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ABSTRACT 

One of the biggest and most significant challenges in the development of pharmaceutical is poor water solubility or 

bioavailability. Solid dispersions were introduced as a means of enhanced dissolution rates and consequent therapeutic 

effectiveness of poorly water-soluble biopharmaceutical classification system (BCS) Class II drugs by incorporating the 

drugs into hydrophilic carriers. In this review, we cover the core principles, benefits and recent developments in solid 

dispersion technology. It discusses different preparation approaches, like fusion, solvent evaporation, spray drying, hot-melt 

extrusion, and newer routines like supercritical fluid processing and electrospinning. Different strategies have their unique 

advantages including molecular-level distribution, enhanced solubility rate, and larger-scale production capabilities. The 

review also provides a historical perspective on Solid dispersion system development, from crystalline carriers to amorphous 

and controlled-release carriers and the four generations of solid dispersion systems. Here, we discuss challenges including 

recrystallization, thermodynamic instability, and phase separation and strategies to overcome these challenges. Additionally, 

enhanced characterization techniques like DSC, XRD, and SEM are explored for assessing the structural and dissolution 

characteristics of solid dispersions. Moreover, solid dispersion techniques are an essential method for increase the solubility 

of hydrophobic agents and improving the performance of newly developed or established pharmaceutical agents by 

advancing oral delivery systems. This review highlights their critical role in addressing solubility challenges and advancing 

the field of drug formulation. 

KEYWORD: SOLID DISPERSION, SOLUBILITY, BIOAVAILABILITY, IMPROVEMENT, PHARMACEUTICAL, 

FORMULATIONS. 

1. INTRODUCTION 

Oral delivery remains the most widely used and favored passage for drug delivery. For patients, swallowing medicine is a 

well-known and easy process, resulting in better patient compliance and better therapeutic effects compared to other delivery 

routes, especially, parenteral routes.1 When ingested orally, the active ingredient of a drug necessary first dissolved in 

stomach or succus entericus in order to be absorbed into the bloodstream.2 A drug's water-soluble nature and permeability 

within the membrane have a direct impact on bioavailability and are crucial for gastrointestinal absorption. Drugs with low 

membrane permeability may have poor absorption if the permeability is low, and drugs with insufficient aqueous solubility 

may not be absorbed due to slow dissolution.3 Scientists in the pharmaceutical sector have therefore created two broad 

strategies to increase pharmacologically active compounds' oral bioavailability, which act either by improving the 

permeability of drug compounds known to have low membrane permeability and/or by making poorly water-soluble 

medications more soluble and, hence, more rapidly soluble.4 The pharmaceutical literature describes other plan to improve 

the dissolution properties of slightly water-soluble drugs besides solid dispersions. These tactics involve size reduction, .  
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solubilization of medications in solvents, complexation with cyclodextrins, and the formation of salts.5 Despite their efficacy, 

each has significant hurdles, including poor drug solubility, a lack of low-cost and user-friendly solutions, and long 

preparation times. Conversely, solid dispersions, can be prepared using a variety of manufacturing methods and excipients, 

allowing more flexibility in creating oral delivery system for poorly water-soluble drugs that may have poor tolerability.6 

As dissolution is the rate limiting factor in drug absorption, most studies on solid dispersion technologies 

have either been on drugs that have high permeability into biological membranes, but poor water solubility. Increasing the 

rate of dissolution can enhance the drug's in vivo absorption. Class II drugs are defined by the Biopharmaceutical 

Classification System (BCS) as drugs characterized by high membrane permeation and low water solubility. Thus, the solid 

dispersion method has great potentiality for improving oral absorption and bioavailability of BCS Class II drugs.7 Poor 

solubility of many recently approved drugs limits their therapeutic efficacy. Statistical studies suggest that near to 40% of 

newly identified chemical entities are water-insoluble in nature.8 Unfortunately, solubility issues frequently cause many 

drugs with potential to fail in early development. Thus, the generation of novel strategies to overcome these solubility issues 

will be essential to maximizing the therapeutic value of these moieties.9 

Solubility 

The quantity of solute dissolved in a solvent is known as solubility, wherein an equilibrium is established between the solute 

within solution and/or any excess, undissolved solute at an equilibrium under certain temperature and/or pressure condition. 

"Solute" refers to the material that dissolves, "solvent" refers to the liquid that dissolves the solute, and "solution" refers to 

the combination that results.10 

System for Classifying Biopharmaceuticals (BCS) 

Amidon and colleagues came up with the first Biopharmaceutical Classification System in 1995. Their approach is to upgrade 

the bioavailability of Class II drugs by increase their solubility and dissolution rate in gastrointestinal fluids. For the drug 

release, due to the constraints in oral bioavailability for poorly soluble drugs in the disgestive tube, the release of the drug is 

the most critical and restrict factor. Optimising the release profile of these medications can increase drug consumption while 

reducing negative effects.11,12 Based on publicly accessible data, the World Health Organization's (WHO) model list of 

absolutely required medications has been classified using a biopharmaceutical categorization system. Regretfully, only 61 of 

the 130 oral medications on the WHO list could be properly categorised. Among these, Class I drugs represent 84%, Class 

II drugs account for 17%, Class III drugs make up 49%, and Class IV drugs comprise 10%.10 

