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Introduction

Pressurized metered dose inhalers (pMDIs) have
become a popular dosage form for pulmonary drug
administration due to their portability, convenience,
accurate dosing and cost-effectiveness. They deliver
the active pharmaceutical ingredient (API) along
with excipients (such as ethanol and propellant)
onto the lung surface in a solid or semi-solid form.
The primary fluid found in the central conducting
regions of the lungs is the mucus layer, which coats
the apical surface of epithelial cells. Within healthy
individuals, the upper airways typically hold a vis-
cous fluid layer that ranges from approximately 10
to 30 mL. This layer is predominantly composed
of 95% water, with the remaining 5% comprising
a mixture of inorganic salts, mucin, proteins and
lipids. The systemic absorption and bioavailability
of the inhaled APIs are governed by the dissolution
process of the deposited aerosol particles in the lim-
ited lung lining fluid and the permeability of the
drug across the epithelial cells [1].

Employing iz vitro dissolution studies of pMDIs is
therefore crucial for assessing the release of drugs
from pMDIs and their subsequent availability
for systemic absorption. The utilization of in vitro
dissolution systems yields valuable data for deci-
sion-making, enabling the prediction of drug phar-
macokinetics (PK) during the initial phases of drug
development and optimization. This data facilitates
more precise forecasts of iz vivo drug behavior,
thereby helping to avoid expensive failures in the late
stages of development.

Conventional dissolution testing techniques, like
the United States Pharmacopoeia (USP) apparatus
1 and 2, are typically employed to simulate the gas-
trointestinal (GI) tract when evaluating solid oral
dosage forms such as capsules and tablets. How-
ever, alternative methods have emerged to assess the
in vitro drug dissolution characteristics of micro-
particles deposited from oral inhalation pMDIs.
These methodologies include the USP Apparatus
2 paddle method, the modified USP apparatus 4
flow-through system, a diffusion model based on a
transdermal diffusion Franz cell and the Transwell™
System, Corning, Corning, New York, US [2, 3]. As
shown in Table 1, the microparticles to be evaluated
can be deposited on certain membranes or inserts
(Snapwell™ Inserts, Corning, Corning, New York,
US) or microscope glass coverslips using the Twin
Stage Impinger (TSI, Copley Scientific, Notting-
ham, UK), Andersen Cascade Impactor (ACI, Cop-
ley Scientific), Next Generation Impactor (NGI,
Copley Scientific) or the DissolvIt® System (Inha-
lation Sciences, Huddinge, Sweden).

The dissolution rate of a substance refers to the speed
at which it dissolves in a solvent system to form a
solution. This process is governed by the afhinity
between the solid substance and the solvent, as well
as factors related to the crystal packing of the solid.
The physicochemical properties of a dissolved API
play a significant role in particle formation during
the maturation of emitted aerosol particles after a
pMDI is actuated on the epithelial cell surface or sol-
vent system. This article aims to provide a thorough
overview of the factors that affect i vitro dissolution
rates of maturated pMDI aerosols (Figure 1).
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Processes involved in the inhalation of pMDI aerosols: 1) Atomization to form droplets
from the pressurized metered dose inhaler, 2) aerosol maturation to form particles of
different size and morphologies, 3) deposition of particles in the various regions of
the airways, 4) dissolution of particles in the airway surface liquid and 5) permeability
of drugs across the airway epithelium. (Created with BioRender.com.)

Factors influencing dissolution
rates of pMDls

The dissolution rate of the maturated particles pro-
duced from a pMDI is influenced by various factors,
including the physicochemical properties of the API
itself (such as intrinsic solubility), as well as the mor-
phology, particle size and solid-state properties of
the emitted particles. Additionally, the formulation’s
excipients, including the concentration and types of
volatile excipients, the presence of non-volatile liquid
excipients, and the addition of a second drug, can
impact dissolution. Other variables such as dissolu-
tion media, temperature and humidity also play cru-
cial roles in determining the dissolution rate of the
aerosols generated from pMDIs.

API intrinsic solubility

Major factors that could impact the dissolution of
the generated pMDI aerosols are the physicochem-
ical properties of the formulation and the intrinsic
solubility of APIs in the epithelial lining fluid or sol-
vent systems. However, aqueous solubility of a drug
does not consistently affect the pharmacokinetic
profiles of inhaled particles, as the properties of the
API can also impact drug permeability across the
lung epithelium.

