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Abstract  
Acemetacin (ACM) is classified as a non-steroidal anti-inflammatory drug (NSAID). It is an 

indomethacin glycolic ester that is transformed into indomethacin in vivo. The analgesic, antipyretic, and anti-

inflammatory properties of the ACM are attributed to its prostaglandin inhibitory action. Acemetacin belongs to 

biopharmaceutical classification system (BCS) class II drugs, which are characterized by having high permeability 

but poor aqueous solubility. The purpose of this study was to develop acemetacin nanosuspension for the enhanced 

rate of dissolution. The solvent-anti-solvent approach was used to formulate the nanosuspension. Two stabilizers 

were used to prepare ACM nanosuspension (sodium deoxycholate (SDC) and Soluplus®). Acemetacin was 

dissolved in ethanol, added drop by drop to the anti-solvent containing a particular amount of stabilizer, and stirred 

at a certain rate using a hot plate magnetic stirrer. Design Expert® software was used to create the experiments 

utilizing a computer-based approach. The Box-Behnken design was used for this purpose to investigate the effect 
of different formulation variables on the particle size and polydispersity index (PDI) of ACM nanosuspension. 
Using Soluplus® as a stabilizer, the chosen formula F22 has a desirability value of 0.701, and its particle size and 

PDI values were 59.69 nm and 0.1847 respectively. The saturated solubility of ACM in the generated 

nanosuspension was approximately ten times greater than that of the pure drug (25.01 μg/ml vs. 2.43 μg/ml), and 

a 58.9% dissolution was achieved in 30 minutes compared to the pure ACM, which only gave 21.9% in this time 

frame. In conclusion, Acemetacin nanosuspension can be successfully developed using the solvent-anti-solvent 

approach. Turning ACM into nanosuspension is an effective method to increase the rate of dissolution of the drug, 
and make a uniform dispersion readying it for incorporation into a dosage form requiring such properties with 

high content uniformity. 
Keywords: Acemetacin nanosuspension, Box-Behnken design, Sodium deoxycholate, Soluplus®, Solvent-anti-solvent. 

Introduction 
Drugs with low aqueous solubility represent 

about one-third of the drugs listed in the United 

States Pharmacopeia (USP). Poor aqueous solubility 

is a recurrent challenge in formulating and 

optimizing pharmaceutical dosage forms ⁽¹⁾. 

Drugs with low water solubility are classified 

as class II or class IV in the Biopharmaceutics 

Classification System (BCS). The BCS class II 

drugs have high permeability and limited solubility. 
There are numerous techniques including particle 

size reduction, salt formation, inclusion complexes, 

pH modification, hydrotropy, solid dispersion, 

cocrystal, amorphous compound production, and 

nanosization that can solve the problem of the BCS 

class II drugs' poor solubility ⁽²⁾. 

Nanosization is the process of reducing the 

drug particle size to the nanoscale to form 

nanoparticles, which are drug particles with sizes 

ranging from 10 to 1000 nanometers (nm). Because 

of their small sizes, the nanoparticles will have a  

 

higher surface area, which will enhance their 

solubility ⁽³⁾. 

Nanoparticles display several advantages 

over conventional formulations where they possess: 

better stability of chemically labile drugs, greater 

drug loading, enhanced targeting ability, and higher 

dissolution rate and solubility of poorly soluble 

drugs ⁽⁴⁾. 
Nanosuspension is the colloidal dispersion of 

nano-sized drug particles generated by a suitable 

technique and stabilized with a suitable stabilizer. 
Converting a drug into a nanosuspension for oral 

administration may increase its absorption. In 

addition to improving oral absorption, 

nanosuspensions have other benefits, such as 

improved dose proportionality, reduced fed/fasted 

state variability, lower inter-subject variability, and 

faster onset of action for medications that are 

completely but slowly absorbed ⁽¹⁾. Nanosuspension 
preparation involves various methods like solvent-
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antisolvent,high-pressure homogenization, media 

milling, etc. Stability is a major issue due to its small 

and high surface area, leading to aggregation called 

Ostwald ripening. Stabilizers prevent 

agglomeration, enhancing stability (5, 6).  
Acemetacin (ACM) is a BCS class II 

NSAID, a glycolic ester of indomethacin converted 

in vivo. It exhibits analgesic, antipyretic, and anti-

inflammatory effects through prostaglandin 

inhibition. Its efficacy stems from both the prodrug 

and major metabolite, treating various conditions 

like osteoarthritis, rheumatoid arthritis, and 

postoperative pain ⁽⁷⁾. Acemetacin causes 

significantly less gastrointestinal damage than 

indomethacin ⁽⁸⁾. 

