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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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small size, and can be used for a prolonged therapeutic effect[3].
Microspheres are particles of 1-1000 um consisting of a

Introduction biodegradable polymer matrix in which the drugs can be natu-
. . . rally degraded in the body, low biocompatibility, immunogenic-
Drug delivery system through the lungs in the form of inhala- ity, and toxicity, as well as high bioavailability and sustained

tion is the best choice for diseases of the lungs. The inhalation release capability for a long time[4]. The development of micro-
route provides many advantages over the oral route, such as a spheres delivery system for inhalation involves three require-
high surface area with a fast absorption due to high vascular- ments, which are biocompatibi]ity and relatively fast biodegrad-
ity, avoiding the first-pass effect, reducing the dose, reducing ability of the forming polymer to avoid the accumulation of
systemic absorption, and reducing side effects[1]. Despite the toxic Eaubstanocs in the lung;s, especially in the case of long-term

advantages of lung conduction, to achieve effective lung depo- treatment such as tuberculosis chemotherapy, high drug loading
sition, the particles must have an aerodynamic diameter in the to minimize the administration of inert substances, and the aero-
range of 0.5-5 um. Particles with a diameter bigger than 5 um dynamic diameter of the particles ranges from 1-5 pm[5]. This
will be suspended in the upper respiratory tract, while particles review will examine the microspheres system focusing on physi-
<05 pim are more likely to be cleared during expiration[2]. cal characteristics and in vitro release of inhaled microspheres

To overcome this problem, microspheres are chosen as the

! - with several polymers and encapsulation methods.
carrier system because of the use of smaller doses, having a
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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 ym and 5 um. Particles larger
than 5 pom are usually deposited in the upper respiratory tract,
where they are easy to clean, while particles smaller than 0.5
pm 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
pint - 1.43 pm 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 CaCl, 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
aweek. 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 (DPJ)

DPI is a respiratory propulsion device that contains a micro-
sized (approximately under 5 um) 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 DPIinclude
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 pm 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 DPL 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)

pMDl 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 p-14 D-
mannuronic acid and a-L-Guluronic acid monomer, forming
a homogeneous or heterogeneous block patternfl]. 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
B-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 indicaseed 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 pm 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 weight in the microsphere
g weigh Pere X 100%

Drug loading(%) = microsphere weight

%drug loading

Encapsulation efficiency(%) = oih tical tont
stheoretical conten

4. Swelling Index

The swelling index aims to observe the state of dry particles
under various conditions. Swelling index (5%) can be calculated
using swollen particle diameter (ds) and the initial particle diam-
eter before reconstitution (d;), with the following formula[14]:
S(%) = % —di | 1009
d;

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:

