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Abstract: 

 

Aceclofenac is a BCS class II poorly aqueous soluble drug that has 

significant oral bioavailability limitations after intake. Numerous 

solubility enhancement techniques are available for the solubility 

enhancement, out of various techniques Micronization is simple, 

quick and an effective technique for solubility enhancement. The aim 

of present research work is use Micronization Technique for 

solubility enhancement. Micronization technique increases the 

solubility of Pure Aceclofenac through increasing particle surface 

area. Aceclofenac material is micronized by Air Jet mill to produces 

materials of below 25µm size ranges. This micronized Aceclofenac 

material further characterized for physical property and aqueous 

solubility determinations. 

Micronization technique reduces crystllanity of pure Aceclofenac 

material by increasing their surface area and exhibited increase in 

dissolution of micronized Aceclofenac as compared to Pure 

Aceclofenac. Various characterization techniques (DSC, XRD & 

SEM) also reveal that Aceclofenac crystallinity is significantly 

minimized due to either conversion of crystalline compound in to 

amorphous form or reduction of particle size to its molecular level. 

 

KEYWORDS: Micronization Technique, Solubility Enhancement, 

Poorly Aqueous Soluble, BCS Class, Aceclofenac 
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INTRODUCTION 

 

Oral dosage forms are the most popular forms among all dosage forms due to the advantages of being easy to 

prepare, easy intake, cost-effective, and showing flexibility to form dosage forms. If a drug is administered 

orally, it goes to the biological system including dissolution in gastrointestinal fluids, permeation across the 

cell membraneand follows first-pass metabolism to finally reach its site of action in the systemic circulation. 

Dissolution is as main aspect to increase the bioavailability of the drug. Nowadays solubility of poorly 

soluble drugs present ongoing challenges with their translation into viable medicinal products1, 2. 

Solubility is defined as the ability of molecules to dissolve in an aqueous medium. Solubility plays a major 

role in increasing the therapeutic index of the dosage form. The Biopharmaceutical classification system 

(BCS) involves the determination of solubility and permeability of drugs under some specified 

conditions.BCS class was first introducing in year 1995 by Amidon and his co-workers. Its classification is 

based on key parameters like permeability, dissolution, and solubility, which helpto control the absorption of 

the drug.BCS class are classified into four types according to permeability and solubility of drugs3-5. (Figure 

1). 

 

 
Figure 1: BCS classification of Drugs 

 

Aceclofenac is an anti-inflammatory, analgesic and BCS class II, non-steroidal anti-inflammatory (NSAID) 

drugs. It needs modification in drug property due to its poor aqueous solubility6.The main object of current 

research work is to improve aqueous solubility of Aceclofenac (poorly water-soluble drugs) formulation 

containing Aceclofenac API by Micronization. Micronization technique enhances the solubility by producing 

fine or micronized materials which have enhanced surface area7-12. The prepared micronized API has 

characteristics enhance aqueous solubility and ultimately enhanced bioavailability due to conversions of 

amorphous Aceclofenac or increased surface area of crystalline Aceclofenac or pure Aceclofenac. 

 

MATERIALS AND METHODS 

 

Materials 

Aceclofenac sample was procured from M/s SaralChemtech LLP, India as a gift sample. All other 

ingredients and chemicals were of analytical grade. 

 

Methods 

Particle Size Distribution characterization of Pure Aceclofenac 

Aceclofenac Particle size distribution was characterized by Malvern Mastersizer 2000 Instrument (M/s 

Malvern Panalytical Ltd, United Kingdom).Malvern Mastersizer 2000 uses laser diffraction to measure 

particle size distribution of a powdered material by wet dispersion method. A very small quantity of (~50mg) 

sample is needed for Malvern Particle size distribution analysis and results can be recorded within 10 

minutes. 

 

 

 

 

Solubility

BCS Class I: High

BCS Class II: Low

BCS Class III: High

BCS Class IV: Low

Permeability

BCS Class I: High

BCS Class II: High
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BCS Class IV: Low
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Micronization (Spiral Air jet Mill) as a Solubility Enhancement Technique 

Micronization is conventional technique for the particle size reduction, which reduces particles up to the 

micrometer size. Micronization increases the dissolution rate of drugs through increasing particle surface 

area, accelerating dissolution rates and ultimately improves the bioavailability of poorly soluble APIs8-13.  

