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Abstract: Drug solubility is a crucial characteristic that influences the bioavailability and dosing of 

medications. Low bioavailability is one of the main problems associated with poorly soluble medications. Over 

40% of new chemical entities (NCEs) possess poor aqueous solubility and low oral bioavailability and 

absorption. Therefore, developing a suitable dosage form for these poorly soluble drug candidates has triggered 

growing interest among formulation scientists in developing new strategies for increasing water solubility 

without changing their molecular structure or biological activity. This review highlights various solubility 

enhancement techniques like particle size reduction, molecular complexation, solid dispersions, and solid-lipid 

nanoparticles. These are promising and emerging alternatives to facilitate the delivery of pharmaceutically 

active compounds for various medical applications to solve these problems. However, constructing an 

appropriate formulation strategy should be a crucial issue for developing poorly water-soluble pharmaceuticals 

to complete development operations within a constrained time frame.  

Keywords: Solubility, Bioavailability, Nanotechnology, Complexation, Solid lipid nanoparticles, pH 

Modification. 

1. Introduction 

The process of discovering new drugs is indeed considered expensive and time-consuming. It involves several 

stages of research and development, stringent testing, and rigorous clinical trials to ensure safety and efficacy. 

The entire drug discovery process is time-consuming and expensive, with a high attrition rate due to various 

factors like safety concerns, lack of efficacy, or unforeseen side effects. Companies often spend significant 

resources on drugs that do not make it to market, contributing to the overall cost and time required to bring a 

new drug to patients. Few recent powerful therapeutic compounds with the best pharmacological 

characteristics made it to human Phase I clinical trials. Unfortunately, the historical average shows that clinical 

trials have an overall attrition rate of over 90% [1]. The majority of recently discovered chemical entities 

exhibit poor solubility, which ultimately results in poor bioavailability [2]. Unless their solubility and oral 

bioavailability are improved through formulation, a large proportion of promising clinical candidates won't 

reach the market or perform to their full potential. Drug solubility will always be a key consideration in 

formulation development. The number of weakly water-soluble compounds has increased significantly over 

the past few years with the development of synthetic methods for the synthesis of novel molecules in chemistry 

and improved screening techniques [1]. Drug development should be more challenging due to the poor oral 

bioavailability caused by poor water solubility. To improve the solubility, dissolution rate, and oral 

bioavailability of poorly water-soluble medicines, a variety of strategies have been devised listed in Figure 1. 

The construction of an appropriate formulation approach should be a crucial issue for the development of 

poorly water-soluble pharmaceuticals to complete development operations within a constrained time frame 

[3].  
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Solubility can be characterized qualitatively as the “spontaneous interaction of two or more substances to 

generate a homogenous molecular dispersion” and quantitatively as “the concentration of solute in a saturated 

solution at a specific temperature” [4]. Solubility or dissolving enhancement approaches continue to be a very 

active field for formulation researchers as they address a topic that is frequently discussed but has not yet been 

fully answered. The fundamental ideas of any physical or chemical science, including biopharmaceutical and 

pharmacokinetic aspects of treatment with any medication, are solubility and dissolution. 

 

Figure 1: Variety of strategies to improve solubility, dissolution rate, and oral bioavailability of poorly 

water-soluble drugs. 

However, as the synthetic technique expands and produces a large number of promising lead compounds for 

the majority of pharmacological categories, the molecules are likewise moving toward larger structures. As a 

result, non-optimal biopharmaceutical features cause ≥40% of novel molecules to enter the drug development 

pipeline [5]. The Pharmacokinetic properties of the drug can all be significantly influenced by these features, 

such as the pace and degree of absorption, distribution rate, and the dose to obtain the minimum effective 

concentration with fewer adverse effects. The methods for discovering new drugs have changed the nature of 

biopharmaceutical properties over time. The Biopharmaceutics Classification System (BCS) four categories 

for classifying drugs were made easier by the idea of permeability and solubility qualities (Figure 2). 

Insufficient bioavailability is frequently caused by poorly water-soluble medicines weak solubility & slow rate 

of dissolution in aqueous gastro-intestinal fluids. The bioavailability can be improved, particularly for class II 

drugs, by speeding up the drug's solubility and rate of dissolution in the fluids of the gastrointestinal tract [6-

7]. 

Due to the sluggish rate of drug dissolution, two factors are helpful to recognize poorly soluble medications 

i.e., dose solubility ratio &aqueous solubility (should be ≤100ug/ml). The volume of gastrointestinal fluids 

required to dissolve the provided dose is known as the dose solubility ratio. Furthermore, quantitative BCS has 

emphasized the significant transit flow of the drug absorption process, in association with solubility & 

permeability [8]. Three figures {i.e., dose number (Do), dissolution number (Dn), and absorption number 

(An)} [9] combine the drug's physicochemical characteristics with physiological measures. By taking into 

account the amount of fluid necessary to dissolve the entire dose, the Do gives the dose a physiological context. 

Drugs are categorized as highly or poorly soluble depending on whether their Do value is greater than or less 

than 1. A recent attempt to classify WHO critical medications using BCS revealed that 27.7 percent of the 

medications were described as poorly soluble [10]. The BCS has revolutionized the creation of novel 

therapeutic compounds in addition to changing how scientists currently approach medication delivery. The 

dissolved solute concentration that is in equilibrium with the solid solute is considered to be a measure of a 

substance's solubility at a particular temperature.  
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Figure 2: BCS Classification. 

The characteristics of the molecule to form an H-bonding with the water along with the molecule's crystal 

lattice affect the overall solubility of a molecule. Equation 1 provides a good explanation for the effects of 

these elements [11]. 

S = f x (Cavitation energy + Crystal packing energy + Solvation energy) ..... (1) 

However, cavitation energy is needed to create a cavity within the solvent, crystal packing energy is needed to 

break the crystal lattice to interact solute molecules with solvent molecules, and salvation energy is the energy 

released following successful interactions between solute and solvent. Surfactants can be used to provide 

cavitation energy, and the amorphism or polymorphism of a solute can provide cavitation energy for crystal 

packing. The saturation solubility is therefore a crucial element in the rate at which a medication dissolves, 

together with surface area. It is based on the drug's physiochemical characteristics, like its crystalline shape, 

lipophilicity, and pKa.The dissolution procedure consists of two steps that follow one another [12]. 

1. Through an engineered reaction, solute molecules are released from the solid phase. 

2. These molecules are then moved by convection or diffusion away from the interface and into the main body 

of the liquid phase. 

In addition, the Noyes-Whitney equation {dm/dt = ka (Cs - C)} can be used to quantitatively explain how 

quickly a solid dissolves in a liquid. 

The current challenges in drug development, specifically related to drug solubility and bioavailability, have 

prompted researchers to explore various solubility enhancement techniques. To address these challenges, we 

have meticulously examined several solubility enhancement strategies (like particle size reduction, molecular 

complexation, solid dispersions, solid-lipid nanoparticles, etc.), each with its unique approach to improving 

drug solubility and bioavailability. The comprehensive review of these solubility enhancement techniques 

sheds light on their respective strengths and limitations, helping researchers and pharmaceutical companies 

make informed decisions when selecting the most suitable approach for specific drugs. This review serves as 

a valuable guide for drug development and utilization, enabling more efficient and effective strategies to tackle 

solubility challenges. By employing these enhancement techniques, researchers can pave the way for the 

development of novel drugs with improved bioavailability, better therapeutic outcomes, and increased patient 

compliance. 
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2. Methods of Solubility Enhancement  

The main difficulties in the formulation and distribution of pharmaceuticals are their poor solubility and 

dissolution. Numerous techniques have so far been adopted to enhance the solubility and dissolving 

characteristics of medicines [13]. Classical methods include pH adjustment, co-solvency, micelles, micro-

emulsification, liposomes & emulsions [14], Salt formation, Particle Size Reduction, Solid 

solutions/dispersions, Lipid-Based Delivery Systems, Evaporative precipitation into aqueous solution (EPAS), 

Ultra-Rapid Freezing, Co-evaporate System / Co-precipitation, Solvent Deposition/Evaporation, Inclusion 

Complexes, Kneading Technique, Co-precipitation, Neutralization, Co-grinding, Spray-Drying Method, 

Liqui-solid Compacts Melt-Granulation, etc. [15]. However, the selection of the appropriate method is always 

a critical phase during the formulation development [16]. Various methodologies adopted for solubility 

enhancement (Figure 3) are explained below: 

2.1 pH Adjustment  

By manipulating the pH of the drug solution, solubility can be optimized, leading to improved drug dissolution 

and subsequent absorption in the body. The breakdown of steam-exploded cornstalks (SEC) and the generation 

of organic acids by an expanded microbial community were both accelerated by intermittent pH modification. 

After 84 hours of fermentation, the results revealed that increasing the pH increased the overall concentration 

of the two main water-soluble metabolites (propionate & acetate), with results of 1.86 g/l at pH 7.0, 2.04 g/l at 

pH 8.0, and 3.32 g/l at pH 9.0. The potential for the cellulose to be converted into other materials was thought 

to be improved by intermittent pH modification [17]. 

2.2 Complexation 

Through methods like kneading or lyophilization/freeze drying, drug molecules can form complexes with 

carriers like cyclodextrins, which improve their solubility through inclusion in the carrier's hydrophobic core. 