Acemetacin is a yellowish light-sensitive 

crystalline powder. It is practically insoluble in 
water, slightly soluble in ethanol, and soluble in 

acetone. The molecular weight of ACM is 415.8 

g/mol ⁽⁷⁾. ACM is a strong acid with a pKa value 

ranging from 2.6 to 3.57. The melting point ranges 

from 150 to 151.3 ºC, and also displays 

polymorphism ⁽⁹´¹⁰⁾. 

Acemetacin has previously been prepared 

using nanotechnology-related approaches. Shehata, 

Abdallah, et al. (2015) produced acemetacin as 

proniosomal tablets. They showed better acemetacin 

pharmacokinetic properties, such as AUC, Tmax, 
half-life, and relative bioavailability. Shewaiter, 

Selim, et al. (2022) conducted a radio-kinetic study 

of acemetacin as an intravenous niosomal formula to 

improve acemetacin tumor targeting ⁽¹¹´¹²⁾. 

The primary objective of this study is to 

fabricate a nanosuspension of acemetacin using the 

solvent-anti-solvent method, aimed at enhancing its 

dissolution rate and making a uniform dispersion 

readying it for incorporation into a dosage form 

requiring such properties with high content 

uniformity. Additionally, the investigation will 

probe into the impact of various formulation 
parameters on the process to attain the most 

favorable physicochemical attributes.  

Materials and Methods 
Materials 

Pure acemetacin was purchased from 

Bidepharm, Shanghai, China. Soluplus®was 

purchased from BASF SE, Ludwigshafen, 

Germany. Sodium deoxycholate (SDC) was 

purchased from Baoji Guokang Bio-technology Co., 

Ltd., Shanxi, China. Potassium Dihydrogen 

Phosphate (KH2PO4) and Disodium Hydrogen 
Phosphate (Na2HPO4) were purchased from 

Panreac, Barcelona, Spain. Ethanol was purchased 

from BDH Chemical Ltd., England. The dialysis 

membrane M.W. 8000–14000 was purchased from 

Special Products Laboratory, USA, and the Amicon 

ultra centrifugal filter was purchased from Merck 

KGaA, Darmstadt, Germany. 

Methods 

Preparation of ACM nanosuspension  

The solvent-antisolvent method was used to 

prepare ACM nanosuspension formulas. The 

organic phase was prepared by dissolving 30mg of 

ACM in 3 milliliters of ethanol 99% at 37 °C. The 

aqueous phase was prepared by dissolving a certain 

amount of a stabilizer in various quantities of 

distilled water, then stirred on a hot plate magnetic 

stirrer at different stirring rates. The organic phase is 

added drop by drop to the whirling aqueous phase 
using a 27G needle syringe at a rate of 0.5 milliliter 

per minute. The suspension was left on the magnetic 

stirrer for one hour which was long enough for the 

entire organic solvent to evaporate ⁽¹³⁾. 

Computer-based experimental model 

For the formulation of study formulas, we 

utilized Design-Expert®, a software tailored for 

scientific experimentation across various models. 

Specifically, we employed the Box-Behnken model 

for its robustness and efficiency ⁽¹⁴⁾. This model 

allowed us to explore the impact of independent 

variables, namely (A) stabilizer amount, (B) anti-
solvent volume, (C) stirring speed, and (D) 

stabilizer type, on the responses, which were 

(response 1) particle size and (response 2) 

polydispersity index (PDI), as detailed in Table 1. 

A comprehensive set of thirty-two formulas was 

generated by the Box-Behnken model, as outlined 

in Table 2. 

 

 

Table 1. Factors and responses used in the Box-Behnken model 

Independent variables Levels Responses 

A: stabilizer amount 30 mg, 45 mg, and 60 mg. Particle size 

PDI B: anti-solvent volume 10 ml, 15 ml, and 20 ml. 

C: stirring speed 500 rpm, 1000 rpm, and 1500 rpm. 

D: stabilizer type Soluplus® or sodium deoxycholate (SDC) 

SDC (sodium deoxycholate) 
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Table 2. Formulas suggested by the Box-Behnken model  

Formula ACM 

(mg) 

Stabilizer 

amount(mg) 

Anti-solvent 

Volume 

(milliliters) 

Stirring 

speed(rpm) 

