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Abstract

Gastroretentive floating microballoons have emerged as a promising oral drug delivery system for improving the
therapeutic performance of drugs with a narrow absorption window, poor aqueous solubility, short biological half-
life, or local action in the stomach. These hollow, low-density multiparticulate systems remain buoyant in gastric
fluid for prolonged periods, thereby extending gastric residence time, enhancing drug dissolution, and providing
sustained and site-specific drug release. Compared with conventional dosage forms, floating microballoons
minimize fluctuations in plasma drug concentration, improve bioavailability, reduce dosing frequency, and
enhance patient compliance. Recent advances in formulation science have focused on the incorporation of natural
biodegradable polymers, mucoadhesive materials, pH-responsive polymers, and multifunctional polymeric blends
to improve gastric retention and achieve controlled drug release. In addition, the application of Quality by Design
(QbD) principles and Design of Experiments (DoE) has enabled systematic optimization of formulation variables,
resulting in robust, reproducible, and scalable microballoon formulations with predefined quality attributes. This
review provides a concise overview of the fundamental principles, formulation strategies, preparation techniques,
characterization methods, and therapeutic applications of gastroretentive floating microballoons. Furthermore,
recent developments in natural polymer-based systems, mucoadhesive floating microballoons, and QbD-driven
formulation approaches are critically discussed, along with a chronological summary of significant research
contributions in the field. Current challenges, research gaps, and future perspectives, including multifunctional
gastroretentive systems, personalized drug delivery, and integration of advanced formulation technologies, are
also highlighted. Overall, gastroretentive floating microballoons represent a versatile and effective platform for
enhancing oral drug delivery and continue to offer significant opportunities for the development of next-
generation controlled-release pharmaceutical formulations.
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1. Introduction emptying, variable gastrointestinal transit time, poor
Oral drug delivery remains the most preferred route aqueous solubility, enzymatic degradation, and a
of drug administration because of its convenience, narrow absorption window in the upper
non-invasive nature, cost-effectiveness, and high gastrointestinal tract. These limitations frequently
patient compliance. However, the therapeutic result in reduced bioavailability, fluctuating plasma
efficacy of many orally administered drugs is often drug concentrations, and the need for frequent

limited by physiological factors such as rapid gastric
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dosing, ultimately affecting treatment outcomes and
patient adherence [1,2].

To address these challenges, gastroretentive drug
delivery systems (GRDDS) have been developed to
prolong the residence time of dosage forms within
the stomach, thereby enhancing drug absorption and
therapeutic efficacy. GRDDS are particularly
beneficial for drugs that exhibit pH-dependent
solubility, are primarily absorbed from the stomach
or proximal small intestine, have a short biological
half-life, or exert local therapeutic effects in the
gastric mucosa. Various gastroretentive strategies
have been explored, including floating systems,
high-density =~ systems, expandable systems,
swellable matrices, bioadhesive systems, magnetic
systems, and superporous hydrogels. Among these
approaches, floating drug delivery systems have
gained significant attention due to their simplicity,
effectiveness, and ability to maintain prolonged
gastric residence without interfering with normal
gastric physiology [3,4].

Floating microballoons, also referred to as hollow
microspheres, represent an advanced
multiparticulate  gastroretentive drug delivery
system designed to remain buoyant in gastric fluid
for extended periods. Their hollow internal cavity
and low bulk density enable them to float on gastric
contents, thereby reducing the risk of premature
gastric emptying. As a result, the encapsulated drug
is released in a controlled manner over an extended
duration, improving dissolution, absorption, and
systemic  bioavailability =~ while = minimizing
fluctuations in plasma drug concentration.
Compared with single-unit floating dosage forms,
multiparticulate  microballoons provide more
uniform distribution within the stomach, lower the
risk of dose dumping, and offer improved
reproducibility of drug release [5,6].

Recent advances in pharmaceutical formulation
have expanded the potential of floating
microballoons through the incorporation of
biodegradable natural polymers, mucoadhesive
materials, pH-responsive polymers, and
multifunctional polymeric blends. Additionally, the
adoption of Quality by Design (QbD) principles has
enabled systematic optimization of formulation
variables using risk assessment and statistical
experimental designs, resulting in robust and
reproducible formulations with predefined critical
quality attributes [7].