One of the extensively researched techniques used for a more precise increase of the solubility and dissolution 

of weakly water-soluble medicines is the complexation of cyclodextrin (CD) with phospholipid (PL). The 

eligibility requirements (of pharmaceuticals) for the various procedures, the cost, the stability, and the efficacy 

of the complexes can all be taken into consideration when choosing a certain type of complexation. However, 

both methods can be used to create complex drugs with better biopharmaceutical properties yet as opposed to 

the PL complexation, the eligibility requirement for the CD complex is more geometric than chemical. The PL 

complexes, on the other hand, may also enhance the lipid solubility or permeability of BCS Class IV medicines, 

resulting in enhanced BA of permeability rate-limited medications as well. As a result, it can be concluded that 

enhancing the BA of BCS Class II and Class IV medications through CD and PL complexation of 

pharmaceuticals may be a very promising strategy [18]. In addition, numerous researches reveal that the 

cyclodextrins (CDs) complexation might be the potent approach to enhance the solubility, absorption and 

therefore bioavailability of the drug molecules [19]. 

 

Figure 3: Solubility enhancement techniques. 
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Literature reveals that cilostazol inclusion complex with DM-β-CD (1:3) through complex formation technique 

showed significant fast-dissolving formulation with improved oral bioavailability. In addition, the phase 

solubility study demonstrates complex formation enhances the solubility of the drug, which was further 

enhanced through pH modification. Furthermore, the sharp endothermic peaks in the DSC & XRD study reveal 

a significant reduction in the micro-crystallinity of cilostazol [20]. Literature reveals that complexing 

domperidone (DMP) with large ring cyclodextrins (LR-CDs) could increase its water solubility. LR-CDs can 

entrap molecules to create inclusion complexes through relatively hydrophobic cavities. Compared to small 

CD-DMP complexes, the LR-CD-DMP complexes showed a 3-fold increase in DMP solubility [21]. In another 

study, cyclodextrins complex with riboflavin was examined for the enhancement of aqueous solubility and 

corneal permeability in eye drop formulations. This study has demonstrated that the α-cyclodextrin (100 

mg/ml) & β-cyclodextrin (20-30 mg/ml) can be used to increase riboflavin's solubility and thereby boost its 

availability when employed in ocular medication formulations. This work demonstrated that cyclodextrins can 

remove lipids like cholesterol from ocular cell membranes, which might explain why the epithelium is 

disrupted and permeability is increased [22]. In another study, the solubility of nucleoside (adenine & 

guanosine) along with structurally related molecules (triamterene & acyclovir) was substantially enhanced by 

complex formation with water-soluble ligands (like amino acids, vitamins, & other non-toxic pharmaceutical 

excipients). A ligand pair consisting of ligands from the same class (either Class A or Class B) showed additive 

solubility enhancement concerning the water-insoluble base, nucleoside and other structurally related drugs. 

Using ligand pairs, it is possible to obtain much greater solubility enhancement [23].  

Myricetin (a poorly soluble molecule) was converted from crystalline to amorphous form through 

complexation with HP-β-CD (1:1 stoichiometric ratio), as characterized by SEM, DSC& PXRD. According to 

the molecular inclusion processes discovered by 1HNMR & FT-IR, myricetin's B-ring and a portion of its C-

ring were encased in the cavity of HP-β-CD via non-covalent bonds. In comparison to pure myricetin, the 

myricetin/HP-β-CD inclusion complex had significantly higher water solubility and dissolution rates. In 

addition, the antioxidant potential &oral bioavailability of myricetin in the inclusion complex were greatly 

enhanced in experimental animals [24]. In another study, the spray-drying process at 100°C for 20 minutes, 

chito-oligosaccharide (COS) was used to create a stable complex with hesperidin (HSD-COS). The aromatic 

rings of hesperidin were shown to interact with COS via hydrogen bonding, forming the HSD-COS complex. 

The author reported that HSD-COS had better water solubility and antioxidant activity than free hesperidin as 

a result of the study [25]. Theasinensis A, one of the natural components of tea, was found to be most active 

in increasing the solubility of hesperetin. The antioxidant activity of hesperetin was boosted by 4.2 and 3.9-

fold, respectively, by ROE correlation signals between hesperetin-TPGS (tocopheryl polyethylene glycol 1000 

succinate) micelles and hesperetin-PC (phosphatidylcholine) complexes respectively. It's significant to note 

that the in-vivo oral absorption on rats revealed that the micelles and complexes significantly raised the peak 

plasma concentration (Cmax) from 2.64g/ml - 20.67g/ml and 33.09 g/ml, respectively, and increased the area 

under the concentration-time curve of hesperetin after oral administration to 16.2 and 18.0-fold, respectively 

[26]. The examples of several drugs whose solubility is enhanced through complexation and pH adjustment 

methods are depicted in Table 1. 

Table 1: Drugs with increased solubility. 

S/n Drug used Technique used Inference Reference 

1. Cilostazol Complexation/ pH 

adjustment 

The result of the Phase solubility study 

showed that the solubility and stability of 

the selected complex were improved. 

[20] 

2. Domperidone 

(DMP) 

Inclusion complex  The large ring cyclodextrin-

domperidone (LR-CD-DMP) complexes 

represented a 3-fold enhancement 

ofdomperidone solubility. 

[21] 

3. Riboflavin Complexation  The result of the study showed that 

enhancement of solubility can be 

achieved by using α-cyclodextrin (100 

mg/ml) and β-cyclodextrin (20-30 

mg/ml) 

[22] 
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4. Adenine, 

Guanosine, 

Acyclovir, or 

Triamterene 

Complexation by 

using ligand 

The apparent solubility of the substrates 

was dramatically improved by forming 

complexes with the ligands. 

[23] 

5. Myricetin Complexation Significant improvement in the solubility 

along with the dissolution rate of 

myricetin was achieved through the 

myricetin-HP-β-CD inclusion complex. 

[24] 

6. Hesperidin Complexation by 

using spray drying 

The author reported that HSD-COS had 

better water solubility than free 

hesperidin as a result of the study. 

[25] 

7. Hesperidin Complexation The In-Vivo absorption study on rats 

showed an increase in the absorption of 

hesperidin. 

[26] 

2.3 Eutectic Mixture  

Although known from ancient times, the eutectic mixture is still a little-explored technique for improving the 

poor aqueous solubility of medicines. But the number of articles has substantially increased, particularly 

recently. However, the surprisingly simple eutectic combinations offer significant benefits in addition to being 

potential systems for enhancing drug solubility. For example, both components of eutectic mixtures are 

available in crystalline form which overcomes the drawback of the amorphous state to recrystallize during 

manufacturing, dissolution or storage, particularly in high-humidity environments.  

Another benefit of eutectic mixtures is that they can be produced by using simple, affordable, and easily 

scaleable technologies. Additionally, it permits the blending of therapeutically important active pharmaceutical 

ingredients in the creation of fixed-dose combined systems (drug-drug eutectic mixtures). Although the 

manufacture of solid dosage forms including eutectic mixtures is still understudied, it has caught the interest 

of numerous research groups due to the encouraging outcomes. It will undoubtedly be a field to develop in the 

upcoming years. Additionally, eutectic mixtures need to be scaled up significantly for commercial use [27]. 

The number of studies involving the creation of eutectic mixtures to enhance the oral bioavailability and 

solubility of poorly soluble pharmaceuticals, including drug-carrier and drug-drug mixtures, has significantly 

increased recently [28]. The example of various drugs whose solubility is enhanced through eutectic mixtures 

is depicted in Table 2 and Figure 4. 

Table 2 provides information that showcases a series of eutectic mixtures of pharmaceutical compounds, each 

designed to address the challenge of poor water solubility in drugs. These eutectic mixtures are prepared using 

specific techniques and ratios of components, aiming to enhance the solubility, dissolution rate, and overall 

bioavailability of these drugs. One notable example is the Glimepiride - L-arginine eutectic mixture, which 

was prepared using the neat grinding method and resulted in a significant improvement in the drug's solubility 

and dissolution rate in a phosphate buffer (pH 6.8) [29].  

Similarly, the Diacerein - Fumaric Acid eutectic mixture, prepared through a liquid-assisted grinding method, 

demonstrated a substantial increase in kinetic solubility and in-vitro drug release compared to the raw diacerein 

[30]. Moreover, various eutectic mixtures, such as the Celecoxib - Saccharin or Adipic Acid combination and 

Nimesulide - Nicotinamide mixture, showed remarkable enhancements in solubility and dissolution rates when 

compared to the pure drugs [32-33]. The Lovastatin - Carboxylic Acids eutectic mixtures exhibited increased 

solubility for different combinations, emphasizing the versatility of this approach [34]. However, it's essential 

to note that the Febuxostat - Probenecid, Adipic Acid, or α-Ketoglutaric Acid eutectic mixtures displayed 

decreased solubility, highlighting that not all combinations yield the desired results [35]. Furthermore, eutectic 

mixtures like Irbesartan - Syringic Acid, Nicotinic Acid, and Ascorbic Acid showed remarkable enhancements 

in solubility, especially in acidic and aqueous conditions [36].  Glicazide - Succinic Acid eutectic mixtures, 

prepared using electrospray deposition and a liquid-assisted grinding technique, significantly improved the 

drug's dissolution rate, particularly at pH 1.2 [37].  
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Figure 4: Example of various drugs whose solubility is enhanced through eutectic mixtures. 

Felodipine - Nicotinamide or Malonic Acid eutectic mixtures exhibited increased solubility and dissolution 

rates in an acidic medium, making them potentially valuable for drug delivery [38].  Thus, these findings 

underscore the potential of eutectic mixtures as a promising strategy to overcome the challenges posed by 

poorly water-soluble drugs. By carefully selecting components and employing various preparation techniques, 

pharmaceutical researchers can enhance the solubility, dissolution rate, and ultimately, the therapeutic efficacy 

of these drugs. This approach holds significant promise for improving drug delivery and patient outcomes, 

particularly for medications with low water solubility, and is a valuable tool in modern pharmaceutical 

development. 

Table 2: Example of eutectic mixtures for solubility enhancement. 