Hydrophilic drugs tend to be absorbed from the
lungs more slowly than lipophilic drugs, likely pass-

Systemlc Circulation

ing through aqueous pores within the intercellular
tight junctions. Ionized molecules, which are typi-
cally water-soluble, exhibit reduced absorption rates
due to interactions with the lipids and proteins envel-
oping these aqueous pores. Moreover, absorption
rates may further decrease with an elevated molecular
weight of the drug [11].

As for drugs that are poorly soluble or administered
in high doses via pMDIs, the dissolution process may
be the limiting factor for absorption. To investigate
respirable aerosols of seven pMDI inhaler products
with varying API solubility, Sakagami, et al. [12] uti-
lized a Transwell method. This approach involved
exposing the aerosols to 10 ml of simulated lung lin-
ing fluid (SLF) at 37 °C and approximately 100%
relative humidity. The findings indicated that three
APIs with high-to-intermediate solubility (Hunisolide
(FN), triamcinolone acetonide (TA) and budesonide
(BD)) exhibited first-order “sink” behavior, achiev-
ing complete dissolution within 6 hours. Conversely,
for pMDIs formulated with poorly aqueous-soluble
APIs (fluticasone propionate (FP), beclomethasone
dipropionate (BDP), mometasone furoate (MF) and
ciclesonide (CIC)), the dissolution profiles showed
kinetically pseudo zero-order kinetics. For these pro-
files, at 9 hours, 50% or less of the APIs had been
transferred, indicating that the slow dissolution is
due to the volume of the SLF and unable to reach the
“sink” condition in 10 ml of the donor fluid. Addi-
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tionally, it was observed that the dissolution of poorly
soluble FP, but not highly soluble FN, was dependent
on the aerosol mass kinetics. The study demonstrated
that as the mass of FP aerosols increased from 9 pg to
41 pg to 101 pg, slower dissolution and permeation
were observed.

Emitted aerosol particle size

Itis well accepted that aerosol particle size significantly
influences dissolution in inhalation delivery. Smaller
particles, typically less than 3 pm are advantageous, as
they offer increased surface area for dissolution, lead-
ing to enhanced drug absorption and bioavailability
in the lungs. Larger particles may deposit in the upper
respiratory tract and be less efficiently absorbed,
impacting the effectiveness of therapy.

A study by Arora, et al. [13] demonstrated that
budesonide aerosol particles with smaller sizes (2.1-
3.3 pm), collected on stage 4 of the ACI, demon-
strated quicker and more extensive dissolution and
permeation compared to larger particles (4.7-5.8 pm)
generated from stage 2. This difference is reflected in
their respective iz vitro drug dissolution half-lives of
1.8 £ 0.1 hours and 3.9 + 0.9 hours, when the mem-
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brane was then placed in the donor compartment of
a Transwell system.

Particle morphology

Production of particles from solution-based pMDIs
typically involves atomization, followed by matura-
tion steps. Induced by high-speed airflow when the
user actuates the inhaler, atomization forms droplets.
Aerosol maturation occurs when the droplets start to
evaporate and lose solvent and propellant content,
within the patient’s respiratory system.

Smooth and rough surface microparticle morphol-
ogies have been observed under scanning electron
microscopy (SEM) in a few recent studies [14, 15].
It was hypothesized that the final formed particle
morphology is governed by a combination of atom-
ization and maturation phases [15]. It was sug-
gested that during the atomization step for pMDls,
the uneven vaporization of the propellant in the
expansion chamber of the actuator may result in
various droplet compositions. Initially, all types of
droplets undergo a brief co-evaporation process.
Subsequently, a thin surface crust forms rapidly,
due to intense energy transfer between the droplet

A) Scanning electron micrographs of the maturated particles collected on stage 5 of the modified
ACI from pMDI formulations produced using different propellants. B) Dissolution profiles of
BDP particles deposited on stage 5 of the modified ACI measured over 4 hours. Results are
reported as average + SD, (n = 8). SEM analysis of maturated drug particles morphologies in
terms of: C) percentage of smooth and corrugated particles and D) mean geometric size of the
particles. *p-value < 0.05. Results and figures were adapted, with permission, from reference 5.
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surface and the surrounding environment during
the drying step. Meanwhile, the propellant within
the droplets continues to evaporate, creating inter-
nal voids, facilitated by the rapid evaporation of
propellant gas with a negative boiling point (e.g.,
HFA-134a at -26.3°C and HFA-152a at -24°C) at

ambient temperatures [15].