Stabilizer   

type  

F1 30 60  15 500 SDC 

F2 30 30 10 1000 SDC 

F3 30 60 10 1000 SDC 

F4 30 45 10 500 Soluplus® 

F5 30 30 15 1500 SDC 

F6 30 45 10 500 SDC 

F7 30 30 10 1000 Soluplus® 

F8 30 30 15 1500 Soluplus® 

F9 30 45 15 1000 SDC 

F10 30 45 10 1500 SDC 

F11 30 45 10 1500 Soluplus® 

F12 30 60 15 1500 SDC 

F13 30 45 20 500 Soluplus® 

F14 30 60 20 1000 SDC 

F15 30 45 20 1500 SDC 

F16 30 60 15 1500 Soluplus® 

F17 30 45 20 500 SDC 

F18 30 45 20 1500 Soluplus® 

F19 30 45 15 1000 Soluplus® 

F20 30 60 15 500 Soluplus® 

F21 30 60 10 1000 Soluplus® 

F22 30 60 20 1000 Soluplus® 

F23 30 30 20 1000 Soluplus® 

F24 30 30 20 1000 SDC 

F25 30 30 15 500 Soluplus® 

F26 30 30 15 500 SDC 

F27 30 45 15 1000 Soluplus® 

F28 30 45 15 1000 Soluplus® 

F29 30 45 15 1000 Soluplus® 

F30 30 45 15 1000 SDC 

F31 30 45 15 1000 SDC 

F32 30 45 15 1000 SDC 

Characterization of ACM nanosuspension 

Measurement of particle size and polydispersity 

index (PDI) 

The particle size and PDI of the ACM 
nanosuspension formulas were measured using the 

dynamic light scattering method ⁽¹⁵⁾. The device used 

was a particle size analyzer nanolaser (Malvern Zeta 

sizer) manufactured by Spectris Company in the 

United Kingdom. one milliliter of each sample (F1-

F32) was poured into a polystyrene zeta cell. The 

light scattering was recorded at 25 °C (90 °angle) 

Determination of ACM entrapment efficiency in 

nanosuspension formulas 

The indirect method (that depends on 

measuring the concentration of free (unbound) drug 

that has dissolved in the dispersion medium) was 
used. Four milliliters of the nanosuspension formula 

were centrifuged at 4000 rpm for thirty minutes 

using an Amicon® ultra centrifugal filter. One 

milliliter was withdrawn from the filtrate in the 

lower compartment of the centrifugal filter and 

measured with a UV spectrometer (Shimadzu, 

Japan) at λ max equal to 318 nm using distilled water 

as a blank and the concentration was determined 

from a calibration curve previously constructed for 

this purpose (y= 0.0173x - 0.0297, and R2 = 0.9999). 

The percentage of entrapment efficiency (%EE) was 

calculated according to equation 1 ⁽¹⁶⁾: 
 

%𝐸𝐸 =
(𝑡𝑜𝑡𝑎𝑙 𝑑𝑟𝑢𝑔 𝑖𝑛 𝑓𝑜𝑟𝑚𝑢𝑙𝑎−𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑓𝑟𝑒𝑒 𝑑𝑟𝑢𝑔)×100

𝑡𝑜𝑡𝑎𝑙 𝑑𝑟𝑢𝑔 𝑖𝑛 𝑓𝑜𝑟𝑚𝑢𝑙𝑎
 (1) 

 

Determination of drug content 

The drug content test was performed on the 

nanosuspension formulae to calculate the actual 

amount of acemetacin in each formula as compared 

to the theoretical value. A certain volume of 

nanosuspension (one milliliter) was transferred into 

a volumetric flask filled with 10 ml ethanol. The 

mixture was sonicated for one hour and filtered 

through a 0.45-micron syringe filter. The filtrate was 

then analyzed using a UV spectrophotometer to 
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determine the amount of ACM using the ACM 

calibration curve constructed for this purpose (y = 

0.0155x - 0.0087, and R2 = 0.999) ⁽¹⁷⁾. 

In-vitro dissolution of ACM nanosuspension 

The dissolution test of ACM nanosuspension 
was conducted in a USP type II dissolution 

apparatus. The nanosuspension was placed in a pre-

soaked dialysis bag immersed in phosphate buffer 

pH 6.8. The dialysis bag was anchored to the paddle 

using a thread. The paddle was rotated at 100 rpm in 
1000 milliliters of phosphate buffer pH 6.8 at a 

temperature of 37 °C.  Samples were withdrawn at 

intervals (5, 10, 15, 20, 35, 40, 45, 60, 75 and 90 

minutes) and replaced with fresh media. The 

concentration of ACM released was measured using 

a UV spectrophotometer (y = 0.0175x – 0.0352, and 

R2 = 0.9992). Dissolution profiles were generated by 
plotting cumulative drug release against time 

intervals ⁽¹⁸⁾. 

The percentage of acemetacin released within 30 

minutes was calculated for each nanosuspension 

formula and compared to that of a pure acemetacin 

suspension ⁽¹⁹⁾. 

Selected formula 

The selected ACM nanosuspension formula 

was determined by taking into account multiple 

factors such as particle size, PDI, entrapment 

efficiency, zeta potential, and in-vitro release of the 
formula in PBS pH 6.8. 

