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ABSTRACT

The dissolution rate of a pharmaceutical drug is a critical factor in the design of effective oral dosage forms. 
Ibuprofen, a widely used oral medication, often faces challenges due to its inherently low dissolution rate. 
Traditional approaches to mitigate this issue involve increasing the dosage to enhance absorption and efficacy, 
thereby attaining the required therapeutic concentration. However, this solution can lead to various complications, 
including increased risk of side effects. This review examines alternative strategies to augment the dissolution rate 
of ibuprofen, with a specific focus on particle size reduction. Techniques such as salt and prodrug formation, crystal 
modification, micellar solubilization, complex formation, solid dispersion, and self-emulsifying drug delivery systems 
have been considered. The primary emphasis, however, is on the method of reducing particle size, an approach 
that has shown significant potential in improving ibuprofen's solubility. By enhancing the drug’s solubility through 
particle size reduction, ibuprofen can be more readily absorbed, leading to improved therapeutic effectiveness 
without the need for increased dosages. This review aims to underscore the importance of particle size in drug 
design and its impact on the dissolution rate, offering insights into more efficient and patient-friendly ibuprofen 
formulations.
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Introduction
The evolution of drug preparations is a dynamic 

process, tailored to meet consumer demands and 
preferences. Pharmacists face numerous challenges in 
drug design and development, with poor drug solubility 
being a prevalent issue. The solubility of a drug is 
directly proportional to its dissolution rate, which is the 
rate at which a solid drug dissolves in gastrointestinal 
fluids. This dissolution is a critical factor to consider in 
the development of drug formulations, as it significantly 
impacts the drug's effectiveness [1].

The dissolution of drugs plays a vital role in 
determining their bioavailability in the bloodstream, 
which, in turn, influences the therapeutic effectiveness 
and treatment outcomes in patients. This relationship 

is particularly crucial in oral dosage forms, where the 
dissolution in water directly affects the absorption 
process. Consequently, the amount of the drug reaching 
the bloodstream is impacted [2]. Drugs that exhibit 
low dissolution rates are typically hydrophobic. When 
in the hydrophilic environment of the gastrointestinal 
tract, these substances tend to dissolve more slowly, 
adversely affecting both bioavailability and therapeutic 
efficacy [3].

Ibuprofen, classified as a class II drug in the 
Biopharmaceutics Classification System (BCS), 
exemplifies a drug with low solubility but high 
permeability [4]. Such drugs often exhibit inconsistent, 
slow, and incomplete absorption, necessitating 
formulation strategies to enhance solubility. Enhanced 
solubility ensures quicker release and absorption of the 
drug, leading to faster therapeutic effects [5].

To improve ibuprofen's dissolution, various methods 
have been explored. One widely employed strategy is 
the reduction of particle size [6]. By decreasing the size 
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of drug particles, the surface area in contact with the 
dissolution medium increases, thereby enhancing the 
drug’s absorption rate [7]. This article aims to explore 
the relationship between particle size and ibuprofen 
dissolution and to examine methods for reducing 
particle size. This inquiry is crucial in addressing 
challenges related to poor drug dissolution and in 
developing effective pharmaceutical preparations.

Drug dissolution of ibuprofen
Dissolution is the process whereby molecules detach 

from the surface of a solid drug and integrate into the 
solvent phase. This process is influenced by various 
intrinsic factors such as particle size, particle size 
distribution, surface area, crystal habit, and the solid-
state properties of the substance. Extrinsic factors, 
including hydrodynamics and test conditions, also play 
a crucial role [8].

Ibuprofen, a nonsteroidal anti-inflammatory drug 
(NSAID) commonly used for its analgesic and antipyretic 
effects, presents challenges in dissolution and tableting 
due to its hydrophobic nature [9]. Its solubility is notably 
low, measuring just 46.9 µg/mL at 37°C and 29.1 µg/mL 
at 25°C [10]. Given these solubility levels, enhancing the 
dissolution rate of ibuprofen is essential to improve its 
bioavailability in the bloodstream.