The increasing application of gastroretentive
floating microballoons in the delivery of anti-ulcer
agents, antibiotics, antihypertensive  drugs,
antidiabetic drugs, nonsteroidal anti-inflammatory
drugs, and other therapeutic agents underscores their
growing importance in modern oral drug delivery.
2. Gastroretentive Floating Microballoons:
Principles and Mechanism

Gastroretentive floating microballoons are low-
density, hollow polymeric microspheres designed to
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remain buoyant in gastric fluid for prolonged
periods while providing sustained drug release.
Their prolonged gastric residence enhances the
bioavailability of drugs with a narrow absorption
window, pH-dependent solubility, poor intestinal
permeability, or those intended for local action in the
stomach [2,5].

The floating mechanism is based on buoyancy,
achieved by the hollow internal cavity that lowers
the density of the microballoons below that of
gastric fluid (approximately 1.004 g/cm?). After oral
administration, the microballoons float on gastric
contents, delaying gastric emptying and enabling
controlled drug release through diffusion, polymer
swelling, erosion, or a combination of these
mechanisms [6-8].

Following gastric administration, gastric fluid
penetrates the polymeric shell while the trapped air
within the hollow cavity maintains buoyancy.
Simultaneously, hydration of the polymer matrix
facilitates controlled drug diffusion, whereas
gradual polymer swelling or erosion contributes to
sustained release. This prolonged gastric residence
enhances drug dissolution, absorption, and
therapeutic efficacy while reducing fluctuations in
plasma drug concentrations [8]. The Mechanism of
Floating Microballoons is displayed in Figure 1.

Capsule

!
Microballoons released

l
Float on gastric fluid
l

Drug released slowly

!
Long gastric retention
l
Improved absorption
!
Enhanced bioavailability

Figure 1: Mechanism of Floating Microballoons
Despite these advantages, the performance of
floating microballoons may be influenced by gastric
motility, food intake, and gastric pH. Moreover,
acid-labile drugs and drugs primarily absorbed in the
distal intestine are generally unsuitable for
gastroretentive delivery. Nevertheless, advances in
natural polymers, multifunctional formulations, pH-
responsive systems, and Quality by Design (QbD)
continue to improve the clinical potential of floating
microballoons [9].

3. Formulation Components of Gastroretentive
Floating Microballoons

The performance of gastroretentive floating
microballoons is largely determined by the selection
of polymers, solvents, and pharmaceutical
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excipients. These components influence particle
morphology, buoyancy, encapsulation efficiency,
drug release, and overall formulation stability [10].
3.1 Polymers

Polymers form the structural matrix of floating
microballoons and govern their floating behaviour,
mechanical  strength, and drug release
characteristics. Synthetic polymers are widely
employed because of their excellent film-forming
properties and controlled permeability. Among
these, ethyl cellulose is the most commonly used
polymer owing to its ability to produce hollow, low-
density microballoons with prolonged buoyancy.
Increasing attention has also been given to natural
polymers including chitosan, sodium alginate,
xanthan gum, guar gum, and pectin because of their
biodegradability, biocompatibility, and
mucoadhesive properties [10]. Common Polymers
Used in Floating Microballoons along with its
function & advantages are reported in Table 1.
Table 1: Common Polymers Used in Floating
Microballoons

z;)lym Type Function Advantages
Ethyl Synthet | Matrix Excellent
cellulo | .
so ic former buoyancy
Semi- .
. | Release Swelling
HPMC Zynthetl retardant property
5udrag Synthet | Controlled Sustained
RS100 | i€ release diffusion
5udrag Synthet | Permeabilit | Faster
RL100 | i€ y modifier release
Chitosa Natural Mucoadhesi | Biodegrada
n on ble
Sodiu
m Gel Biocompati
alginat Natural formation ble
e
Xantha Natural Release ngh 4
n gum retardant VISCOSIty
Guar Matrix Cost-
Natural .
gum former effective
Pectin | Natural Controlled Biodegrada
release ble

3.2 Solvents

Organic solvents facilitate polymer dissolution and
hollow microballoon formation during solvent
evaporation and emulsion solvent diffusion
techniques. Commonly used solvents include
dichloromethane, ethanol, acetone, ethyl acetate,
and methanol, either alone or in combination.
[11,12].

