent w/w. The gel
only released 81.11 per cent of the medicine in 4 h, but
the microsponge-based gel released the drug over 8 h
[62]. Hadi et al. produced MDS containing lornoxicam as
the active component for treating arthritis and integrated

them into tablet form, finding that the drug was released
for a long duration, ranging from 86% to 96 per cent to
12 h [66].

Skin protection using MDS

UV radiation may cause sunburns and malignancies like
basal carcinoma and malignant melanoma; hence, sun-
screens are used to protect against it. To improve the
impact, MDS can be employed. MDS was developed
by Pawar et al. to deliver oxybenzone, a broad-spec-
trum sunscreen chemical, to the skin. To make it, they
employed a quasi-emulsion solvent diffusion method.
When applied as a lotion or cream, oxybenzone pro-
duces skin irritation, dermatitis, and systemic absorp-
tion. They employed 32 factorial designs to maximise
the influence of ethyl cellulose and dichloromethane and
then dispersed it in hydrogel for future research. The
entrapment efficiency of the revised formulation was
determined to be 96.9% 0.52 per cent. The gel released
in a controlled manner and did not irritate the rats’ skin.
The highest recovery was seen during the creep recov-
ery test, suggesting significant elasticity. In comparison
with the one on the market, the formulation had a better
sun protection factor, as well as less irritation and toxic-
ity. The microsponge gel had an SPF of 25, but the mar-
keted lotion had an SPF of 20, which might be due to the
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S.No. Drug

Method of preparation

Observation

References

1

Terbinafine hydrochloride (1) Quasi-emulsion solvent diffusion

Lornoxicam (2)

Diclofenac sodium (3)

Oxiconazole nitrate (4)

Nystatin (5)

Voriconazole (6)

|traconazole (7)

Nitrendipine (8)

Indomethacin (9)

Naringenin (10)

Mupirocin (11)

Oxybenzone (12)

Nebivolol (13)

Erythromycin (14)

Quasi-emulsion solvent diffusion

Double emulsification technique

Quasi-emulsion solvent diffusion

Quasi-emulsion solvent diffusion

Quasi-emulsion solvent diffusion

Quasi-emulsion solvent diffusion

Quasi-emulsion solvent diffusion

Quasi-emulsion solvent diffusion

Quasi-emulsion solvent diffusion

Emulsion solvent diffusion

Quasi-emulsion solvent diffusion

Qil-in-oil emulsion solvent diffusion

Quasi-emulsion solvent diffusion

Controlled drug release is noticed with less adverse effects,
and the requirement for fungal treatment gel administration
is also minimised

The anti-inflammatory impact of drug-loaded gel MDS was
compared to oral conventional formulations using an in vivo
approach, and it was discovered that the microsponge-
loaded drug was more effective as an anti-inflammatory
medicine. Rheumatoid arthritis, osteoarthritis, and active
lumbar sciatica therapy all benefit from this treatment

The improved MDS gel was comparable to commercially
available gel and did not cause significant skin responses.
The improved formulation is more beneficial for regulated
release of diclofenac sodium into the skin

The oxiconazole nitrate MDS gel that was prepared demon-
strated potential controlled drug release and is more helpful
than traditional formulation treatment

In this study, the formulations of traditional Nystatin gel and
nystatin-loaded microsponge gel were compared, and it was
discovered that the microsponge gel demonstrated much
more drug release than the traditional nystatin gel

The drug release from a voriconazole-loaded microsponge
gel was prolonged, indicating that it might be a potential
alternative to conventional therapy in the treatment of
fungal infections

When itraconazole was designed as a microsponge drug
delivery system, it was shown to release in a controlled
manner

A drug that is poorly water soluble was given a sustained
release profile

Indomethacin-loaded MDS outperformed traditional
indomethacin formulations as an analgesic and anti-inflam-
matory drug

When compared to a simple naringenin gel, a naringenin-
loaded microsponge gel demonstrated threefold better
drug deposition into the skin. Itis a drug that is used to treat
atopic dermatitis

The Draize patch test revealed that the optimised micro-
sponge formulation of mupirocin was stable and non-irritat-
ing to the skin. In a rat surgical wound model infected with S.
aureus, a microsponge-based emulgel exhibited long-term
effectiveness