Air Jet Mill’s was used for grinding of a crystalline Pure Aceclofenac (ACL), to reduced particle size from 

micrometer to nanometer range and classify them in a very narrow range particle size at a same time. The 

Aceclofenac powder was slowly feed into a flat circular, enclosed collision milling chamber through a 

venture. In this milling chamber, a stream of moisture free compressed air was introduced in vortex motion 

at a specific pressure (2 bar) along with feed material, leading to causes rapid particle-to-particle collisions 

with regular impaction and abrasion on the particles in fast motion and thereby reduction in the particle size 

takes place due to high velocity of air. The fine particles are carried up stack into the particle classifier. 

Particle classification is made by inertia, the larger particles due to their inertia continue through the down 

stack and re-enter the milling chamber for further grinding and fine powder are collected in collector 

assembly8-19 (Figure -2). 

 

 
Figure 2: Air Jet Mill for Micronization of Powder 

 

Comparative Characterization and Evaluation of Micronized Aceclofenac (ACLM)  

a) Particle Size distribution of Aceclofenac by Malvern Mastersizer 2000 

Particle size distribution of Pure Aceclofenac and Micronized Aceclofenac were determined by Malvern 

Master sizer 2000. Air Jet Mill’s reduced particle size of Aceclofenac from micrometer to nanometer range. 

 

b) Theoretical yield (%) 

Theoretical Yield of Micronized Aceclofenac was estimated after Micronization20-23. The percent Theoretical 

yield was calculated by using following formula: 

 

   Practical Weight (Weight after micronization) 

% Theoretical Yield = ----------------------------------------------------------------------- X 100 

   Theoretical Weight (Total weight before micronization) 

 

c) Saturation Solubility Study 

Saturation Solubility study was carried out in purified water. For this study, excess amount (containing 100 

mg drug) of sample were added in 25 ml Stoppard conical flask containing purified water as a dissolution 

medium and agitated continuously at room temperature for 24 hours on shaker (RPM 50). The samples were 

kept overnight for equilibrium and filtered through whatman filter (grade 41). Each filtrate was suitably 

diluted with dissolution medium (purified water) and amount of drug dissolve was estimated [In triplicate] 

Spectrophotometrically at 275 nm lamda max. 

 

d) Bulk & Tapped Density Study 

Bulk Density was determined as per United State Pharmacopeia (USP) method24 by pouring the known 

amount of drug in a graduated cylinder and compared with pure Aceclofenac. Tapped density was also 

determined by pouring the known amount of drug in a graduated cylinder and cylinder was tapped for a fixed 

distanced (300 mm) for sufficient time as described in USP. Bulk & tapped density are determined by 

following equations: 

Bulk Density (g/ml) = Weight of mass (g)/ Volume occupy by powder as such (ml) 

Tapped Density (g/ml) = Weight of mass (g)/ Volume occupy by powder after tapping (ml) 

https://jazindia.com/
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e) Compressibility Index (CI %) &Hausner Ratio(HR) 

It is a way for the measurement of flow property of materials. The Hausner ratio is an indirect measurement 

of the property of a bulk material to reduce its volume under mechanical influence. It is also a measure of the 

ability to compress and of the interaction between the particles. A lower compressibility or a lower Hausner 

ratio of a material indicates better flow properties24. Both CI & HR are determined by using bulk density & 

tapped density as per method described in pre-formulation section. 

f) Flow Property Study 

Powder flow has very importance in a pharmaceutical manufacturing process. The blending process is 

terrible, if a powder has low flowability resulting poor content uniformity in dosage forms. Flow property of 

selected solid dispersion was determined by fixed funnel method as described United State Pharmacopeia 

(USP)25 and compared with pure Aceclofenac& Micronized Aceclofenac. 

 

g) Solid State Characterization 

The crystal structure of pure Aceclofenac(ACL) and micronized Aceclofenac (ACLM) was confirmed by 

DSC, FT-IR and XRD studies20-23. 

 

Differential Scanning Calorimetry (DSC) 

The thermal behaviour of pure Aceclofenac and micronized Aceclofenac selected solid dispersion 

formulations were studies by Differential Scanning Colorimeter (DSC, DSC 822eSoftware STARe16.10, 

Metller). In this study, different samples were heated at 10°C/min over a temperature range of 40-250°C 

under flow of nitrogen (60ml/min) in pierced aluminium pans and crystallinity of Aceclofenac was compared 

with prepared solid dispersions20-23. 