 
Mechanisms of the Solid Dispersion Technique for Enhancing Drug Solubilization 

The primary idea is to remove drug crystallinity entirely while dispersing a poorly soluble molecule into a hydrophilic 

polymeric carrier. The specifics of this are still not well understood.13 The carrier Polymer dissolves in aqueous mediums, 

allowing the drug to be released in colloidal state particulates. This increases the surface area obtainable for dissolution 

leading to an improve in the bioavailability of the poorly soluble drugs. Decreasing the particle size and increasing the 

porosity of the drug enlarge the drug's solubility within the hydrophilic carrier, therefore increasing the dissolution rate. This 

approach has significant advantages. Recently, there has been adding of surfactants to formulations in order to increase 

functionality, although they can incite problems of recrystallization and thermodynamic instability. For that reason, 

surfactants are used to increase solubility and minimize the risk of recrystallization.14 

 

Reasons behind the pharmaceutical industry's make use of the solid dispersion technique 

The primary objectives of applying this strategy in the pharmaceutical industry are as follows:15 

Improving solubility of drugs 

Increasing stability of drugs 

Disguising medications' disagreeable flavour 

Getting the intended release profile 

Depending on the Carrier Employed 

Four generations of solid dispersions may be distinguished based on the carrier that is utilized :18 

 

First generation: Crystalline materials were the first carriers utilised in solid dispersions, like sugars or urea.19 A major 

limitation of these early carriers is their crystalline structure, which hinders drug release compared to the amorphous form, 

as they are thermodynamically stable.20 

 

Second generation: Amorphous carriers, commonly in the form of polymers, are widely used in this generation.21 Ethyl 

cellulose, hydroxypropyl methylcellulose (HPMC), and starch derivatives like cyclodextrins or hydroxypropyl cellulose are 

examples of polymers obtained from nature. On the other hand, synthetic polymers include polyethylene glycols (PEG), 

povidone, polyvinylpyrrolidone, and polymethacrylates.22 

 

Third generation: Research has demonstrated that carriers with surfactant properties can enhance the dissolution profile. 

Consequently, the application of surfactant-based carriers – like Inulin, gelucire 44/14, compritol 888, ATO, inutec SP1, and 
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poloxamer 407 - has confirmed to be successful in boosting in vivo bioavailability and attaining a high degree of 

polymorphism purity.23 

 

Fourth generation: Controlled-Release Solid Dispersion describes a system created for drugs which have a short biological 

half-life period along with poor water solubility. This system employs transporters that are insoluble or soluble in water. The 

principal aims of controlled release solid dispersions are to make better solubility and to prolong the release of the drug in a 

restrained.24 Carriers which achieve this level of systematization include ethyl cellulose, hydroxypropyl cellulose, and other 

water-soluble polymers. 

 

 A carrier intended to enhance the dissolution rate of a drug should meet the following criteria: 

It must be both quick dissolving and soluble in water and has to dissolve automatically. 

It does not have any pharmacological activity and is non-toxic.16 

The emollient must possess a low melting point and must also be stable to heat. 

Capability to dissolve is essential in many solvents. 

To gain an enhanced solubility in water, then it would be better. 

It must ideally be chemically compatible with the drug, enhancing its water solubility without forming a strong complex with 

it.17 

Considering the arrangement of molecules 

The following categories apply to solid dispersions :25  

Solid dispersion classifications: Solid dispersions are categorized according to their molecular structure and the type of 

dispersion medium used. The primary classifications are eutectic mixtures, amorphous solid dispersions, solid solutions, and 

polymeric nanoparticle dispersions. These classifications significantly affect drug solubility, stability, and bioavailability, 

making them essential in drugs that aren't very soluble in water (Figure 1). 

 

 

 
Fig 1: Shows the classification of solid dispersion. 

 

 
Systems of Eutectics 

This mixture is composed of two substances that are fully mixable in their liquid form, yet only marginally mixable in solid 

form. It is produced by quickly colling the molten combination of the two substances, leading to a product that is entirely 

mixable in the liquid phase but exhibits little solubility in the solid state. The physical combination of the two crystalline 

components is thermodynamically integrated into this system.26 

 

Suspensions and Glass Solution 

Glass suspensions are made up of precipitated particles that are dispersed within a glassy solvent, while glass solutions are 

uniform glassy systems where a solute is dissolved in a glass carrier. Common carriers used to create glass solutions and 

suspensions include compounds such as urea, citric acid, polyethylene glycol, polyvinylpyrrolidone, and sugars like dextrose, 

sucrose, and galactose.26 These systems generally exhibits low lattice energy and do not have a specific melting point. 

 

Firm Resolution 

In this system, a uniform homogeneous phase is created when the two constituents solidified. In solid solutions, the size of 

the drug particles is lowered to the microscopic level. As a result, the solid solution dissolves more rapidly compared to a 

comparable eutectic mixture. The mobility of solvate molecules (whether substitutional, interstitial, or amorphous) or the 

degree of miscibility between the two compounds might affect whether the solution is continuous or discontinuous.27 
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Continuous Solid Solutions: In a continuous solid solution, all constituents are mixable, showing that a link between the 

two components is, in conceptual terms, higher compared with the bonding within each component alone. However, there 

have yet to be any reports of reliable solutions of this nature in the pharmaceutical industry. 