YMucoadhesion = x 100%

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

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(p/pyX)1/2

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

Microspheres fnhalation
Polymers Drugs P s Methods Delivery Physical Characteristics References
E Compusitions :
Devices
Sodium - . + Morphology of micraspheres is spherical Different size distribution of micrsphenss depencs on the
Alpirarte and Sodium Alginate, i of the ol ety chmamic visosity, and agitetion rate dusbek the et cion gelati
lginate a } Hyaluronic acid, CaCla, DT compasition of the polymer solution, dynamic viscosity, and agitation rate during the emubion gebtion [l
Hyaluromic S process.
! CaC03, Water, Span 81 process . ) . o . )
Acid : + The microspheres shew kiw dersity and high porosity as well as good in vitm aemdynamic properties
with d 4 value of sbout 5 o
- Ciproflosacin, sodium ! + Microsphere morphoksgy is spherical
Sadivam aemsolics ;
e Ciprofloxacin alginate, CaCly, e Pl * Partick size ranges from 123~ 143 o The higher the alginate concentration, the larger the partic] [4]
Alginate : - tiom methed Ly ! ! !
Maltodextrin Dreying with * Yield ranges from 70.63% - 82 94
Tying W +  Dryg boading and encapsulation efficiency ane 282% - 413% and 27 39% - 80 74%.
Freesze dry * *
« Morphology i spherical with particle rof <5 o
Sodium Paclitaxel, sodium mulsifica- . vohime dismeter of microparticles is 2 o 10 o
e Paclitaxel inate, CaCly, HIME, tiom /e bation Pl . ; loading and encapsulation efficiencies ane 7.8 t019.5% and 35 to 61% depends on the mamsfacturing 111
Alginate i . ! !
L Tween 85 method
* The mavimum encapsulation efficiency is obtained with the highest mass ratio of pachitavel to
andd the highest external oil phase volume.
+ The yield is 60%
+ D boading is 62.1%712%.
+ The partick size for alginate micraspheres & 6634 o, while the dnug-loaded spray-dried alginate mi
Sodium Rifampicin, fcyclodextri, Somy crospheres with cyclodextrin an: 6.234 . Particle size is affected by the viscosity of the solution on the
Algirate Rifampicin sodium alginate, i Pl droplet size during the atomization process. [19]
& sopropyl akohol {IPA} "8 * SEMshows pure Rifampicin in crystalline form witha characteristic shape, whenss drug-free alginate mi-
crospheres ane spherical and freeflowing witha thsurface. The f the drug and cyclodes-
trin affects the morphalogical chamcteristics of the microsphens obtained by the spray drying method.
+ MMAD shows that nearly 75% of alginate microspheres is within the inhaled size mnge, with an MMAD
of 5420 m.
"’T‘I’!"T"' . | with a smaeth surface.
Ciprofloxacin, kappa e 2aon .
Ka aemsolics
ot Ciprofloxacin carragesnan, ot Pl . sizeris less than & o withan average of sbout L4 to 16 o 131
AT maltodextrin, KCI Dhying with + Adsorption efficiency & 10
Tying W + Dnyg loading i 1 The higher the concentration of polymer and crsslinker, the efficiency of
Freesze dry - - . ;
entrapment and drug loading also increases.
Ofloacin, chitosan,
acetic acd, Emulsifica-
Chitosan Ofkoacin dichlomomethane, liquid tiom Pl + Morphology & spherical and ranging from 1 o6 m. [11]
paraffin, span &, lecithin, w/O +  Ofkncacin content is 2% (w /w).
glutarakdehyde
. Sorphals s spherica ith h ace.
Levofkoxacin, chitosan, Morphology i spherical
glutaraldehyde, acetic * R about 10 and 120
Chitosn Levoflouncin B aid, geminin Spray DT +  All formulations exhibit high dispersibility with an ED value of around 90, indicating that the micn- (2a)
. P drying sphere powder & efficiently emitted from the DIL
e +  For micmspheres crosslinked with genipine and ghtamic acid, the MMAD vale is around 3 jor, a value
Flatam suitable for delivery to the condudive zones of the lungs (trches, bronchi, and terminal bronchicoles)
where |2 aeuginosa infection is present.
Paclitaxel quercetin,
. chitisan, aleic acid ) - - . )
- tin and . , + PIX and QUE areefficiently encapsulated in polyme
Chitusan Paclitaxel hydronypropyl-£- ot + Dy kadings of FTX and QUE are 1536% and 1479 amd 9LF, respectively. 21
cychdextrin, bictoss, e
! + Yield is about A%
manvitel
) + Yield is 99300 for Rifampicin microparticles and decreases with an increasing amount of tripolyphos-
lemic "
- Rifampicinand Rifampicin, rifambutin, gelation and . below 3 jear. Partick size increases with increasing concentration of tripolyphesphate,
Chitosan e chitosan, drying by Pl : o : ! [12]
Rifabutin Tripehphosphate ray inand rifambutin microparticks.
POYPROSF rind « Dnag loading is 45%-80% for rifampicin microparticles and 7(%-89% for rifambutin microparticles.
: Amaonmt of drugs baded into the microparticles decresses with an incresse in the concentration of added
ripolyphosphate.
. iith b $iisface
Montelucast, xykogluca Spm -
NXyloghican Montelucast PR o d:\';;; o . l18]
- B b * . 1 able for inhalation delivery in the lower hings.
*  Encapsulation e icency ranges from 79.16% - 85 39%.
PLLA + Morphology of pure gefitin & in the form of linge and irmegular vellow crystals, PLLA particles are
{polyil- Gefitind (-e'flll_nl-".l LLA, ethanel, B fksﬂ:ul.\le. and imegular, and [ I.I.A_-ge'fllml."mlt'nxv}d‘u'nev.\n' smallerand almest spherical. 122]
lactic dichlommethane * Partick sice ranges from 15 o 4.5 o
acid}} + D boading is 15.52%
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Emukion-
combined