Freeze-drying of the selected formula of ACM 

nanosuspension 

Initially, the selected nanosuspension 

formula was freeze-dried using Christ Alpha 1-2 

LDplus freeze dryer, Germany. Liquid nitrogen was 

first used to freeze the formula to a temperature of 

around -70 °C. Then, the frozen formula was 

transported to a vacuum freeze dryer to be 

lyophilized. Ice was sublimated from the frozen 

formula during the lyophilization process in two 

stages: primary drying (0.021 millibars at -50°C) 
and secondary drying (6.1 millibars at 0 °C). The 

lyophilization process continued until a dry, light, 

and easily crushed powder was obtained. The dried 

ACM nanosuspension was used for subsequent 

examinations that required the formula to be in dry 

form, such as differential scanning calorimetry and 

powder x-ray diffraction ⁽²⁰⁾. 

Characterization of ACM selected formula 

Measurement of zeta potential of the best formula 

The Malvern Zeta Sizer, UK, was used to 

measure the zeta potential of the selected ACM 
nanosuspension formula. One milliliter of the 

sample was injected into a capillary zeta cell, and the 

measured zeta potential value was recorded ⁽²¹⁾. 

 
 
 
 

 

Determination of saturated solubility of the best 

formula 

The saturated solubility of the freeze-dried 

selected formula and the pure drug were determined 

using the shake flask method ⁽²²⁾. An excess amount 
was added to a 10-milliliter tube containing distilled 

water. The mixture was shaken for 48 hours in a 

water bath shaker at 25 °C. After that, the mixture 

was filtered by a 0.45μm filter syringe and dissolved 

ACM concentration was measured using a UV 

spectrophotometer. 

Crystallinity analysis using X-ray diffraction 

technique 

The powder x-ray diffraction method 

(PXRD) was used to determine the crystalline 

structures of the lyophilized ACM nanosuspension, 

physical mixture (ACM and stabilizer), and the pure 
drug ⁽²³⁾. The x-ray diffraction patterns were 

collected using Shimadzu XRD-6000, Japan 

operating at a voltage of 40 Kv and a current of 30 

mA while running in continuous scan mode with a 

range of 2 to 60 degrees and a step size of 0.05 

degrees at a speed of 5 degrees per minute. 

Determination of surface morphology by 

scanning electron microscopy 

The surface morphology of both pure ACM 

and the lyophilized selected formula was examined 

by Nano-Lab, USA scanning electron microscope. 
When examining the surface morphology of the pure 

drug and the lyophilized formula, the powder was 

directly placed on double-sided carbon tape and 

coated with gold ⁽²⁴⁾. 

Determination of drug excipients compatibility 

study  

Fourier Transform Infrared Spectroscopy (FTIR) 

The Fourier transform infrared spectroscopy 

(FTIR) spectrums of the pure drug, Soluplus®, 

selected formula physical mixture, and ACM 

lyophilized nanosuspension (selected formula) were 

obtained using Shimadzu FTIR spectrophotometer, 
Japan. Each material was mixed with potassium 

bromide powder (KBr) and compressed into a thin 

film disc, then the sample was analyzed using 

infrared radiation at a wavenumber of 4000-400 cm-

1 ⁽²⁵⁾. 

Differential Scanning Calorimetry (DSC) 

Differential scanning calorimetry (DSC) 

determines the thermodynamic changes of the drug 

as a function of time and temperature. The 

thermograms of ACM and ACM lyophilized 

nanosuspension of the selected ACM 
nanosuspension formula were obtained using 

Shimadzu DSC-60, Japan apparatus. About 5 mg of 

each sample was placed into an aluminum pan, 

sealed by crimping and heated at a constant heating 

rate of 10 C˚/min. Nitrogen gas was pumped at a 

flow rate of 20 ml/min to maintain an inert 

environment ⁽²⁶⁾. 
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Results  
Particle size and polydispersity index of the 

prepared ACM nanosuspensions 

The combination of factors used in the 

preparation of nanosuspension (stabilizer amount, 

anti-solvent volume, stirring speed, and polymer 

type) resulted in the formation of a suspension of 

particle size ranging from 59.69-6459 nm as shown 

in Table 3. Sixteen of the thirty-two formulas fell 

within the agreed nanosuspension particle size range 

for pharmaceutical uses (below 200 nm) ⁽²⁷⁾. 

 

 

On the other hand, the PDI which is the measure of 

sample homogeneity ranged from 0.0145 to 0.9491 

as shown in Table 3. A polydispersity index values 

of 0 to 0.05 indicate a highly monodispersed system, 
PDI values of 0.05 to 0.7 indicate a mid-range 

polydispersed system, and PDI values of 0.7 to 1 

indicate a highly polydispersed system. For 

nanosuspension, values of 0.2 and below are often 

acceptable ⁽²⁸⁾. Therefore, twenty-two out of thirty-

two of the prepared formulas were homogenous size 

systems. 
 

