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ABSTRACT Background: Microspheres are one of the potential lung delivery systems for lungs and respiratory diseases
because of their ability to encapsulate various types of drugs, biocompatibility, high bioavailability, protect drugs from
environmental effects such as humidity, heat, oxidation, and can release drugs in a sustained or prolonged release. The
suitability of microspheres to be delivered by inhalation is determined by the characteristics and release of the drugs
from the microspheres. The characterization and release study of microspheres is influenced by several factors such as
the type of polymer used, polymer concentration, polymer ratio, type of crosslinker, the concentration of crosslinker, and
method of encapsulation. Methods of review: This scoping review consists of 32 publications from the periods between
2007 and 2021. Publications were extracted from a search engine using various keywords. Data of publications that met
the criteria were extracted manually. Conclusions: This review focuses on the characteristics and release of microspheres
for inhalation using polymers and various encapsulation methods.
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Introduction

Drug delivery system through the lungs in the form of inhala-
tion is the best choice for diseases of the lungs. The inhalation
route provides many advantages over the oral route, such as a
high surface area with a fast absorption due to high vascular-
ity, avoiding the first-pass effect, reducing the dose, reducing
systemic absorption, and reducing side effects[1]. Despite the
advantages of lung conduction, to achieve effective lung depo-
sition, the particles must have an aerodynamic diameter in the
range of 0.5–5 µm. Particles with a diameter bigger than 5 µm
will be suspended in the upper respiratory tract, while particles
<0.5 µm are more likely to be cleared during expiration[2].

To overcome this problem, microspheres are chosen as the
carrier system because of the use of smaller doses, having a
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small size, and can be used for a prolonged therapeutic effect[3].
Microspheres are particles of 1-1000 µm consisting of a

biodegradable polymer matrix in which the drugs can be natu-
rally degraded in the body, low biocompatibility, immunogenic-
ity, and toxicity, as well as high bioavailability and sustained
release capability for a long time[4]. The development of micro-
spheres delivery system for inhalation involves three require-
ments, which are biocompatibility and relatively fast biodegrad-
ability of the forming polymer to avoid the accumulation of
toxic substances in the lungs, especially in the case of long-term
treatment such as tuberculosis chemotherapy, high drug loading
to minimize the administration of inert substances, and the aero-
dynamic diameter of the particles ranges from 1-5 µm[5]. This
review will examine the microspheres system focusing on physi-
cal characteristics and in vitro release of inhaled microspheres
with several polymers and encapsulation methods.

Microspheres

Microspheres play an important role in increasing the bioavail-
ability of conventional drugs and minimizing side effects. Mi-
crospheres are used to protect drugs from environmental effects
such as humidity, heat, oxidation and to mask unpleasant tastes
and odours. Microspheres are classified into two types, namely
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microcapsule and micromatrix. The microcapsule is a reser-
voir device in which a polymeric material coats the drug core.
In contrast, the micromatrix contains the drug, which is uni-
formly dispersed in a polymeric matrix. In addition, the choice
of polymer used for the manufacture of microspheres plays an
important role in the drug delivery process [6].

Inhalation microspheres

As an inhalation delivery, the size of the microsphere particles
plays a role in determining the deposition mechanism and the
deposition site in the lungs. Particle deposition in the lungs
depends on physiological factors such as respiratory rate and
frequency, breath-holding, and airway humidity. In order for
inhaled particles to reach the lower respiratory tract, they must
have a diameter between 0.5 µm and 5 µm. Particles larger
than 5 µm are usually deposited in the upper respiratory tract,
where they are easy to clean, while particles smaller than 0.5
µm cannot be deposited and will be exhaled again[2]. Micro-
spheres are one of the systems that can be used for delivery to
the lungs. The small size and spherical shape formed from cer-
tain polymers can provide a controlled release pattern, making
them suitable for pulmonary delivery systems. Uses of poly-
mers in microspheres include synthetic polymers, including
non-biodegradable polymers such as silicon, ethyl vinyl acetate
(EVA), and biodegradable synthetic polymers such as polylactic
acid (PLA), polycaprolactone (PCL), polyglycolic acid (PGA)
and polylactic-co-glycolic acid (PLGA). On the other hand, natu-
ral polymers include proteins (e.g. gelatin, collagen, and lectin)
and polysaccharides (e.g. alginate, pectin, and chitosan)[6].