— Insulin, PLLA, oo - + Momphology i rowgh and porews. -
dichkrome thane, AB . + D f L85 N% and encapsulation effidency is 68 97%-97.(2%.
2 * Geometric mean dismeter {Dg) is 1562 o and aerod ynamic dismeter {Da) & 431 o
antisohlvent - N N
{PCA)
process
« Maorphokigy & spherical with a roug
Pobyvinyl & . crosp heres & 78 fo 1 A, 131 gean for 7% PVA, and 139y for 0%
akuhol Nifedipine Nifedipine, I'VA, ethanol il or 1PVA), while the partice size of the mw m As the concentration of PVA increases with 124]
(P wing omcentration, the partick siz of the microsphens also increases.
. -59.015% and encapsulation eHfickncy is about 82 18%-11811%.
+ MMAD cannot be determined accurately and is estimated to be more than 13 jo.
Levofloxacin, PLGA Denble
A hydrmochloric acid, emmlsion - + Marmphokgy & spherical and the partick: size is 4.6 o and 43 jor. =]
- . dichlomme thane, 'BS, solvent + Encapsulation eficiency is 5.30% and 0L30% and druyg koading is 9.91% and 0.90%.
bauric acid evapomation + MMAD 571 o
PLGA + Morphokogy for rifampin microspheres & spherical with a smooth surface, whike the microparticles pre-
{polyilactic- Rifampics Rifampicin, PLGA o/w - pared with various concentrations of leucine (017 (L%, 0.8%, and 0.5%} ane not spherical. -
coglycalic Hampiem leucine, dichkromethane emmulsion + Particle size of the rifampicin micrespheres icles ackded with leucine (261
* Encapsulation efficiency of rifampicin microspheres is 96.17% and Encapsulation efficency the addition
of lencine is 71 47%-5.17% at diffennt concentrations.
Rifsmpicin Rifsmpicin, PLGA, PVA, ':"‘I’:_',“’I‘" BT : .\‘Joq‘]mkxulj:\-ldx'riml. 3]
evapomti .
Wifampicin, PLGA oW + Maormphokigy & spherical with smooth surface.
Rifampicin dichlomme thame, emuldon (W1 + Drug loadis from 7 (Pa-424% and encapsulation efficiency mnges from 211 151
chkmoform, sucrose salvent i -
palmitate evapomtion * Particle s is " et
+ MMAD 45
Rifampicin, PLGA, ethyl
acetate, VA, * Particle size ran
R hydmchloric acid, HI? Solvent + EE#315%-73
Wifampicin {2-hydrosypropyl- evaporation el + MMAD & 336 1o 71
~cyelodextrin, borate MMAD).
buffer + Momphokygy i spherical
Etoposide, PLGA, Eoulsion I\a:::-LJIm:a‘ T;J‘ix-rx.\l with smeeth surface.
Etopaside chloraform, VA, solvent ol 2 e [2s]
manmitol evapemation * Drug loadis
* Encapsulation efficiency is 81 2%,
+ MMAD &2 83
Moniflescacin, PLGA, Solvent . 3
Moxifloxacin dichkmmethane, » ) ol . v i spherical with smeoth surface. 18]
methanol, FVA evapomtion . » and EE is 7810
+ MMALD & 285,
WO/ W
Desorubicin, paclitasel double
Doxondicin and PLGA, dichlommethane, emulsifica- BT + DL efficiency of DOX microspheres & 60% and ITX microspheres is 80%. 2]
Paclitaxel tiom and *+ Geometric dismeter is 1147
salvent + MMAD &332,
evapomtion
Oridonin, PLGA Hlectro .
Oridomin spraying ol . 30]
! . ]qk'ddz'xblll s very small.
+ MMAD 21 o
Toamptropsic + Surface mamphology of the Ciprofloxacin HCl-alginate microspheres is small, smooth, and round. The
, — TR -1 fhe concentration of alginate and crosslinkers, the reulting particles are more mund and fine.
- Ciproflosacin, sodium atiom by s e 7 ; = A i o e ; .
Sodium Cirmofloacin whinate, GaCly B ootz BT * Particle size of Ciproflovacin HCl-alginate microspheres is ke 3 e, which s suitable for inhalation 1)
T & -2 : delivery. The higher the concentration of 3 5, Tes na smaller partick: size.
maltodetrin Hon " N 5
. 3 .nlh fm|—|1 by increasing the alginate concentration.
methad. * Encapsulation effic imate s much as 2% b 3.5%.
+ Yield is above T1%.
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Table 2 In Vitro Release Inhalation Microspheres