Table 3. Particle size and PDI of the prepared ACM nanosuspensions 

Formula Particle size 

(nm) 

PDI Formula Particle size 

(nm) 

PDI 

F1 450.7 0.122 F17 1065 0.5686 

F2 4907 0.397 F18 65 0.2353 

F3 423 0.1072 F19 64.45 0.1545 

F4 67.98 0.223 F20 62.59 0.1282 

F5 3385 0.2239 F21 60.67 0.1759 

F6 2491 0.8206 F22 59.69 0.1847 

F7 69.23 0.1533 F23 71.06 0.087 

F8 65.78 0.089 F24 3497 0.9491 

F9 483.5 0.0434 F25 75.51 0.08 

F10 409.1 0.047 F26 6459 0.0145 

F11 60.72 0.13 F27 64.3 0.0823 

F12 654 0.0561 F28 70.44 0.1164 

F13 59.83 0.0717 F29 62.2 0.0998 

F14 436 0.0763 F30 431.4 0.471 

F15 516.4 0.0679 F31 403.2 0.4436 

F16 64.77 0.1855 F32 371.4 0.4727 
 

Analyzing the particle size and PDI values 

The experimental design is currently 

considered a common method to analyze the effects 

of different factors on the properties of 

pharmaceutical formulations ⁽²⁹⁾. 
In this study, stabilizers and other 

independent factors were chosen depending on 

preliminary study results. An analysis model called 

the design model has been recommended by the 

Box-Behnken design and it was a significant model 

(P ˂ 0.001) for the analysis of the particle size. The 

adequate precision value was greater than four 

(62.02), which means the selected analysis model 

was effective. Also, the predicted R² value (0.9604) 

was in reasonable agreement with the adjusted R² 

value (0.9934) as the difference was less than 0.2. 

However, in the analysis of the PDI values, the 
design model was not significant ⁽³⁰⁾. 
 

Factors influencing particle size and PDI values in 

the produced formulas. 
The effect of Stabilizer type on particle size and 

PDI 

  By using the ANOVA test, the stabilizer 

type (Soluplus® or SDC) has a significant effect on 

particle size with a p-value equal to 0.0018 (P ˂ 

0.05). The formulas prepared by using Soluplus® 

polymer have a much smaller particle size than SDC 

formulas. 

  The stabilizer type (parameter D) also has a 
significant effect on the polydispersity index (p-

value ˂ 0.05), as Soluplus® formulas showed lower 

PDI values than SDC formulas. 

The effect of stabilizers amount, stirring speed, and 

anti-solvent volume on the particle size of ACM 

nanosuspension 

The amount of stabilizer (parameter A) has a 

significant effect (p-value ˂0.0001) on the particle 

size of ACM nanosuspension. As the stabilizer 

amount increases, the particle size decreases. 

The anti-solvent volume (variable B) also has 

a significant effect on the particle size of ACM 
nanosuspension formulas (P ˂ 0.05). 

Even stirring speed (variable C) has a 

significant effect on the particle size of ACM 

nanosuspension formulas (P ˂ 0001). The effect of 

stabilizer amount, anti-solvent volume, and stirring 

speed on the particle size of ACM nanosuspension 

formulas is depicted in Figure 1. 
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Figure 1. 3D surfaces describe the effect of stabilizer amount, anti-solvent volume, and stirring 

speed on the particle size of ACM nanosuspension formulas: Soluplus® formulas (A and B) 

and SDC formulas (C and D) 
 

The effect stabilizer amount, anti-solvent 

volume, and stirring speed on the polydispersity 

index (PDI) of the prepared ACM 

nanosuspension formula 

The stabilizer amount (variable A), anti-

solvent volume (variable B), and stirring speed 

(variable C) have no significant effect on PDI 

values as the P value is higher than 0.05.  

Optimization of the ACM nanosuspension-

prepared formulas 

The optimization criteria include low 

particle size (below 200 nm) and a PDI in the 

range of 0-0.2. The best five ACM 

nanosuspension formulas were F11, F16, F20, 

F21, and F22. They were selected depending on 

their desirability values as shown in Table 4.  
 

Table 4. The desirability values of the best five formulas. 

Formula Description of each formula Desirability* Measured particle 

size\predicted particle size 

F16 ACM 30 mg, Soluplus® 60 mg, an anti-

solvent volume of 15 ml, and a stirring 

rate of 1500 rpm. 

0.676 64.77\64.70 

F22 ACM 30 mg, Soluplus® 60 mg, an anti-

solvent volume of 20 ml, and a stirring 
rate of 1000 rpm. 

0.701 59.69\59.85 

F21 ACM 30 mg, Soluplus® 60 mg, an anti-

solvent volume of 10 ml, and a stirring 

rate of 1000 rpm. 