Characterization and study of the release of a microsphere are
influenced by several factors, such as the type of polymer used,
polymer concentration, polymer ratio, type of crosslinker, the
concentration of crosslinker, and the method of manufacture. Re-
search by Athamneh et al. finds that the morphology of sodium
alginate-hyaluronic acid microspheres is spherical, and the size
distribution of different microspheres is found depending on
the composition of the polymer solution, its dynamic viscos-
ity, and the stirring rate during the ionic gelation process[2].
Hariyadi et al. produce microspheres ranging in size from 1.23
µm - 1.43 µm through the manufacture of ciprofloxacin micro-
spheres with alginate polymer for inhalation delivery with sev-
eral polymer concentrations and aerosolization techniques. The
higher the alginate concentration, the particle size also increases.
The increase in alginate content is followed by an increase in
the diameter of the microspheres, which result in an increase
in the viscosity of the alginate solution used so that large algi-
nate droplets are formed when adding alginate solution to the
crosslinking solution and causing the resulting microspheres to
be larger[4]. In addition to particle size, Alipour et al. find the
effect of the drug to polymer mass ratio for drug loading and en-
trapment efficiency of sodium alginate-paclitaxel microspheres
for inhalation. Drug loading and encapsulation efficiency of mi-
croparticles depend on the manufacturing conditions. Among
all the formulations made, maximum drug loading and encap-
sulation efficiency up to 61% are obtained with the highest mass
ratio of paclitaxel to alginate and the highest external oil phase
volume. These results are in accordance with the results of other
researchers who study the effect of the mass ratio of the drugs to
the polymer, the volume of the external oil phase and CaCl2 to
mass ratio of alginate in the production of microparticles using
alginate [1].

In addition to physical characteristics, there are also sev-

eral studies related to the study of the release of inhaled mi-
crospheres. Rifampicin release study by Diab et al. in phosphate
buffer pH 7.4 shows the release of rifampicin from microspheres
occurs in a sustained release; 71% of rifampicin is released over
a week. No burst release is observed, as about 10% of rifampicin
is released during the first 3 hours[5].

Inhalation delivery devices

1. Dry Powder Inhaler (DPI)
DPI is a respiratory propulsion device that contains a micro-
sized (approximately under 5 µm) drug powder formulation
and delivers the drugs into the respiratory tract during oral
inhalation. DPI is commonly used to treat respiratory diseases,
such as asthma, bronchitis, emphysema, and chronic obstructive
pulmonary disease. Some of the advantages of using DPI include
that DPI can provide various dosage variations from less than
10 mg to more than 20 mg through one short inhalation. When
the drug is deposited in the lungs, DPI has fewer side effects
because the rest of the body is not exposed to the drug and
has less potential to be extracted from the components of the
device[7].

DPI has been frequently used in recent years to treat several
local and systemic diseases and has been shown to be superior
to other formulations. The features of this device are attributed
to the solid form of the active substance, which increases sta-
bility, is easy to use, and can be administered in large doses.
In addition, other risks, such as fragmentation, decomposition,
and microbiological contamination at doses, are smaller than the
risks in liquid formulations. The active ingredients used for the
formulation of DPI can be small molecules or macromolecules,
hydrophilic or hydrophobic, amorphous or crystalline, and have
local or systemic sites of action[8].

2. Nebulizer
There are two types of nebulizers, which are jet and ultrasonic,
and what distinguishes them is the force used to generate an
aerosol of the respective liquid. Depending on the make and
model, the nebulizer produces 1–5 µm droplets. It does not re-
quire patient coordination between inhalation and activation,
making it useful for pediatric, elderly, ventilated, and uncon-
scious patients or those unable to take pMDI or DPI. Nebulizer
can deliver larger doses than other aerosol devices, although
this requires a longer administration time[9].

