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ABSTRACT 

Objective: The main objective of the study was to enhance the dissolution and hence the oral bioavailability of Aceclofenac (ACF).  

Methods: ACF was formulated as solid lipid particles (SLPs), which compressed into a tablet form for immediate release purpose and certain 
formulations were then coated by Eudragit RS100 polymer for sustained release action. SLPs of ACF were prepared by melt fusion method under 
the optimum conditions, using Compritol ATO 888 (Cr), Precirol ATO 5 (Pr), glyceryl monstearate, polyethylene glycols 4000, and Poloxamer 188 at 
different ratios SLP formulations were characterized for particle size, flow characteristics. The compressed tablets were identified in term of 
hardness, friability, content, moisture uptake, and in vitro release. Oral pharmacokinetics of the optimum tablet formulation and marketed tablet as 
reference were studied in rabbits.  

Results: SLP of acecloenac (ACF) showed accepted flowing properties, and the dissolution rate of the ACF from tablets was significantly enhanced 
compared to unprocessed drug. The results showed that about 45.5±2.5% of AC was released within 30 min from F1 while 12.7±4.5% was released 
from commercial AC tablets. The in vivo studies verified that the Cmax was 1.98±0.29, 2.10±0.33, and 4.83±86 µg/µl for the optimized immediate, 
sustained formula and commercial tablet, respectively. While the area under the curve from zero time to 24 h for the immediate and sustained 
release formula was 1.79, and 2.41 fold greater than the marketed formulation.  

Conclusion: The results showed that solid lipid particles under optimized conditions might be an efficient method for improving the solubility and 
hence the bioavailability of poorly soluble drugs likes ACF. The proper coating of the formula helps to achieve a convenient release of the drug.  
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INTRODUCTION 

Pharmaceutical active drugs are classified according to 
biopharmaceutics classification system based on their solubility and 
absorption where more than 40% of the commonly used drugs are 
poorly water-soluble [1, 2]. Many techniques have been developed to 
enhance the solubility of such drugs, but these techniques have many 
limitations, either for the cost or for the difficulty to apply the 
technique on the industrial scale [3]. New Pharmaceutical techniques 
are now developing to use conventional polymers and technologies to 
increase the solubility of class II drugs (Drugs with poor solubility) [4]. 
One of these technologies for improving the solubility of poorly soluble 
drugs involves the use of excipient-like lipid polymers [5]. Nowadays, 
many new lipid polymers are widely used as a base for improving the 
solubility of water-insoluble drugs, it seems to have a particular 
advantage in the preparation of oral dosage forms due to their gastric 
protective effect, chemical inertness, better characterization, and 
formulation versatility [6-8]. Recently, focusing on the use of gelucires 
(Gu) as carriers in delivery systems have increased [9]. Gu is a solid 
material that has amphiphilic characters and is identified through 
melting points and hydrophilic–lipophilic balance (HLB) [10]. Gu are 
saturated polyglycolic glycerides consisting of either mono-, di-or tri-
glycerides and mono-and/or di-fatty acid esters of polyethylene glycol 
[11]. Gu has been widely used for increasing the solubility of poorly 
soluble drugs and subsequently enhancing their bioavailability [12]. 
Gu gives molten semisolid mass upon heating with the drug, which can 
be easily ground and pressed in a compact tablet form, a process that 
is more efficient and economical than other solubility-enhancing 
methods [13]. It can be considered a simple process that can be easily 
scaled up to an industrial platform Cr, Pr, and Glycerol monostearate 
(GMS) are types of Gu that are widely used as glyceride base polymers 
for enhancing the solubility of poorly soluble drugs [14]. ACF is a non-
steroidal anti-inflammatory drug with effective analgesic and anti-
inflammatory characteristics [15]. It is widely used for different types 