S/n Eutectic components Method of preparation Result Reference 

1. Glimepiride  L-

arginine 

Neat grinding method Significantly enhanced the 

solubility & dissolution rate 

of glimepiride in phosphate 

buffer (pH 6.8) 

[29] 

2. Diacerein  Fumaric 

acid 

Liquid-assisted grinding 

method  

Significantly enhanced the 

kinetic solubility (3.15-

folds) and in-vitro drug 

release of diacerein eutectic 

mixture (71.7%) as 

compared to raw diacerein 

(41.7%).  

[30] 

3. Diacerein 2, 4-

dihydroxy

benzoic 

acid 

Liquid-assisted grinding 

technique 

Significant enhancement in 

solubility and dissolution 

rate of diacerein (i.e., 2.5, 

1.9 & 1.5-folds at a pH of 

1.2, 4.5 & 6.8, respectively) 

[31] 

4. Celecoxib Saccharin 

or adipic 

acid 

Liquid-assisted grinding 

technique 

Showed remarkable 

enhancement of solubility & 

dissolution rate of celecoxib 

eutectic mixture in distilled 

water as compared to pure 

drug. 

[32] 

 

Solubility 

enhancement 
Eutectic mixtures

Neat grinding

Liquid-assisted grinding 

method

Electrospray deposition and 
liquid-assisted grinding 

technique

Melting/cooling followed by 
grinding

Various examples of the drugs prepared as eutectic mixtures 
for solubility enhancement

Caffeine, Herperdin, Simvastatin, Curcumin, Fenofibrate, 
Ritonavir , Nimusulide, Etodolac, Pyrazinamide
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5. Nimesulide Nicotina

mide 

Solvent evaporation 

(spray drying) technique 

Showed a significant 

increase in solubility of the 

eutectic mixture (14-times) 

in distilled water along with 

other media (i.e., phosphate 

buffer (pH 8.4), 0.1N HCl & 

simulated gastric fluid) 

along with enhanced 

dissolution profile (4.7-4.9-

folds) as compared to pure 

drug. 

[33] 

6. Lovastatin  Carboxyli

c acids 

(like 

benzoic, 

salicylic 

& 

cinnamic 

acid) 

Liquid-assisted grinding 

technique 

Showed a significant 

increase in solubility (5-

fold) in the lovastatin-

salicylic acid combination 

and (4-fold) in the 

lovastatin-benzoic acid and 

lovastatin-cinnamic acid 

system. 

[34] 

7. Febuxostat  Probeneci

d, adipic 

acid or α-

ketoglutar

ic acid 

Liquid-assisted grinding 

technique 

Showed decreased 

solubility in all three 

eutectic mixtures as 

compared to that of the 

pure febuxostat. 

[35] 

8. Irbesartan  Syringic 

acid, 

nicotinic 

acid and 

ascorbic 

acid 

Liquid-assisted grinding 

technique 

Showed remarkable 

enhancement in the 

solubility (5-9-fold) of 

irbesartan eutectic mixtures 

in 0.1N HCl (pH 1.2) and 

(4-7-fold) in water. 

[36] 

9. Glicazide Succinic 

acid 

Electrospray deposition 

and liquid-assisted 

grinding technique 

Showed significant 

enhancement in the 

dissolution rate of glicazide 

eutectic mixtures at pH 1.2 

as compared to pure form. 

[37] 

10. Felodipine  Nicotina

mide or 

malonic 

acid 

Liquid-assisted grinding 

technique 

Eutectics displayed 

increased solubility & 

dissolution rate in 0.1N HCl 

(pH 1.2) for nicotinamide 

(120.24 µg/mL) & malonic 

acid (205.41 µg/mL) 

eutectics as compared to 

pure drug (25.05 µg/mL). 

[38] 

11. Curcumin   Salicylic 

acid 

Neat grinding technique The eutectic mixture 

displayed a faster 

dissolution rate and 

solubility than raw 

curcumin. 

 

[39] 

12. α-

Eprosartan 

p-

Hydroxy 

benzoic 

acid 

Liquid-assisted grinding 

technique 

The eutectic mixture 

showed significant 

enhancement in the 

solubility and dissolution 

rate. 

[40] 
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13. Hesperitin Adenine, 

theophylli

ne, gallic 

acid or 

theobromi

ne 

Liquid-assisted grinding 

technique 

The eutectics displayed 

improved dissolution 

profile with theophylline (3-

fold), gallic acid (3.5-fold), 

theobromine (2.5-fold) and 

adenine (1.5-fold), 

respectively. 

[41] 

14. Ibuprofen Poloxame

r  

Melting/cooling followed 

by grinding technique 

The eutectic mixtures 

showed significant 

enhancement in the 

dissolution rate in an acidic 

medium with a cumulative 

drug release of 58.27%. 

[42] 

15. Nimesulide PEG, urea 

or 

mannitol 

Melting/cooling followed 

by grinding technique 

The solubility of nimesulide 

in eutectic with PEG 4000 

(at various concentrations) 

and urea showed linear 

enhancement of 2.3 and 1.6-

fold respectively. 

[43] 

16. Curcumin  Nicotina

mide, 

ferulic 

acid, 

hydroquin

one, 

Neat grinding method Showed a significant 

increase (3-11-fold) in the 

IDR values of eutectic 

mixtures as compared to 

pure curcumin. 

[44] 

17. 

 

Ritonavir  Gelucire Solvent evaporation and 

melting/cooling 

Showed significantly 

enhanced dissolution rate in 

0.1N HCl & bio-relevant 

medium as compared to 

pure drug. 

[45] 

18. Fenofibrate

, 

flurbiprofen 

PEG Melting/cooling followed 

by grinding 

Showed significant 

enhancement in the 

dissolution rate of 

flurbiprofen & fenofibrate 

with different molecular 

weight PEGs. 

[46] 

19. Flurbiprofe

n  

Nicotina

mide  

Melting/cooling followed 

by grinding 

Eutectic mixtures showed a 

significant dissolution rate 

of flurbiprofen in 0.1N HCl 

& distilled water as 

compared to pure drugs. 

[47] 

20. Fenofibrate  PEG Melting/cooling followed 

by grinding 

Showed (a 10-fold) 

enhanced dissolution rate of 

fenofibrate in the eutectic 

mixture. 

[48] 

21. Caffeine  Meloxica

m, 

aceclofen

ac and 

flurbiprof

en 

Neat grinding Showed significant 

enhancement in the 

dissolution rate of 

meloxicam, aceclofenac and 

flurbiprofen eutectic 

mixtures with 3.3, 1.4 & 

1.7-fold respectively.  

[49] 

22. Efavirenz  Tenofovir 

disoproxil 

fumarate 

Neat grinding Showed significant 

enhancement in the 

efavirenz dissolution and 

solubility rate in water and 

acidic conditions. 

[50] 
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23. Levetiracet

am 

Ibuprofen

, 

naproxen, 

ketoprofe

n or 

flurbiprof

en 

Grinding (ball milled) Showed significant 

improvement in the 

dissolution profile in 

phosphate buffer (pH 7.4). 

[51] 

24. Posaconazo

le  

Benznida

zole  

Melting/cooling The eutectic mixture 

showed remarkable 

enhancement in dissolution 

rate of the eutectic mixture 

as compared to drugs alone. 

[52] 

25. Hydrochlor

othiazide  

Atenolol  Neat grinding Showed enhanced solubility 

(14-fold) of 

hydrochlorothiazide 

eutectic mixture in 

phosphate buffer (pH 7.4). 

[53] 

26. Etodolac  Paracetam

ol or 

propranol

ol 

hydrochlo

ride 

Liquid-assisted grinding Showed significant 

enhancement (6-9-fold) in 

the dissolution rate of the 

eutectic mixtures as 

compared to pure drugs. 

[54] 

27. Pyrazinami

de  

Isoniazid  Neat grinding Showed significant 

enhancement (2.5-fold) in 

the dissolution rate of 

pyrazinamide in eutectic 

mixtures. 

[55] 

28. Simvastatin  Aspirin Neat grinding The eutectic mixture 

showed a significant 

increase in the dissolution 

rate (1.5 times) as compared 

to pure drugs. 

[56] 

29. Fenofibrate Acetylsali

cylic acid 

Neat grinding Showed significant 

improvement (3-fold) in the 

dissolution rate in eutectic 

mixtures as compared to 

untreated drugs. 

[57] 

2.4 Solid Dispersion 

Solid dispersion is an emerging technique used for the enhancement of drug solubility and dissolution rate. 