The particle morphology of budesonide solution-
based pMDIs utilizing HFA-134a with varying
amounts of ethanol (5-30%, w/w) was investigated
[15]. The study revealed that particles emitted from
all formulations exhibited two distinct morphologies:
smooth surface and coral-like surface morphology.
Interestingly, an increase in ethanol percentage in
the formulation, from 5% to 30%, led to a decrease
in the percentage of irregular-shaped particles, from
approximately 52% to 2.5%. This observation sug-
gests that higher ethanol concentrations slow droplet
evaporation, thereby delaying the increase in surface
viscosity and favoring drying with a smooth surface,
as observed in another recent study [14].

A subsequent study investigated the impact of differ-
ent morphological properties from three propellant
formulations (HFA-134a, the newer, eco-friendlier
HFO-1234ze(E) and HFA-152a) on in vitro drug
dissolution of maturated beclomethasone dipropio-
nate particles generated from solution-based pMDIs.

Maturated particles were collected on a modified
Anderson Cascade Impactor that housed eight Snap-
well inserts on Stage 5, at a flow rate of 28 L/min.
The study found that, although the pMDI formu-
lations containing HFA-152a and HFA-134a exhib-
ited similar ratios of corrugated/rough particles to
smooth/spherical particles, HFA-134a produced
smaller rough and smooth particles compared to
HFA-152a. The HFO-1234z¢(E) formulation pro-
duced a significantly higher percentage of smooth/
spherical particles and a corresponding lower per-
centage of corrugated/rough particles collected on

that stage of the ACI (Figures 2A, 2C, 2D) [5].

The differences in the morphologies and sizes of the
particles resulted in different dissolution rates of
drug particles over a four-hour period with the fol-
lowing rank order: HFA-134a > HFO-1234z¢(E) >
HFA-152a (Figure 2B). Considering particles were
collected from the same stage of the ACI, (which has
a consistent aerodynamic particle size), a decrease in
geometric particle size and an increase in the pro-
portion of corrugated/rough particles led to faster
dissolution. This effect can be attributed to the
larger surface area of the particles, which enhanced
the dissolution kinetics.

Solid state properties

The rate of dissolution is also significantly influenced
by the solid state characteristics of the API, whether
those characteristics are amorphous or crystalline.
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Typically, metastable solid forms exhibit greater solu-
bility and dissolution rates compared to their thermo-
dynamically stable counterparts, primarily because of
differences in crystal lattice energies [16].

To evaluate this, two non-bioequivalent BDP
pMDIs: QVAR® (TEVA, Tel Aviv, Israel) and Sanas-
thmax® (Chiesi, Parma, Italy) were used to generate
test particles. The QVAR and Sanasthmax formu-
lations differed in the amount of ethanol cosolvent
(8% and 10%, respectively) and the presence or
absence of glycerol (0% and 1.3% respectively). The
BDP powder raw material used to manufacture the
pMDI formulations was crystalline and the particles
emitted from the QVAR inhaler also displayed some
degree of crystallinity, as indicated by powder X-ray
diffraction (PXRD) analysis, with a diffraction pat-
tern containing several distinct peaks differing from
those of anhydrous BDP. Conversely, the particles
emitted from the Sanasthmax inhaler yielded results
with no peaks on the diffractogram, indicating their
amorphous nature. Subsequently, the Franz cell tech-
nique was employed to conduct iz vitro dissolution
testing under non-sink conditions for particles col-
lected from QVAR and Sanasthmax on the second
stage of a modified Twin Stage Impinger. After 60
minutes, approximately 73 + 5% of the deposited
BDDP, displaying some crystallinity, was released from
the QVAR particles, whereas only 9 + 4% of BDP
was released from Sanasthmax particles, which exhib-
ited anhydrous characteristics [7].

Excipients in formulations

In the development of inhalation products, additional
excipients like cosolvents or adjuvants are frequently
incorporated into the formulation. These added sub-
stances can influence the dissolution characteristics
of the aerosol spray within the lungs, thereby influ-
encing the pharmacological response [17].