 

Discontinuous Solid Solutions: Each component's solubility in the others is restricted in discontinuous solid solutions.27  

 

Solid Substitutional Solutions: This type of solid solution occurs when there is a less than 15% size variance among the 

solute and solvent molecules.28 

 

Solid Interstitial Solutions: The solute particles in interstitial solid solutions fill the spaces in the crystal lattice between the 

solvent molecules. Consequently, The solute molecule's diameter must be less than 0.59 times that of the solvent molecule.29 

 

Amorphous Precipitation in the Matrix of Crystals: Instead of the drug and the carrier co-crystallizing in a eutectic system, 

the drug can precipitate as an amorphous entity within the crystalline carrier. The elevated energy characteristic of the 

amorphous state of the drug frequently results in enhanced dissolution rates.30 

 

Technique of Preparation 

There is no generic method for magnify the solubility of poorly water-soluble drugs in strong dispersions. The selection of 

precise technique relies upon the factors which include the drug's dosage, molecular weight, and hydrophilic-hydrophobic 

stability. consequently, trial and error are regularly the best approach to decide the pleasant approach for improving the drug's 

solubility. Several strategies are to be had for preparing strong dispersions.31 

 

Combination 
The melt technique (fusion technique) was first presented in 1961 by Sekiguchi and Obi. In this approach, the drug and 

polymer are physically varied and, subsequently, heated until melted, cooled and solidified under vigorous mixing. This solid 

mass is then crushed, ground, and sieved to achieve required particle size. Although this approach is utilized extensively, it 

is restricted by the incompatibility of the drug and polymer at higher temperatures. 

Surfactants can be used to overcome this issue. Additionally, it is significant to ensure that the medication and the polymer 

remain thermally stable at the required melting temperatures, and that the fused mixture is resistant to phase separation and 

recrystallization.32 

 

Hot Melt Extrusion (HME) 

The HME technique is an innovation of the fusion process in which an extruder is used to properly combine the ingredients. 

The mixture of molten medication and polymer can be molded into implants, pellets, or oral dose forms by melt extrusion, 

in contrast to the conventional fusion process. But in order to use this method, the medication and polymer must melt 

completely into one another.33,34 HME is a potent drug delivery technique that has expanded the range of substances that 

were previously thought to be unsuitable for use in pharmaceuticals throughout the last ten years. HME is useful for enabling 

targeted, modified, and prolonged medication release by increasing drug bioavailability.35 It is an extremely effective method 

for creating solid molecular dispersions. Nonsteroidal anti-inflammatory medicines (NSAIDs) and paracetamol oral 

disintegrating tablets have been produced successfully using the HME technique.36 Tablet compression was done after 

granulation with several low molecular weight polyethylene glycols (PEGs) for paracetamol. The medication release profile 

was improved by the HME granules. The USP 30 requirements for paracetamol tablets were met by tablets with 15% PEG, 

which released more than 80% of the medication in 30 minutes.37 

 

Co-evaporation Co-precipitation Technique 

The drug dissolves in an organic solvent, and the carrier dissolves in water after being carefully measured. The organic drug 

solution is combined with the aqueous carrier solution once both solutions have fully dissolved. After the solvents have 

evaporated, A pestle and mortar are used to crush, sift, and dry the mixture.38 

 

Solvent Technique  

The solvent approach generates a solid dispersion by dissolving the drug and polymer in a common solvent and then draining 

the solvent. By facilitating molecular-level mixing, this method enhances the final product's stability and solubility.39,40 By 

reducing the possibility of thermal degradation—which can happen when low temperatures cause organic liquids to 

evaporate—this approach has a number of important advantages. When using this approach in simulations, there are two 

main obstacles to overcome.41,42 The first obstacle is that the drug and polymer are difficult to dissolve inside the same 

solvent, particularly when their polarities are very different. Although surfactants can occasionally be added to increase 

solubility, their overuse in the finished formulation can lower the drug's loading capacity and result in problems if the body 

does not tolerate them. Production costs are further increased by the requirement to evaporate significant amounts of 
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solvent.43,44 Phase separation, which can happen during solvent removal, is the second difficulty. Vacuum drying is frequently 

employed to counteract this, and in certain situations, a rotary evaporator is utilized to achieve quick drying. Higher drying 

temperatures have the potential to shorten the phase separation duration, but they can also increase the drug's and polymer's 

molecular mobility, which could unintentionally accelerate the process.45-48 A study on furosemide, a medication with low 

permeability, bioavailability, and solubility, assessed methods to improve solubility and dissolution, including kneading, 

coprecipitation, and solvent evaporation. The results showed that all strategies improved solubility, with solvent evaporation 

proving to be the most successful. Physical mixing, kneading, solvent evaporation, and coprecipitation were ranked in order 

of effectiveness.49 

 

Spray Drying  

A common technique for producing solid medication dispersions is spray drying, which turns a liquid or solution into a dry 

powder. The method allows for the perfect control of crucial variables like particle size, shape, density, flow properties, and 

crystalline formations.50 Rapid solvent evaporation throughout the spray drying process raises the solution's viscosity, which 

traps active ingredient inside the polymer matrix. Even if the medicine has reduced water solubility, it could be reduced to 

very tiny particles if it is dissolvable in the selected spray-drying solvent. However, the medication's elemental composition 

determines the properties of the final solid particles. Amorphous materials, crystalline structures, imperfect crystals, and 

metastable crystals are only a few of the forms that can be created by spray drying. Mahlin and Bergstrom's study51 found 

that the chemical makeup of the drugs is more important in determining whether an amorphous state forms than the 

parameters of the method. The stability of these amorphous forms is, however, determined by the process conditions. Spray 

drying has emerged as the go-to solvent-based production method because of its cost-effectiveness, scalability, and capacity 

to generate continuous batches. It additionally permits remarkable control over the properties of the final powder.52-54 