One of these methods that has been widely used in the sector is hot-melt extrusion (HME). It is a single-step, 

scalable technology for continuous production that has been effective in making pharmaceuticals that aren't 

very soluble more soluble. Due to a wider window between processing and carrier degradation, it presented 

no processing difficulties and had special properties that made it suitable for use in the HME process. The 

increased ability to maintain the amorphous state stable is thought to be the cause of better solubility 

enhancement. The study employed that the Kollicoat Smart seal is a potential carrier for the development of 

solid dispersion for solubility enhancement of BCS class II drugs such as itraconazole [58]. The presented 

Table 3 provides a comprehensive overview of solid dispersion formulations, showcasing their pivotal role in 

tackling the inherent challenges associated with poorly water-soluble drugs. These formulations represent a 

significant advancement in pharmaceutical development, with a focus on enhancing drug solubility, dissolution 

rates, and overall bioavailability. Several key examples illustrate the versatility and effectiveness of solid 

dispersion techniques in achieving these goals. For instance, the Cannabidiol Solid Dispersion, prepared 

through hot melt extrusion with excipients such as mesoporous silica, cyclodextrins, and various polymers, 

successfully enhanced the dissolution rate and water solubility of cannabidiol, which is known for its low 

aqueous solubility. This is especially promising in the context of cannabinoid-based therapies [59].  
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Likewise, the Lovastatin Solid Dispersion, employing modified locust bean gum as an excipient and a modified 

solvent evaporation method, achieved optimal solubility enhancement when formulated in a specific ratio. This 

exemplifies the importance of carefully tailoring the formulation to maximize its efficacy [60]. Resveratrol 

Solid Dispersion, prepared through hot melt extrusion with Eudragit and PEG as excipients, exhibited a 

substantial 2.28-fold increase in solubility compared to the pure drug. Such improvements are critical for 

enhancing the therapeutic potential of resveratrol, a compound with various health benefits [61]. The Trans-

resveratrol Solid Dispersion, utilizing Eudragit E/HCl and spray drying, demonstrated high supersaturation 

through micelle formation, further emphasizing the utility of solid dispersion techniques in enhancing 

solubility [62]. Quercetin Solid Dispersion, formulated with amorphous chitosan oligosaccharide, showcased 

a remarkable 1.64∼2.25 times increase in oral bioavailability compared to the pure drug, emphasizing the 

potential of solid dispersions to enhance the delivery of flavonoids with therapeutic potential [63]. The 

Curcumin Solid Dispersion formulations, prepared using various techniques and excipients such as 

hydroxypropyl methylcellulose (HPMC), HPMCAS, lecithin, and isomalt, demonstrated enhanced solubility, 

dissolution rates, and bioavailability of curcumin, a compound with numerous health benefits [64-65]. 

Apigenin Solid Dispersion, developed using mesoporous silica and cellulose nanocrystals, significantly 

increased solubility and oral bioavailability, offering promise for enhancing the therapeutic utility of this 

natural flavonoid [ 67]. Thus, the diverse array of solid dispersion formulations presented underscores their 

versatility and effectiveness in overcoming the challenges posed by poorly water-soluble drugs. These 

advancements in pharmaceutical development hold the potential to greatly benefit patients and healthcare 

practitioners by improving drug delivery and therapeutic outcomes, ultimately contributing to better healthcare 

solutions. The example of various drugs whose solubility is enhanced through solid dispersion is depicted in 

Table 3. 

Table 3: Example of some solid dispersion resulting in solubility enhancement. 

S/n Drug  Excipients Method  Inference  Reference 

1. Cannabidiol Mesoporous silica, 

cyclodextrins and 

polymers (K12PF, 

KVA64 and SOL) 

Hot melt 

extrusion  

The prepared solid 

dispersion showed 

remarkable enhancement in 

the dissolution rate and water 

solubility of cannabidiol. 

[59] 

2. Lovastatin Modified locust 

bean gum (MLBG) 

Modified 

solvent 

evaporation 

method 

The results established that 

the optimum increase in 

solubility of lovastatin was 

obtained in solid dispersion 

of LS/MLBG in a ratio of 

1:5. 

[60] 

3. Resveratrol Eudragit and PEG Hot melt 

extrusion 

method. 

The saturation solubility 

study showed an increase in 

solubility (2.28 times) of 

solid dispersion resveratrol 

than pure drugs. 

[61] 

4. Trans-

resveratrol  

Eudragit E/HCl Spray drying 

method. 

Solid dispersion of 

resveratrol and polymer 

(1:9) showed a high degree 

of supersaturation through 

Eudragit E/HCl micelles 

formation. 

[62] 

5. Quercetin Amorphous chitosan 

oligosaccharide 

Amorphous 

solid dispersion 

Showed a significant 

increase (1.64∼2.25 times) 

in the oral bioavailability of 

quercetin solid dispersion as 

compared to pure drug. 

[63] 

6. Curcumin Hydroxypropyl 

methylcellulose 

Solid dispersion Showed increased water 

solubility along with 

encapsulation efficiency of 

curcumin. 

[64] 
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7. Curcumin HPMCAS Solid dispersion Amorphous SD of curcumin 

remarkablyimproved the 

dissolution rate andenhanced 

the chemical stability of 

curcumin. 

[65] 

8. Curcumin Hydroxypropyl 

methylcellulose 

Solid dispersion Showed a significant 

increase in the oral 

bioavailability of curcumin. 

[66] 

9. Apigenin  Mesoporous silica Nanoparticles 

solid 

dispersion. 

The SD exhibited a 

significant increase 

(25.11µg/ml) in the 

solubility and oral 

bioavailability (8.32 times) 

of apigenin. 

[67] 

10. Hesperitin -- Co-grinding 

and solvent 

evaporation.  

SD of HSP co-crystals 

formulated through the 

solvent evaporation method 

exhibited increased 

solubility &synergistically 

reducedthe hepatic toxicity 

of CCl4-induced oxidative 

stress in rats. 

[68] 

11. Curcumin Gelucire®50/13- 

aerosol 

  Solid 

dispersion                                          

SD formulation of curcumin 

displayed a remarkable 

(3600-fold) enhancement in 

the solubility of curcumin. 

[69] 

12. Curcumin hydroxypropyl 

methyl cellulose, 

lecithin and isomalt 

Hot melt 

extrusion 

technique  

SD of curcumin exhibited 

(∼13-fold) increased 

bioavailable of curcumin. 

[70] 

13. 

 

Apigenin CNP Solid dispersion  CNP-based SD showed a 

significant increase in the 

solubility and oral 

bioavailability of Apigenin. 

[71] 

14. Curcumin Cellulose acetate Sustain release 

solid dispersion 

The solubility and 

dissolution rate of curcumin 

was improved remarkably in 

the sustained release SD 

formulation. 

[72] 

15. Etoricoxib Xanthan gum, guar 

gum, and gum 

acacia 

Solvent 

evaporation 

Showed significant 

enhancement in the 

solubility &dissolution rate 

of etoricoxib. 

[73] 

16. Tadalafil  Glycyrrhizin Spray drying. Showed a significant 

increase (4.07 folds) in the 

dissolution rate of tadalafil. 

[74] 

17. Ambrisentan Daucus carota 

extract 

Solid dispersion 

technique  

SD showed significant 

enhancement in the 

improved absorption & 

bioavailability of 

ambrisentan. 

[75] 

18. Ibuprofen Guar gum, 

Hupugum and 

Xanthan gum 

Surface Solid 

Dispersion 

Pulsincap formulation with 

Ibuprofen: hupu gum (1:2 

ratio) exhibited a significant 

increase in the solubility and 

drug release of ibuprofen. 

[76] 
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Natural gums are useful in medicinal applications because they are affordable, nontoxic, readily available, 

chemically modifiable, and potentially biodegradable with a few exceptions. Polysaccharides are the focus of 

the majority of studies on natural polymers used in drug delivery systems. Natural gums can be altered to 

create products specifically designed for drug delivery systems, competing with the synthetic excipients that 

are currently on the market. While novel gums have been employed, some of them offer extraordinary 

properties, even if the usage of conventional gums has continued. There is a huge scope for study on newer 

plant-based gums and mucins, which may one day be used as a revolutionary natural polymer for the creation 

of various drug delivery systems in the pharmaceutical industry [77].  

2.5 Nanotechnology 

Nano-technology is an emerging approach for the development of novel drug delivery systems, especially for 

those potent drug candidates whose clinical development failed because of their poor aqueous solubility, 

inadequate bio-availability, low permeability as well as other poor biopharmaceutical characteristics [78-81]. 

The most common nanotechnology-based approaches used for the development of drug delivery systems 

include nano-emulsions, liposomes, dendrimers, solid lipid nanoparticles, polymeric micelles, carbon 

nanotubes, polymeric nanoparticles, etc., which provide targeted, controlled, and sustained drug delivery [82]. 

There are mainly two types of approaches which are used to prepare drug nanocrystals:  

• The top-down approach, in which different types of milling or homogenization techniques are utilized to 

prepare nanosized particles by decreasing the particle size of bulk drugs in a liquid suspension [83]. 

• The bottom-up approach, where the nanosized particles are built molecule by molecule by precipitation 

[84].  

Most commercial pharmaceutical products are produced by top-down methods, mostly by milling, because in 

these techniques the process repeatability is at a high level and changes in scaling are considerably easy to 

perform [85]. Table 4 presents a comprehensive overview of innovative drug delivery systems that utilize 

polymers and nanotechnology to address the challenges associated with poorly water-soluble drugs. These 

advancements in pharmaceutical development hold significant promise in improving drug bioavailability and 

enhancing solubility, ultimately leading to more effective therapeutic outcomes. 

Table 4: Example of nanotechnology for solubility enhancement. 

S/n Drug Polymer Nanotechnology Inference Reference 

1. Carvedilol Carboxymethyl 

chitosan 

Solid lipid 

nanoparticles 

Showed significant 

improvement in the 

bioavailability of 

carvedilol along with 

protection from an acidic 

environment. 

[86] 

2. Nitrendipine --- Solid lipid 

nanoparticles 

In-vitro and in-vivo drug 

release studies showed 

significant enhancement 

(3-4 times) in the 

bioavailability of 

nitrendipine. 

[87] 

3. Nimodipine --- Solid lipid 

nanoparticles 

Showed a significant 

increase in oral 

bioavailability of 

nimodipine. 

[88] 

4. Ramipril Glyceryl 

monostearate, 

glyceryl 

monooleate with 

Tween 80, 

Solid lipid 

nanoparticles 

SLNs formulation of 

ramipril with glyceryl 

monooleate and Span 20 

showed a significant 

increase in its 

bioavailability. 

[89] 
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poloxamer™ 18

8, and Span 20 

5. Valsartan --- Solid lipid 

nanoparticles 

Enhanced lymphatic 

absorption with 

improved solubility and 

bioavailability of 

valsartan. 