The oxybenzone-loaded microsponge demonstrated consid-
erable and enhanced oxybenzone topically retention over a
prolonged period of time. When compared to the marketed
formulation, this MDS preparation also boosts the factor for
UV protection, according to this study. It also reduces the
drug’s toxicity and irritating impact

Because the combination of nebivolol microsponge and gel
resulted in rapid wound healing, it is also seen as a signifi-
cant step forward in the treatment of diabetic wounds

Erythromycin is quickly inactivated in the gastrointestinal
environment, causing gastric disturbances such as diarrhoea,
nausea, vomiting, and abdominal discomfort. This can be
avoided by encapsulating the drug in a microsponge and
administering it via a topical route, which provided an 8-h
prolonged release

(33]

[34,35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

(45]

(46]

(47
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Table 5 (continued)
S.No. Drug Method of preparation Observation References
15 Eberconazole nitrate (15) Quasi-emulsion solvent diffusion The drug-loaded microsponge gel released the drug in a (48]
regulated manner, with no discomfort to the rat skin. When
compared to the marketed cream of eberconazole nitrate,
an in vitro skin deposition investigation revealed a fourfold
increase in drug retention in the stratum corneum layer of
skin
16 5-Fluorouracil (16) Quasi-emulsion solvent diffusion The in vivo local bioavailability investigation revealed that [49]
the formulation optimised as a microsponge gel of 5-fluo-
rouracil increased drug deposition by 5.5 times. When com-
pared to a commercially available 5-fluorouracil formulation,
there was a considerable reduction in skin irritation
17 Nimesulide (17) Quasi-emulsion solvent diffusion When compared to the conventional preparation of nime- [50]

sulide gel, prepared microsponge formulations of nimesulide
demonstrated more controlled release of pharmacological
activity. The outcomes of the therapy of paw oedema inflam-
mation in rats using MDS gel loaded with nimesulide were
also significantly improved

N
Hae™ cH, (14)

Fig. 11 Drugs that have been loaded in microsponge form for delivery

N
gj (15) (16) “7)

microsponge gel’s slower drug release, which resulted in
prolonged oxybenzone retention [45].

MDS in acne
Acne is a common skin problem that is frequently
accompanied by skin inflammation. Benzoyl peroxide is

the most common drug used to treat it. Jelvehgari and his
colleagues used ethyl cellulose MDS on the skin to inhibit
the release of benzoyl peroxide. Drug release was greater
for the first hour and then stayed consistent for the next
7 hours, according to research. This might be owing to
the existence of a nonencapsulated drug, which once
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S.No. Drug Method of preparation

Observation

Reference

1 Curcumin (18) Quasi-emulsion solvent diffusion

2 Paracetamol (19)  Quasi-emulsion solvent diffusion

3 Piroxicam (20) Quasi-emulsion solvent diffusion

4 Flurbiprofen (21)  Quasi-emulsion solvent diffusion

5 Etodolac (22) Quasi-emulsion solvent diffusion

6 Ketoprofen (23) Quasi-emulsion solvent diffusion

7 Dicyclomine (24)  Quasi-emulsion solvent diffusion

8 Prednisolone (25)  Quasi-emulsion solvent diffusion

9 Allopurinol (26) Quasi-emulsion solvent diffusion

Quasi-emulsion solvent diffusion

Domperidone (27)

1 Famotidine (28) Quasi-emulsion solvent diffusion

It was observed that the prepared MDS loaded in gelatine capsule shell
released 93.2% curcumin, but the capsule packed with pure curcumin
released just 11.7% throughout the course of an 8-h period. As a result, the
manufactured curcumin microsponge was shown to be a more competent
drug delivery system capable of giving an extended-release rate of drug

in oral treatment, and therefore it was discovered to have greater promise
than the traditional curcumin formulation

This study demonstrated the potential of MDS to load pharmaceuticals
that are required to be used in high quantities, indicating that drugs
loaded with MDS had a higher loading efficiency than drugs loaded with
alternative microparticle delivery methods

It was discovered that MDS with a porous structure and a spherical form
could be made. Physical parameters of the prepared tablets were found
to be acceptable. When compared to piroxicam pure table, there was a
significant improvement in dissolving rate

This research discovered that when MDS are compressed, they generate a
mechanically robust core tablet with a long-term drug release profile. They
also created a colon-specific tablet utilising the pore-plugged approach,
and the tablets created using this technology had zero-order release kinet-
ics