3.3 Excipients

Various pharmaceutical excipients are incorporated
to improve formulation performance. Tween 80 and

IJDDT Volume 16 Issue 73s 2026

Span 80 act as surfactants to stabilize emulsions,
while polyvinyl alcohol serves as a stabilizer to
prevent particle aggregation. Plasticizers such as
polyethylene glycol (PEG) and triethyl citrate
improve polymer flexibility and minimize shell
brittleness. In some formulations, pore-forming or
gas-generating agents are incorporated to enhance
buoyancy and sustain drug release. Careful
optimization of these components is essential for
obtaining floating microballoons with high
encapsulation  efficiency, prolonged  gastric
retention, and controlled drug release [13]. The
Preparation of Floating Microballoons is depicted in
Figure 2 and comparison of preparation techniques
are reported in table 2.

Figure 2: Preparation of Floating Microballoons

Drug + Polymer

l
Polymer Solution

l

Emulsification

l

Solvent Evaporation
l
Hollow Microballoons
l
Drying
l

Evaluation

Table 2. Comparison of Preparation Techniques

Techniq N Advanta | Limitatio
Principle
ue ges ns
Solvent Polymer High .
evaporati | precipitati | entrapme Organic
solvents
on on nt
Emulsion Solvent Uniform Prog N
solvent diffusion articles optimizati
diffusion P on needed
Rapid High
Spray solvent Scale-up .
drying evaporati | possible equipmen
t cost
on
Ionotropi Tonic s MlldA . Limited
. crosslinki | condition
¢ gelation polymers
ng s
Phase . POly.m.e . High Complex
separatio | precipitati .
n on loading process

4. Novel Approaches in Gastroretentive Floating
Microballoons

Recent advances in pharmaceutical technology have
significantly expanded the scope of gastroretentive
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floating microballoons beyond conventional
sustained-release formulations. Modern research
focuses on multifunctional systems capable of
simultaneously improving gastric retention, drug
absorption, formulation robustness, and patient
outcomes.

4.1 Natural
Microballoons
Natural polymers have emerged as attractive
alternatives to synthetic materials because of their
excellent biocompatibility, biodegradability,
renewability, and low toxicity. Polymers such as
chitosan, sodium alginate, xanthan gum, guar gum,
pectin, carrageenan, and gellan gum have been
extensively investigated for floating microballoon
formulations. [13, 14]

These polymers exhibit excellent swelling
properties and can form hydrogel matrices capable
of sustaining drug release while maintaining
prolonged buoyancy. Chitosan additionally provides
inherent mucoadhesive properties, whereas alginate
readily undergoes ionic gelation to produce
mechanically stable microspheres. Xanthan gum
and guar gum effectively retard drug release by
forming highly viscous gel networks.

Natural polymer-based formulations offer several
advantages, including improved patient safety,
reduced environmental impact, lower production
costs, and compatibility with biodegradable
pharmaceutical systems. Nevertheless, challenges
such as batch-to-batch variability, microbial
contamination, limited mechanical strength, and
sensitivity to environmental conditions remain
important considerations.

4.2 Mucoadhesive Floating Microballoons
Mucoadhesive floating microballoons combine
buoyancy with bioadhesion to further prolong
gastric  residence time. In these systems,
mucoadhesive polymers establish intermolecular
interactions with gastric mucus while the hollow
microballoons remain floating on gastric fluid.
Commonly investigated mucoadhesive polymers
include chitosan, carbopol, sodium carboxymethyl
cellulose, polycarbophil, HPMC, sodium alginate,
and pectin. The combination of floating and
mucoadhesive mechanisms reduces the probability
of premature gastric emptying and promotes
localized drug delivery.

