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Abstract 

In the present study, power ultrasound (US) using the antisolvent sonocrystallization technique (ASC) was used 

to improve the physicochemical properties of Irbesartan which a poorly water-soluble drug. The powders produced 

were characterized by Scanning Electron Microscopy (SEM), Fourier Transform Infrared Spectrophotometry (FTIR) 

and X-ray Diffraction (XRD). The effect of process variables on particle size, solubility and dissolution were studied. 

Flowability, compressibility and mechanical properties of the produced powders were also assessed. Using ASC led to 

considerable decrease in the particle size. SEM studies showed that the ASC produced particles were almost spherical 

with regular size. Thermal behavior, XRD patterns and FT-IR spectra of raw Irbesartan and powders obtained by ASC 

have shown no significant differences. 
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Introduction 

Oral drug delivery is considered the most convenient, economic 

and safest among other delivery routes with high patient compliance 

[1]. Drugs administered orally should dissolve first in gastrointestinal 

fluids then diffuse through membranes to reach the systemic circulation. 

However, the majority of the new chemical entities discovered by the 

pharmaceutical industry are poorly water-soluble lipophilic compounds. 

For these drugs, the dissolution rate is a rate-limiting step. Many 

technologies have been used to improve the solubility and dissolution 

rate of drugs, such as inclusion in cyclodextrins, solid dispersion, 

crystallization and antisolvent sonocrystallization (ASC). Crystallization 

from solution is divided into two distinct steps, nucleation, in which new 

crystals appear, and crystal growth, during which the existing crystals 

grow to larger sizes. The properties of the crystals produced are the 

result of the kinetic relationship between these two processes [2]. The 

driving forces for both nucleation and growth are the supersaturation 

and the interfacial tension between the solid and the liquid [3]. Ultra- 

sonication (US) significantly influences the crystallization process as 

the resulting intensified micro-streaming enhances the mass transfer 

and increases the diffusion coefficient between the solvent and the 

antisolvent, leading to high levels of supersaturation [4]. It is also 

reported that the interfacial tension may be influenced by US [5,6]. In 

addition, the localized high pressure and the subsequent rapid local 

cooling rates have a significant effect in increasing supersaturation 

[7]. US can increase or decrease the growth rate of certain crystal faces 

leading to change in crystal habit [5,7]. Ultrasonic cavitation in liquid 

powder slurries produces related phenomena. Cavity collapse occurring 

near the solid surface drives high speed micro-jets of liquid into the 

surface that can reach 400 km/h [8-10], and induces shockwave damage 

to the surface [11]. However, it is reported that at US frequency of 20 

saturation levels [5-7]. Moreover, particle agglomeration is significantly 

prevented [5]. US can be used as an alternative to the addition of a seed 

crystal and thus improving the crystal purity [20], and for the isolation 

of the most thermodynamically favored polymorph when applied to a 

polymorphic system [7,21,22]. ASC is reported to decrease the oiling out 

phenomenon and to facilitate the crystallization of materials difficult to 

nucleate [18,23]. The modification in the size and habit of the product 

crystals may result in improved secondary physical properties such as 

compressibility, flow ability and packing; and in a more rapid filtration 

as well as the improvement of the yield of the process [24]. 

The aim of this present study is to improve the solubility, 

dissolution rate and extent of Irbesartan as a model for poorly soluble 

drugs. The resultant powder was characterized using Differential 

Scanning Calorimetry (DSC), X-Ray Diffraction (XRD), Fourier 

Transform Infrared (FT-IR) and Scanning Electron Microscopy (SEM). 

In addition, the effect of ASC on micrometric properties and powder 

secondary properties mainly flowability, compressibility, hardness and 

friability were also evaluated [25]. 

Materials and methods 

Irbesartan was supplied by Yellow Chem Pharma Products, 

Mumbai. Ingredient such as Ethanol, Methanol and hydrochloric acid 

was supplied by Central Drug House, Ltd. New Delhi, India. All other 

chemicals used in this study were analytical grade. 