Etodolac microsponge was created, and the entrapment altered the drug’s
release rate, resulting in a reduction in the severity of adverse effects

When compared to commercially available ketoprofen tablets, the
ketoprofen-loaded MDS exhibited improved bioavailability; nonethe-
less, these microsponge tablets demonstrated delayed drug release and
absorption. As a result, the microsponge tablet improves the lag time for
drug emergence in plasma and also maintains drug concentration for a
longer period of time

This study found that as the amount of emulsifying agent is raised, the size
of microsponge particles increases as well. In addition, when raising the
drug/polymer ratio, a decrease in manufacturing yield and smaller particle
size is seen, while drug content is enhanced. It has also been discovered
that increasing the polymer content leads to better drug release control

Prednisolone-loaded MDS outperformed traditional dosage forms in terms
of targeting the medicine to the colon. This stops the medicine from being
released in the upper region of the GIT and only delivers it to the colon and
the area around it

With the requisite per cent entrapment efficiency and per cent buoy-
ancy, the produced microsponge formulation of allopurinol displayed a
sustained drug release profile for up to 12 h. A one-month stability study
was conducted under accelerated conditions, and no significant changes
in formulation were observed

In comparison with the usual marketed formulation Domstal® MDS put
in capsules exhibited prolonged drug release of 76.38 per cent at the end
of 8 h. As a result, it was determined that the newly created domperidone
microsponge formulation would be a potential alternative to traditional
gastroparesis and emesis therapy

Famotidine-loaded MDS demonstrated a drug release profile that was
consistent across time

(52]

(53]

(54]

(55]

(58]

released became constant, suggesting that the entrapped
drug had been freed [67]. Osmani et al. produced a cream
using miconazole nitrate MDS, an anti-acne agent, to
achieve prolonged release. The Eudragit RS-100 MDS
were created using a quasi-emulsion solvent diffusion

method. MDS was made and incorporated into a cream.
Drug-loaded MDS released 78.28% of the drug for up to
8 h, whereas traditional creams were exhausted after 4 h,
releasing only 83.09 per cent of the drug [62].



Tiwari et al. Future Journal of Pharmaceutical Sciences (2022) 8:31

Page 18 of 25

e en
N
H

Fig. 12 Structure of drug loading through microsponges

BN .
HN™ ~O OH HN™ ~N7 O
: S o
,/\\’N‘CH3 ©
OH @) OH
(19) (20) (21)
N
H o
o T
H OH o
N
S © (2
HO™ Yo 24)
(22) (23) Q
Q o.__O Ns
N NH ~ HN —_N
o //ﬁ N o\[/ N
o & o O
S Q 5:
H N
(26) AN

( N
\ J
Fig. 13 Microsponges in arthritis

MDS in psoriasis

Psoriasis is a chronic inflammatory disorder that affects
the skin. It has a negative impact on the quality of life of
sick person. MDS has also been studied as a treatment for
psoriasis. To make MDS for the drug mometasone furo-
ate, an emulsion solvent diffusion method is employed
(Fig. 14). Mometasone furoate is used to treat inflamma-
tory and pruritic diseases like psoriasis. MDS was created

using the emulsion solvent diffusion process. The release
profiles demonstrated a biphasic release with an initial
burst effect. 29-36% of the medicine was released in the
first hour, and 78-95% of the drug was released after 8 h
[44]. Due to the continuous release of drug, a micro-
sponge gel containing clobetasol propionate was used for
psoriasis therapy to reduce the number of applications
necessary. They discovered that drug release might last
up to 12 h, versus 2.5 h in the usual form [44]. Dithranol
microsponge gel is encapsulated in a dendrimer for effi-
cient topical therapy and useful in psoriasis (Fig. 15) [68].

MDS in skin infections

MDS is also used to treat eczema and atopic dermatitis in
the form of gels or lotions. Mupirocin is a topical antibi-
otic that is used to treat both primary and secondary skin
infections. Mupirocin MDS was developed by Amrutiya
et al. for long-term usage against skin infections. They
used an emulsion solvent diffusion approach to gener-
ate mupirocin MDS, which they then put into an emulgel
foundation. Researchers were able to demonstrate con-
trolled drug release using a cellulose dialysis membrane.
Figure 16 shows that a considerable proportion of the
medicine persisted in the skin for up to 24 h after release
and drug deposition investigations on the rat belly skin.
The increased formulations were shown to be stable and
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non-irritating in a Draize patch test. The drug release
from the ointment lasted up to 4 h, whereas the release
from the microsponge gel lasted up to 10 h [44].