Mucoadhesive floating systems have demonstrated
considerable potential in the treatment of peptic
ulcer disease, Helicobacter pylori infection, gastric
carcinoma, and other disorders requiring prolonged
gastric drug exposure. Their ability to increase
contact time with the gastric mucosa may improve
local drug concentration while reducing systemic
adverse effects.[15]

4.3 pH-Responsive Floating Microballoons

The incorporation of pH-responsive polymers has
enabled the development of intelligent

Polymer-Based Floating
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gastroretentive systems capable of modulating drug
release according to changes in gastrointestinal pH.
Polymers belonging to the FEudragit® family,
particularly Eudragit S100, RL100, and RS100, are
widely employed because they exhibit controlled
permeability and pH-dependent solubility. These
formulations maintain buoyancy within the acidic
gastric environment while regulating drug diffusion
through the polymer matrix.

pH-responsive  floating  microballoons  are
particularly advantageous for drugs exhibiting pH-
dependent solubility or requiring targeted gastric
release. They also contribute to improved
formulation stability and reduced burst release.

4.4 Quality by Design (QbD)-Based Formulation
Optimization

Quality by Design (QbD) has emerged as a
systematic pharmaceutical development strategy
that emphasizes product quality through scientific
understanding and risk-based optimization rather
than end-product testing alone.

The QbD framework begins with defining the
Quality Target Product Profile (QTPP), followed by
identification of Critical Quality Attributes (CQAS),
Critical Material Attributes (CMAs), and Critical
Process Parameters (CPPs). Risk assessment tools
such as Failure Mode and Effects Analysis (FMEA)
are commonly employed to identify variables that
significantly influence formulation quality.

Design of Experiments (DoE), including factorial
designs, Box—Behnken design, central composite
design, and response surface methodology, enables
simultaneous optimization of multiple formulation
variables while reducing the number of
experimental trials. Statistical modelling facilitates
prediction of optimal formulation conditions with
enhanced reproducibility and robustness.
Application of QbD to floating microballoon
development has improved encapsulation efficiency,
particle size distribution, buoyancy, drug release
profiles, manufacturing consistency, and scale-up
capability. Consequently, QbD has become an
increasingly important regulatory expectation and a
valuable tool for industrial translation of
gastroretentive drug delivery systems [16]. The
emerging technologies in Floating Microballoons
are reported in Table 3.

Table 3: Emerging Technologies in Floating
Microballoons

Technolog | Current Advanta Future'
Potenti

y Status ges al

Natural Commerci | Sustainab .
High

polymers al research | le

Mucoadhes Advanced Dual . High

1ve systems retention

pH- ‘ . Slte-. Very

responsive | Emerging | specific Hich

systems release &
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Robust
QbD Regulator formulati Excelle
y preferred nt
on
Al Ver
optimizatio | Emerging | Prediction Y
n High
. Personali
3D Printing Experime zed Excelle
ntal nt
dosage
Machine Research Prolc ess .
. optimizati | High
Learning stage on

5. Characterization and Evaluation of
Gastroretentive Floating Microballoons
Comprehensive characterization of gastroretentive
floating microballoons is essential to ensure
formulation quality, reproducibility, and therapeutic
performance. Evaluation parameters are designed to
assess the physicochemical properties, floating
behaviour, drug loading capacity, release
characteristics, and stability of the developed
system. The following parameters are to be
evaluated-

e Particle Size and Morphology

e Production Yield, Drug Loading, and

Entrapment Efficiency

e Floating Properties

e In Vitro Drug Release Studies

e  Compatibility and Thermal

Characterization

e  Flow Properties and Stability Studies

e In Vivo Evaluation
Table 4: Characterization Parameters

Parameter | Technique Importance
. . Optical
Particle size microscopy/SEM Drug release
Surface SEM Hollow
morphology structure
Drug UV/HPLC Loading
entrapment efficiency
Floating | ;ap giccolution | 525t
percentage retention
Buoyancy In vitro test Fl(?qtlng
time ability
Swelling . . Polymer
index Gravimetric hydration
Drug Release
release USP Il apparatus kinetics
Stability ICH guidelines Shelf life