The jet nebulizer is based on the Venturi principle, which
states that the pressure of a fluid decreases as it passes through
a narrow cross-sectional area. In this nebulizer, a stream of air
moves through a small capillary tube at high speed, creating a
low pressure that pushes the liquid for aerosol up the capillary
tube. The high-velocity blast of air carrying the droplets will hit
the bulkheads, which are placed in different numbers and posi-
tions depending on the jet nebulizer design. The main problems
with jet nebulizers are the requirement for a compressor which
is sometimes impractical to generate aerosols, the noise some
of them produce, and the drop in temperature of the liquid in
the nebulizer chamber due to evaporation of the liquid in the
nebulized droplets[9].

3. Pressurized Metered Dose Inhaler (pMDI)
pMDI is a device in which the drugs are mixed into a tube with
a propellant, and the carried mixture is dispensed in precisely
measured quantity on the device driver. The main components
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of a typical MDI are the housing, gauge valve, and actuator.
There are several advantages of pMDI, including easy to con-
trol, compact and convenient, high reliability, accurate measure-
ment performance, and relatively inexpensive. Meanwhile, the
disadvantage of pMDI is that it contains propellants such as
Chlorofluorocarbons (CFCs) which damage the ozone layer[7].

Polymeric microspheres

1. Sodium Alginate
Sodium Alginate is a copolymer consisting of β-1,4 D-
mannuronic acid and α-L-Guluronic acid monomer, forming
a homogeneous or heterogeneous block pattern[1]. The ad-
vantages of using alginate polymers are that it is non-toxic,
biodegradable, biocompatible, and relatively inexpensive[4]. Al-
ginates can be crosslinked in an aqueous solution with divalent
cations (e.g. Ca2+, Ba2+, and Sr2+) for the formation of micro-
spheres[10].

2. Carrageenan
Carrageenan is the generic name for a family of high molecular
weight sulfated polysaccharides obtained by the extraction of
certain species from red seaweed. It consists of galactose and
anhydrogalactose units linked by glycosidic[24]. Carrageenan
polymer is a natural polymer that is biodegradable, economical,
and widely used for encapsulation. To form a gel of carrageenan
microspheres, monovalent crosslinkers, such as K+, Na+, and
Li+3 are needed.

3. Chitosan
Chitosan is a high molecular weight polysaccharide linked by
β-1,4 glycosides. This polymer consists of N-acetyl-glucosamine
and glucosamine. Chitosan is a cationic polyelectrolyte that is
non-toxic, biocompatible, biodegradable and has been shown to
be enzymatically degraded by the body, including in organs such
as the lungs[9]. This polymer is also hydrophilic and soluble
in acidic solvents, making it easy to encapsulate hydrophilic
drugs[11].

4. Xyloglucan
Xyloglucan is a naturally occurring polysaccharide isolated from
Tamarindus indica seed core. Polymers have properties such
as having high viscosity, wide pH tolerance, and adhesion. In ad-
dition, other advantages of xyloglucan are non-carcinogenicity,
mucoadhesiveness, biocompatibility, high drug storage capacity,
and high thermal stability. These advantages lead to its applica-
tion as an excipient in hydrophilic drug delivery systems[12].

5. PLGA (poly(lactic-co-glycolic acid))
PLGA is one of the polymers used as a carrier for drug delivery
to alveolar macrophages. This polymer has biocompatible and
biodegradable properties, which is hydrolytically degraded into
non-toxic oligomers or monomers of lactic acid and glycolic acid
and has been widely used as a drug carrier[13].

Physical characteristics of inhalation microspheres

1. Morphology
Morphological testing aims to evaluate the shape and surface
structure of the formed microspheres. This test usually uses
Scanning Electron Microscopy (SEM). The formed microspheres
are usually spherical in shape and the surface is smooth or
rough[4].

2. Particle Size
Particle size analysis of microparticles above 3 µm in diameter is
usually carried out using the laser light diffraction (LD) method
or using a Coulter Counter. In the laser light diffraction (LD)
method, the distribution shows the span-value, d0.1, d0.5, and
d0.9, which is a parameter that can be used to compare results.
The polydispersity index (PDI) determined by dynamic laser
light scattering shows the size distribution at the lower part of
the microparticle size[14]. Another method used to measure
particle size is by using an optical microscope[4].