Diabetic wound healing using MDS
Pandit et al. made nebivolol-loaded MDS and encapsu-
lated them in gel to keep the wound moist during the

last stages of healing. Taking nebivolol, which is an anti-
hypertensive drug, dilates the blood vessels. In diabetic
wounds, the nitric oxide route reduces diabetic neuropa-
thy and improves the function of the endothelial cells in
the wound. It was confirmed from in vitro test that after
8 hours, about 80% of the drug was released. Due to the
microsponge gel, the release of the drug has been slowed
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down. Because of the porous nature of the formulation,
diabetic rats show quick wound healing (Fig. 17) [46].

MDS as antifungal

To make MDS of terbinafine hydrochloride, an antifun-
gal drug, Thavva et al. employed a quasi-emulsion solvent
diffusion technique. In vitro, the drug-loaded micro-
sponge-based gel was compared to a drug-loaded plain

gel. The drug-loaded plain gel released 96.65 per cent of
the drug for up to 6 h, but the microsponge-loaded gel
released the drug optimally for up to 10 h. Terbinafine
hydrochloride-loaded microsponge gels had a longer
drug release than conventional gels [33]. Dombe et al.
created oxiconazole nitrate MDS using a quasi-emul-
sion solvent diffusion method, which they then incor-
porated into the gel. The antifungal oxiconazole nitrate
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has limited aqueous solubility, as well as side effects and
unpleasant responses. The MDS produced were distinct
and spherical in shape, with a high production yield of
61.44—80.45%, showing that this method of preparation
was a good strategy for microsponge manufacturing. The
highest drug release was found to be 87.77 per cent dur-
ing an 8-h period. On a microsponge gel, the drug was
released in a regulated manner for 12 h [37, 51].

MDS in melanoma

Grimes PE created hydroquinone MDS with 4 per cent
hydroquinone and 0.15 per cent retinol for the treatment
of melanoma and post-inflammatory hyperpigmenta-
tion (PIH). MDS that releases hydroquinone was created
to give long-term drug delivery with little skin irritation.
It was decided to conduct an open-label experiment.
Improvements in sickness symptoms and pigmenta-
tion intensity were statistically significant as compared
to baseline at weeks 4, 8, and 12 (p<0.001). The lesion
area and colorimetry measurements both improved sig-
nificantly with each visit (p <0.001). The formulation was
well tolerated, with only one patient dropping out owing
to a non-life-threatening allergic reaction [69].

MDS in colon cancer

MDS can be used to decrease the toxicity and long-term
release of oral drugs. Gupta and his team came up with
Eudragit RS100-based 5-Fluorouracil MDS to treat colon
cancer. There are a lot of different types of solid tumours
that 5-FU can be used to treat. 5-FU can be more effective
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if it has a higher relative concentration in tumours. As a
result, the toxicity level goes down. Oil-in-oil emulsion
solvent diffusion was used to make MDS. Pure 5-FU was
found to be released in about 20 min, but the MDS makes
the release time last for about 5 h. It has been found that
when it comes to the viability of cells, MDS-loaded 5-FU
is better than 5-FU on its own. In the study, it was found
that 5-FU MDS can be used instead of oral 5-FU to treat
cancer (Fig. 18) [70].

Other applications

MDS has emerged as a novel drug delivery technol-
ogy that may be utilised to deliver siRNA and fibroblast
growth factor in addition to topical and oral adminis-
tration. Because a single RNAi microsponge may trans-
fer more than half a million copies of siRNA to a cell,
this method of siRNA administration can be used and
extended in the field of modern therapeutics and phar-
macological research. Researchers employed a new
approach that combines femtosecond X-ray single-shot
diffraction with an X-ray free-electron laser and coherent
diffraction imaging with synchrotron X-rays to explore
the nanostructure formation involved in RNA interfer-
ence microsponge. Figure 19 depicts the mechanistic
transfer of siRNA from a microsponge [6, 71].