Method of preparation 

A predetermined amount of raw Irbesartan was dissolved in 10 ml of 

organic solvent (ethanol) and then added progressively to distilled water 

(10 and 20 ml), as antisolvent, maintained at a constant temperature 

using a circulating water bath. The US horn (2.5cm in diameter) was 

immersed in the antisolvent at approximately 1.5 cm from the jacketed 

beaker's concave bottom. The mixture was simultaneously sonicated 

using a probe ultrasonicator (VCX 130 Vibra Cell) at 25±5°C, for 
kHz, the micro-jets are not observed with solid particles smaller than    
200 μm [12]. Furthermore, cavitation and shockwaves can accelerate 

solid particles to high velocities [13]. The aforementioned events have 

important effects on the surface morphology leading to an increase 

in the surface area [8,11,14,15]. However, US waves of high power, 

usually within the MHz region, can result in high velocity particle 

collisions, sufficient for the formation of agglomerates [8,16]. The use 

of US during various crystallizing systems provides a non-destructive 

and relatively reproducible way to improve the end product properties, 

primarily crystal size and habit [7,17]. The induction time of nucleation 

is significantly reduced as well as the metastable zone width [18,19], 

which shows that US allows nucleation to occur at much lower super 
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different durations (10 min) with 20 KHz frequency and operated at 

amplitudes (50 %). 

Similar experiments were carried out with mechanical agitation 

without US application to obtain the antisolvent crystallized samples 

(AnC). However, the obtained suspension was left for about 30 min 

before filtration in order to allow the formation of crystals. (Table 1) 

Shows the experimental setup used in this study. 

Characterization 

The process yield 

The products obtained were filtered and weighed after drying, and 

the percentage yield was 

Calculated, showed in the (Table 2) 

Yield (%) = (Wo/Wi) ×100 

Where, Wo and Wi are the obtained and initial weights of 

Irbesartan, respectively. 

Solubility Studies 

The dynamic solubility of pure drug (IRB) and ASC was determined 

by adding excess solid (150 mg) to 100mL media (Different HCL 

strength, pH 1.2) placed in stoppered conical flasks, pre-equilibrated 

to 37±0.5 °C. The flasks were mechanically shaken in Orbital Shaker 

(HICON, New Delhi, India) at 100 rpm. At pre-determined intervals, 
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sample was withdrawn, filtered through a 0.45µm syringe filter, diluted 

and analyzed by UV at 230nm (Table 3). 

Determination of enhancement of solubility of Irbesartan 

The saturated solutions of ASC were made in 10 ml solvents like 

water shake for 12 hours and kept aside for 24 hours. Then the solutions 

were filtered and the filtrate was analyzed in UV-Spectrophotometer at 

the respective 230 nm λmax of drug (Table 4). 

X-Ray Diffraction Analysis 

To investigate the effect of sonocrystallization on crystallinity of the 

drug carried out X-ray powder diffraction analysis. The XRD patterns 

of pure drug and ASC were recorded. Before scanning, samples were 

triturated and convert in to fine powder. Powder XRD patterns were 

determined by using X-ray diffraction (XRD), Philips Analytical X-RD 

(Model: PW 3710, Holland) using Ni- filtered, CuKα radiation, a 

voltage of 40 Kv voltages, and a current of 30 mA at room temperature. 

The samples were loaded on to the difffractometer and scanned over 

range of 2θ values form 10o to 80o at a scan rate of 0.05o/0.4 sec. The 

above experiments were performed in thrice for reproducibility and 

confirmation of the results, showed in (Figure 1& 2). 

Fourier Transform Infrared Analysis 

Fourier-transform Infrared (FTIR) spectrum informed about the 

group present in particular compound. Before I.R. spectra study all 

 
Sample Drug amount (g) US amplitude (%) US time (min) Processing temperature (⁰C) Solvent nature 

AnC 0.150 - - 25 Ethanol 

ASC 1 0.150 50 10 25 Ethanol 

ASC 2 0.125 50 10 25 Ethanol 

ASC 3 0.100 50 10 25 Ethanol 

ASC 4 0.750 50 10 25 Ethanol 

Table 1: Experimental setup for the preparation of AnC and ASC samples. 