0.690 60.67\62.01 

F20 ACM 30 mg, Soluplus® 60 mg, an anti-

solvent volume of 15 ml, and a stirring 

rate of 500 rpm. 

0.694 62.59\61.16 

F11 ACM 30 mg, Soluplus® 45 mg, an anti-

solvent volume of 10 ml, and a stirring 

rate of 1500 rpm. 

0.703 60.72\59.45 

  *Desirability values are given by the software according to the optimization criteria. 
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Drug content and entrapment efficiency 

The ACM content values of the best five 

nanosuspension formulas ranged from 96.1% to 

99.4%, as shown in Table 5. On the other hand, % 

entrapment efficiency calculated via the indirect 

method for the best five nanosuspension formulas is 

also shown in Table 5 and ranged from 96.3% to 

98.6%, with the highest value shown for F22.  
 

Table 5. ACM content and % entrapment efficiency of the optimal formulas 

Formula ACM content (%) % entrapment efficiency 

F11 98.5% 96.3% 

F16 98.4% 96.9% 

F20 99.4% 97.1% 

F21 98.7% 97% 

F22 96.1% 98.6% 

 
In-vitro drug release study of ACM 

nanosuspension 

In-vitro dissolution profiles of the pure ACM 

suspension and ACM nanosuspension formulas are 

shown in Figure 2, while the percentages of 

acemetacin released within 30 minutes for the  pure 

drug suspension and the best five ACM 

nanosuspension formulas are illustrated in Table 6. 

 

 
Figure 2. In-vitro release profiles of the best ACM nanosuspension formulas as compared to the 

pure drug suspension in phosphate buffer pH 6.8 media 

 

Table 6. The percentages of acemetacin released within 30 minutes for the pure drug suspension and the 

best five ACM nanosuspension formulas  

Formula The percentages of acemetacin released within 30 minutes 

F16 44.8% 

F22 58.9% 

F20 33.3% 

F11 33.4% 

F21 41.22% 

Pure ACM suspension 21.9% 

 
Determination of the ACM nanosuspension 

selected formula  

The formula F22 was determined as the 

selected formula based on its particle size (59.69 

nm), polydispersity index (0.1847), in-vitro release 

profile (58.9% in 30 minutes), drug content 
(96.1%), and % entrapment efficiency (98.6%) to 

be subjected for further characterization. 
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Characteristics of the selected formula (F22)  

Zeta potential and saturated solubility 

The zeta potential was equal to -18 mv, and 

the saturated solubility of F22 in water was 25.01 

μg/ml, 10.29 times higher than that of the pure 
ACM (2.43 μg/ml) ⁽³¹⁾. 

Fourier transform infrared spectroscopy 

The Fourier transform infrared 

spectroscopy (FTIR) of the pure ACM, Soluplus®, 

Physical mixture (Soluplus® 60mg and ACM 30 

mg), and F22 formula are shown in Figure 3. Also, 

their most characteristic peaks are illustrated in 

Table 7. The most characteristic peaks were 

compared with the reference ACM FTIR spectrum 

⁽³²⁾. The spectra of the physical mixture and F22 

showed the characteristic peaks of ACM which are 

the carbonyl stretching peaks at 1749.44 cm-1 and 

1724.36 cm-1 (which were visible in the physical 

mixture spectrum and obscured by the Soluplus® 
carbonyl stretching peak at 1735.93 cm -1 in the F22 

formula spectrum), the carbonyl stretching peaks of 

amide and aromatic C=C at 1662.64 cm-1 and 

1610.56 cm-1, the hydroxyl stretching peak at 

3473.8 cm-1, and the C-O-C ether stretching peak 

at 1230.58 cm-1. The small shift in the peak 

positions in the formula F22's FTIR spectrum could 

be due to hydrogen bond formation ⁽³³⁾. 

Figure 3. FTIR spectra of pure ACM, Soluplus®, physical mixture, and ACM lyophilized 

nanosuspension (F22). 
 

Table 7. FTIR's most characteristic peaks are pure ACM, physical mixture, and F22 lyophilized 

nanosuspension 

Functional group Peak value (cm-1) 

pure ACM physical mixture F22 lyophilized 

nanosuspension 

C=O stretching 1749.44, and 1724.36 1749.44, and 1724.36 - 

C=O amide and 

Aromatic C=C 

stretching 

1662.64, and 1610.56 1662.64, and 1612.49 1683.86, and 1633.71 

O-H stretching 3473.80 3473.80 3415.93 

C-O-C ether stretching 1230.58 1230.58 1234.44 
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Powder X-ray diffraction  

X-ray diffraction (XRD) patterns of the pure 

ACM, physical mixture, and the lyophilized ACM 

nanosuspension are shown in Figure 4. Figure 4A 

shows that the pure ACM diffraction pattern has 
distinct Bragg peaks with intensities of 560, 652, 

786, and 580 at 2 theta angle (2θ) of 11.95, 16.7, 

19.05, and 22.25, respectively. These peaks can also 

be seen in the physical mixture's XRD pattern 

(Figure 4B), but they are much less noticeable in the 

lyophilized ACM nanosuspension XRD pattern 
(Figure 4C). 