 

Technique of Supercritical Fluid (SCF) 

SCF possess a unparalleled arrangement of liquid and gas characteristics. Specifically, they exhibit gas-like properties such 

as low viscosity, high diffusivity, and significant thermal conductivity, alongside solvent capabilities akin to liquids. This 

blend allows for enhanced mass transport, arising from the gas-like behavior, while still providing the benefits of a liquid 

solvent for dissolving drugs and polymers.55 Carbon dioxide (CO2) is frequently employed just as a supercritical fluid, 

capable of acting as either a solvent or an antisolvent for these materials. In a process called Rapid Expansion of Supercritical 

Solutions (RESS)56, a polymer and drug dissolved in supercritical CO2 are rapidly expelled through a nozzle into a region 

of lower pressure; the ensuing adiabatic expansion and rapid cooling of the CO2 results in the formation of drug particles 

with substantially reduced diameters. Supercritical fluid technologies offer a route to producing nanoparticulate suspensions 

with particle sizes ranging from 5 to 2000 nm. This environmentally conscious approach minimizes environmental impact 

by eliminating organic solvents and leaving only trace amounts of residual CO2 within the polymer matrix. The plasticizing 

and swelling capabilities of CO2 further enhance the process's appeal. However, the limited solubility of many therapeutic 

compounds in CO2 presents a significant challenge. To overcome this limitation and improve solubility, several specialized 

supercritical fluid-processing techniques have been created, including supercritical fluid-enhanced dispersion, gas 

antisolvent recrystallization, supercritical antisolvent processes, precipitation with a compressed antisolvent, and aerosol 

supercritical extraction systems.57 The solubility of a drug in supercritical CO2 is a key factor affecting particle size in the 

RESS technique. Kim et al.58 showcased this principle by producing ultrafine drug particles using only supercritical CO2, 

thus avoiding the need for organic solvents. Their experiment, which utilized orifice disks and capillary tubes for expansion, 

involved three drugs with varying solubilities in supercritical CO2: lidocaine, griseofulvin, and benzoic acid. Research into 

drug solubility in supercritical CO2, combined with studies on how operating conditions impact the physical characteristics 

of RESS-produced particles, indicated an inverse relationship between drug solubility and average particle diameter. Through 

response surface methodology, optimal conditions for minimizing particle size were determined to be 50°C, 17.7 MPa 

pressure, and a spray distance of 10 cm.59 

 

Technique of Kneading 

Within a glass container, a precisely calculated blend of a medication and carrier is moistened with a solvent and then 

extensively molded for a predetermined amount of time.16 A pestle and mortar are used to grind the medication and polymer 

together during this kneading process, and the solvent—usually water or a hydroalcoholic mixture—is introduced gradually. 

By creating a slurry, the kneading motion lowers particle size and increases bioavailability. To guarantee homogeneity, the 

mixture is first dried before passing through a mesh screen.60 The formation of cyclodextrin-satranidazole complexes resulted 

in a notable enhancement of their solubility after complexation.61 Olmesartan medoxomil inclusion complexes were prepared 

into mouth-dissolving tablets in a different study by kneading the mixture. In addition to improving the tablets' solubility and 

dissolving, this method also increased their mechanical stability.62 Using PVP K-30, efavirenz was processed by kneading 

as well as conventional solvent techniques. To examine both formulations, characterization methods like DSC, FT-IR, SEM, 

and XRD were used in conjunction with the dissolution profiles. Faster rates of dissolution were observed in solid dispersions 

based on kneading.63 Etoricoxib-cyclodextrin complexes were prepared by Patel using the kneading process, and phase 

solubility investigations were performed to provide phase solubility diagrams. The solubility of these compounds 
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significantly increased.64 The kneading complexation method also enhanced the solubility of mesulide.65 One study evaluated 

azithromycin, a BCS class II medication, using physical characterization and melting point data. Azithromycin solid 

dispersions were made by solvent evaporation, kneading, and melting. According to the findings, kneading and melting 

techniques improved the drug's solubility more than solvent evaporation.66 

 

Technique of Electrospinning 

This method, which was created especially for use in the polymer sector, blends solid dispersion technology and 

nanotechnology. A liquid drug/polymer solution is exposed to a voltage between 5 and 30 kV. Submicron-diameter fibers 

are created when the applied electrical forces are greater than the solution's surface tension at the air-solution contact.67 As 

the solvent evaporates the resulting fibers could be collected on a spinning mandrel or screen to create a woven material. The 

fiber diameter is influenced by several factors, including feeding rate, electric field intensity, surface tension, and the 

dielectric constant. This approach holds considerable promise due to its simplicity and cost-effectiveness in producing 

nanofibers and regulating drug release. In the future, it may be further explored for the creation of solid dispersions.16 The 

technique’s low cost and ease of implementation make it particularly advantageous. It has been demonstrated to effectively 

control the release of biomedical drugs and facilitate nanofiber fabrication. For example, electrospinning was used to produce 

a polyvinyl alcohol (PVA) and ketoprofen (1:1, w/w) nanofiber, which exhibited a remarkably higher dissolution rate 

compared to ketoprofen alone (p < 0.05). In another study, polyvinylpyrrolidone (PVP) was utilized as a carrier to combine 

amorphous forms of griseofulvin and indomethacin using electrospinning. This combination remained stable in a desiccator 

for up to eight months.68 

 