is contimxrus either by diffision or slow erosion of the polymer
matrix.

ot being affected by the concentration of the drag
in the dosage form.

Microspheres In Vitm
Polymers Drugs ‘_.“mp‘:mw‘ Release Release Profiles Release Kinetics References
: Methods
. ) ) + Rekeme of ciproflosacin wing PBS medium & for 24 hours. . e .
Sodium Ciprofloxacin, sodium ) ) + Release of ciproflasacin for 24 hours reaches 80-100%. Theselected kine e model & zero order. .
; . ) algimate, Call,, Dissalution P + The mte of drug release i constant over time with- 141
Alginate Ciproflosacin N bk trin * Releme of the drug from thealginak: & pH dependent. The relese

Paclitavel, quercetin,

At pH 7.4, pure paclitavel and quercetinare almost completely re-
lessied within & hours, while the nelease of paclitael and queretin
from polymer microsphenes shows two stages (burst release and
sustrinable release).

The nelease of paclitavel and queretin from the mi-

palmitate

ed, 2 about 10F% of rifampicin is released during the first

fampicin is influenced by Fickian diffusion from the
polymer matrix.

Paclitaxe] chitosan, okic acid, dialysis bag * In the initial 2 hours, the microspheres show a relasse of 21 87% in g o -
Chitosan hydmsypropyl-f- and Teceptor paclitase] and 2783% in querce tin. crospheres at pH 74 amd PH A4S follows: the Ko- [21]
Quercetin cyclodextrin, lactose, chamber * Sustained releae of paclitane] and quercetin occurs over the re- T releae of maclitael and
‘mannito] maining time resulting in fhe relase of 4140 packitael and e e ki St
52 88% quercetin from the microspheres quemcetin from microspheres is Fickian diffision.
* Burst releme of paclitaxel and quercetin from microspheres is ob-
serrved for 2 haurs, with 17 98% and 3008% respectively.
o Burst nekease is folkwed by sustained relese for up to 48 hours.
Rifampicin, PLGA, * Release of Rifampicin wsing PBS medium is for 160 hours. . ) _— .
PLGA — dichlonmethane, Dialyeis b * Release of rifampicin from microspherss occurred in a sustained e i"’ '“"I"{f “1::.}" h “‘r’;:r' r'}':’d‘ll ""h"‘r'“-‘.‘ 51
! Hampicin chlomsform, sucrse s hag release, 71% of rifampicin is relemed overa week. No burstreleme B o e a

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]:

e(%) = (1 - M) -100
Psket

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
models'4.

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 time?2.

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 transitionl4.

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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