 
Figure 4. Powder X-ray diffraction of (A) pure ACM, (B) physical mixture, and (C) ACM 

lyophilized nanosuspension. 

 
Scanning electron microscopy 

Scanning electron microscopy of pure ACM 

and F22 lyophilized nanosuspension is shown in 

Figure 5. Figures 5A and 5B show the crystalline 

form of the pure ACM at a magnification power of 

1.00 kx and 20.0 ks, respectively, which resemble 

tetragonal prisms. Figures 5C and 5D show the 
surface morphology of the ACM-lyophilized 

nanosuspension at a magnification power of 1.00 kx 

and 20.0 ks, respectively, which appeared as 

smaller, flakey particles. 
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Figure 5. SEM of (A) pure ACM (MAG:1.00 kx), (B) pure ACM (MAG 20.0 kx), (C) ACM 

lyophilized nanosuspension (MAG 1.00 kx), and (D) ACM lyophilized nanosuspension (MAG 

20.0 kx) 
Differential scanning calorimetry 

Figure 6 displays the differential scanning 

calorimetry (DSC) thermograms of the physical 

mixture, pure ACM, and ACM lyophilized 

nanosuspension (F22). A prominent endothermic 

peak is shown at 149.54 °C on the DSC 

thermogram of the pure ACM (Figure 6A), which 

is nearly at the same position within the ACM  

 

melting point range ⁽³⁴⁾. A peak at 154.26 ºC, which 

is also close to the melting point range of ACM, is 

seen in the DSC of the physical mixture of 

acemetacin and Soluplus® in a ratio of 1:2 (Figure 

6B). In the DSC thermogram of ACM lyophilized 

nanosuspension (Figure 6C), the ACM endothermic 

peak has completely disappeared. 

 
Figure 6. DSC thermograms of pure ACM, physical mixture, and ACM lyophilized 

nanosuspension. 
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Discussion 
The effect of the Independent variables on the 

particle size and PDI values 

The Soluplus® formulas have smaller 

particle size and PDI values than SDC formulas as 

Soluplus®'s exceptional amphiphilic property 

contributes to its high wettability and surface 

activity. Thus, by permitting attractive water-

surfactant interaction, Soluplus® lowers the 

interfacial tension of the particle surface and ensures 

the presence of small particles in nanosuspension 

⁽³⁵⁾. 
As the stabilizer amount increases the 

particle size decreases. Theoretically, sufficient 

steric repulsion between the crystals requires total 

adsorption and polymer covering on the surface of 

the freshly created crystals. Therefore, sufficient 

stabilizers in the precipitation system can meet the 

need to restrict crystal formation and, as a result, 

prevent crystal agglomeration ⁽³⁶⁾. 

             The mean particle size increased as the 

antisolvent volume was reduced. This phenomenon 

could be explained by the fact that during the 
precipitation process, growth started as soon as the 

crystal nucleus formed. So, the formulas with high 

anti-solvent volumes will have a lower drug 

concentration and a smaller particle size formation 

⁽³⁷⁾. 

As the stirring speed increases the particle 

size decreases. The high-speed agitation with a 

magnetic stirrer ensures rapid nucleation and also 

breaks down drug crystals, which prevents the 

crystals from getting larger ⁽³⁸⁾.  

In-vitro characterization results of ACM 

nanosuspension best formula (F22) 

The measurement of the zeta potential 

produced a result of -18 mV. This can be explained 

by the steric stabilizer Soluplus®, which used steric 

hindrance to efficiently stabilize the ACM 

nanosuspension. As a result, the ACM 

nanosuspension ' charge was hidden by the 

stabilizer, which enveloped them ⁽³⁹⁾. Even at zeta 

potentials as low as 0 mV, colloidal systems with 

steric stabilizers can display good long-term 

stability ⁽⁴⁰⁾. 

The drug content in F22 was 96.1%, which 
means that there was a low percentage of drug loss 

during the formulation process.  

The entrapment efficiency was 98.6%. The 

high entrapment efficiency was due to the 

sufficient stabilizer concentration that entraps 

ACM particles. Also, acemetacin is a highly 

lipophilic drug that has a higher tendency to be 

entrapped in the lipophilic moiety of Soluplus® ⁽⁴¹⁾. 

F22 nanosuspension exhibited 

significantly faster release (58.9% in 30 minutes) 

compared to the pure drug dispersion (21.9%). 