[90] 

6. Hesperidin --- Solid lipid 

nanoparticles 

through supercritical 

anti-solvent 

technology 

Showed significant 

improvement (4.5-fold) 

in the oral bioavailability 

of hesperidin 

[91] 

7. Apigenin Phospholipid 

90H 

liposomes 1.5-fold increased 

bioavailability as 

compared to a free drug 

suspension 

[92] 

8. Carbamazepin

e 

DMPG liposomes 1.2-fold increased 

bioavailability as 

compared to Tegretol 

suspension 

[93] 

9. Docetaxel EPC:SA (1:0.2) 

with SDC and 

coating with 

Eudragit 

L100/S100 (4:1) 

liposomes 3.1-fold increased 

bioavailability as 

compared to free drug 

solution in polysorbate 

80/ethanol/saline 

(20:13:67) 

[94] 

10. Fenofibrate SPC: SDC (4:1) liposomes 5.1-fold increased 

bioavailability as 

compared to micronized 

fenofibrate in capsule 

[95] 

11. Lovastatin SPC:CH (9:1) liposomes 1.6-fold increased 

bioavailability as 

compared to a free drug 

suspension 

[96] 

12. Silymarin Phospholipid 

(82% PC) 

liposomes 3.4-fold increased 

bioavailability as 

compared to powder drug 

[97] 

13. Lopinavir  HSPC, CH 

(7:3) 

liposomes 2.2-fold increased 

bioavailability as 

compared to a free drug 

suspension 

[98] 

14. Zerumbone -- Nanostructured lipid 

carriers 

Increased water 

solubility 

[99-102] 

15. Zerumbone  Nanosuspensions Enhancement of 

solubility 

[103] 

16. Zerumbone  Solid-lipid 

nanocarriers 

Improve solubility and 

dissolution 

[104] 

17. Cyclosporine 

A 

ePC: 

Cremophor EL 

(10:0.5) 

Solid: proliposomes Ten-fold increased 

bioavailability as 

compared to a free drug 

suspension 

[105] 

18. Cyclosporine 

A 

SPC: SDC (3:1) Liquid: liposome 

dispersion 

1.5-fold increased 

bioavailability as 

compared to 

SandimmuneNeoral®® 

[106] 
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19. Paclitaxel SPC:CH:SA 

(24.5:11.5:2 

w/w) 

Solid: freeze-dried 

liposomes 

Four-fold increased 

bioavailability as 

compared to a free drug 

suspension 

[107] 

Solid Lipid Nanoparticles (SLNs) have emerged as a powerful tool for enhancing the bioavailability of drugs 

such as Carvedilol, Nitrendipine, Nimodipine, Hesperdin and Ramipril. These lipid-based carriers offer 

protection against harsh acidic environments and enable controlled release of drugs. Notably, the SLN 

formulation of Ramipril with glyceryl monooleate and Span 20 showcased substantial bioavailability 

enhancement, underscoring the potential of lipid-based carriers in drug delivery. Furthermore, Valsartan 

formulations incorporated into SLNs demonstrated improved solubility and absorption through the lymphatic 

system, highlighting their ability to tackle the challenges posed by poorly water-soluble drugs [86-91]. 

Liposomes, composed of phospholipids or lipid-like materials, have proven highly effective in enhancing the 

bioavailability of various drugs, including Apigenin, Carbamazepine, Docetaxel, Fenofibrate, Lovastatin, 

Silymarin, and Lopinavir. These liposomal formulations not only encapsulate the drug but also improve its 

solubility and stability. They enable controlled drug release and enhance drug absorption, leading to superior 

therapeutic outcomes. Liposome-based formulations have been particularly advantageous for drugs with poor 

solubility, illustrating their versatility and potential in pharmaceutical development [92- 98]. Nanosuspensions 

and Nanostructured Lipid Carriers have emerged as valuable strategies to enhance the solubility and 

dissolution rates of poorly water-soluble compounds like Zerumbone. These nanosystems offer increased 

water solubility, making them ideal for improving drug delivery. The ability to transform hydrophobic drugs 

into more readily soluble forms demonstrates the versatility and effectiveness of nanotechnology-based drug 

delivery systems [99-104]. Thus, the utilization of polymers and nanotechnology in drug formulations 

represents a significant advancement in pharmaceutical science. These innovative approaches offer solutions 

to the challenges posed by poorly water-soluble drugs, ultimately improving their bioavailability, solubility, 

and therapeutic efficacy. The choice of the most suitable carrier system depends on the specific drug and its 

properties, highlighting the importance of tailored drug delivery strategies in modern pharmaceutical 

development. These advancements hold the potential to benefit patients by ensuring better drug delivery and 

more effective treatments. The example of various drugs whose solubility is enhanced through nanotechnology 

is depicted in Table 4 and Figure 5. 

 

Figure 5:  Various nanotechnological approaches to develop a drug with enhanced solubility. 

3. Modified Approaches 

Techniques such as micronization and nanosizing reduce drug particle size, increasing the surface area for 

dissolution, and subsequently improving solubility. According to a review of the literature, making an 



34 

amorphous solid dispersion (a modified coacervation method) with solubility-enhancing additives like sodium 

lauryl sulphate (SLS) and low viscosity polyethylene glycol (PEG 400) that enhanced amorphization and drug 

loading increases paracetamol's solubility. Additionally, the method resolves the majority of the issues that 

other methods face, such as issues with cost, safety, and the environment [108]. In another study, the solubility 

of paradoxically, Be2þ greatly increases in the physiological pH by the inclusion of serum proteins or 

Na2SO4.Even modest concentrations of sulfate ions, such as those contributed by pH adjustment with H2SO4, 

are sufficient to increase the apparent solubility [109]. 

4. Future Perspective on Solubility and Bioavailability Enhancing Approaches 

Drug solubility enhancement techniques are indispensable in pharmaceutical development, addressing the 

formidable challenges posed by poorly water-soluble drugs. Solid Lipid Nanoparticles (SLNs) utilize 

biocompatible lipids to encapsulate drugs in nanometer-sized particles, effectively preventing drug 

crystallization, ensuring controlled release, and shielding drugs from harsh environments. Extensive studies 

demonstrate the remarkable potential of SLNs, with formulations such as Carvedilol and Nitrendipine 

exhibiting significantly improved bioavailability. Liposomes, lipid-based vesicles with aqueous cores, offer 

enhanced drug stability, controlled release, and improved absorption, particularly for hydrophobic drugs. 

Literature supports the utility of liposomal formulations, with Apigenin and Silymarin exemplifying notable 

bioavailability enhancements. Nanosuspensions and Nanostructured Lipid Carriers, through their ability to 

augment drug solubility and dissolution rates, represent a versatile approach to drug delivery, as evidenced by 

the increased solubility of Zerumbone. These techniques collectively represent substantial progress in 

pharmaceutical science, tailoring solutions for poorly water-soluble drugs and ultimately advancing patient 

care. The quest to enhance solubility and bioavailability for poorly water-soluble drugs shows significant 

promise, propelled by ongoing advancements in pharmaceutical research and technology. Overcoming the 

challenges associated with poor solubility remains a top priority in developing effective drug formulations. 

Nanoparticle-based drug delivery systems hold immense potential in improving drug solubility and 

bioavailability. Current research endeavors focus on refining nanoparticle characteristics, including surface 

modifications, targeting ligands, and sustained release mechanisms, to optimize drug delivery and therapeutic 

effectiveness. Simultaneously, the exploration of novel polymers and manufacturing techniques for amorphous 

solid dispersions is gaining momentum. These formulations have the capacity to stabilize amorphous drugs, 

thereby enhancing solubility and dissolution rates, ultimately improving drug performance. Additionally, 

researchers are actively investigating co-crystals and salt forms as viable strategies to enhance solubility. These 

crystal engineering approaches can lead to the creation of new drug forms with improved physicochemical 

properties. The implementation of continuous manufacturing processes has the potential to enhance drug 

product quality, control, and reproducibility, ultimately optimizing the solubility and bioavailability of poorly 

soluble drugs. The development of excipients specifically tailored for solubility enhancement is anticipated. 

Excipients that improve drug wettability, dissolution, and permeability will play a crucial role in formulating 

effective drug products. Furthermore, computational tools, such as molecular modeling and simulations, will 

continue to aid in predicting drug solubility and designing formulations with enhanced bioavailability, 

reducing the reliance on empirical experimentation. Moreover, advancements in personalized medicine may 

lead to patient-specific formulations that account for individual variations in drug absorption and metabolism, 

thereby improving therapeutic outcomes. Innovative combination therapies, where poorly soluble drugs are 

co-administered with solubility-enhancing agents or other compatible drugs, could open up new avenues for 

drug development and treatment. In summary, the future of solubility and bioavailability enhancement for 

poorly water-soluble drugs lies in interdisciplinary collaborations, advanced technologies, and a deeper 

understanding of drug physicochemical properties. Continued exploration of these approaches will lead to 

more efficient drug development, improved patient compliance, and better therapeutic outcomes for 

challenging medical conditions. 

5. Conclusion 

Solubility stands as an undeniable paramount parameter in the realm of drug formulation development. It exerts 

a direct influence on a drug's efficacy, bioavailability, and safety. Consequently, pharmaceutical companies 

are ardently dedicated to surmounting solubility challenges via diverse methodologies. These methodologies 

not only pave the way for the introduction of previously unapproved drug molecules but also enhance patient 

acceptance through innovative drug compounds. Traditionally, solubility enhancement techniques have 

encompassed a range of approaches, including pH adjustment, surfactant addition, self-emulsifying drug 
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delivery systems, particle size reduction, and complexation methods such as kneading and 

lyophilization/freeze drying. These techniques have been stalwarts in addressing solubility issues. However, 

in recent times, nanotechnology has emerged as a promising avenue for bolstering drug solubility. 