Effect of particle size on dissolution
The size and shape of particles play a crucial 

role in the manufacturing of solid dosage forms. 
Particle size impacts critical processes such as 
mixing, granulation, compression, and coating [11]. 
Furthermore, it influences the absorption rate and the 
drug dissolution process. Among the various methods 
to enhance dissolution, particle size reduction is the 
most commonly employed [6]. Decreasing the particle 
size increases the surface area in contact with the 
dissolution medium, thereby improving the drug’s 
absorption rate [12].

In the quest to improve the dissolution of water-
insoluble drugs, several studies have focused on 
converting these drugs into nanoparticle form. 
Nanoparticle dosage forms typically consist of solid 
substances with an average particle size ranging from 
200-500 nm. This transformation into nanoparticles has 
been shown to improve the dissolution of ibuprofen [13].

A study by Hiendrawan et al. (2015) demonstrated 
that the rapid expansion supercritical solution (RESS) 

method significantly enhances the dissolution capability 
of ibuprofen. Ibuprofen particles not treated with RESS 
measured 48.549 ± 2.304 µm, while those processed 
with RESS were reduced to 3.765 ± 0.024 µm. The 
study revealed that the dissolution coefficient (kw 
value) of ibuprofen post-RESS treatment was 0.0495 
min-1, compared to 0.0277 min-1 for the untreated drug. 
This indicates that the dissolution rate of ibuprofen 
processed with RESS was approximately 1.79 times 
faster than that of untreated ibuprofen [14].

Methods of reducing particle size
Reducing particle size involves transforming large 

mass particles into smaller units or fine particles 
[15]. In the case of ibuprofen, which is available in 
forms such as tablets, suspensions, and injections, 
particle size reduction can be achieved through various 
modifications, both physical and chemical. Physical 
modifications include micronization and nanoization, 
co-crystallization, solid dispersion techniques, and 
cryogenic methods. Chemical modifications involve 
salt formation, pH adjustments, the use of adjuvants or 
surfactants, cosolvents, hydrotrophy, supercritical fluid 
processes, and self-emulsifying formations [4].

The techniques for particle size reduction can be 
broadly categorized based on the material’s state. 
For solid materials, milling and cutting processes are 
used, whereas liquid materials are processed through 
emulsification or atomization. Factors such as hardness, 
toughness, rigidity, and moisture content of the material, 
as well as its melting point and abrasiveness, significantly 
affect the particle size reduction process [15].

Micronization 
Micronization is a common method to improve 

solubility and dissolution rates of poorly soluble 
drugs. This process can be divided into top-down and 
bottom-up methods. Top-down methods, such as ball 
milling, jet milling, wet milling, and high-pressure 
homogenization, involve physical reduction of particle 
size [16]. Bottom-up approaches include removing 
particles from a solution via methods like supercritical 
fluid (SCF) technology, spray freezing, and evaporative 
precipitation [17].

High-pressure homogenization can effectively 
reduce particle size, with pressure application and cycle 
numbers being critical for optimal size reduction and 
preventing nanoparticle re-aggregation [18].
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SCF processes, such as the RESS, supercritical 
anti-solvent (SAS), and particles from gas-saturated 
solutions (PGSS), are alternative micronization 
techniques. The RESS process is notable for its ability 
to control particle size, producing solvent-free nano 
or micro-sized particles [19]. This process involves 
dissolving the raw material in SCF, followed by rapid 
nucleation in a precipitation chamber, leading to fine 
particle formation. Optimal RESS conditions result in 
smaller, uniformly sized particles without altering the 
drug's crystallinity or chemical structure. Ibuprofen 
processed with RESS exhibits a notably increased 
dissolution rate [14].

Emulsification method
The emulsification method, which involves the 

use of polymers and cross-linking agents, is another 
technique for particle size reduction. Ionic gelation 
emulsification, in particular, has been effective in 
reducing ibuprofen particle size, thereby enhancing its 
solubility. This method involves creating a ibuprofen-
PVA formula that produces fine white particles. The 
process includes a high-speed homogenization stage 
(5,000-10,000 rpm) where ibuprofen is broken into 
smaller globules [5]. This method is advantageous 
due to its simplicity, non-toxicity, room-temperature 
operation, adjustable size, and compatibility with 
macromolecular drugs [20].