 

Fourier Transform Infrared (FT-IR) Spectroscopy 

FT-IR spectroscopy was carried out on FT-IR spectrophotometer (FT-IR Spectrophotometer, Perkin Elmer, 

Spectrum RX1, USA). The spectrum was recorded between 4000 -400cm-1. The FT-IR spectra of the 

different samples were compared with pure Aceclofenac spectra20-23.  

 

X-Ray Diffraction (X-RD) 

The powder X-Ray diffraction pattern was determined on selected batches of solid dispersion using 

Multipurpose Versatile XRD System (Model-SmartLab 3kw; make-Rigaku Instruments) to characterize the 

physical form of Aceclofenac. The sample was spread on the glass slide (approximate 0.5 mm thickness). 

The prepared slide was further inserted vertically at 0° angle in the X-ray diffractometer. The results were 

recorded over a range of 0-90° (2) using Cu-target X-ray tube and Xe-filled detector. The operating 

conditions were as per following: voltage 40kv, current 20mA, scanning speed- 1/min, Detector- 

Scinitillation counted, Sample Holder-Non-rotation at Room Temperature20-23. 

 

h) Microscopic Study 

The Aceclofenac (ACL) and Micronized Aceclofenac (ACLM were microscopically analysed to check 

shape, surface appearance, color, transparency and crystalline nature of API. Approximately 5 to 10 mg of 

sample was taken on a cleaned glass slide, kept on a microscopic plate and analyzed by a Digital microscope 

with Digieye 330 and Digieye 510 Camera at magnification of 40x and recorded digitally (color photo 

camera, Dewinter, India) using Dewinter Biowizard software ver. 4.5. 

 

i) Scanning Electron Microscopy (SEM) 

Scanning electron microscopy is used to study surface characteristics of material. The surface characteristics 

of the selected solid dispersion were studies by using High resolution Emission Scanning Electron 

Microscope with EDS (FE-SEM; JEOL, JSM-76100PLUS fine coat ion sputter, Tokyo, Japan) instrument. 

The photomicrographs were taken at an excitation voltage of 20 kV with 1000x magnification and their 

surface characteristics were compared with pure Aceclofenac20-23. 

 

j) In-Vitro Dissolution Study 

The In-vitro dissolution study of pure Aceclofenac (ALC) and Micronized Aceclofenac (ACLM were 

performed in 7.5 pH phosphate buffer at 50 RMP using USP II apparatus (Sotex India) at 37°C±0.5°C. At a 

predetermined time intervals up to 120 minutes (10 min, 20 min, 30 min, 45 min, 60 min, 90min and 120 

min), 10 ml of dissolution medium was withdrawn, filtered through Whatman filter (grade 41). Each filtrate 

https://jazindia.com/
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was suitably diluted (5 ml with 25 ml) with dissolution medium (phosphate buffer pH 7.5) and amount of 

drug dissolve was estimated Spectrophotometrically at 275 nm lamda max at each time points. The 

dissolution experiment was performed in six set of vessels (n=6). The maximum drug release of micronized 

Aceclofenac was compared with pure Aceclofenac26.  

 

 

 

RESULT ANDDISCUSSIONS 

 

Characterization and comparative evaluation of Micronized Aceclofenac(ACLM) 

a) Particle Size Distribution of Aceclofenac& micronized Aceclofenac 

Malvern report confirms that pure Aceclofenac has more than 100 µm particle size as such. Whereas, 

Micronization by jet mill produces particle size below 25 µm. The Malvern particle size distribution of pure 

Aceclofenac (ALC) & micronized Aceclofenac (ACLM) are summarized below in Table 1. A comparative 

Graph of particle side distribution was represented in figure 3. 

 

Table1: Particle Size distribution of Pure Aceclofenac (ACL) & Micronized Aceclofenac (ACLM)  

S.No. Manufacturer/ Supplier: Saral Chemtech LLP., India 

[B.No. SCT/ACF/409/22-23] 

 Material name d(0.1) 

µm 

d(0.5) 

µm 

d(0.9) 

µm 

1. Pure Aceclofenac (ACL) 12.651 
40.27

3 
108.054 

2. 
Micronized Aceclofenac 

(ACLM) 
2.679 6.695 22.033 

 

 
Figure3: Particle size distribution of Pure Aceclofenac (ACL)& Micronized Aceclofenac (ACLM) 

 

b) Practical yield (%) 

The % practical Yield of Micronized Aceclofenac was found around 90.2% ± 0.77 due to its losses during 

Micronization process. 