3. Drug Loading and Encapsulation Efficiency
The amount of drug absorbed in the microspheres system is
determined directly by calculating the total concentration in the
microspheres against the theoretical concentration of the drug
added to the formula.

Drug loading and encapsulation efficiency can be determined
by the formula below[1]:

Drug loading(%) =
drug weight in the microsphere

microsphere weight
× 100%

Encapsulation efficiency(%) =
%drug loading

%theoretical content
× 100%

4. Swelling Index
The swelling index aims to observe the state of dry particles
under various conditions. Swelling index (S%) can be calculated
using swollen particle diameter (ds) and the initial particle diam-
eter before reconstitution (di), with the following formula[14]:

S(%) =
ds − di

di
× 100%

5. Mucoadhesion in the respiratory tract
Mucoadhesion is the interaction of molecules with the mucosal
layer (biological tissue) in order to stick together. Mucoadhesion
techniques can increase the mean residence time of therapeu-
tic agents and enforce a high concentration gradient of drug
molecules across the epithelium. Mucoadhesion occurs through
several mechanisms such as chain interlocking, diffusion, and
chemical reactions (hydrogen bonds). Mucoadhesive agents are
usually high molecular weight polymers that can interact with
the mucin layer of the respiratory epithelium due to hydrogen
bonding and electrostatic, hydrophobic, or van der Waals in-
teraction. Mucoadhesive polymers are needed to prolong the
residence time of the drug, thereby increasing the absorption of
the drug through the mucosa at a controlled rate and enhancing
the therapeutic effect[15].

Mucoadhesion testing can be done using the falling liquid
film technique[16]. The formula for calculating mucoadhesion is
as follows:

%Mucoadhesion =
A− B
A

× 100%

Where A is the actual amount of drugs in the microspheres
and B is the number of drugs in the washing liquid10.

6. Mass Mean Aerodynamic Diameter ( MMAD)
MMAD is a parameter that affects the deposition of inhaled par-
ticles. In theory, MMAD can be calculated using the following
formula: MMAD = d(ρ/ρ0X)1/2

Where d is the geometric diameter resulting from the particle
size measurement, p is the tapped density, ρ0 reference density
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Table 1 Physical Characteristics of Inhaled Microspheres of Various Polymers

Polymers Drugs Microspheres
Compositions Methods

Inhalation
Delivery
Devices

Physical Characteristics References

Sodium
Alginate and
Hyaluronic

Acid

-
Sodium Alginate,

Hyaluronic acid, CaCl2,
CaCO3, Water, Span 80

Emulsion
gelation,

with CO2
supercritical

drying

DPI

• Morphology of microspheres is spherical. Different size distribution of microspheres depends on the
composition of the polymer solution, dynamic viscosity, and agitation rate during the emulsion gelation
process.

• The microspheres show low density and high porosity as well as good in vitro aerodynamic properties
with dA value of about 5 µm.

[10]

Sodium
Alginate Ciprofloxacin

Ciprofloxacin, sodium
alginate, CaCl2,

Maltodextrin

Ionotropic
gelation by
aerosoliza-

tion method.
Drying with
freeze dry

DPI
• Microsphere morphology is spherical.
• Particle size ranges from 1.23 - 1.43 µm. The higher the alginate concentration, the larger the particle size.
• Yield ranges from 70.63% - 82.94%.
• Drug loading and encapsulation efficiency are 2.82% - 4.13% and 27.39% - 80.74%.

[4]

Sodium
Alginate Paclitaxel

Paclitaxel, sodium
alginate, CaCl2, HPMC,

Tween 85

Emulsifica-
tion/gelation

method
DPI

• Morphology is spherical with particle diameter of <5 µm.
• Average volume diameter of microparticles is 2 to 10 µm.
• Drug loading and encapsulation efficiencies are 7.8 to 19.5% and 35 to 61% depends on the manufacturing

conditions.
• The maximum encapsulation efficiency is obtained with the highest mass ratio of paclitaxel to alginate

and the highest external oil phase volume.