Polymers Utilized in Solid Dispersion  

Safety, kinetics, and thermodynamics are three important factors that determine whether polymeric carriers are suitable for 

the formation of solid dispersions. Polymeric carriers for solid dispersions must also be pharmacologically and chemically 

inert, as is a fixed requirement for each excipient included in pharmaceutical formulations. From a kinetic perspective, the 

polymer should hold the drug from crystallizing in the gastrointestinal tract, which is why generally recognized as safe 

(GRAS) carriers are preferred for these formulations.69 Drugs that are weakly basic are especially vulnerable to precipitation 

because they mostly stay in their unionized form in the stomach.70 Furthermore, by making it easier for the medication to be 

incorporated into micelles, a polymer with surfactant qualities might increase the drug's solubility. The advantages of keeping 

the medication in an elevated-energy amorphous form may be enhanced by this.71,72 Deliquescent behavior is often shown 

by amorphous, hydrophilic polymers. The polymer is present in much greater amounts in solid dispersions with low drug 

loading, which is frequently the case. Phase separation caused by the devitrification of the amorphous phase poses a 

significant threat to the these systems' physical stability.73 For amorphous dispersions to remain stable, thermodynamic 

considerations are also crucial. The polymer essential a high glass transition temperature (Tg) to preserve stability at room 

temperature and make less the possibility of Johri-Goldstein (JG) relaxations.74-76 In order to create an amorphous solid 

dispersion, the formulation scientist needs to choose a polymer that has strong glass-forming qualities across a variety of 

chemicals. The evolution of a single-phase amorphous system requires high phase-solubility with the drug.78 In order to keep 

the stability of the dispersion, the polymer should also possess a high potential for intermolecular interactions, specifically 

through hydrogen bonding (both as a donor and an acceptor). The polymer's phase-solubility and solubility in organic 

solvents are essential due to successful production of solid dispersions through melt and solvent-based methods, respectively, 

from a manufacturing standpoint. 

 

Advanced Vinyl Pyrrolidone Devices 

Polyvinylpyrrolidone, a water-soluble substance that was initially developed in 1939, is created when N-vinylpyrrolidone is 

polymerized. Derivatives of N-vinylpyrrolidone are categorized according to their crosslinking properties. PVP has grown 

in popularity as an excipient in the pharmaceutical sector over time.79 Additionally, it was shown that N-vinylpyrrolidone 

could be crosslinked via the "popcorn polymerization" procedure at temperatures higher than 100°C when alkali hydroxide 

was present. In contrast to PVP, the crosslinked product, crospovidone, has unique physicochemical characteristics. 

Crospovidone is not commonly utilized in solid dispersions because of its crosslinking, which makes it insoluble in water.80 

A copolymer comprising N-vinylpyrrolidone and vinyl acetate was created in order to combine the beneficial qualities of 

both PVP and crospovidone. The polarity of this copolymer, called copovidone, lies in between that of crospovidone and 

PVP. A 6:4 copolymer of vinyl acetate and vinylpyrrolidone, copovidone has a number of advantageous physicochemical 

characteristics that make it perfect for use in formulations for solid dispersions.81 

 

Pyrrolidone Poly Vinyl (PVP) 

PVP is one of the popular polymeric carriers for formulations involving solid dispersion. The K values attributed to various 

classes of PVP polymers are influenced by the degree of polymerization, average molecular weight, and intrinsic 

viscosity.82 Based on observations of viscosity, Fikentscher's formula is used to determine these K values. Since PVP is a 

hydrophilic polymer, it often occurs in an amorphous state and dissolves in ethanol, water, isopropyl alcohol, and 

chloroform.83 
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Copovidone  
Copovidone is a copolymer of vinylpyrrolidone and vinyl acetate in a 6:4 ratio and is marketed under the brand names 

Plasdone S-630 (Ashland, USA) and Kollidon VA64 (BASF, Germany). It is a water-dilutable, amorphous polymer that is 

commonly in the pharmaceutical industry as a binder and film-forming agent.84, and it was later repurposed by Abbott 

Laboratories for the growth of the solid dispersion formulation of the Lopinavir-Ritonavir combination, marketed as 

Kaletra85 Compared to PVP, copovidone has a much higher degradation temperature (approximately 230°C) than its glass 

transition temperature (approximately 100°C).86 Its wide temperature range makes it ideal for use in hot melt extrusion 

(HME) processes, which allow for the production of solid dispersions including APIs with low and high melting points. 