For pMDI formulations, the dynamics and mor-
phology of emitted pMDI particles can be influ-
enced by the composition of the solution. Therefore,
in solution-based pMDlIs, factors such as the concen-
tration of co-solvents (e.g., ethanol), the inclusion of
non-volatile additives (e.g., glycerol) and the udili-
zation of different propellants (such as HFA-134a,
HFA-152a, HFO-1234z¢(E), etc.) will impact the
formation process of droplets. The combinations of
these factors will drive the resultant evaporation rate
of the propellent mixture and resultant maturation
of the particles, which ultimately have a significant
effect on the dissolution rate of the emitted particles.

A study by Buttini, et al. observed that the dissolu-
tion rate of BDP decreased from 86% to 63% over
120 minutes with increasing ethanol percentage
in a 12% (w/w) ethanol formulation (BDP Extra-
fine) compared to an 8% (w/w) ethanol formulation
(Clenil®, Chiesi) [14]. From transmission electron
microscopy (TEM) images of the deposited parti-



Inhalation August 2024

cles, it was noted that the low ethanol concentration
(8% w/w) resulted in a higher percentage of irregu-
larly shaped particles (40%) compared to the 12%
w/w ethanol formulation, which exhibited irregu-
lar surfaces in 25% of the particles. This observa-
tion suggests that the irregular surface of the formed
particles may have larger surface areas, consequently
enhancing dissolution.

Motivated by The Kigali Amendment to the Mon-
treal Protocol on Substances that Deplete the Ozone
Layer, pharmaceutical companies are placing a top
priority on replacing high global warming poten-
tial (GWP) MDI propellants with low GWP alter-
natives. Studies have recently been conducted to
investigate whether these propellants affect in vitro
dissolution rates, to ensure consistent performance
as propellant transitions are made [6]. To conduct a
direct comparison with commercially available Clenil
100 MDIs (Chiesi) containing HFA-134a, we man-
ufactured MDIs (Oz-UK Ltd, Chippenham, UK)
containing low GWP propellants (HFO-1234z¢(E)
manufactured by Honeywell, (Charlotte, North Car-
olina, US) and HFA-152a manufactured by Koura
(Waltham, Massachusetts, US) using existing, off-
the-shelf components. These MDIs were formulated
with a standard composition of 100pg/50p! beclo-
methasone dipropionate, ethanol and glycerol, and
utilized standard actuator technology. The dissolution
of BDP particles from each of the three MDI formu-
lations (containing HFA-134a, HFO-1234ze(E) or
HFA-152a) was assessed using a custom, 3D-printed
plate equipped with three Snapwell inserts to replace
stage 4 of the Next Generation Impactor [18].

Figure 3 shows the cumulative BDP dissolved over
time after deposition. It was observed that pMDIs

The dissolution of BDP particles on
stage 4 of the modified NGI assessed over
180 minutes (n = 3). Average cumulative
drug release percentage dissolution profiles
are presented with standard deviations.
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formulated with HFA-134a exhibited faster drug
dissolution (T, = 78 + 9 mins) compared to BDP
particles produced by pMDIs reformulated with
HFO-1234ze(E) (Ty/2= 114 + 22 mins) and HFA-
152a (T/5 =151 + 15 mins). Interestingly, these find-
ings align with the dissolution rate ranking observed
in a previous study for non-glycerol-containing BDP
MDIs, suggesting that the influence of the propellant
on BDP dissolution persists regardless of the pres-
ence of glycerol or ethanol [5].

When a non-volatile component, such as glycerol or
polyethylene glycol, is introduced to match the vol-
umetric contribution of the formulation and mimic
the aerosol properties of the original products, the
performance of the formulation is largely dependent
on the concentration of non-volatile components
present in the formulation [19, 20]. Glycerol alters
the particle microphysics of aerosols from solution
pMDIs by increasing particle size and modifying
the morphology and solid-state of aerosol particles.
In a study, it was observed that BDP dissolution
decreased compared to formulations without glyc-
erol. This was attributed to the higher solubility of
glycerol compared to BDD, leading to competition
for solvent uptake and consequently slowing the
BDP dissolution rate [14].

Similarly, in another study of BDP pMDI formu-
lation, the inclusion of glycerol (50% w/w) in the
final particles notably reduced the dissolution of
BDP. The glycerol-containing particles exhibited a
significantly lower dissolution rate (7.8% =+ 2.1%
over 180 minutes) compared to glycerol-free particles
(58.0% + 2.9% over 60 minutes) when measured
using a Franz diffusion cell, despite having similar
aerodynamic properties, including equivalent parti-
cle size distributions and fine particle fraction [21].
Ex vivo research on BDP pMDI products also sug-
gests that a different percentage of glycerol in QVAR
and Sanasthmax may affect drug dissolution after
aerosol deposition in the lungs [22].