6. Chronological Literature Review [17-37]
Table 5: Chronological overview of Recent
Research to earliest existed methods on
Gastroretentive Floating Microballoons for
Enhanced Oral Drug Delivery

Drug/ | Maj | Pre | Major | Signif
Auth o q
ors Appr | or par | Findin | icanc
oach | Pol | atio | gs e

(Year yme | n
) r(s) | Met
hod
Praka Eud | Mod | QbD Demo
sh M. ragi | ified | optimi | nstrat
et al. t Emu | zation | ed the
(2026 RS1 | Ision | signifi | useful
) 00, | Solv | cantly | ness
Levof | Eth | ent impro | of
loxaci | yl Diff | ved QbD
n Cell | usio | entrap | for
(QbD- | ulos | n ment robust
assiste | e efficie | and
d ncy, scalab
floatin particl | le
g e size | gastro
micro unifor | retent
balloo mity, ive
ns) buoya | formu
ncy, lation
and S.
sustain
ed
drug
release
High Impro
entrap | ved
ment dissol
Eth efficie | ution
) Solv d
K.V. Y ent | an
Cell . excelle | oral
Ratna Diff .
ulos . nt bioav
mala | Febux usio oo
et al. | ostat N n— buoya ?llabﬂ
(2026 HP Eva | €Y ity of
MC 12 poorl
) K4 | PO | h), y
M sustain | solubl
ed e
drug drugs
release
Atul Eth Enhan | Impro
Raj et yl ced ved
al. Cell floatin | gastri
(2025 ulos g c
) e, Solv | ability | targeti
Clarit | HP | ent with ng
hromy | MC | Eva | prolon | again
cin pora | ged st
tion | drug Helic
release | obact
er
pylori
Yada Natur | Xan | Solv | Natura Highl
v et al than | ent 1 1ghted
al gum- | gum | evap | polym | biode
(2'02 6 based |, orati | ers grada
floatin | Gua | on, exhibit | ble
) g r Emu | ed poly

[JDDT Volume 16 Issue 73s 2026

Page: 1466




Novel Approaches in Gastroretentive Floating Microballoons for Enhanced Oral Drug

Delivery: A Review of Recent Advances and Future Perspectives

micro | gum | Ision | excelle | mers
balloo |, diffu | nt as
ns Sod | sion, | bioco promi
(Revi | ium | Spra | mpatib | sing
ew) algi |y ility, altern
nate | dryi | prolon | atives
, ng ged to
Chit gastric | synth
osa retenti | etic
n on, poly
and mers.
sustain
ed
drug
release

Mat Diace Impro

syag | rein ved

iri L. ) mana
et al. Eth High geme

@2 ||t sy | e ot
Cell | ent ment arthrit
ulos | Eva . .

. ora with is
I-iP It)ion sustain | throu

ed gh
MC release | prolo
nged
releas

e
Gyati | Antitu Impro
Shila | bercul Stabl_e ved
. floatin .
kari ar Fud | Solv gastri

Astha | drug . & c
ragi | ent microb

na et . retent
t Diff | alloon | .

al. 310 . i | ion of

(2025 Usto s WL antitu
0 n sustain

) bercul

ed
ar
release
drugs

P. Metfo Enha

Raga | rmin nced

vi et | HCI oral

Contro .
al. lled bioav

(2025 Eth | Solv ailabil

release | .