of pain, toothache, osteoarthritis, rheumatoid arthritis, and other acute 
and chronic musculoskeletal injuries, which increases the requirement 
for immediate and prolonged release formulations [15]. ACF (fig. 1) is 
a class II drug as it is practically insoluble and its absorption is limited 
by its low dissolution rate [16]. This study aimed to investigate the 
role of lipid bases and their different blends in altering the dissolution 
rate of water-insoluble drugs to obtain release profiles for immediate 
and Eudragit RS100 coated sustained release formulations. A new 
concept of solid lipid particle (SLP) formulations, followed by 
compressing into immediate-release or coated sustain-release tablets, 
was implemented for this purpose. ACF a weakly acidic and poorly 
soluble drug was used as a model drug. SLP of ACF was formulated 
using different materials like Cr, Pr, GMS, PEG 4000, PEG 6000, PVP K-
30, and Poloxamer 188, which were then compressed into either 
uncoated tablets for immediate release purposes and then coated by 
Eudragit RS100 solutions with different concentrations (o.5, 1, and 
2%) for sustained release action. The tablets were evaluated for drug 
content, in vitro dissolution, release kinetics, and moisture pickup and 
were compared with convention-marketed tablets. The optimized 
formula was subjected to in vivo pharmacokinetic study in a rabbit 
model. 
 

 

Fig. 1: Chemical structure of Aceclofenac (ACF) 
 

MATERIALS AND METHODS 

Aceclofenac, and Amoflam®200 mg (Batch no. 2510) were obtained 
as a gift sample from Amoun Pharmaceutical Company-Human 
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pharmaceutica, Egypt. Cr (glyceryl behenate NF; Gattefosse´ s. a., 
Lyon, France), Pr (glyceryl palmitostearate; Gattefosse´ s. a.), 
Glyceryl monostearate GMS (Loba Chemie Pvt. Ltd., Mumbai, India), 
Eudragit RS100 RS100 (Adwic Pharmaceuticals, Cairo, Egypt). PEG 
4000, PEG 6000, (Loba Chemie Pvt. Ltd., Mumbai, India). Acetonitrile 
(HPLC) grade, methanol, trimethyl amine (Scharlau Chemie SA, 
Barcelona, Spain), sodium dihydrogen phosphate (Koch-Light 
Laboratories, Colnbrook Bucks, UK), magnesium stearate, and talc 
and were all of pharmaceutical grade and used as received. 

Determination of ACF solubility in different bases  

Quantitative solubility of ACF in various solid lipid bases like Cr, Pr, 
GMS, PEG 4000, PEG 6000, and Poloxamer 188 was verified as 
mentioned by S. Galal et al. 2004 [17]. Briefly, 10 mg of ACF was 
placed in different glass beakers. Twenty milligrams of each base 
were accurately weighed and carefully added to ACF to obtain a 
series of mixtures with different drug/bases ratios. Drug/base 
mixtures were kept in a hot air oven adjusted at 60o C for 6 h, 5 gm 

of each of the mixtures was then dissolved in 20 ml of absolute 
methanol centrifuged for 15 min at 1500 RPM and the amount of 
ACF in the supernatant was detected by HPLC method according to 
the method mentioned by M. Y. Momin, et al., 2006 [18]. 

Formulation of SLP and compressing into a compact tablet 

A certain weight of bases selected based on the solubility test was 
taken into glass beakers and heated to 60oC on a thermo-
controlled water bath. The required amount of ACF was added to 
molten bases and stirred using a magnetic stirrer continuously for 
30 min to ensure homogenous distribution. The mass was then 
cooled to room temperature and passed through 125 µm sieves 
and mixed with sodium docusate, magnesium stearate, and, talc 
(table 1) [19]. The mixtures were then compressed into compact 
tablets using a single punch compression machine (Cadmach, 
Ahmedabad, India) fit with 11 mm concave punches. Compression 
force was adjusted to produce a 6-9 kg/cm2 tablet-crushing 
strength [20]. 

 

Table 1: Composition of Aceclofenac tablets formulations 

Formula 
code 

ACF 
 

PEG 
6000 

Pr 
 

Poloxamer 
188 

Cr 
 

PEG 
4000 

Coating solution 
Eudragit RS100 RS-
100 (0.5% w/v) 

Eudragit RS100 
RS-100 (1% w/v) 

Eudragit RS100 
RS-100 (2% w/v) 

F1 100 200 - - - - - - - 
F2 100 - 200 - - - - - - 
F3 100 - - 200 - - - - - 
F4 100 - - - 200 - - - - 
F5 100 - - - - 200 - - - 
F6 100 200 - - - -   - - 
F7 100 - 200 - - -   - - 
F8 100 - - 200 - -   - - 
F9 100 - - - 200 -   - - 
F10 100 - - - - 200   - - 
F11 100 200 - - - - -   - 
F12 100 - 200 - - - -   - 
F13 100 - - 200 - - -   - 
F14 100 - - - 200 - -   - 
F15 100 - - - - 200 -   - 
F16 100 200  - - - - -   
F17 100 - 200 - - - - -   
F18 100 - - 200 - - - -   
F19 100 - - - 200 - - -   
F20 100 - - - - 200 - -   