 
Batch No. Drug Yield (mg) %yield 

AnC 150 mg in 10 ml ethanol 116 77.33% 

ASC1 150 mg in 10 ml ethanol 110 73.33% 

ASC2 125 mg in 10 ml ethanol 120 96.00% 

ASC3 100 mg in 10ml ethanol 94 94.00% 

ASC4 750 mg in 10ml ethanol 625 83.33% 

Table 2: Batch Formulation 

 
HCl strength (N) Time (min) Pure drug (mg/mL) ASC (mg/mL) Ratio ASC/ Pure drug 

 
 
 
 

0.1 

5 0.17 7.75 45.58 

10 0.32 8.15 25.46 

30 0.41 8.66 21.12 

60 0.56 9.43 16.83 

120 0.89 10.70 12.02 

 
 
 
 

0.05 

5 0.13 3.78 29.07 

10 0.33 4.08 12.36 

30 0.46 4.49 9.76 

60 0.55 4.98 9.05 

120 0.76 5.69 7.48 

 
 
 
 

0.01 

5 0.05 0.69 13.8 

10 0.10 0.83 8.30 

30 0.17 0.89 5.23 

60 0.25 0.95 3.80 

120 0.31 1.13 3.64 

Table 3: Solubility studies of pure drug (IRB) and ASC in different media 
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Figure 1: X-ray Diffractogram of pure Irbesartan. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: X-ray Diffractogram of ASC. 
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Formulation Solubility 

ASC 0.294 mg/mL 

Pure drug 0.032 mg/mL 

Table 4: Solubility study of ASC and drug in water at room temperature. 
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Figure 3: FTIR spectrum of Formulation Batch AnC. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: FTIR spectrum of Formulation Batch ASC 1. 

 
 

 
the formulation were dried in vaccum for 12 hours. After preparation 

 
 

NMR spectroscopy 

Page 4 of 9 

of samples FTIR were performed using FTIR spectrophotometer 

(Shimadzu FTIR IRAffinity-1, Japan) and scanned under the 

wavenumber region of 4000–400 (cm-1). The above experiments were 

performed in triplicate to confirm the results and showed in (Table 5) 

(Figure 3-7). 

Scanning Electron Microscopy 

The surface morphology of Drug, AnC, inclusion complex and 

ASC were investigated by scanning electron microscopy. Sample 

powder was attached to aluminum metal sample holder using double- 

sided adhesive tape and then made electrically conductive by coating 

with gold in a vacuum. The sample was observed by SEM (JEOL JSM 

6490 LV, Japan) at various magnifications. The analysis was set at 

voltage was set at 5 kV and the current was 12 mA. The particles were 

examined for surface characteristics like shape, size, pores, pits and 

presence of aggregation. 

The 1H NMR spectrum of the Irbesartan is shown in (Figure 9-11), 

and the chemical shifts are given in (Table 6). The 1H NMR spectra of 

the irbesartan showed sigma value which corresponds to the structure 

of the irbesatran confirms the purity of irbesartan. In the ASC, the 1H 

NMR spectra shows the presence of the Irbesartan also. 

Dissolution studies 

In vitro dissolution studies were performed using USP dissolution 

apparatus I (basket method) (Shimadzu UV-1700, Japan). Weigh 

the pure drug equivalent to 75 mg of drug and test sample (ASC 

formulations) separately were subjected for in-vitro dissolution 

study 900 ml of HCl medium (pH = 1.2) at 100 rpm, maintained at 

37±0.5°C temperature of thermostatic controlled water bath and 100 

rpm with the help of basket-type dissolution apparatus. At specific 

time intervals, 5 ml samples were withdrawn, filtered and analyzed for 

their concentration using UV spectrophotometer (Shimadzu UV-1700, 

 

Functional group 
Wave No. v (cm-1 ) Reference 

Wave No. v (cm-1) AnC ASC 1 ASC 2 ASC 3 ASC 4 

N-H Stretching 2960 2962 2954 2955 2954 3000-2800 

C=O Stretching 1732 1731 1731 1734 1731 1740-1720 

C=C Stretching 1615 1616 1619 1618 1620 1620-1610 

C-H Bending 1435 1443 1454 1433 1435 1465-1430 

O-H Bending 1358 1358 1365 1364 1365 1420-1330 

Table 5: Functional group assignment and wave no. of AnC, ASC 1, ASC 2, ASC 3 and ASC 4 with the Reference Wave No. v (cm
-1

) 
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Figure 6: FTIR spectrum of Formulation Batch ASC 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7: FTIR spectrum of Formulation Batch ASC 4. 
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Figure 5: FTIR spectrum of Formulation Batch ASC 2. 
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Figure 9: Structure of Irbesartan 
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Figure 8: Irbesartan: (A) Pure IRB, (B) Antisolvent crytallization without ultrasonic wave (AnC), (C) Antisolvent crystallization (ASC). 
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Figure 11: 1H NMR spectra of ASC of drug IRB. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 12: In-vitro percent cumulative drug release of pure drug, AnC and ASC. 
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Figure 10: 1H NMR spectra of Irbesartan. 
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Japan) at 230 nm. The withdrawn samples were replaced by equal 

 

Conclusion 
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amounts of the dissolution medium to maintain constant volume. 