) yl ent and ity
Cell | Eva rolon and
ulos | pora pe d reduc
e tion l%uo a ed

4 dosin
ncy o

frequ

ency

Bhila Eth | Emu | High Enha

re Drota | yl Ision | encaps | nced

HR verine | Cell | Solv | ulation | oral

et' 2;1 Hydro | ulos | ent efficie | bioav

(2025' chlori | e, Diff | ncy ailabil

) de HP | usio | and ity
MC | n sustain | and

ed patien
release | t
compl
iance.
Mani | Levof Solv | pH- Adva
vasak | loxaci ent respon | nced
am n Eva | sive pH-
Praka pora | floatin | sensit
sh et tion | g ive
al. microb | gastro
(2025 Fud alloon .retent
) ragi ] ive
¢ achiev | drug
poly ed delive
mer prolon | ry.
ged
S .
gastric
retenti
on and
targete
d drug
release
Arch | Olmes Solv | Impro | Demo
ana S. | artan ent ved in | nstrat
Patil | Medo Diff | vitro ed
et al. | xomil | Eth | usio | and in | effecti
(2025 yl n vivo venes
) Cell bioava | s of
ulos ilabilit | gastro
€ y retent
ive
delive
ry
Bisw Contro | Demo
as S. lled nstrat
et al release | ed
(2025 with suitab
) Fud | Solv prolon | ility
. ged for
Acecl | ragi | ent . .
ofena | t, Eva ﬂogtm sustai
gtime. | ned
c HP pora anti-
MC | tion .
infla
mmat
ory
therap
y.
Rakhi Prolo | Impro
Thare nged Ved:
Jii et Eth floati aflm'
a. yl | Solv | ng wieer
(2025 Famot Cell | ent and therap
) i ulos | Eva | contr | ¥
idine c. pora | olled
HP | tion | drug
MC releas
e

[JDDT Volume 16 Issue 73s 2026

Page: 1467




Novel Approaches in Gastroretentive Floating Microballoons for Enhanced Oral Drug

Delivery: A Review of Recent Advances and Future Perspectives

Patel Low- Enha
A & densit | nced
Jain Eth y treat
D. yl Solv | optimi | ment
(2024 Lafuti Cell | ent zed of
) dine ulos | Diff | microb | peptic
e, usio | alloon | ulcer
HP | n s with | diseas
MC sustain | e
ed
release
Mats Excell | Impro
yagiri ent ved
Lenk Eth | Solv buoya oral
alapal . ncy bioav
Imida | yl ent o
ly et . and ailabil
pril Cell | Eva . .
al. HCl1 ulos | pora high ity
(2024 e Eon entrap
) ment
efficie
ncy
Bind | Anti- Contro | Effect
umol | ulcer Eth lled ive
K.C. | drug yl Solv | release | gastro
et al. Cell | ent with retent
(2023 ulos | Eva | prolon | ive
) e, pora | ged anti-
HP | tion | gastric | ulcer
MC retenti | delive
on ry
Enha
Excell I(;fsld
ent bioav
Prach Eth | Solv | Y% | ailabil
Gohil | Allop |71 |oy |1
et al urin(I))l Cell | Eva prolon and
(2023 lellos Egr;l ged szuc
) drug dosin
release
g
frequ
ency.
Yagv Polym | Demo
endra er- nstrat
Singh Solv | control | ed
. Xan ..
et al. | Amio than ent led utility
(2022 | daron G Eva | release | of
) e mu pora | with natura
tion | prolon |1
ged poly
action | mers
Combi | Demo
Pand Chit Solv ned . nstrat
ey Esom | ©? | ent floatin | ed
C.P. epraz n, Eva | & and | dual
et al. le Car ora mucoa | gastro
2022 | © bo, P dhesio | retent
( P tion
) ol n ive
signifi | strate

cantly | gy for
prolon | peptic
ged ulcer
gastric | therap
Combi | vy.
ned
floatin
g and
mucoa
dhesio
n
signifi
cantly
prolon
ged
gastric
reside
nce.
Sasid Eth | Emu | Contro | Impro
har R. yl Ision | lled ved
Lank Cell | Solv | release | antihy
apalli | Capto | ulos | ent over perten
et al. | pril e Diff | prolon | sive
(2022 usio | ged therap
) n duratio |y
n
Patil Impro
AS. ved in Sﬁg{fl‘l
et al vitro har
(2022 and in El o
) vivo et
Eth | Solv | bioava
Olmes S| C
yl ent ilabilit
artan . advan
Cell | Diff |y
Medo . tages
.. | ulos | usio | throug
xomil of
¢ n h floati
prolon n
ged mgicro
gastrlf: balloo
retenti
ns.
on.
Demo
High nstrat
entrap :Sitab
Gane ment i
sh Acebu | Eth | Solv | efficie foiy
Kum | tolol yl ent ncy contr
ar Y. | Hydro | Cell | Eva | and olled
et al. | chlori | ulos | pora | sustain cardio
(2021 | de e tion | ed
) drug vascu
release far
drug
delive
ry.
Pranit Eth | Solv | Excell Impro
P. Repa yl ent ent Ve(li)
Hajar | . Pa8 | Cell | Diff | floatin -
linide . antidi
e et ulos | usio | g abetic
al. e n ability