[1]

Sodium
Alginate Rifampicin

Rifampicin, β-cyclodextri,
sodium alginate,

isopropyl alcohol (IPA)

Spray
drying DPI

• The yield is 60%.
• Drug loading is 62.1%-71.2%.
• The particle size for alginate microspheres is 6.634 µm, while the drug-loaded spray-dried alginate mi-

crospheres with cyclodextrin are 6.234 µm. Particle size is affected by the viscosity of the solution on the
droplet size during the atomization process.

• SEM shows pure Rifampicin in crystalline form with a characteristic shape, whereas drug-free alginate mi-
crospheres are spherical and free-flowing with a smooth surface. The presence of the drug and cyclodex-
trin affects the morphological characteristics of the microspheres obtained by the spray drying method.

• MMAD shows that nearly 75% of alginate microspheres is within the inhaled size range, with an MMAD
of 5.424 m.

[19]

Kappa
Carrageenan Ciprofloxacin

Ciprofloxacin, kappa
carrageenan,

maltodextrin, KCl

Ionotropic
gelation by
aerosoliza-

tion method.
Drying with
freeze dry

DPI

• Morphology is spherical with a smooth surface.
• Yield is 36.42% - 89.33%
• Particle size is less than 4 µm with an average of about 1.4 to 1.6 µm
• Adsorption efficiency is 10.54% - 28.69%.
• Drug loading is 13% to 18%. The higher the concentration of polymer and crosslinker, the efficiency of

entrapment and drug loading also increases.

[3]

Chitosan Ofloxacin

Ofloxacin, chitosan,
acetic acid,

dichloromethane, liquid
paraffin, span 80, lecithin,

glutaraldehyde

Emulsifica-
tion

W/O
DPI • Morphology is spherical and ranging from 1 to 6 m.

• Ofloxacin content is 27% (w/w).
[11]

Chitosan Levofloxacin

Levofloxacin, chitosan,
glutaraldehyde, acetic

acid, genipin,
DL-glyceraldehyde,

glutamic acid

Spray
drying DPI

• Morphology is spherical with smooth surface.
• EE is about 110% and 120%.
• All formulations exhibit high dispersibility with an ED value of around 90%, indicating that the micro-

sphere powder is efficiently emitted from the DPI.
• For microspheres crosslinked with genipine and glutamic acid, the MMAD value is around 5 µm, a value

suitable for delivery to the conductive zones of the lungs (trachea, bronchi, and terminal bronchioles)
where P. aeruginosa infection is present.

[20]

Chitosan Quercetin and
Paclitaxel

Paclitaxel, quercetin,
chitosan, oleic acid,
hydroxypropyl-β-

cyclodextrin, lactose,
mannitol

Spray
drying DPI • PTX and QUE are efficiently encapsulated in polymeric microspheres.

• Drug loadings of PTX and QUE are 15.36% and 14.79%, and EE is 92.6% and 90.3%, respectively.
• Yield is about 70%

[21]

Chitosan Rifampicin and
Rifabutin

Rifampicin, rifambutin,
chitosan,

Tripolyphosphate

Ionic
gelation and

drying by
spray

drying

DPI

• Yield is 9%-30% for Rifampicin microparticles and decreases with an increasing amount of tripolyphos-
phate.

• The particle size is below 5 µm. Particle size increases with increasing concentration of tripolyphosphate,
both for rifampicin and rifambutin microparticles.

• Drug loading is 45%-60% for rifampicin microparticles and 70%-89% for rifambutin microparticles.
Amount of drugs loaded into the microparticles decreases with an increase in the concentration of added
tripolyphosphate.

[12]

Xyloglucan Montelucast Montelucast, xyloglucan,
lactose monohydrate

Spray
drying DPI

• Morphology is spherical with smooth surface.
• Particle size is 6 µm
• MMAD is 2.53 µm, suitable for inhalation delivery in the lower lungs.
• Encapsulation efficiency ranges from 79.16% - 85.39%.