 

c) Saturation Solubility Study 

Saturation Solubility study of pure Aceclofenac (ACL) and micronized Aceclofenac (ACLM) were carried 

out in purified water at 25°C temperature. The micronized Aceclofenac solubility was found around 0.135 

±0.02 mg/ml as compared to pure Aceclofenac solubility 0.056 ±0.01 mg/ml, this indicates that 

https://jazindia.com/
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Micronization increase the aqueous solubility of material.  Figure 4 graphically presented solubility data of 

selected pure & micronized Aceclofenac.  

 
Figure 4: Solubility of Aceclofenac in Purified Water 

d) Bulk & Tapped Density Study 

The Bulk density and tapped density values of pure Aceclofenac and Micronized Aceclofenac were observed 

in a range on 0.122 g/ml to 0.444 g/ml. The minimum bulk density was found in micronized Aceclofenac 

indicates that material is lighter or fluffy in nature and has poor flow property. Compressibility Index (CI %) 

& Hausner Ratio (HR) can also be determined during the measurement of density analysis. All these are an 

indirect method to determine flow property of material. All the data were represented in Table2. 

 

Table 2: Bulk density, tapped density, Compressibility Index, Hausner ratio and Flow characteristics 

of Pure Aceclofenac (ACL) and Micronized Aceclofenac (ACLM). 

Sample 

Code 

Bulk Density 

(g/ml) 

Mean ±SD 

(n=3)  

Tapped 

Density 

(g/ml) 

Mean ±SD 

(n=3) 

Compressibility 

Index (CI) 

( %) 

Mean ±SD 

(n=3) 

HausnerRati

o 

(HR) 

 

Mean ±SD 

(n=3) 

Flow 

Character 

ACL 0.313±0.1 0.444±0.1 29.69±0.1 1.422±0.2 Poor 

ACLM 0.122±0.1 0.250±0.1 51.22±0.2 2.050±0.6 Very Poor 

 

e) Flow Property Study by Angle of Repose 

Pure Aceclofenac and micronized Aceclofenac were determined by fixed funnel method. Pure Aceclofenac& 

micronized Aceclofenac found high angle of repose value around 46.23°±0.15 & 64.68°±1.22 respectably.  

This indicates that micronized Aceclofenac has very poor flow property and difficult to handle during 

manufacturing of dosage form. Angle of Reposes is graphically represented in figure5. 

 

 
Figure 5: Angle of Reposes data of Aceclofenac (Pure & Micronized) 

https://jazindia.com/
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f) In-Vitro Dissolution Study 

The In-Virto dissolution profile (n=6) of pure Aceclofenac (ALC) and Micronized Aceclofenac (ACLM) 

were examined over a period of 120 minutes at 50 RMP, USP II apparatus (Sotex India) in 7.5 pH phosphate 

buffer with powder equivalent to 200 mg of Aceclofenac at 37°C±0.5°C are depicted in figure6. It is clearly 

observed that the rate of dissolution of pure Aceclofenac is only 44.5%±6.0 in 60 minutes whereas 

micronized Aceclofenac shows 73.0%±1.4. It is also indicated that and micronized Aceclofenac has 

increased in-vitro drug dissolution 19.5%±1.3 in first 10 minutes as compared to pure Aceclofenac (only 

3.2%±0.4). 

 
Figure 6: In-Vitro dissolution of Aceclofenac with respect to time. 

 

6) Release Kinetic Study 

Release kinetics of micronized Aceclofenac (ACLM) was compared with pure Aceclofenac kinetics. Various 

kinetic models and reactions are analysed such as Zero Order, first order, Higuchi model, Korsmeyer Peppas 

model and Hixson Crowell model. Release kinetic study (R2 Value) of Pure Aceclofenac and Micronized 

Aceclofenac) are shown in Table3 and figure 7 & figure 8 respectively. 