[JDDT Volume 16 Issue 73s 2026

Page: 1468



Novel Approaches in Gastroretentive Floating Microballoons for Enhanced Oral Drug
Delivery: A Review of Recent Advances and Future Perspectives

mer gastric | balloo
s retenti | ns
on
Confi
rmed
suitab
Excell | ility
ent of
floatin | gastro
Patla Eth | Solv gb’l't retent
vath | Imida | yl ent E. 1}1 ¥ H/e i
Babu | pril Cell | Eva ' oatt
drug ng

(2019 | HCI1 ulos | pora

. loadin | micro
) e tion

g and | balloo
sustain | ns for

ed antihy

release | perten
sive
therap
y

(2021 and therap
) control |y
led
drug
release
Mats Tmp rg
agiri ved in Enha
yag Eth | Solv | vivo
Lenk yl ent gastric nced
alapal Plr.ent Cell | Eva | retenti the?ap
ly et | anide eutic
al ulos | pora | on and offica
) e tion | sustain
(2021 od cy
) release
Pharm
acokin | Valid
etic ated
Seela Solv studies | the in
m Eth ent demon | vivo
Ramy | Dipyri | yl Diff strated | effecti
a damol | Cell usio signifi | venes
Krish | e & | ulos . cant s of
na et | Clopi |e, Eva impro | gastro
al. dogrel | HP ora | Vemen retent
(2021 MC It’ion t in | ive
) oral micro
bioava | balloo
ilabilit | ns.
y.
Redu
Sustai | ced
Eth | Emu ned dosin
Sivak yi Ision drug g
umar release | frequ
Cell | Solv .
R. et | Ibupr with ency
ulos | ent
al. ofen e Diff prolon | and
(2021 IiP usio ged gastro
) MC | n gastric | intesti
reside | nal
nce. irritati
on.
Impro
Extend | ved
Gane ed- long-
sh S. .| Eth | Solv &
Antih release | term
Bang erte yl ent astror | hyper
ale et P! Cell | Eva gastr YPe
nsive etentiv | tensio
al. dru ulos | pora . N
(2019 € le |tion
) formul | mana
ation geme
nt
Daph | Clero Eth Sustai | Demo
isha | dendr | ] ned | nstrat
Marb | um Cell | Solv | antihy | ed
. ulos | ent perten | potent
anian | colebr . !
et | ookia | €. Eva sive ial of
§1 um with | pora | activit | herbal
(2019 | Extrac natu | tion |y with | floati
ral prolon | ng
) t .
poly ged micro

1JDDT Volume 16 Issue 73s 2026

Pie Chart: Distribution of Therapeutic
Applications

This chart shows the major therapeutic applications
of  gastroretentive  floating  microballoons
investigated in the reviewed studies.

The major therapeutic applications
of gastroretentive floating
microballoons investiga =:Ahtiulcer

reviewed studie = Antihypertensiv
e

R 222 Antibiotics
7.4 \“‘
— NSAIDS
7.4
11.1 2202 = Antibiotics
11.1

Figure 3: Distribution of therapeutic categories
represented in the reviewed studies (n=27)

Frequency of Major Polymers
Used in Gastroretentive
Floating Microballoon
Formulations (n = 27)
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Figure 4: Frequency of Major Polymers used in

Gastroretentive Floating Microballoon
Formulations (n = 27)
7. Research Gaps
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Although gastroretentive floating microballoons
have demonstrated significant potential for
enhancing oral drug delivery, several challenges
remain to be addressed. Most studies emphasize
formulation development and in vitro evaluation,
whereas relatively few have investigated in vivo
performance, pharmacokinetics,
pharmacodynamics, and  clinical efficacy.
Consequently, the correlation between in vitro and
in vivo performance remains inadequately
established.