[16]

PLLA
(poly(L-

lactic
acid))

Gefitinib Gefitinib, PLLA, ethanol,
dichloromethane

Supercritical
anti-solvent

(SAS)
DPI

• Morphology of pure gefitinib is in the form of large and irregular yellow crystals, PLLA particles are
flocculated and irregular, and PLLA-gefitinib microspheres are smaller and almost spherical.

• Particle size ranges from 1.5 µm - 4.5 µm.
• Drug loading is 15.82%
• EE is 94.91%

[22]
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PLLA
(poly(L-

lactic
acid))

Insulin Insulin, PLLA,
dichloromethane, AB

Emulsion-
combined

precipitation
of

compressed
CO2

antisolvent
(PCA)

process

DPI • Morphology is rough and porous.
• Drug loading ranges of 4.85%-6.90% and encapsulation efficiency is 68.97%-97.02%.
• Geometric mean diameter (Dg) is 15.62 µm and aerodynamic diameter (Da) is 4.31 µm.

[23]

Polyvinyl
alcohol
(PVA)

Nifedipine Nifedipine, PVA, ethanol Spray
drying DPI

• Morphology is spherical with a rough surface.
• Size of the microspheres is 7.8 to 13.9 µm (7.8 µm for 50% PVA, 13.1 µm for 70% PVA, and 13.9 µm for 90%

PVA), while the particle size of the raw material is 78.5 µm. As the concentration of PVA increases with
drug concentration, the particle size of the microspheres also increases.

• Drug loading ranges of 8%-59.05% and encapsulation efficiency is about 82.18%-118.11%.
• MMAD cannot be determined accurately and is estimated to be more than 13 µm.

[24]

PLGA
(poly(lactic-
co-glycolic

acid))

Levofloxacin

Levofloxacin, PLGA,
hydrochloric acid,

dichloromethane, PBS,
lauric acid

Double
emulsion
solvent

evaporation

DPI • Morphology is spherical and the particle size is 4.6 µm and 4.3 µm.
• Encapsulation efficiency is 3.30% and 0.30% and drug loading is 9.91% and 0.90%.
• MMAD is 7.1 µm.

[25]

PLGA
(poly(lactic-
co-glycolic

acid))

Rifampicin Rifampicin, PLGA,
leucine, dichloromethane

O/W
emulsion DPI

• Morphology for rifampin microspheres is spherical with a smooth surface, while the microparticles pre-
pared with various concentrations of leucine (0.1%, 0.2%, 0.3%, 0.4%, and 0.5%) are not spherical.

• Particle size of the rifampicin microspheres is 5.9 µm and microparticles added with leucine is 5-6 µm.
• Encapsulation efficiency of rifampicin microspheres is 96.17% and Encapsulation efficiency the addition

of leucine is 70.47%-96.17% at different concentrations.

[26]

PLGA
(poly(lactic-
co-glycolic

acid))

Rifampicin Rifampicin, PLGA, PVA,
dichloromethane

Emulsion-
solvent

evaporation
DPI • Morphology is spherical.

• Narrow size distribution with an average diameter of 2.84 m.
• Loading efficiency is 40%.

[13]

PLGA
(poly(lactic-
co-glycolic

acid))

Rifampicin

Rifampicin, PLGA,
dichloromethane,

chloroform, sucrose
palmitate

O/W
emulsion
solvent

evaporation

DPI
• Morphology is spherical with smooth surface.
• Drug loading ranges from 7.0%-42.4% and encapsulation efficiency ranges from 21.1%-63.5%.
• Particle size is 1.5 µm-7 µm.
• MMAD is 4.5µm.

[5]

PLGA
(poly(lactic-
co-glycolic

acid))

Rifampicin

Rifampicin, PLGA, ethyl
acetate, PVA,

hydrochloric acid, HP
(2-hydroxypropyl-

-cyclodextrin, borate
buffer

Solvent
evaporation DPI

• Particle size ranges from 2.06 µm-5.51 µm.
• EE is 31.5%-73.4%.
• MMAD is 3.36 µm-5.26 µm (the higher the concentration of PLGA physical characteristics, the higher

MMAD).
• Morphology is spherical.