Attributed to ACM nanosuspension ' larger surface 
area enhancing wettability and contact with the 

dissolution medium, as per the Noyes-Whitney 

equation ⁽⁴²⁾. 

When comparing the Fourier transform 

infrared spectroscopy spectrum of ACM 

nanosuspension to that of the pure ACM, no 
additional peaks were observed, indicating that 

there was no chemical interaction between ACM 

and Soluplus®.  

Acemetacin's most characteristic X-ray 

diffraction peaks were significantly less visible in 

the pattern of the lyophilized ACM nanosuspension 

(Figure 4C), indicating a transformation of the 

crystalline ACM into an amorphous structure. The 

amorphous form is less stable than the crystalline 

one, but it has a higher solubility and dissolution 

rate ⁽⁴³⁾. 

The DSC thermogram of F22 lyophilized 
ACM nanosuspension lacks the sharp endothermic 

peak at the ACM melting range, indicating that the 

nanosuspension was completely covered by 

Soluplus® and has a lower crystallinity than the 

pure ACM. Also, no additional peaks have shown 

up, suggesting that acemetacin and Soluplus® are 

compatible ⁽⁴⁴⁾. 

 Conclusion 
Acemetacin nanosuspension can be 

successfully developed using the solvent-anti-

solvent approach. The smallest particle size was 

obtained by using Soluplus® as a stabilizer, and 

there was no chemical interaction between ACM 

and Soluplus®. As Soluplus® amount, water 

volume, and stirring rate increased, the particle size 

decreased. Turning ACM into nanosuspension is an 

effective method to increase the rate of dissolution 

of the drug. Looking ahead, the most promising 
nanosuspension formulation could potentially find 

applications in diverse drug delivery systems, 

encompassing oral as well as non-oral routes such as 

ophthalmic, parenteral, and transdermal dosage 

forms. 
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 صياغة وتقييم خارج الجسم للمعلق النانوي للاسيميتاسين 
 حسين الغراني1 و  خالد الكناني*،2  

  1 وزارة الصحة ، دائرة صحة كربلاء، كربلاء، العراق. 

 2 فرع الصيدلانيات، كلية الصيدلة، جامعة بغداد، بغداد، العراق. 

 الخلاصة 
  الاسيميتاسين هو مضاد التهاب غير ستيرويدي. وهو استر جلايكوليك لعقار الاندوميثاسين حيث يتحول الى الاندوميثاسين داخل الجسم الحي.          

, مسكن للالم و خافض للحرارة بسبب تثبيطه لعمل البروستاجلاندينات. يعتبر الاسيميتاسين عقار من  التهاب  الصنف    يعمل الاسيميتاسين كمضاد 

وبان. حيث  الثاني حيث يمتاز بذوبانيته القليلة ونفاذيته العالية. يهدف البحث الى تحضير الاسيميتاسين على شكل معلق نانوي لغرض تعزيز معدل الذ

انوي للاسيمتاسين وهما  . تم استخدام نوعين من المثبتات لتحضير المعلق النباستخدام تقنية الترسيب للمذيب ومضاد المذيب  المعلق النانويتم تكوين 

المادة    السوليوبلس و ديوكسي كولات الصوديوم.  الحاوي على  التقطير الى مضاد المذيب  اذابة الاسيميتاسين في الايثانول واضافته عن طريق  تم 

المغناطيسي.  التصميم التجريبي    المثبتة والموضوعة على الخلاط  الكومبيوتر حيث تم اختيار  تم استخدام  تصميم بوكس بينكن لغرض    القائم على 

ضل بتقليل  معرفة تأثير متغيرات الصياغة المختلفة على حجم جزيئات المعلق النانوي ومقياس التشتت المتعدد. اظهرت النتائج ان السوليوبلس هو الاف

. تضاعفت  0.1847س تشتت متعدد  ( نانوميتر ومقيا59.69وحجم جزيئاتها )  0.701حجم الجزيئات وان قيمة الرغبة للصيغة الثانية والعشرون هي  

دقيقة بينما كان معدل ذوبان الاسيميتاسين    30خلال    % 58.9قيمة الذوبانية بمقدار عشرة مرات وقد حققت الصيغة الثانية والعشرون معدل ذوبان  
معدل ذوبان الاسيميتاسين ليكون  خلال نفس المدة. وبذلك نستنتج ان تحضير الاسيميتاسين على شكل معلق نانوي قد حسن من    % 21.9الخام بنسبة  

 جاهزا للدمج في الاشكال الدوائية التي تتطلب مثل هذه الخصائص. 
المعلق النانوي للاسيميتاسين ، تصميم بوكس بينكن ، ديوكسي كولات الصوديوم ، سوليوبلس ، المذيب و مضاد المذيب.  الكلمات المفتاحية :   
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