Nanoparticles, characterized by their high specific surface areas, offer a potent means to formulate drug 

compounds that substantially elevate their solubility. The prudent selection of a solubility enhancement method 

plays a pivotal role in achieving the goals of a successful formulation. These objectives encompass optimizing 

oral bioavailability, reducing dosing frequency, ensuring better patient compliance, and maintaining cost-

effective production. Effective solubility enhancement bestows upon pharmaceutical companies the power to 

introduce previously formidable drug molecules to the market. This, in turn, leads to more effective treatments 

and novel therapeutic options for patients. In conclusion, the diverse array of approaches to address solubility 

issues not only benefits drug development and pharmaceutical research but also profoundly impacts patient 

care and treatment outcomes. The ongoing exploration of solubility enhancement techniques promises to 

advance drug formulation technology and contribute to improved healthcare on a global scale. The analysis 

underscores that addressing solubility challenges not only benefits drug development and pharmaceutical 

research but also significantly influences patient care and treatment outcomes, resulting in more effective 

therapies and innovative treatment options. In conclusion, the artilce offers a comprehensive overview of 

diverse techniques and strategies for improving drug solubility and bioavailability. It emphasizes the crucial 

role of these advancements in pharmaceutical development and patient care, highlighting the ongoing research 

efforts and interdisciplinary collaborations that are propelling progress in this field.  

Acknowledgement 

The authors are thankful to the Management of the Guru Gobind Singh College of Pharmacy for their valuable 

support. 

Funding 

It was declared to be none 

Conflict of interest 

It was declared to be none. 

References  

1. Paudwal G, Rawat N, Gupta R, Baldi A, Singh G, Gupta PN. Recent Advances in Solid Dispersion 

Technology for Efficient Delivery of Poorly Water-Soluble Drugs. Curr Pharm Des, 2019;25(13):1524-

1535. 

2. Chaudhary N, Tripathi D, Rai AK. A technical approach of solubility enhancement of poorly soluble drugs: 

liquisolid technique. Curr Drug Deliv, 2020;17(8):638-650. 

3. Kawabata Y, Wada K, Nakatani M, Yamada S, Onoue S. Formulation design for poorly water-soluble drugs 

based on biopharmaceutics classification system: basic approaches and practical applications. Int J Pharm, 

2011;420(1):1-10. 

4. Gowardhane AP, Kadam NV, Dutta S. Review on Enhancement of Solubilization Process. J Drug Discov 

Dev, 2014;4:134-152. 

5. Prentis RA, Lis Y, Walker SR. Pharmaceutical innovation by the seven UK-owned pharmaceutical 

companies. Br J Clin Pharmacol, 1988;25:387-96. 

6. Lipinski CA. Drug-like properties and the causes of poor solubility and poor permeability. J Pharmacol 

Toxicol Methods, 2000;44:235-249. 

7. Amidon GL, Lunnernas H, Shah VP, Crison JR. A theoretical basis for a biopharmaceutic drug 

classification: the correlation of in vitro drug product dissolution and in vivo bioavailability. Pharm Res, 

1995;12:413-420. 

8. Waterbeemd H. The fundamental variables of the biopharmaceutics classification system (BCS): a 

commentary. Eur J Pharm Sci, 1998;7:1-3. 

9. Lobenberg R, Amidon GL. Modern bioavailability, Bioequivalence and Biopharmaceutics classification 

system: New scientific approaches to international regulatory standards. Eur J Pharm Sci, 2000;50:3-13. 

10. Savjani KT, Gajjar AK, Savjani JK. Drug Solubility: Importance and Enhancement Techniques. ISRN 

Pharmaceutics, 2012;2012:1-10. 



36 

11. Kasim NA, Whitehouse M, Ramachandran C, Bermejo M, Lennernas H, Hussain AS, Junginger HE, 

Stavchansky SA, Midha KK, Shah VP, Amidon GL. Molecular properties of WHO essential drugs and 

provisional biopharmaceutical classification. Mol Pharmacol, 2004;1:85-96. 

12. Aulton ME. Pharmaceutics: The science of dosage form design. Churchill Livingstone, New York; 1988: 

p. 75-76. 

13. Semalty A. Cyclodextrin and phospholipid complexation in solubility and dissolution enhancement: a 

critical and meta-analysis. Expert Opin Drug Deliv, 2014;11(8):1255-1272. 

14. Strickley RG. Solubilizing excipients in oral and injectable formulations. Pharm Res, 2004;21:201-230. 

15. Thorat YS, Gonjari ID, Hosmani AH. Solubility enhancement techniques: a review on conventional and 

novel approaches. IJPSR, 2011;2(10):2501-2513. 

16. Da Silva FLO, Marques MBF, Kato KC, Carneiro G. Nanonization techniques to overcome poor water-

solubility with drugs. Expert Opin Drug Discov, 2020;15(7):853-864. 

17. Zhang X, Qiu W, Chen H. Enhancing the hydrolysis and acidification of steam-exploded cornstalks by 

intermittent pH adjustment with an enriched microbial community. Bioresour Technol, 2012;123:30-5. 

18. Semalty A. Cyclodextrin and phospholipid complexation in solubility and dissolution enhancement: a 

critical and meta-analysis. Expert Opin Drug Deliv, 2014;11(8):1255-72. 

19. Saokham P, Muankaew C, Jansook P, Loftsson T. Solubility of Cyclodextrins and Drug/Cyclodextrin 

Complexes. Molecules, 2018;23(5):1161. 

20. Patel SG, Rajput SJ. Enhancement of oral bioavailability of cilostazol by forming its inclusion complexes. 

AAPS PharmSciTech, 2009;10(2):660-9. 

21. Ismail A, Kerdpol K, Rungrotmongkol T, Tananuwong K, Ueno T, Ekasit S, Muangsin N, Krusong K. 

Solubility enhancement of poorly water soluble domperidone by complexation with the large ring 

cyclodextrin. Int J Pharm, 2021;606:120909. 

22. Morrison PW, Connon CJ, Khutoryanskiy VV. Cyclodextrin-mediated enhancement of riboflavin 

solubility and corneal permeability. Mol Pharm, 2013;10(2):756-62. 

23. Chen AX, Zito SW, Nash RA. Solubility enhancement of nucleosides and structurally related compounds 

by complex formation. Pharm Res, 1994;11(3):398-401. 

24. Yao Y, Xie Y, Hong C, Li G, Shen H, Ji G. Development of a myricetin/hydroxypropyl-β-cyclodextrin 

inclusion complex: preparation, characterization, and evaluation. Carbohydr Polym, 2014;110:329-37. 

25. Cao R, Zhao Y, Zhou Z, Zhao X. Enhancement of the water solubility and antioxidant activity of hesperidin 

by chitooligosaccharide. J Sci Food Agric, 2018;98(6):2422-2427. 

26. Cao R, Kobayashi Y, Nonaka A, Miyata Y, Tanaka K, Tanaka T, Matsui T. NMR spectroscopic and 

quantum mechanical analyses of enhanced solubilization of hesperidin by theasinensin A. Pharm Res, 

2015;32(7):2301-9. 

27. Dai Y, van Spronsen J, Witkamp GJ, Verpoorte R, Choi YH. Ionic liquids and deep eutectic solvents in 

natural products research: mixtures of solids as extraction solvents. J Nat Prod, 2013;76(11):2162-73. 

28. Bazzo GC, Pezzini BR, Stulzer HK. Eutectic mixtures as an approach to enhance solubility, dissolution 

rate and oral bioavailability of poorly water-soluble drugs. Int J Pharm, 2020;588:119741. 

29. Park H, Seo HJ, Ha ES, Hong SH, Kim JS, Kim MS, Hwang SJ. Preparation and characterization of 

glimepiride eutectic mixture with l-arginine for improvement of dissolution rate. Int J Pharm, 

2020;581:119288. 

30. Liu Y, Friesen JB, McAlpine JB, Lankin DC, Chen SN, Pauli GF. Natural Deep Eutectic Solvents: 

Properties, Applications, and Perspectives. J Nat Prod, 2018;81(3):679-690. 

31. Patel RD, Raval MK, Pethani TM, Sheth NR. Influence of eutectic mixture as a multi-component system 

in the improvement of physicomechanical and pharmacokinetic properties of diacerein. Adv Powder 

Technol, 2020;31(4):1441-1456. 

32. Hyun SM, Lee BJ, Abuzar SM, Lee S, Joo Y, Hong SH, Kang H, Kwon KA, Velaga S, Hwang SJ. 

Preparation, characterization, and evaluation of celecoxib eutectic mixtures with adipic acid/saccharin for 

improvement of wettability and dissolution rate. Int J Pharm, 2019;554:61-71. 

33. Patel RD, Raval MK, Bagathariya AA, Sheth NR. Functionality improvement of Nimesulide by eutectic 

formation with nicotinamide: Exploration 41 using temperature-composition phase diagram. Adv Powder 

Technol, 2019;30:961-973. 

34. Araya-Sibaja AM, Vega-Baudrit JR, Guillén-Girón T, Navarro-Hoyos M, Cuffini SL. Drug Solubility 

Enhancement through the Preparation of Multicomponent Organic Materials: Eutectics of Lovastatin with 

Carboxylic Acids. Pharmaceutics, 2019;11(3):112. 



37 

35. Jagia M, Daptardar R, Patel K, Bansal AK, Patel S. Role of Structure, Microenvironmental pH, and 

Speciation To Understand the Formation and Properties of Febuxostat Eutectics. Mol Pharm, 

2019;16(11):4610-4620. 