[27]

PLGA
(poly(lactic-
co-glycolic

acid))

Etoposide
Etoposide, PLGA,
chloroform, PVA,

mannitol

Emulsion
solvent

evaporation
DPI

• Morphology is spherical with smooth surface.
• Particle size is 11.8 µm.
• Drug loading is 7.7%.
• Encapsulation efficiency is 84.2%.
• MMAD is 2.83µm.

[28]

PLGA
(poly(lactic-
co-glycolic

acid))

Moxifloxacin
Moxifloxacin, PLGA,

dichloromethane,
methanol, PVA

Solvent
evaporation DPI

• Particle size is 3.16 µm.
• Morphology is spherical with smooth surface.
• DL is 21.98% and EE is 78.0%.
• MMAD is 2.85µm.

[18]

PLGA
(poly(lactic-
co-glycolic

acid))

Doxorubicin and
Paclitaxel

Doxorubicin, paclitaxel,
PLGA, dichloromethane,
ammonium bicarbonate,

PVA

W/O/W
double

emulsifica-
tion and
solvent

evaporation

DPI • DL efficiency of DOX microspheres is 60% and PTX microspheres is 80%.
• Geometric diameter is 11.47 µm.
• MMAD is 3.52 µm.

[29]

PLGA
(poly(lactic-
co-glycolic

acid))

Oridonin
Oridonin, PLGA,

dichloromethylene, Span
80, NH4HCO3

Electro
spraying DPI

• Oridonin-EPM morphology is roughly spherical with many nanopores on the surface.
• Average geometric size is 5.23 µm.
• Tapped density is very small.
• MMAD 2.1 µm.

[30]

Sodium
Alginate Ciprofloxacin

Ciprofloxacin, sodium
alginate, CaCl2,

maltodextrin

Ionotropic
gelation by
aerosoliza-

tion
method.

DPI

• Surface morphology of the Ciprofloxacin HCl-alginate microspheres is small, smooth, and round. The
higher the concentration of alginate and crosslinkers, the resulting particles are more round and fine.

• Particle size of Ciprofloxacin HCl-alginate microspheres is less than 3 µm, which is suitable for inhalation
delivery. The higher the concentration of alginate and CaCl2, resulting in a smaller particle size.

• Drug loading increases significantly from 15% to 79% by increasing the alginate concentration.
• Encapsulation efficiency is 14% - 95% by increasing alginate as much as 2% to 3.5%.
• Yield is above 71%.

[31]
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Table 2 In Vitro Release Inhalation Microspheres

Polymers Drugs Microspheres
Compositions

In Vitro
Release

Methods
Release Profiles Release Kinetics References

Sodium
Alginate Ciprofloxacin

Ciprofloxacin, sodium
alginate, CaCl2,

Maltodextrin
Dissolution

• Release of ciprofloxacin using PBS medium is for 24 hours.
• Release of ciprofloxacin for 24 hours reaches 80-100%.
• Release of the drug from the alginate is pH dependent. The release

is continuous either by diffusion or slow erosion of the polymer
matrix.

• The selected kinetic model is zero order.
• The rate of drug release is constant over time with-

out being affected by the concentration of the drug
in the dosage form.

[4]

Chitosan
Paclitaxel

and
Quercetin

Paclitaxel, quercetin,
chitosan, oleic acid,
hydroxypropyl-β-

cyclodextrin, lactose,
mannitol

dialysis bag
and receptor

chamber

• At pH 7.4, pure paclitaxel and quercetin are almost completely re-
leased within 8 hours, while the release of paclitaxel and quercetin
from polymer microspheres shows two stages (burst release and
sustainable release).

• In the initial 2 hours, the microspheres show a release of 21.87% in
paclitaxel and 27.83% in quercetin.

• Sustained release of paclitaxel and quercetin occurs over the re-
maining time resulting in the release of 41.40% paclitaxel and
52.88% quercetin from the microspheres.

• Burst release of paclitaxel and quercetin from microspheres is ob-
served for 2 hours, with 17.98% and 34.08% respectively.

• Burst release is followed by sustained release for up to 48 hours.

• The release of paclitaxel and quercetin from the mi-
crospheres at pH 7.4 and pH 4.5 follows the Ko-
rsmeyer–Peppas model.