Recent advances in the MDS

Advanced formulations are being developed by several
researchers and pharmaceutical businesses. They are as
follows, with a higher level of stability than MDS.
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1) Nanosponges These have been shown to be excel-
lent carriers for gas transport. When cytotoxic is
combined with nanosponges as carrier systems, the
efficacy of the drug is increased, by allowing it to be
utilised to target cancer cells. Cross-linking the /-
CD molecule with biphenyl carbonate produces j-
CD nanosponges. They can be utilised to make both
hydrophilic and hydrophobic medicines. Flurbipro-
fen, dexamethasone, itraconazole, and other drugs
were examined using this sophisticated approach
[72].

2) Nanoferrosponges Nanoferrosponges are self-prom-
ising carriers with increased penetration towards
a particular location due to an external magnetic
reaction that allows carriers to penetrate deeper tis-
sue before magnetic material is excluded, leaving a
porous system behind.

3) Porous microbeads Porous microbeads were created
as a result of better microsphere properties. Polym-
erization and cross-linking processes are utilised to
create solid porous microbeads. The monomer used
in the high internal phase emulsion approach has an
exterior oil phase, an internal aqueous phase, and a

cross-linker. Topical, oral, and buccal drug delivery
systems all use microbeads. Due to increased RNA
stability and effective siRNA encapsulation, this
technique provides a novel therapeutic pathway for
siRNA administration [73].

Future perspectives of microsponge drug delivery

Because of its diverse uses in pharmaceuticals and its
peculiar porosity system properties, the microsponge
drug delivery system will have a very bright future in the
next years. One of the primary problems for this drug
delivery system in the future will be the oral delivery of
peptides, which can be accomplished by using core deliv-
ery of drug-loaded MDS and varying and applying the
number of polymer ratios. As a result, the microsponge
drug delivery system is a very promising subject in the
future that should be investigated for its potential ben-
efits [17].

In the near future, MDS devices might be investigated
for tissue engineering. Tissue engineering has a lot of
promise for improving patients’ quality of life. A good
example is vascular tissue engineering. The traditional
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strategy is to employ an extended type of polytetrafluoro-
ethylene, which is used therapeutically to recreate bigger
diameter arteries; however, this method is not suitable
for tiny arteries since they are seen as foreign material
by the body, causing thrombosis. As a result, a bypass
mechanism is necessary. A unique intended vascular
graft with tiny calibre made of polyglycolic acid and poly-
lactic acid was constructed utilising a scaffold design pro-
cess and provided with microsponge to shape a vascular
patch, which was subsequently tested on dogs. And the
results revealed that the dogs healed completely without
any complications and that there was no need to employ
an anti-thrombotic drug with the graft because it is com-
prised of the biodegradable polymer [5, 6]. The true diffi-
culty of drug delivery via microsponge system in the near
future is achieving core/shell delivery of active loaded
MDS for oral administration of peptides by changing the
polymer ratio [73].

MDS is a novel drug delivery system with unique
properties such as enhanced product performance and
elegancy, extended release, and improved drug release
profile, reduced irritation, improved physical, chemical,
and thermal stability, which makes it flexible to develop
novel product forms. Biodegradable polymers can also
be employed for tissue engineering and regulated oral
drug administration. It offers a wide range of benefits
when it comes to formulation. Alternative drug delivery
methods, such as parenteral and pulmonary, must also be
developed for MDS. These carrier systems were used in
cosmetics because of their elegance. These advancements
allowed researchers to use them in a variety of ways.
These formulation innovations also open up new avenues
for drug delivery. As a result, microsponge-based drug
delivery technology is expected to become a viable drug
delivery matrix material in the future for a variety of
therapeutic applications [74, 75].

Conclusions

Microsponge technology and the adaptability it pro-
vides have a lot of promise in the market because of the
desire for novel and highly efficient pharmaceutical and
cosmetic goods. MDS is a promising technology for the
highly regulated release of an active chemical loaded in
MDS, which also leads to a decrease in pharmacological
side effects while maintaining therapeutic efficacy. It also
exhibited considerable improvements in formulation sta-
bility, as well as increased formulation elegance and flexi-
bility. Based on a number of studies, they are also thought
to be non-toxic, non-allergic, and non-mutagenic in
nature. This drug delivery mechanism is now employed
mostly in over-the-counter (OTC) skincare products,
prescription medicines, cosmetics, and sunscreens. As a
result of its diverse possibilities in drug administration, it
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is a very promising technology that is likely to be thor-
oughly examined in the next years through a variety of
research projects.
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