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Azilsartan kamedoxomil: solubility enhancement techniques 

Abstract  

Azilsartan kamedoxomil (AZ) belongs to biopharmaceutical solubility class IV (BCS IV) that has 

low solubility and low permeability. Therefore, several techniques should be utilized to enhance 

its bioavailability, especially solubility enhancement. The most critical step in achieving the AZ 

desired strength in systemic circulation for anticipated pharmacological action is the dissolution 

of AZ. The low solubility of new chemicals is a significant obstacle in formulation and generic 

development. AZ is to be absorbed; it should exist in the soluble state at the site of action. Diverse 

approaches are employed to improve its solubility, including physicochemical changing of AZ or 

other techniques like particle size reduction, solid dispersion, and complexation. Improving AZ 

solubility depends on drug characteristics, absorption site, and dosage requirements. The recent 

techniques of solubilization and enhancing bioavailability were the focus of this review. 

Keywords azilsartan, antihypertensive, poorly-soluble, BCS IV, solubility 

1. Introduction  

Azilsartan kamedoxomil is a prodrug quickly hydrolyzed to azilsartan, the active metabolite. It is 

employed as antihypertensive and can manage mild to moderate cases of essential hypertension 

[1,2].A solute's ability to mix evenly with a solvent is known as its solubility.A substance's solub

ility is affected by temperature and pressure [3, 4]. The solvent could be a single chemical or a 

mixture of liquids [5]. Solubility should not be confused with the ability of a material to liquefy 

[6, 7]. 
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Their poor bioavailability challenges the formulation of oral dosage forms. Many factors impact 

bioavailability, including solubility, permeability, dissolution, and first-pass metabolism, while 

poor bioavailability is referred to as low solubility and permeability. [8-9]. High doses of poorly 

soluble drugs are often needed to attain therapeutic plasma concentrations after ingestion. The low 

water solubility of new drugs and generic development is a significant obstacle in formulation. An 

aqueous solution is required for any drug to be absorbed. Most drugs exhibit weak acidity or 

basicity, resulting in limited water solubility. [10] 

More than 40% of new drugs invented are practically insoluble in water. Consequently, the drug 

is absorbed slowly, which leads to poor bioavailability. For drugs taken orally, solubility is the 

most critical factor for determining the rate at which the desired strength in the bloodstream is 

achieved for a pharmacological response. [11]. Therefore, Improving the solubility and 

bioavailability of a drug is one of the biggest obstacles in formulation. There are different methods 

published in the literature to increase the solubility. The selected technique relied on various 

characteristics of the drug and the desired dosage form [12]. 

This review discusses in detail the several techniques that could help AZ, a candidate drug of BCS 

IV, enhance its solubility and bioavailability due to increased permeability.  

 

2. Solubility enhancing technique  

2.1.Nano suspension  

A pharmaceutical nanosuspension comprises nanoparticles stabilized by several surfactants. This 

technique is employed for poorly soluble drugs. The particle size distribution in nanosuspensions 

ranges between 200 and 600 nm [13]. Nanosuspensions are the optimized technique in BCS class-

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3399483/#B13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3399483/#B13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3399483/#B10
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II and IV drug formulation since they result in high dissolution [14]. Another advantage of 

nanosuspension is that it can be easily manufactured [14]. 

Rajab and Jassem (2017) prepared and characterized AZ nanosuspension using different stabilizers 

such as polyethylene glycol 6000 (PEG 6000) with other co-stabilizers (Tween8). AZ 

nanosuspension exhibited rapid dispersibility and in-vitro dissolution [15]. 

 

2.2.Self-emulsifying drug delivery system (SMEDDS) and Nanoemulsion 

 

SMEDDS is an anhydrous system of microemulsions that comprised of oil, surfactant and 

cosurfactant. Drug was dissolved in a mixture of surfactant and oil like oil-in-water 

microemulsions. SMEDDS revealed improve physical stability [16,17]. Madan et al developed 

AZ-SMEDDS for solubility enhancement of AZ containing Syloid® XDP 3150 had 

improved in vitro solubility when compared to pure AZ [18] 

 

Nanoemulsion was designated a drug delivery system to enhance solubility and permeability, 

reduce adverse effects, elevate efficacy, and ease production and bioavailability [19, 20]. Several 

variables are critical in developing nanoemulsions and should be optimized [21]. These variables 

could be optimized by employing the central composite design (CCD) and the full-factorial design 

[22]. Kumar et al. (2022) developed an AZ nanoemulsion employing CCD to enhance its solubility 

and permeability using ethyl oleate, tween 80, and Transcutol P [23]. 