The majority of reported formulations utilize
synthetic polymers such as ethyl cellulose, HPMC,
and Eudragit. Although these polymers provide
excellent mechanical strength and controlled drug
release, greater emphasis is needed on
biodegradable and sustainable natural polymers with
improved reproducibility. Furthermore, most
formulations rely solely on buoyancy for gastric
retention, while comparatively fewer studies have
explored multifunctional systems integrating
floating, mucoadhesion, pH responsiveness, or
enzyme-triggered drug release.

Another important limitation is the limited
application of Quality by Design (QbD), artificial
intelligence (Al), and machine learning (ML) for
formulation optimization. Scale-up studies, process
validation, long-term stability studies, and
regulatory considerations have also received limited
attention. Addressing these research gaps will
facilitate the successful translation of gastroretentive
floating microballoons from laboratory research to
clinical and commercial applications. The Research
Gaps and Future Perspectives are summarized in
Table 6.

Table 6: Research Gaps and Future Perspectives

Current Research Future
Limitation Gap Direction
Limited in | Clinical .
. . . Human studies
vivo studies translation
Synthetic Sustainability Natural
polymers polymers
Conventional | Process

L A +
optimization variability AL+ QbD
Single  drug | Limited Combination
delivery versatility therapy
Conventional | Batch Continuous
manufacturing | variation manufacturing

8. Future Perspectives

Future research

microballoons

on gastroretentive
is expected to focus

floating
on the

development of intelligent, multifunctional, and
patient-centric drug delivery systems. Natural
biodegradable polymers such as chitosan, sodium
alginate, xanthan gum, pectin, and guar gum are
likely to gain increasing importance owing to their
excellent biocompatibility and environmental
sustainability. Hybrid polymeric systems combining
natural and synthetic polymers may further improve

IJDDT Volume 16 Issue 73s 2026

formulation
characteristics.
The integration of floating behaviour with
mucoadhesion, pH-responsive polymers, and
stimuli-responsive drug delivery offers promising
opportunities for enhancing gastric retention and
therapeutic efficacy. The adoption of QbD, Design
of Experiments (DoE), Al-assisted formulation
design, and machine learning-based predictive
modelling is expected to improve formulation
robustness and manufacturing efficiency. Emerging
technologies such as microfluidics, 3D printing,
continuous manufacturing, and personalized
medicine may further accelerate the development of
next-generation gastroretentive systems. Future
investigations should prioritize comprehensive in
vitro—in vivo correlation, multi-centre clinical
studies, and regulatory compliance to support
commercialization.

A complete Graphical representation of Floating
Microballoons for enhanced Oral Drug Delivery is
depicted in the figure 5.

stability = and  drug  release
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Figure S: Graphical representation of Floating
Microballoons for enhanced Oral Drug delivery
CONCLUSION

Gastroretentive  floating  microballoons  have
emerged as an advanced multiparticulate drug
delivery system capable of overcoming several
limitations associated with conventional oral dosage
forms. Their ability to prolong gastric residence,
provide sustained drug release, and enhance the
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bioavailability of drugs with narrow absorption
windows or pH-dependent solubility has been
demonstrated across a wide range of therapeutic
applications, including anti-ulcer, antihypertensive,
antidiabetic, anti-inflammatory, and antimicrobial
therapies.
Recent advances involving natural polymers,
mucoadhesive systems, pH-responsive
formulations, and QbD-based optimization have
significantly expanded the scope of floating
microballoon technology. Nevertheless, further
research is required to improve large-scale
manufacturing, long-term  stability, clinical
validation, and regulatory acceptance. With
continued innovation in pharmaceutical materials,
formulation strategies, and digital technologies,
gastroretentive floating microballoons are expected
to play a pivotal role in the development of next-
generation oral controlled drug delivery systems,
ultimately improving therapeutic outcomes and
patient quality of life.
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