In summary, the dissolution process in ethanol-
propellant solution pMDIs is closely linked to the
ethanol concentration. Additionally, the choice of
propellant with varying boiling points within the
formed droplet, along with the presence of non-
volatile excipients, collectively influence the rate of
evaporation. Further, this rate of evaporation ulti-
mately determines whether particles can progressively
dry with a smooth or irregular surface geometry as
the residual boiling liquid escapes from the particles.

Dissolution media

As summarized in Table 1, researchers have utilized
various dissolution media, ranging from phosphate
buffers (PBS 7.4) to more biorelevant simulated lung
fluids (such as Gamble’s solution), with or without
the addition of surfactants (e.g., sodium dodecyl sul-
fate (SDS)) to study dissolution of maturated pMDI
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aerosols. There are several reasons for using different
solvent systems, including:

* Enhancing the physiological relevance of
in vitro tests

* Maximizing the accuracy of in vivo predictions

* Increasing drug solubility in the
compartment

* Overcoming challenges related to limitations of
analytical techniques

receptor

* Maintaining sink conditions

To evaluate the extent of the differences among the
various dissolution media, a study used fluticasone
propionate and beclomethasone dipropionate to
represent inhaled drugs with poor aqueous solubil-
ity, which may be dissolution-limited, resulting in
relatively slow dissolution profiles. For FP from the
Flixotide® 50 pg pMDI (GSK, Brentford, UK), it
was observed that the dissolution rate in SLF (~2%)
was higher than in Gamble’s solution (-1%), but
lower than in 0.5% SDS (~9%) over 30 minutes.
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Similarly, BDP from QVAR 50 pg pMDI exhib-
ited a similar trend across these three media, with
0.5% SDS showing the highest dissolution (~30%),
followed by SLF (-25%) and Gamble’s solution
(-15%). Additionally, the same formulations of
BDP studied by Arora, et al. using the Transwell dis-
solution method demonstrated a dissolution rate of
approximately 3% in water as a dissolution medium
at the 30-minute time point.

Temperature and humidity

Environmental conditions, such as temperature and
humidity, at which the aerosolization and/or dissolu-
tion study takes place could also impact the dissolu-
tion rates of aerosol particles generated from pMDls.
Previous work [23] has indicated that salbutamol
sulfate transitions from a crystalline solid to a satu-
rated solution at approximately 92% relative humid-
ity (RH). This is a result of temperature altering the
RH level and substantially impacting the saturation

Table 1

Dissolution Methods Employed to Assess Dissolution of Deposited Microparticles from pMDIs

Dissolution API/Formulation or Sample Collection Dissolution Medium Rotation Speed | Reference
Apparatus Commercial Product Instrument or Flow Rate
Transwell™ Fluticasone propionate (FP) TSI 600 pL medium (Gamble’s N/A (4]
System Flixotide® 50 pg pMDI; solution, simulated lung
Beclomethasone fluid (SLF), or water with
dipropionate (BDP) 0.5% sodium dodecyl
QVAR® 50 pg pMDI sulfate (SDS)), fresh
medium replaced for
each sampling point
BDP pMDI containing AClwith 3D-printed | 2 mL PBS 7.4, 200 pL taken N/A 5]
8% w/w ethanol AClplate for each sampling point
100 pg/50 pl BDP containing NGl with 2 mL PBS 7.4, 200 pL taken N/A [6]
ethanol and glycerol 3D-printed for each sampling point
NGl plate
Franz Cell BDP, QVAR and Modified TSI 0.1w/vSDSin0.1M N/A (7]
Sanasthmax® phosphate buffer, pH
7.4,300 pL of dissolution
medium sampled for
each time point
DissolvIt® System FP, Flixotide pMDI Dissolvlt System 5.7 uLSLF 0.4mL/min | [8]
with microscope
glass coverslips
USP Method 2 Albuterol sulfate NGl equipped with 300 mL SLF, 3 mL of 50, 75 and 9]
(Paddle) (AS) Ventolin® impactioninsert | dissolution medium sampled 100 rpm
for each time point
Flow-Through Triamcinolone acetonide, ACI with USP SLF 0.7 ml/min [10]
Azmacort®200 ug induction port

Transwell™ System (Corning, Corning, New York, US)
Dissolvlt® System (Inhalation Sciences, Huddinge, Sweden)

Flixotide® (GSK, Brentford, UK)

QVAR® (TEVA, Tel Aviv, Israel)
Sanasthmax® (Chiesi, Parma, Italy)
Ventolin® (GSK, Brentford, UK)
Azmacort® (Sanofi-Aventis, Paris, France)
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vapor pressure of air, consequently influencing the
kinetics of drug dissolution.