Copovidone and APIs frequently combine to generate glassy, single-phase solutions. The water-soluble polymer dissolves 

alongside the molecularly distributed amorphous API in the solid dispersion, which is a crucial process by which dissolution 

is improved. Copovidone promotes optimum drug release by controlling the release of ledipasvir through the solid dispersion, 

according to Taylor et al. (2019). Ledipasvir becomes supersaturated as a result, surpassing its amorphous solubility and 

forming a colloidal drug-rich phase. In order to sustain prolonged supersaturation, this phase serves as a reservoir, 

resupplying the drug that has been absorbed.87,88 Additionally, copovidone efficiently prevents crystal nucleation and 

development by adhering to drug crystals, as shown by a recent study by Moseson et al. (2020). This prolongs the dissolution 

profile of the medication by keeping it in its supersaturated condition.89 

 

Polyethylene Glycol (PEG)  

PEG is a polymer derived from ethylene oxide, with molecular weights ranging out of 200 to 300,000 g/mol. The physical 

state of PEG is based on its molecular weight. PEG with a molecular weight under 600 g/mol exists as a viscous liquid at 

room temperature, while those with molecular weights around 8,000 and 20,000 g/mol are solids that are waxy and dry, 

respectively. The polymer exhibits both crystalline and amorphous regions, classifying it as a semi-crystalline material.90 

PEG is highly water soluble and a variation of volatile organic solvents, like methanol, ethanol, and chloroform, and has a 

low melting point range of 55 to 68°C. This excellent solubility in volatile solvents makes PEG well-suited for solid 

dispersion formulations utilizing the solvent method. Its low melting range also consider the creation of solid dispersions of 

low-melting-point pharmaceuticals using the melt method. Some studies have employed a combination of solvent and melt 

techniques, where molten PEG is stirred while a medication mixture in volatile solvents, such as methanol or chloroform, is 

introduced. This approach has been shown to stabilize drugs within the PEG matrix in a microcrystalline state.91 However, 

research on scaled-up versions of the solvent and melt techniques using PEG based polymers remains limited. This may be 

due to the preference for amorphous carriers, such as PVP and Soluplus®, which are often considered more advantageous 

for commercial solid dispersions than semi-crystalline polymers like PEG. As a result, PEG is typically used in small-scale 

experimental settings or repurposed as a plasticizer in ternary dispersions or for forming polymeric nanoparticles. Authentic, 

it was believed that small molecular weight drugs were confined within the crystalline interstitial regions of larger molecular 

weight crystalline lamellar polymers like PEG, leading to the use of interstitial solid solutions in solid dispersions. However, 

more latest findings have shown that the molecular dispersion of the drug occurs within PEG's amorphous regions. 

Additionally, PEG has been demonstrated to form eutectic mixtures with various drugs.92 

 

Derivates Of Celluloses  

Because of its high molecular weight, strong interactions with drug molecules, high glass transition temperature (Tg), and 

resistance to gastrointestinal absorption, cellulose derivatives are frequently used polymers for stabilizing amorphous solid 

dispersions. Cellulose is a polysaccharide made up of linear chains of β-D-anhydro glucopyranose units connected by 1-4 

glycosidic bonds, with varying chain lengths. Because of its 40-60% crystallinity and the strong intramolecular and 

intermolecular hydrogen bonds between the chains, natural cellulose is poorly soluble in water; to improve its solubility, 

etherification or esterification of the hydroxyl groups are used, which replace the hydrogen atoms of the hydroxyl groups in 

the repeating anhydro glucose units with alkyl or mixed alkyl groups to produce cellulose ether derivatives that are soluble 

in water.93 

 

Methyl Hydroxy Propyl Cellulose (HPMC) 

An essential component of many plant structures, cellulose has been utilized as a raw material for more than 150 years. 

HPMC is a derivative of cellulose. HPMC is a hydrophilic, non-ionic polymer that dissolves in water and a variety of organic 

solvents, besides dichloromethane, methanol, ethanol, and propanol. Because HPMC dissolves easily in volatile organic 

solvents, it is perfect on behalf of solid dispersions made using solvent evaporation processes, including scalable methods 

like spray drying. Because of its water solubility, it may also be used in freeze-drying processes.94 Pure cellulose is semi-

crystalline, whereas HPMC is amorphous and has a glass transition temperature (Tg) of 180°C, which is comparatively high. 

As a result, fusion techniques like hot melt extrusion are generally not recommended for HPMC-based dispersions, 

particularly when working with low-melting-point active pharmaceutical ingredients (APIs).95 

 

Cellulose Acetate Succinate Hydroxy Propyl Methyl (HPMCAS) 
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The amorphous, amphiphilic derivative of cellulose succinate, known as HPMCAS, is a mixed ester of cellulose. It falls into 

one of three classes - L, M, or H based on the amount of acetyl and succinyl groups present.97 The polymer's ionization 

potential is provided by the succinate group in HPMCAS. According to the ionization properties of the succinate group, the 

polymer exhibits pH-dependent solubility with a pKa value of 5.0, being mostly ionized at pH values over 6.0 and remaining 

un-ionized at pH levels below 4.0.98 HPMCAS is amphiphilic, thermally stable, and dissolves in organic solvents. It is perfect 

for spray drying procedures to create solid dispersions because of these characteristics. Furthermore, solid dispersions of 

active pharmaceutical ingredients (APIs) with low and high melting points are commonly made using hot melt extrusion. 