36. Haneef J, Chadha R. Drug-Drug Multicomponent Solid Forms: Cocrystal, Coamorphous and Eutectic of 

Three Poorly Soluble Antihypertensive Drugs Using Mechanochemical Approach. AAPS PharmSciTech, 

2017;18(6):2279-2290. 

37. Emami S, Siahi-Shadbad M, Barzegar-Jalali M, Adibkia K. Characterizing eutectic mixtures of gliclazide 

with succinic acid prepared by electrospray deposition and liquid assisted grinding methods. J Drug Deliv 

Sci Technol, 2018;45:101-109. 

38. Chadha R, Sharma M, Haneef J. Multicomponent solid forms of felodipine: preparation, characterisation, 

physicochemical and in-vivo studies. J Pharm Pharmacol, 2017;69(3):254-264. 

39. Sathisaran I, Dalvi SV. Crystal Engineering of Curcumin with Salicylic Acid and Hydroxyquinol as 

Coformers. Cryst Growth Des, 2017;17:3974-3988. 

40. Khare SG, Jena SK, Sangamwar AT, Khullar S, Mandal SK. Multicomponent Pharmaceutical Adducts of 

α-Eprosartan: Physicochemical Properties and Pharmacokinetic Study. Cryst Growth Des, 2017;17:1589-

1599. 

41. Chadha K, Karan M, Chadha R, Bhalla Y, Vasisht K. Is Failure of Cocrystallization Actually a Failure? 

Eutectic Formation in Cocrystal Screening of Hesperetin. J Pharm Sci, 2017;106(8):2026-2036. 

42. Dugar RP, Gajera BY, Dave RH. Fusion Method for Solubility and Dissolution Rate Enhancement of 

Ibuprofen Using Block Copolymer Poloxamer 407. AAPS PharmSciTech, 2016;17(6):1428-1440. 

43. Abdelkader H, Abdallah OY, Salem H, Alani AW, Alany RG. Eutectic, monotectic and immiscibility 

systems of nimesulide with water-soluble carriers: phase equilibria, solid-state characterisation and in-

vivo/pharmacodynamic evaluation. J Pharm Pharmacol, 2014;66(10):1439-50. 

44. Goud NR, Suresh K, Sanphui P, Nangia A. Fast dissolving eutectic compositions of curcumin. Int J Pharm, 

2012;439(1-2):63-72. 

45. Sinha S, Ali M, Baboota S, Ahuja A, Kumar A, Ali J. Solid dispersion as an approach for bioavailability 

enhancement of poorly water-soluble drug ritonavir. AAPS PharmSciTech, 2010;11(2):518-27. 

46. Vippagunta SR, Wang Z, Hornung S, Krill SL. Factors affecting the formation of eutectic solid dispersions 

and their dissolution behavior. J Pharm Sci, 2007;96(2):294-304. 

47. Varma MM, Pandi JK. Dissolution, solubility, XRD, and DSC studies on flurbiprofen-nicotinamide solid 

dispersions. Drug Dev Ind Pharm, 2005;31(4-5):417-23. 

48. Law D, Wang W, Schmitt EA, Qiu Y, Krill SL, Fort JJ. Properties of rapidly dissolving eutectic mixtures 

of poly(ethylene glycol) and fenofibrate: the eutectic microstructure. J Pharm Sci, 2003;92(3):505-15. 

49. Alshaikh RA, Essa EA, El Maghraby GM. Eutexia for enhanced dissolution rate and anti-inflammatory 

activity of nonsteroidal anti-inflammatory agents: Caffeine as a melting point modulator. Int J Pharm, 

2019;563:395-405. 

50. Bazzo GC, Mostafa D, França MT, Pezzini BR, Stulzer HK. How tenofovir disoproxil fumarate can impact 

on solubility and dissolution rate of efavirenz? Int J Pharm, 2019;570:118597. 

51. Machado SMT, Castro RAE, Maria TMR, Canotilho J, Eusébio MES. Levetiracetam+nonsteroidal anti-

inflammatory drug binary systems: A contribution to the development of new solid dosage forms. Int J 

Pharm, 2017;533(1):1-13. 

52. Figueirêdo CBM, Nadvorny D, de Medeiros Vieira ACQ, Soares Sobrinho JL, Rolim Neto PJ, Lee PI, de 

La Roca Soares MF. Enhancement of dissolution rate through eutectic mixture and solid solution of 

posaconazole and benznidazole. Int J Pharm, 2017;525(1):32-42. 

53. Haneef J, Chadha R. Drug-Drug Multicomponent Solid Forms: Cocrystal, Coamorphous and Eutectic of 

Three Poorly Soluble Antihypertensive Drugs Using Mechanochemical Approach. AAPS PharmSciTech, 

2017;18(6):2279-2290. 

54. Thipparaboina R, Thumuri D, Chavan R, Naidu VGM, Shastri NR. Fast dissolving drug-drug eutectics 

with improved compressibility and synergistic effects. Eur J Pharm Sci, 2017;104:82-89. 

55. Cherukuvada S, Nangia A. Fast dissolving eutectic compositions of two antitubercular drugs. Cryst Eng 

Comm, 2012;14:2579-2588. 

56. Parmar VK, Shah SA. Hydrochloride salt co-crystals: preparation, characterization and physicochemical 

studies. Pharm Dev Technol, 2013;18(2):443-53. 

57. Gorniak A, Wojakowska A, Karolewicz B, Pluta J. Phase diagram and dissolution studies of the 

fenofibrate–acetylsalicylic acid system. J Therm Anal Calorim, 2011;104:1195-1200. 

58. Chivate A, Garkal A, Dhas N, Mehta T. Hot-Melt Extrusion: An Emerging Technique for Solubility 

Enhancement of Poorly Water-Soluble Drugs. PDA J Pharm Sci Technol, 2021;75(4):357-373. 



38 

59. Koch N, Jennotte O, Gasparrini Y, Vandenbroucke F, Lechanteur A, Evrard B. Cannabidiol aqueous 

solubility enhancement: Comparison of three amorphous formulations strategies using different type of 

polymers. Int J Pharm, 2020;589:119812. 

60. Patel M, Tekade A, Gattani S, Surana S. Solubility enhancement of lovastatin by modified locust bean gum 

using solid dispersion techniques. AAPS PharmSciTech, 2008;9(4):1262-9. 

61. Zhu W, Fan W, Zhang X, Gao M. Sustained-Release Solid Dispersion of High-Melting-Point and Insoluble 

Resveratrol Prepared through Hot Melt Extrusion to Improve Its Solubility and Bioavailability. 

Molecules, 2021;26(16):4982. 

62. Ha ES, Choi DH, Baek IH, Park H, Kim MS. Enhanced Oral Bioavailability of Resveratrol by Using 

Neutralized Eudragit E Solid Dispersion Prepared via Spray Drying. Antioxidants (Basel), 2021;10(1):90. 

63. Han J, Tong M, Li S, Yu X, Hu Z, Zhang Q, Xu R, Wang J. Surfactant-free amorphous solid dispersion 

with high dissolution for bioavailability enhancement of hydrophobic drugs: a case of quercetin. Drug 

Dev Ind Pharm, 2021;47(1):153-162. 

64. Yu JY, Kim JA, Joung HJ, Ko JA, Park HJ. Preparation and characterization of curcumin solid dispersion 

using HPMC. J Food Sci, 2020;85(11):3866-3873. 

65. Liang Q, Wang YR, Deng YY. [Effect of HPMCAS/curcumin amorphous solid dispersion in enhancing 

dissolution and chemical stability of curcumin]. Zhongguo Zhong Yao Za Zhi, 2019;44(15):3305-3311. 

66. Shin MS, Yu JS, Lee J, Ji YS, Joung HJ, Han YM, Yoo HH, Kang KS. A Hydroxypropyl Methylcellulose-

Based Solid Dispersion of Curcumin with Enhanced Bioavailability and its Hepatoprotective Activity. 

Biomolecules, 2019;9(7):281. 

67. Huang Y, Zhao X, Zu Y, Wang L, Deng Y, Wu M, Wang H. Enhanced Solubility and Bioavailability of 

Apigenin via Preparation of Solid Dispersions of Mesoporous Silica Nanoparticles. Iran J Pharm Res, 

2019;18(1):168-182. 

68. Varshosaz J, Jalali M, Hosseini-Sharifabad A. Solid Dispersion of Hesperetin Co-crystals Synergistically 

Attenuates Hepatic Toxicity of Carbon Tetrachloride Oxidative Stress in Rats. Curr Drug Deliv, 

2018;15(10):1426-1438. 

69. Teixeira CC, Mendonça LM, Bergamaschi MM, Queiroz RH, Souza GE, Antunes LM, Freitas LA. 

Microparticles Containing Curcumin Solid Dispersion: Stability, Bioavailability and Anti-Inflammatory 

Activity. AAPS PharmSciTech, 2016;17(2):252-61. 

70. Chuah AM, Jacob B, Jie Z, Ramesh S, Mandal S, Puthan JK, Deshpande P, Vaidyanathan VV, Gelling 

RW, Patel G, Das T, Shreeram S. Enhanced bioavailability and bioefficacy of an amorphous solid 

dispersion of curcumin. Food Chem, 2014;156:227-33. 

71. Ding SM, Zhang ZH, Song J, Cheng XD, Jiang J, Jia XB. Enhanced bioavailability of apigenin via 

preparation of a carbon nanopowder solid dispersion. Int J Nanomedicine, 2014;9:2327-33. 

72. Wan S, Sun Y, Qi X, Tan F. Improved bioavailability of poorly water-soluble drug curcumin in cellulose 

acetate solid dispersion. AAPS PharmSciTech, 2012;13(1):159-66. 

