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Abstract: The high prevalence of poorly water-soluble drug candidates—specifically those classified under the Biopharmaceutics 

Classification System (BCS) Class II and IV—represents a significant bottleneck in modern pharmaceutical development. These 

compounds often exhibit low dissolution rates and erratic oral absorption, leading to compromised therapeutic efficacy and variable 

clinical outcomes. Solid Dispersion (SD) technology has emerged as a paramount formulation strategy to address these challenges 

by dispersing a hydrophobic active pharmaceutical ingredient (API) into a hydrophilic carrier matrix. 

This review provides a critical evaluation of SD systems, detailing the fundamental mechanisms of solubility enhancement, 

including particle size reduction, improved wettability, and the pivotal conversion from a crystalline to a high-energy amorphous 

state. 

The evolution of SDs is explored through three generations of carriers, ranging from simple crystalline matrices to advanced 

surfactants and self-emulsifying systems. Furthermore, the review examines industrial manufacturing benchmarks such as Hot-Melt 

Extrusion (HME) and Spray Drying, while highlighting essential characterization techniques like DSC and PXRD for ensuring 

molecular dispersion. Finally, the article addresses the persistent challenges of physical instability and recrystallization, offering 

perspectives on the rational design of third-generation polymers and predictive stability modeling to ensure the successful clinical 

translation of poorly soluble drugs. 
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________________________________________________________________________________________________________ 

1. Introduction 

1.1. The Challenge of Poor Drug Solubility 

The pharmaceutical industry faces a persistent challenge: a significant percentage (estimated at 40-70%) of newly developed active 

pharmaceutical ingredients (APIs) exhibit poor aqueous solubility [1]. According to the Biopharmaceutics Classification System 

(BCS), drugs falling into Class II (low solubility, high permeability) and Class IV (low solubility, low permeability) often suffer 

from poor and erratic oral absorption [2]. This limited dissolution rate is the primary rate-limiting step for absorption, leading 

directly to poor and variable bioavailability. A drug with poor bioavailability requires higher doses, increasing the risk of side 

effects and healthcare costs. 

1.2. Conventional Approaches and the Need for Solid Dispersions 

Historically, formulation scientists have addressed poor solubility using techniques like particle size reduction (micronization, 

nanosuspension), salt formation, and inclusion complexes (e.g., cyclodextrins). While effective to a degree, these methods often 

present limitations such as: 

 Micronization: Insufficient improvement for highly insoluble drugs, particle aggregation, and challenges in scale-up [3]. 

 Salt Formation: Not applicable to neutral compounds and can lead dependent precipitation in the gut. 

This pressing need for a versatile and highly effective solubility enhancement technology led to the development of the Solid 

Dispersion (SD) System. 

1.3. Definition and Concept of Solid Dispersions 

The concept of solid dispersion was first introduced by Sekiguchi and Obi in 1961. A solid dispersion is generally defined as a 

dispersion of one or more active ingredients in an inert carrier or matrix at solid state, prepared by the melting, solvent, or melting-

solvent methods [4]. 

The fundamental principle behind SDs is the reduction of the drug's crystalline domain, increasing its surface area, and altering its 

physical state to a more energetic form, such as amorphous or molecularly dispersed, which enhances its thermodynamic activity 

and dissolution rate [5]. 

2. Mechanisms of Solubility and Bioavailability Enhancement 

The superior performance of SDs is attributed to a combination of synergistic effects: 

2.1. Reduction of Particle Size and Increase in Surface Area 

In an SD, the drug is dispersed in the polymeric matrix at a molecular or sub-micron level. This effective particle size reduction 

dramatically increases the contact surface area of the drug with the gastrointestinal fluids, thereby accelerating the dissolution rate 

according to the Noyes-Whitney equation: 
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2.2. Conversion to Amorphous State 

The most significant mechanism is the transition of the API from a stable crystalline state to a higher-energy amorphous state. The 

amorphous form lacks the long-range periodic order of a crystal lattice, meaning less energy is required to break the intermolecular 

forces and dissolve the drug. This results in: 

 A higher apparent saturation solubility  

 A higher dissolution rate [7]. 

2.3. Wetting and Hydrophilic Carrier Effect 

The inert carriers used in SD systems are often hydrophilic (e.g., PEG, PVP). This hydrophilic matrix ensures: 

 Enhanced Wettability: The hydrophilic carrier improves the interfacial contact between the poorly soluble drug particles 

and the dissolution medium (gastric fluid). 

 Formation of a Local Supersaturation: During dissolution, the polymeric carrier acts as a precipitation inhibitor, 

maintaining the drug in a supersaturated state for a longer period. This prolonged supersaturation maximizes the 

thermodynamic driving force for passive absorption across the intestinal membrane [8]. 

3. Classification of Solid Dispersions 

SDs can be classified based on the nature of the solid state and the molecular arrangement of the drug within the carrier. 

3.1. Based on Molecular Arrangement 

Type of Solid 

Dispersion 

Drug State Carrier State Description 

Eutectic Mixtures Crystalline Crystalline Simple mixture where components crystallize 

simultaneously from the melt. No molecular 

dispersion. 

Solid Solutions Molecularly Dispersed 

(Amorphous) 

Crystalline or 

Amorphous 

The drug is dissolved in the solid carrier. A-type 

(Amorphous drug in crystalline carrier) or B-type 

(Amorphous drug in amorphous carrier). 

Glass 

Suspensions/Solutions 

Amorphous Glassy (Amorphous) Drug dissolved/suspended in a glassy, amorphous 

carrier matrix. Offers high stability against 

recrystallization. 