This is made possible by the large processing window that spans 150°C for manufacture between its glass transition 

temperature (120°C) and degradation temperature (270°C).99-102 

Soluplus® 
Polyethylene glycol, polyvinyl caprolactam (57%) and polyvinyl acetate (30%) make up the triblock graft copolymer 

Soluplus®. PEG adds hydrophilicity, and the polymer matrix contains lipophilic vinyl acetate and vinyl caprolactam 

domains, making it an amphiphilic polymer. Typically, Soluplus® has a molecular weight between 90,000 and 140,000 

g/mol. The glass transition temperature (Tg) of this amorphous polymer is comparatively low, at about 70°C.103,104 In 

particular, Soluplus® was created to work with the hot-melt extrusion (HME) process.105 In ternary solid dispersions 

including high Tg polymers such as PVP and HPMC, Soluplus® is used less frequently, despite having plasticizing qualities. 

Instead, because it can stabilize glassy solutions by means apart from a high Tg, it is frequently used in amorphous solid 

dispersions (ASDs) without the requirement for additional polymers. Although the combination of PVP and Soluplus® for 

low-temperature HME has not been extensively studied, it is especially beneficial for thermolabile active pharmaceutical 

ingredients (APIs). Soluplus® is a great option for creating dispersions by solvent evaporation or spray drying because of its 

amphiphilic nature, which allows it to dissolve in both organic and aqueous solvents. For making Soluplus®-based 

dispersions, freeze-drying is less common even though it has a high-water solubility.106 

 

Characterization of Solid Dispersion 

The medication in the matrix may take various molecular types in solid dispersions. A variety of methods have been 

employed to investigate the molecular organization in solid dispersions. However, considerable focus has been placed on 

distinguishing between crystalline and amorphous forms of the drug107 (as shown in Table 1). 

 

Table 1: shows the parameters of characterization for solid dispersion. 

Characterization 

Technique 

Purpose70 

Drug-carrier interactions Methods: UV Spectroscopy, solid-state NMR studies 

 Purpose: Verification of manufacturing substances, identification of unfamiliar 

compounds, and discovery of new interactions. 

Drug-carrier miscibility Methods: HSM, DSC, XRD, NMR 

 Purpose: Classifying thermal transitions and attaining a 3D model. 

Surface abilities Methods: Dynamic vapor absorption, reverse gas chromatography, atomic force 

imaging 

 Purpose: Providing details on particle surface thermodynamics and solvent absorption 

on the surface. 

Physical structures Methods: Dynamic vapor sorption, atomic force microscopy, Raman microscopy, 

SEM, Surface area analysis, Surface Properties 

 Purpose: Deciding the region or pore size of sample surfaces. 

Stability Methods: Isothermal calorimeter, saturated solubility studies, humidity studies, DSC, 

dynamic vapor sorption 

 Purpose: Measuring reactions between sample molecules. 
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Amorphous state in solid 

dispersion 

Methods: HSM, DSC, humidity stage microscopy, powder XRD, and polarized light 

optical microscopy 

 Purpose: Studying the surface characteristics of amorphous substances and creating a 

humid atmosphere. 

Dissolution Rate Methods: Dynamic solubility studies, intrinsic dissolution, Dissolution studies 

 Purpose: Studying the dissolution profile. 

 

Recent studies  

Numerous recent studies have been guided to optimize and expand the application of solid dispersion techniques in 

pharmaceutical formulations. Researchers have focused on improving drug solubility, stability, and bioavailability using 

innovative carriers and processing techniques. Advances in polymer-based dispersions, HME, and solvent evaporation have 

significantly enhanced drug delivery systems. A summary of key findings from these studies is presented in Table 2. 

 

Table 2: Shows the recent studies related to the field of solid dispersion. 

No. Drug Name Carrier/Technique Utilized Enhancement Achieved Reference 

 

1 Progesterone Brij35 and Pluronic F-127, 

Solvent Evap. 

Aqueous solubility improved by 

~20 folds 

108 

2 Praziquantel CMC and Sodium Alginate Improved solubility 108 

3 Metformin HCL Compritol 888 ATO, Solvent 

Evap. 

Controlled release developed 109 

4 Amlodipine Dextrin, Spray-Drying AUC enhanced by 2.8-fold 110 

5 Gliclazide PEG 4000, Fusion Dissolution rate improved by 

90% 

110 

6 Glipizide PEG 4000, Microwave Induced Retarded drug release up to 

99.32% in 12 hours 

111 

7 Atorvastatin PEG 6000, Microwave Induced 

Fusion 

Enhanced solubility with higher 

PEG concentration 

111 

8 Flurbiprofen PEGs (8000 & 10000), Solvent 

Evap. 

Significant enhance in drug 

release 

112 

9 Rebamipide Spray Drying, PVP-VA64 + 

Poloxamer 407 

Enhanced bioavailability and 

efficacy 

113 



Priyanshu Tyagi, Sanjeev Kumar Chauhan, Surbhi Kamboj, Pragati Gupta, Richa Goel, Praveen K 

Dixit  

pg. 797 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 21s 

 

10 Docetaxel Sodium Acetate, Freeze Drying Enhanced dissolution rate 114 

11 Telmisartan Soluplus, Hot Melt Extrusion Solubility improved by up to 99 

times 

115 

12 Edaravone Soluplus, Solvent Evaporation Aqueous solubility improved by a 

factor of ~17.53 

116 

13 Dutasteride TPGS, Solvent Evaporation Improved dissolution and oral 

bioavailability 

116 

14 Dronedarone HCL VA64 + PVP + HPMC, Solvent 

Evaporation 

Improved dissolution rate and 

intestinal absorption 

117 

15 Rofecoxib Urea, Fusion Technique Enhanced dissolution rate 118 

16 Indomethacin PAMAM Dendrimers Improved solubility and 

intracellular delivery 

118 

17 Nicotinic Acid PAMAM Dendrimers Dramatic improvement in 

solubility 

119 

18 Rosuvastatin Stearic Acid, Hot 

Homogenization 

Improved bioavailability up to 

~8-fold 

120 

19 Cinnarizine PVA, Precipitation-Sonication Complete drug dissolution in 

~240 seconds 

119 

20 Glyburide PVP-K30, Magnetic Stirring-

Milling 

Enhanced oral bioavailability up 

to four-fold 

120 

 