73. Sapkal SB, Adhao VS, Thenge RR, Darakhe RA, Shinde SA, Shrikhande VN. Formulation and 

Characterization of Solid Dispersions of Etoricoxib Using Natural Polymers. Turk J Pharm Sci, 

2020;17(1):7-19. 

74. Muqtader Ahmed M, Fatima F, Abul Kalam M, Alshamsan A, Soliman GA, Shaikh AA, Alshahrani SM, 

Aldawsari MF, Bhatia S, Khalid Anwer M. Development of spray-dried amorphous solid dispersions of 

tadalafil using glycyrrhizin for enhanced dissolution and aphrodisiac activity in male rats. Saudi Pharm J, 

2020;28(12):1817-1826. 

75. Choudhary PD, Pawar HA. Recently Investigated Natural Gums and Mucilages as Pharmaceutical 

Excipients: An Overview. J Pharm (Cairo), 2014;2014:204849. 

76. Yalavarthi PR, Vulava J, Vadlamudi HC, Balambhaigari RY, Nair R. Modified pulsincap of ibuprofen--a 

novel approach for chronotherapy. Curr Drug Deliv, 2013;10(3):299-308. 

77. Deshmane S, Deshmane S, Shelke S, Biyani K. Enhancement of solubility and bioavailability of 

ambrisentan by solid dispersion using Daucus carota as a drug carrier: formulation, characterization, in 

vitro, and in vivo study. Drug Dev Ind Pharm, 2018;44(6):1001-1011. 

78. Tosi G, Ruozi B, Belletti D. Nanomedicine: the future for advancing medicine and neuroscience. 

Nanomedicine (Lond), 2012;7(8):1113-6. 

79. Bhalani DV, Nutan B, Kumar A, Singh Chandel AK. Bioavailability Enhancement Techniques for Poorly 

Aqueous Soluble Drugs and Therapeutics. Biomedicines, 2022;10(9):2055. 

80. Shah S, Famta P, Bagasariya D, Charankumar K, Amulya E, Kumar Khatri D, Singh Raghuvanshi R, Bala 

Singh S, Srivastava S. Nanotechnology based drug delivery systems: Does shape really matter? Int J 

Pharm, 2022;625:122101. 



39 

81. Khan S, Baboota S, Ali J, Khan S, Narang RS, Narang JK. Nanostructured lipid carriers: An emerging 

platform for improving oral bioavailability of lipophilic drugs. Int J Pharm Investig, 2015;5(4):182-91. 

82. Pan D. Nanomedicine and nanobiotechnology in India. Wiley Interdiscip Rev Nanomed Nanobiotechnol, 

2024;16(1):e1939. 

83. Keck CM, Müller RH. Drug nanocrystals of poorly soluble drugs produced by high pressure 

homogenisation. Eur J Pharm Biopharm, 2006;62(1):3-16. 

84. Wang M, Rutledge GC, Myerson AS, Trout BL. Production and characterization of carbamazepine 

nanocrystals by electrospraying for continuous pharmaceutical manufacturing. J Pharm Sci, 

2012;101(3):1178-88. 

85. Chin WW, Parmentier J, Widzinski M, Tan EH, Gokhale R. A brief literature and patent review of 

nanosuspensions to a final drug product. J Pharm Sci, 2014;103(10):2980-99. 

86. Venishetty VK, Chede R, Komuravelli R, Adepu L, Sistla R, Diwan PV. Design and evaluation of polymer 

coated carvedilol loaded solid lipid nanoparticles to improve the oral bioavailability: a novel strategy to 

avoid intraduodenal administration. Colloids Surf B Biointerfaces, 2012;95:1-9. 

87. Kumar VV, Chandrasekar D, Ramakrishna S, Kishan V, Rao YM, Diwan PV. Development and evaluation 

of nitrendipine loaded solid lipid nanoparticles: influence of wax and glyceride lipids on plasma 

pharmacokinetics. Int J Pharm, 2007;335(1-2):167-175. 

88. Unnisa A, Chettupalli AK, Al Hagbani T, Khalid M, Jandrajupalli SB, Chandolu S, Hussain T. 

Development of Dapagliflozin Solid Lipid Nanoparticles as a Novel Carrier for Oral Delivery: Statistical 

Design, Optimization, In-Vitro and In-Vivo Characterization, and Evaluation. Pharmaceuticals (Basel), 

2022;15(5):568. 

89. Ekambaram P, Abdul HS. Formulation and evaluation of solid lipid nanoparticles of ramipril. J Young 

Pharm, 2011;3(3):216-20. 

90. Parmar B, Mandal S, Petkar KC, Patel LD, Sawant KK. Valsartan loaded solid lipid nanoparticles: 

development, characterization and in vitro and ex vivo evaluation. IJPSN, 2011;4(3):1483-90. 

91. Saad S, Ahmad I, Kawish SM, Khan UA, Ahmad FJ, Ali A, Jain GK. Improved cardioprotective effects 

of hesperidin solid lipid nanoparticles prepared by supercritical antisolvent technology. Colloids Surf B 

Biointerfaces, 2020;187:110628. 

92. Telange DR, Patil AT, Pethe AM, Fegade H, Anand S, Dave VS. Formulation and characterization of an 

apigenin-phospholipid phytosome (APLC) for improved solubility, in vivo bioavailability, and 

antioxidant potential. Eur J Pharm Sci, 2017;108:36-49. 

93. El-Zein H, Riad L, El-Bary AA. Enhancement of Carbamazepine Dissolution: In Vitro and in Vivo 

Evaluation. Int J Pharm, 1998;168:209-220. 

94. Kim JH, Shin DH, Kim JS. Preparation, characterization, and pharmacokinetics of liposomal docetaxel for 

oral administration. Arch Pharm Res, 2018;41(7):765-775. 

95. Chen Y, Lu Y, Chen J, Lai J, Sun J, Hu F, Wu W. Enhanced bioavailability of the poorly water-soluble 

drug fenofibrate by using liposomes containing a bile salt. Int J Pharm, 2009;376(1-2):153-60. 

96. Yanamandra S, Venkatesan N, Kadajji VG, Wang Z, Issar M, Betageri GV. Proliposomes as a drug 

delivery system to decrease the hepatic first-pass metabolism: case study using a model drug. Eur J Pharm 

Sci, 2014;64:26-36. 

97. Yan-yu X, Yun-mei S, Zhi-peng C, Qi-neng P. Preparation of silymarin proliposome: a new way to increase 

oral bioavailability of silymarin in beagle dogs. Int J Pharm, 2006;319(1-2):162-8. 

98. Patel GM, Shelat PK, Lalwani AN. QbD based development of proliposome of lopinavir for improved oral 

bioavailability. Eur J Pharm Sci, 2017;108:50-61. 

99. Sosnik A. Production of drug-loaded polymeric nanoparticles by electrospraying technology. J Biomed 

Nanotechnol, 2014;10(9):2200-17. 

100. Jacob S, Nair AB, Shah J. Emerging role of nanosuspensions in drug delivery systems. Biomater Res, 

2020;24:3. 

101. Feeney OM, Crum MF, McEvoy CL, Trevaskis NL, Williams HD, Pouton CW, Charman WN, Bergström 

CAS, Porter CJH. 50years of oral lipid-based formulations: Provenance, progress and future perspectives. 

Adv Drug Deliv Rev, 2016;101:167-194. 

102. Shah MK, Khatri P, Vora N, Patel NK, Jain S, Lin S. Lipid nanocarriers: Preparation, characterization 

and absorption mechanism and applications to improve oral bioavailability of poorly water-soluble drugs, 

In: Biomedical Applications of Nanoparticles. Elsevier; 2019: p. 117-147. 

103. Banerjee S, Pillai J. Solid lipid matrix mediated nanoarchitectonics for improved oral bioavailability of 

drugs. Expert Opin Drug Metab Toxicol, 2019;15(6):499-515. 



40 

104. Hu FQ, Hong Y, Yuan H. Preparation and characterization of solid lipid nanoparticles containing peptide. 

Int J Pharm, 2004;273(1-2):29-35. 

105. Kumar VV, Chandrasekar D, Ramakrishna S, Kishan V, Rao YM, Diwan PV. Development and 

evaluation of nitrendipine loaded solid lipid nanoparticles: influence of wax and glyceride lipids on 

plasma pharmacokinetics. Int J Pharm, 2007;335(1-2):167-175. 

106. Unnisa A, Chettupalli AK, Al Hagbani T, Khalid M, Jandrajupalli SB, Chandolu S, Hussain T. 

Development of Dapagliflozin Solid Lipid Nanoparticles as a Novel Carrier for Oral Delivery: Statistical 

Design, Optimization, In-Vitro and In-Vivo Characterization, and Evaluation. Pharmaceuticals (Basel), 

2022;15(5):568. 

107. Meier MAR, Barner-Kowollik C. A New Class of Materials: Sequence-Defined Macromolecules and 

Their Emerging Applications. Adv Mater, 2019;31(26):e1806027. 

108. Al-Kasmi B, Alsirawan MHDB, Paradkar A, Nattouf AH, El-Zein H. Aqueous and pH dependent 

coacervation method for taste masking of paracetamol via amorphous solid dispersion formation. Sci Rep, 

2021;11(1):8907. 

109. Lim RC, De Silva B, Park JH, Hodge VF, Gary RK. Aqueous solubility of beryllium(II) at physiological 

pH: effects of buffer composition and counterions. Prep Biochem Biotechnol, 2020;50(6):585-591. 

 

How to cite this article: Joshi S, Dhingra AK, Chopra B, Jain A, Chaudhary J. Solubility and Bioavailability 

Enhancing Strategies for Poorly Water-soluble Drugs: A Review. Pharma Research Bulletin, 2024;3(2):19-

40. 

 

© Pharma Research Bulletin, All Rights Reserved. 