In a recent study [24], electrodynamic balance
(EDB)—a single particle measuring technique—
was utilized to collect information on the matura-
tion kinetics of drug/excipient droplets and provide
unique insights about how non-volatile excipients
and humidity influence particle conformation during
maturation. pMDIs were systematically formulated
to vary glycerol and isopropyl myristate (IPM) con-
centrations, with ethanol as a cosolvent, to determine
the effect of humidity on BDP particle development
and wetting. BDP particle morphologies were com-
pared among aerosols generated from pMDIs con-
taining different ratios of BDP/ethanol:glycerol or
BDP/ethanol:isopropyl myristate at various relative
humidity levels, ranging from dry air (0% RH) to
85% RH. Observations revealed that ethanol loss was
followed by evaporation of condensed water from the
surrounding humidity to generate spherical particles
with solid inclusions or compact, irregularly shaped
solid particles at 45% RH, depending on the pres-
ence or absence of glycerol. However, at RH levels
exceeding 95%, condensed water did not evaporate,
leading to the formation of solid inclusions of BDP
in water/glycerol or water droplets [24].

Another study by Ivey, et al. [25] also showed that
environmental humidity affects the surface and
internal morphology of microparticles produced by
solution BDP pMDIs formulated with ethanol in
HFA-134a and HFA-227a. The particles generated
were evaluated for their morphology by SEM and
solid phase by Raman microscopy. Despite remain-
ing predominantly amorphous in all tested condi-
tions, drug particles produced during actuations in
dry air exhibited a solid, spherical morphology, while
those produced in high humidity were highly porous.
Resultant particles could ultimately affect particle
density and wettability, with potential implications
for pharmacokinetic profiles. The study suggests
that condensed water vapor or ice deposition from
ambient humidity acts as a templating agent during
particle formation from propellant evaporation. Ear-
lier descriptions highlighted how the morphology of
particles could influence the dissolution of emitted
aerosol particles. Consequently, these studies offer
insights into the potential impact of humidity on
dissolution in the respiratory tract.

Other factors

It is essential to recognize that solution-based pMDIs
exhibit distinct behavior compared to suspen-
sion-based formulations. In suspension systems, the
minimum output size of a droplet is largely deter-
mined by the size of the suspended particles within
the atomized droplets. In contrast, in solution-based
pMDIs, the size of emitted droplets is primarily influ-
enced by factors such as the design of the actuator
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and the composition of the formulation. Therefore, it
is important to note the distinct drug release behav-
ior exhibited by solution-based pMDIs compared to
suspension-based formulations. Arora, et al. showed
that the solution QVAR pMDI with BDP exhibited
significantly faster and greater dissolution and per-
meation than the suspension Vanceril® pMDI with
BDP (Schering-Plough, Kenilworth, New Jersey,
US) over 10 hours [13].

Conclusions

At present, there are no established regulatory man-
dates or standardized procedures for conducting in
vitro dissolution testing of pMDI products. There-
fore, it is imperative to select or develop a dissolution
testing methodology that is tailored to the specific
attributes of the pMDI formulation.

This article outlines the factors that could influence
in vitro dissolution of pMDI aerosols, offering guid-
ance for optimizing formulation design by selecting
appropriate APIs and excipients, as well as enhancing
the manufacturing process. Furthermore, the arti-
cle suggests directions for developing robust disso-
lution technologies to assess batch consistency, such
as selecting a suitable dissolution medium and con-
sidering the impact of humidity and temperature
during experimentation.

Looking ahead, future research efforts should focus
on establishing a quantitative in vitro/in vivo rela-
tionship between dissolution data and systemic phar-
macokinetic profiles. This would facilitate a deeper
understanding of how dissolution behavior correlates
with drug absorption in vive.
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