 

2.3. Solid dispersion 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3399483/#B13
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Solid dispersion makes the drug(s) dispersed in an carrier at a solid state designed by fusion 

methods [24]. Solid dispersion is the most commonly employed technique for enhancing the 

solubility of drugs. [25]. Many polymers are employed, such as polyvinylpyrrolidone and 

polyethylene glycol 4000 and 6000. Soluplus® with amphiphilic possessions that have dual 

character [26, 27] 

This method uses an appropriate preparation technique to thoroughly distribute a medication in a 

water-soluble carrier. Particle size reduction typically speeds up the process of the drug changing 

from an amorphous to a crystalline state, which is a highly soluble, high-energy state; lately, the 

hydrophilic carrier has improved the drug particle's wettability. Solid medication dispersion aids 

in reducing drug particle size [28, 29]. 

Das et al developed AZ solid dispersions based on polyvinylpyrrolidone to enhance solubility. The 

investigation encompasses utilizing solvent evaporation and kneading techniques for solid 

dispersion preparation. Results indicate that solid dispersions produced through the solvent 

evaporation method exhibit superior enhancements in solubility compared to those prepared via 

kneading [30]. 

 

2.4. Liquisolid approach 

The liquid solid technique could transform liquid or dissolved drugs into free-flowing, 

compressible powders. [31], in which the drug has a large surface area that permits the drug to 

dissolve freely and achieve excellent wettability [32, 33]. 

Water-miscible organic liquids like propylene glycol and polyethylene glycol 400, are employed. 

Sometimes, lipid-based liquid vehicles, like Captex, may increase the solubility of the drug when 

incorporated [34].   
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Chopra et al developed AZ liquisolid compacts that have been designed employing Capmul MCM 

and Captex as lipid vehicles; developed formulations were assessed for in vivo bioavailability, and 

the bioavailability of AZ was raised 1.29 times compared to pure AZ [34]. 

2.5. Complexation 

Diverse complexation strategies employing cyclodextrins (CDs) have acquired good favor in 

recent years for increasing the solubilization of BCS II and IV. CDs are molecules with a 

hydrophilic exterior and lipophilic central cavity that locate lipophilic drugs that may enhance 

solubility and bioavailability by including complexes with drugs by putting the molecule into the 

cavity [35, 36]. CDs comprised (α-CD), (β-CD), or (γ-CD) units, having a hydrophilic hydroxyl 

group on their exterior surface and a hydrophobic hollow inside [37-39]. He et al. employed γ-CD 

metal-organic framework (CD-MOF) large molecular cages in which  AZ was located, obtaining 

nanoclusters. AZ nanocluster solubility was raised 340-fold compared to the AZ [40]. 

2.6.Hydrotropy 

Hydrotrophy is a solubilization approach where the expansion of the second solute, the hydrotropic 

operator, extends the fluid solvency of the first solute [41]. Adding substances or salts that expand 

dissolvability [42]. Ultrasonic may improve dissolvability due to complexation via the connection 

between the hydrotropic operators such as sodium benzoate, sodium acetic acid, sodium alginate, 

and urea and the drug [43-45]  

Surwade et al. (2015) investigated AZ's solubility, which was determined separately in some 

hydrotropic operators at different concentrations, and the highest solubilization was obtained in a 

40% sodium benzoate that included in urea: sodium acetate: sodium benzoate in 5:20:15 ratio that 

was utilized to prepare solid dispersions that released > 92% within 45 min [46]. 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/nanocage
https://www.sciencedirect.com/topics/chemistry/purity
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2.7. Nonocrystals 

Nanocrystals have sizes ranging from 10 to 1000 nm stabilized by stabilizers [47]. Nanocrystals 

are manufactured by many procedures, such as milling, high-pressure homogenization, and 

supercritical fluid technology; He et al. employed machine learning techniques to anticipate 

nanocrystals' particle size [48,49]. Per the Noyes–Whitney equation, nanocrystals with extensive 

surface areas could significantly enhance solubility [50,51]. Ma et al. improved the solubility and 

in-vivo bioavailability of AZ by the development of nanocrystals utilizing a bead milling method 

employing sodium deoxycholate with Poloxamer 188 [52]. 

 

3. Characterization 

Fourier-transform infrared (FTIR) Spectrophotometric study employing product spectra were 

compared to the pure drug where peaks were observed [45]. AZ's powder X-ray diffraction PXRD 

and its characteristic peaks were investigated. Differential scanning calorimetry (DSC), and 

thermogravimetric analysis (TGA) are employed to assess any complex formation or binding. Zeta 

potential is the case of microencapsulation. Finally, solubility and powder dissolution rate analysis 

were carried out [53]. 
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Figure 1. illustrates and summarizes the methods and techniques of AZ solubility and characterization 

employed to ensure enhancing of solubility  
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 TGA: thermogravimetric analysis  
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4. Conclusion 

The review discussed many technologies that enable the dissolution of AZ. Moreover, they 

maximize drug dispersion, thereby improving oral bioavailability. Multiple investigations have 

revealed rapid dissolution and AZ absorption within formulations. One or more technologies could 

end the obstacles of low dissolution and absorption of AZ as a BCS IV candidate. 
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