Nanoization 
Ultrasonication reduces particle size to the nanoscale 

by employing ultrasonic waves in the 20 kHz to 10 MHz 
frequency range, disrupting intermolecular interactions 
[21]. In ibuprofen’s case, ultrasonication follows the 
dispersion process. The particles are initially formed 
through dispersion and then further reduced using 
ultrasonic waves, which create a strong cavitation effect 
in the solution, leading to the rupture of solution 
molecules [22]. Factors such as sonication time and 
wave intensity influence the uniformity and stability 
of the nanoparticles produced. Ibuprofen particles 
processed with ultrasonication are less than 300 nm 
in size and show enhanced dissolution compared to 
those produced by the ionic gelation emulsification 
method [23,24].

Freeze drying produces nanosuspensions with a 
higher release rate than the pure drug, especially when 
surfactants are added [18]. Spray drying, an alternative 

to milling, can reduce particle size and improve wetting 
by adding surfactants. When ibuprofen is spray-dried 
with gelatin and sodium lauryl sulfate, its dissolution 
rate in simulated gastric juices increases [25]. Spray 
drying typically yields amorphous particles, which have 
higher solubility and dissolution rates than crystalline 
forms [26]. Using poloxamer 127 as a surfactant in the 
spray drying of ibuprofen has been shown to enhance 
its dissolution [25].

Co-crystals 
Cocrystals consist of two or more molecular or ionic 

compounds in a crystalline, single-phase material, often 
in stoichiometric ratios, excluding solvents or simple 
salts [27]. Common cocrystal formation methods include 
solvent evaporation, grinding, and solvent reduction 
[28]. For ibuprofen, cocrystals can be prepared using 
the solvent evaporation method with ibuprofen-
nicotinamide in a 1:1 molar ratio, dissolved in ethanol. 
Nicotinamide's ability to form hydrogen bonds with 
ibuprofen’s carboxylic acid groups leads to cocrystal 
compounds with improved dissolution rates [29]. 

The grinding method, also referred to as mechanical 
milling, involves crushing the coformer and active 
substance together, typically using a mortar and pestle. 
This technique has been applied to ibuprofen to form 
cocrystals by dry grinding with amino acid coformers 
like alanine, glycine, and proline. Notably, ibuprofen 
cocrystals formed with proline demonstrated increased 
solubility compared to pure ibuprofen, showcasing the 
effectiveness of this method [30].

Solid dispersion 
Solid dispersion is a strategy employed to enhance 

the oral bioavailability of poorly soluble drugs. It 
involves creating a homogeneous mixture of one or 
more active pharmaceutical ingredients within an 
inert carrier matrix. This approach aims to reduce 
the particle size of the drug by forming a eutectic 
mixture with a water-soluble carrier, thus improving 
both solubility and absorption [31]. The effectiveness 
of solid dispersion largely stems from the reduced 
particle size and enhanced wettability of the drug [32]. 
In the case of ibuprofen, the utilization of PVP K90 
as the dispersion matrix is critical. PVP K90 not only 
facilitates an increase in ibuprofen’s dissolution rate 
but also enables the transformation of ibuprofen from 
a crystalline to an amorphous form, thereby improving 
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its dispersion in both solid dispersions and physical 
mixtures [33].

Conlusion
This review provides a comprehensive overview of 

various methodologies for reducing the particle size of 
ibuprofen, a widely used NSAID with inherent solubility 
challenges. Techniques such as ultrasonication, freeze 
drying, spray drying, co-crystal formation, and solid 
dispersion have been explored, each offering unique 
advantages in enhancing ibuprofen's dissolution rate. 
The findings underscore the importance of particle size 
reduction in improving the bioavailability of poorly 
soluble drugs. Ultrasonication and solid dispersion using 
PVP K90 have shown particular promise, indicating 
their potential as effective strategies for enhancing 
drug solubility and dissolution.
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