• The mechanism of release of paclitaxel and
quercetin from microspheres is Fickian diffusion.

[21]

PLGA Rifampicin

Rifampicin, PLGA,
dichloromethane,

chloroform, sucrose
palmitate

Dialysis bag

• Release of Rifampicin using PBS medium is for 160 hours.
• Release of rifampicin from microspheres occurred in a sustained

release, 71% of rifampicin is released over a week. No burst release
is observed, as about 10% of rifampicin is released during the first
3 hours.

• The data match with the Higuchi model showing
a good correlation indicating that the release of ri-
fampicin is influenced by Fickian diffusion from the
polymer matrix.

[5]

is 1 g/cm3, and X is the form factor, which is 1 if the resulting
particle is spherical[17].

The determination of MMAD for inhalation microspheres is
determined using the Anderson cascade impactor. The impactor
cascade determines the aerodynamic properties of aerosol parti-
cles by separating the particles on the impactor plate according
to their size. Briefly, the steps carried out are 50 mg of prepared
microspheres filled into 7 capsules and inserted into the inhaler
device. The inhaler device is then connected to the impactor
cascade. The microspheres are then inserted into the cascade
impactor at a flow rate of 28.3 L/min for 10 seconds. MMAD is
determined using the online MMAD calculator[18].

7. Porosity
Microparticles porosity plays an important role in the swelling
test, reconstitution, and release mechanism. This parameter can
be measured directly using a mercury porosimeter[14]. The
formula for the porosity of microspheres can be determined by
the formula below[10]:

ε(%) =

(
1 − ρbulk

ρsket

)
· 100

Where bulk is the bulk density, and sket is the skeletal den-
sity measured by helium pycnometry[10].

The physical characteristics of various inhalation micro-
spheres of different polymers can be seen in table 1.

In vitro release study

The release of the active substance from the polymer matrix is
a complex release system because the release from this matrix
can exhibit simultaneous drug and profound modification of
the polymer matrix structure. There are several factors that
influence drug release from the polymer matrix, including poly-
mer swelling, polymer erosion, drug diffusion, distribution of
drug dispersion in the matrix, the ratio between polymer and
drug, and the geometry of the matrix itself. In vitro release
mechanisms vary, including diffusion, erosion, osmotic release,

or a combination of the former and can be interpreted based
on the Fick, Higuchi, Korsmeyer-Peppas, Weibull, and Kopcha
models14.

The sustained release mechanism shows slow release for a
long period of time. Sustained-release prolongs drug therapy for
a longer period of time, whereas burst release is a higher initial
drug delivery in a short time32.

There are several methods for the dissolution of multipar-
ticulate systems according to USP 42-NF 37. Equipment and
volume are selected based on the yield of the dosage form in
the medium and volume. Compendial rotating basket (USP
Apparatus 1) and reciprocating cylinder (USP Apparatus 3) can
be used for non-disintegrating coated beads and flow-through
cells (USP Apparatus 4) can be used for several beaded products.
In addition, non-compendial apparatus, such as mini-paddle
equipped small-volume apparatus, dialysis tubes, or rotating
bottles, can also be used14.

For inhalation microparticles, USP 2 (rotating paddle appa-
ratus) can be used with certain modifications. In addition to
USP 2, the dialysis bag method is one of the methods used to
test the release of inhaled particles. The drug is arranged in a
semipermeable dialysis bag, which is immersed in the disso-
lution medium. Drug diffusion occurs between the two liquid
phases, and although static and sinks conditions are maintained,
and this method does not simulate an air-liquid transition14.

Some descriptions of the release methods, kinetics and profile
of the inhalation microspheres of several polymers can be seen
in Table 2.

Conclusion

Inhalation delivery systems in the form of microspheres pro-
vide many advantages compared to conventional dosage forms,
such as increasing efficacy, reducing toxicity, and increasing pa-
tient compliance. In addition, this system can protect drugs
from the harsh environment. The characteristics of microspheres
formed from various polymers and in vitro release study of
microspheres are the determining factors for the feasibility of
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microspheres to be delivered by inhalation before a series of
stability and activity tests.
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