Complexes/Co-

precipitates 

Amorphous/Molecular Polymeric/Amorphous The drug is entrapped or complexed within the 

carrier, often through hydrogen bonding or ionic 

interactions. 

3.2. Based on Generation (Generations of SDs) 

 First Generation: Crystalline carriers like urea and sugars. High dissolution, but physical instability and limited 

applicability [9]. 

 Second Generation: Amorphous, polymeric carriers like PVP, PEG, HPMC. These polymers inhibit crystallization and 

maintain the drug in the high-energy amorphous state. This is the most widely studied generation. 

 Third Generation: Includes surfactants (e.g., Tween 80, TPGS) and self-emulsifying/microemulsifying agents in the carrier 

to enhance drug release by forming in situ micelles or emulsions in the gastrointestinal fluid, further boosting 

bioavailability [10]. 

4. Key Components of Solid Dispersion Systems 

4.1. The Drug (API) 

The ideal candidates for SD systems are BCS Class II drugs (e.g., Ibuprofen, Griseofulvin, Nifedipine) and, increasingly, complex 

Class IV drugs (e.g., certain antivirals or oncology agents). The drug's physical properties, such as its melting point, thermal 

stability, and propensity for bonding, dictate the choice of carrier and preparation method. 

4.2. The Carriers (Polymers) 

The carrier is the most critical component, acting as a stabilizer and dissolution enhancer. Ideal carriers should be inert, non-toxic, 

and able to maintain the drug in the amorphous state (high glass transition temperature.) 

A. Hydrophilic/Water-Soluble Carriers: 

 Polyethylene Glycol (PEG): Available in various molecular weights. Good melting properties for hot-melt methods [11]. 

 Polyvinylpyrrolidone (PVP): Excellent stabilizers for the amorphous state due to bonding potential. 

 Cellulose Derivatives: HPMC, HPC. Used extensively for stabilizing supersaturation. 

B. Water-Insoluble Carriers: 

 Eudragits: Used for controlled or enteric release formulations. 
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 Lipid Carriers: Gelucire, Witepsol. Used to combine SD with self-emulsifying drug delivery systems (SEDDS). 

4.3. Excipients and Additives 

Surfactants (e.g., Sodium Lauryl Sulfate, Cremophor RH 40) are often added to reduce surface tension and facilitate wetting. 

Plasticizers (e.g., Triethyl Citrate) are used to lower the glass transition temperature of the polymer, which can assist in processing 

via Hot-Melt Extrusion [12]. 

5. Preparation Methods for Solid Dispersions 

5.1. Melting Methods (Fusion Method) 

The drug and the carrier are melted together at a temperature above the melting point of both components, then rapidly cooled to 

solidify. It is simple and solvent-free, but requires heat-stable drugs [13]. 

5.2. Solvent Methods (Solvent Evaporation) 

The drug and carrier are co-dissolved in a common organic solvent (e.g., methanol, ethanol, acetone). The solvent is then removed 

by evaporation. This is suitable for heat-labile drugs but faces regulatory concerns regarding residual solvents [14]. 

5.3. Combination Methods (Hot-Melt Extrusion - HME) 

HME is now the preferred industrial method. The drug and polymer are mixed and fed into a twin-screw extruder where heat and 

shear force melt the mixture. It is continuous, solvent-free, and highly scalable [15]. 

5.4. Other Emerging Techniques 

 Spray Drying (SD): Drug and carrier solution is atomized and dried by hot gas. Excellent for achieving fine particle size 

[16]. 

 Freeze Drying (Lyophilization): Used for highly temperature-sensitive drugs. 

6. Characterization of Solid Dispersions 

6.1. Thermal Analysis 

 Differential Scanning Calorimetry (DSC): Used to identify the crystalline state. The absence of the drug's melting peak 

confirms transition to an amorphous state [17]. 

 Thermogravimetric Analysis (TGA): Measures weight loss upon heating for moisture/solvent content. 

6.2. Solid-State Analysis 

 Powder X-Ray Diffraction (PXRD): Confirms loss of crystalline structure via a broad halo pattern [18]. 

 FTIR / Raman Spectroscopy: Used to investigate drug-carrier molecular interactions [19]. 

6.3. Performance Analysis 

 Dissolution Testing: Comparing the SD formulation rate to the pure drug. 

 In Vivo Bioavailability Studies: Compares plasma concentration-time profiles to confirm enhanced absorption [20]. 

7. Challenges and Future Directions 

7.1. Physical Stability and Recrystallization 

The high-energy amorphous form is thermodynamically unstable and tends to revert to the crystalline form upon storage. Research 

focuses on designing carriers with high to act as crystallization inhibitors [21]. 

7.2. Manufacturing and Scale-up 

HME challenges include high processing temperatures for certain polymers and the need for precise screw design to ensure 

homogeneity [22]. 

7.3. Clinical Translation 

Successful in vitro performance does not always translate to in vivo results. The impact of the fed/fasted state and GI changes 

requires further standardization [23]. 

8. Conclusion 

Solid dispersion technology represents one of the most effective strategies for overcoming the solubility limitations of BCS Class 

II and IV drugs. By converting the API to an amorphous state within a hydrophilic matrix, SDs have successfully brought numerous 

drugs to market. Future advancements in continuous manufacturing and rational carrier design will ensure that SD systems remain 

at the forefront of pharmaceutical science, ultimately improving patient outcomes [24]. 
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