Current scenario of industrial applicability of polymers  

Because polymers can significantly improve the solubility and bioavailability of weakly water-soluble drugs, the 

pharmaceutical industry has shown a great deal of interest in using them as carriers in solid dispersion technology. A key 

tactic for enhancing therapeutic efficacy, this approach tackles one of the most important problems in drugs development. 

Solid dispersions often use hydrophilic polymers like PVP, HPMC, and PEG. Additionally, recent developments have 

brought about new carriers, such as vitamin E TPGS, cyclodextrins, and Gelucire, which offer unique advantages in terms 

of solubilization, stability, and formulation flexibility. Because the possibility of polymer has a direct impact on the final 

product's stability, dissolution rate, and overall performance, it is crucial.121,122 The method of preparation is equally crucial 

to the success of solid dispersions. The physical characteristics, bioavailability, and scalability of the product are all greatly 

influenced by processes like spray drying, hot-melt extrusion, and solvent evaporation. For uniform dispersions, solvent 

evaporation works well, but hot-melt extrusion is better for consistency and scalability. The production of fine, uniform 

particles with improved solubility, however, is best achieved by spray drying. For industrial-scale manufacturing to remain 

cost-effective and maintain high standards of quality, the preparation process selection is essential.123,124 

Solid dispersion technology has advanced significantly, but there are still issues, especially when it comes to increasing 

output without sacrificing product stability and quality. Optimizing formulations also requires a deeper comprehension of 
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the intricate relationships that exist between polymers and active medicinal components. In order to further enhance 

medication delivery, future developments are probably going to concentrate on investigating innovative polymers and multi-

component systems. Pharmaceutical formulations will become more dependable and effective as a result of ongoing research 

into creating unique polymer systems and discovering new polymer-drug interactions.125 

 

Future Scope  

Solid dispersion technology development and application have great potential to address the problems caused by drugs that 

are not very soluble in water. Innovative techniques to improve solubility will become more and more necessary as the 

pharmaceutical industry finds new chemical compounds with low aqueous solubility. In order to satisfy industrial demands, 

future solid dispersions research is anticipated to focus on enhancing formulations' stability and scalability. The development 

of multifunctional polymers with enhanced solubility, stability, and controlled-release properties, among other advancements 

in carrier materials, will be essential to expanding the use of this technology. Emerging preparation techniques, such as 

electrospinning and supercritical fluid technology, hold promise for producing more uniform and stable solid dispersions at 

a molecular level. These techniques may enable the maturing of nanostructured drug delivery systems, providing enhanced 

bioavailability and targeted drug delivery. Additionally, the integration of advanced analytical tools like NMR spectroscopy 

and Raman microscopy will facilitate a deeper understanding of drug-carrier interactions and structural dynamics. 

Another promising area is the incorporation of AI and ML to predict optimal formulation parameters, reducing development 

time and costs. Furthermore, the application of green technologies, such as solvent-free techniques or environmentally 

sustainable carriers, aligns with the industry's goal of reducing its environmental footprint. By overcoming existing 

limitations, solid dispersion technology can significantly contribute to personalized medicine, enabling the formulation of 

patient-specific drug delivery systems that optimize therapeutic outcomes. This field holds immense potential for 

revolutionizing drug development and expanding the boundaries of pharmaceutical science. 

CONCLUSION  

A significant obstacle in pharmaceutical development has been addressed by solid dispersion technology, which has become 

an essential strategy for improving the solubility, rate of dissolution, and bioavailability of cures that are poorly soluble in 

water. Solid dispersions greatly increase the therapeutic efficacy of pharmaceutical medicines by facilitating the molecular 

dispersion of active substances through the use of hydrophilic carriers and sophisticated production methods like fusion, 

solvent evaporation, hot-melt extrusion, and spray drying. For BCS Class II medications, whose poor solubility frequently 

limits their clinical efficacy, this approach is especially beneficial. Thermodynamic instability, scalability, and 

recrystallization are still issues despite its demonstrated advantages. The durability and effectiveness of these formulations 

are being enhanced, meanwhile, by continuous developments in carrier materials and preparation techniques. New methods 

that allow greater control over drug release patterns and formulation stability, like electrospinning and supercritical fluid 

technologies, appear promising in overcoming these obstacles. Our knowledge of drug-carrier interactions has improved 

thanks to characterization methods like DSC, XRD, and SEM, which have advanced the creation of solid dispersions. Modern 

tools like AI and ML are also anticipated to improve formulation design and reduce development cycles. In conclusion, solid 

dispersion technology presents a revolutionary way to enhance treatment results and medication delivery. Pharmaceutical 

formulations that are more patient-centered and efficacious could be made possible by this technology's considerable 

potential to overcome solubility issues with more development and research. 
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