 

Table 3: Release Kinetic Study data of Aceclofenac 

Sample 

Code 

Release Kinetics (R2 Value) 

Zero Order First Order Higuchi KorsmeyerPeppas Hixson 

Crowell 

ACL 0.9550 0.9953 0.9510 0.9451 0.9874 

ACLM 0.8738 0.9799 0.9671 0.9585 0.9562 

 

 
Figure 7: Release Kinetic of ACL    Figure 8: Release Kinetic of ACLM 

 

https://jazindia.com/
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h) Solid State Characterization 

Differential Scanning Calorimetry (DSC) 

The overlay Differential Scanning Colorimetric (DSC) thermogram of pure Aceclofenac and micronized 

Aceclofenac are shown in figure 9. A sharp endothermic peak is observed in pure Aceclofenac and 

micronized Aceclofenac at 153.19°C & at 153.57°C respectively analogues to its melting point. Whereas a 

peak intensity is decreased in micronized Aceclofenac corresponding pure Aceclofenac.  

 

 
Figure 9: An overlay DSC thermogram of Pure Aceclofenac (ACL) and Micronized Aceclofenac 

(ACLM) 

 

Fourier Transform Infrared (FT-IR) Spectroscopy 

The FT-IR spectra of pure Aceclofenac and micronized Aceclofenac(figure 10) showed sharp characteristics 

carboxylic hydroxyl group peak attributed at3317 cm-1, secondary amine peak at 3270 cm-1, two ketone 

bond peak at 1770 cm-1 & 1715cm-1 and Moderate to prominent phenyl ring bands at 1588.98, 1506.64, 

1450.65,1280.73, 1148.65, 942.85, 747.61, 536.85cm-1.  

Hence, FT-IR spectra revels that there is NO incompatibility between drug-polymer physical mixture & solid 

dispersion methods. 

 

 
Pure Aceclofenc FTIR Spectra 

 
Micronized Aceclofenac FTIR Spectra 

Figure 10: Characteristics FT-IR Spectra peaks data of Pure Aceclofenac (ACL) and Micronized 

Aceclofenac (ACLM) 

 

 

https://jazindia.com/
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X-Ray Diffraction (X-RD) 

XRD scan of Pure Aceclofenac (ACL) and Micronized Aceclofenac (ACLM) are shown in figure 11. The 

XRD spectra of pure Aceclofenac and micronized Aceclofenac illustrated strong and sharp peak at 

diffraction angle(2) of about 17°, 22°, 25°& 26°with intensity of more than 60 lakhs counts, suggested that 

well defined crystal structure of Aceclofenac.  

 

  

XRD spectra of Pure Aceclofenac (ACL) XRD spectra of Micronized Aceclofenac 

(ACLM) 

Figure  11: XRD spectra of Aceclofenac and Micronized Aceclofenac) Microscopic Study 

 

The Aceclofenac (ACL) and Micronized Aceclofenac (ACLM) were microscopically analysed to check 

shape, surface appearance, color, transparency and crystalline nature of API. Microscopic study reveals that 

Pure Aceclofenac has well defined large crystalline structure whereas micronized has very fine irregular 

shape crystals (figure 12). 

.  

  

Aceclofenac [ACL] Aceclofenac Micronized [ACLM] 

Figure 12: Microscopic view of Pure Aceclofenac& Micronized Aceclofenac 

 

j) Scanning Electron Microscopy (SEM) 

The SEM image of pure Aceclofenac and micronized Aceclofenac are represented in figure13. The10, 000 × 

magnification were selected to study surface morphology of the powders. 

Pure Aceclofenac shows elongated hexagons type crystalline structure whereas micronized Aceclofenac 

appeared as fine irregular shape particles with smooth surfaces partially agglomerated in bundles.  Hence, the 

morphology of Aceclofenac is improved after Micronization and crystals become much smaller than pure 

drug. 

 

  
SEM Photographs of Pure Aceclofenac SEM Photographs of Micronized 

Aceclofenac 

Figure 13: SEM images of Pure Aceclofenac and Micronized Aceclofenac 

https://jazindia.com/
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CONCLUSIONS 

 

Micronization technique improves the solubility of Aceclofenac by reducing their particle size and increasing 

their specific surface area and ultimately improve therapeutic performance (i.e. high aqueous solubility and 

indirectly linked to improve permeability &ultimately increase bioavailability). Hence, Micronization 

techniques not only improve aqueous solubility but also ultimately reduce the cost of formulation. 
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