Each determination was carefully performed to obtain the mean 

value and graph showed in figure when was plotted between percent 

cumulative drug release vs time and results showed in (Table 7) 

(Figure 12). 

Results and Discussion 

Antisolvent-based crystallization was applied to irbesartan with 

and without US. It is reported that in case of primary nucleation, 

Irbesartan presents a large metastable zone width [26]. In addition, 

at high drug concentrations (>25 mg/ml), an oiling out phenomenon 

took place, and hence, the concentration of 15 mg/ml was chosen 

for the preparation of crystallized powders without US as control. 

After mechanical agitation for approximately 10 min, the dispersed 

droplets solidified in about 30 min. However, poor reproducibility was 

observed. In contrast, when US was applied, rapid crystallization has 

occurred leading to direct separation of solid particles by filtration. 

The ASC powders were prepared successfully and reproducibly with 

different drug concentrations, when only 10 ml of antisolvent were 

used (1:1 solvent antisolvent ratio), the particles disappeared rapidly 

during the addition of the solvent. When the volume was raised to 30 

ml (1:3 solvent-antisolvent ratio), a clear viscous phase was formed 

at the bottom of the jacketed beaker with no solid particle formation. 

(Table 2), demonstrated the good reproducibility of the process for the 

applied US intensity. 

It was found that the yield of ASC powders was in the range of 

73-96%. This may be due to the cavitation phenomenon which 

causes intensified micro-mixing, and thus generation of multiple 

simultaneous locations of supersaturation, resulting in higher 

nucleation rates and consequently higher yields [27]. (Table 4), the 

solubility of ASC formulations in different concentration of HCl (0.1N, 

0.05 and 0.01) was found to be 10.70mg/mL, 5.69mg/mL and 1.13mg/ 

mL respectively. ASC showed highest solubility in 0.1N HCL (pH 

1.2) i.e. 10.70mg/mL which was 12.02 folds more aqueous solubility 

than pure Irbesartan (0.89mg/mL). The solubility of Irbesartan was 

increased from 0.032 mg/ml for raw Irbesartan to 0.294 mg/ml for ASC 

1 produced powder, equating to an increase of approximately 10.88%, 

as shown in (Table 4). This slight increase may be due to the decrease 

in particle size diameter of the resulting crystals and hence, increase in 

specific surface area. For study of crystalline change of drug employed 

XRD analysis. The result of XRD of pure IRB and ASC showed in 

(Figure 1,2). The diffraction spectrum of ASC formulations showed 

numerous characteristic prominent sharp peaks that was nearly same 

as that of pure IRB diffractogram. From (Figure 3-7), FTIR analysis 

was used for drug excipient compatibility study. FTIR analysis study 

was done for interaction between the drug and polymer. I.R. spectra of 

physical blend of drug-polymer showed the prominent characteristic 

peaks as nearly same as pure IRB that confirms no interaction between 

drug and polymer. In (Figure 8), the surface morphology of IRB was 

investigated by scanning electron microscopy. SEM of particles 

showed regular sizes of ASC formulation. From (Figure 9- 11), the 
1H NMR spectra of the irbesartan showed sigma value which 

corresponds to the structure of the irbesatran confirms the purity of 

irbesartan. In the ASC, the 1H NMR spectra shows the presence of 

the Irbesartan also. In (Figure 12), the in-vitro drug release of pure 

drug, AnC and ASC was found to be 43.016%, 56.937 and 91.600. 

But the ASC showed highest 91.600% drug release among AnC and 

also in comparison to pure IRB (43.016%) within 180 min in 0.1N 

HCl pH 1.2. It reflects the drug bioavailability. 

The solubility of the ASC powders has slightly increased by 

approximately 9% due to the increase in surface area. The US power 

has significantly improved the dissolution rate and extent of the slightly 

water-soluble drug, Irbesartan. The results show that the ASC is a non- 

destructive technique and that the powder didn't undergo structural 

modification. In addition, the flowability and the compressibility were 

improved. However, the application is generally recommended for 

laboratory scale investigations. Multiple transducers and continuous 

sonocrystallization may constitute a design challenge for large scale 

application. 
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