ACF: Aceclofenac, all ingredients weight were in mg 

 

Coating of ACF-tablets 

The ACF compressed tablets were further coated with Eudragit 
RS100 RS-100 solution at different concentrations (0.5, 1, and 2 % 
w/v). The coating solution of Eudragit RS100 RS-100 was prepared 
by dissolving the required weights of Eudragit RS100 RS-100 
powder in a mixture of Isopropyl alcohol/acetone in a ratio of 1:1. 
The coating of the tablets was completed by immersion the tablet in 
the coating solution based on dip coating technique [21].  

Determination of ACF content in tablets 

ACF content in each tablet was identified by crushing three tablets 
from each batch separately and 20 ml of methanol was added to 200 
mg of each of the crushed tablets; the mixture was centrifuged for 30 
min at 1500 rpm, 5 ml of the supernatant was then withdrawn, and 
the amount of ACF was detected at 270 nm using UV 
spectrophotometer after adequate dilution [22]. 

In vitro evaluation of physicochemical characteristics of SLP of ACF 

Evaluation of the pre-compression parameters of SLP of ACF was 
conducted, including particle size distribution, angle of repose, carr’s 
index, and Hausner’s ratio [23].  

Determination of particle size distribution 

The particle size distribution of particles was identified using the 
sieve analysis method. Twenty grams of ACF-SLP were weighed and 

placed on the first screen and shaken for a certain time (15 min). 
Each fraction is then removed from the screen and weighed. The 
particle size distribution was determined as follows: [24]  

dave =  � nd/� n  

Where dave is the average diameter of particles, n is the percent of 
each fraction retained on each sieve and d is the mean size of the 
sieve opening. The experiment was done in triplicate. 

Angle of repose  

The angle of repose of ACF-SLP was identified by the funnel method. 
An accurate weight of ACF-SLP were passed through the funnel. The 
height of the funnel was adjusted at 2 cm in such a way that the 
funnel tip just touched the top of the poured granules. The diameter 
made by pouring the particles through the cone was measured and 
the angle of repose (Ɵ) was calculated using the following equation: 
[25]. 

tanθ = H/r 

Where θ: is the angle of repose, H: is height (= 2 cm), and r = radius 
of the circle made by poured particles. 

Compressibility index  

Bulk density is measured as the ratio of the total volume of powder 
to the bulk volume. It was measured by adding certain weights of the 
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powder into a graduating measuring cylinder and the volume was 
noted. The particles were then tapped to find the tapped volume; the 
compressibility index was then calculated according to the following 
equation: [26]  

CI = (Dt − Db) ∗ 100 

Where: Dt refers to the tapped density of the powder and Db refer to 
the bulk density of the particles. 

Hausner ratio  

The Hausner ratio is a number that identifies the flowability of the 
powder. It is measured by the following formula:  

Hr = Dt/Db 

Where: Dt is the tapped density, and Db is the bulk density. Hr greater 
than 1.25 is an indicator of poor flowability according to USP [27]. 

Evaluation of physicochemical characteristics of immediate and 
sustained released tablets of ACF 

Compressed tablets were characterized for moisture uptake, weight 
variation, diameter, hardness, thickness, friability. 

Moisture uptake studies for ACF-tablets  

Moisture uptake studies were accomplished on formulations. The 
formulations were weighed and stored in 75% relative humidity 
(RH) at room temperature (25±2 °C). RH of 75% was maintained by 
keeping a saturated solution of sodium chloride in the base of closed 
desiccators. The tablets were weighed every day for seven days, and 
the percentage (%) moisture uptake by different tablets was 
determined on the weight base [28]. 

Determination of ACF release from immediate and sustained 
release tablets 

The release of ACF from both immediate and sustained release 
tablets was measured using USP dissolution test apparatus II 
(paddle type). The temperature of the media was maintained at 37 
°C±0.5 °C with a paddle speed 50 rpm. The dissolution media was 
900 ml of 0.1N HCl dissolution medium for 2 h, the media pH was 
then shifted to the alkaline range (6.8 pH) after 2 h with phosphate 
buffer. Samples with the volume of five milliliter were withdrawn at 
various intervals 0, 0.5, 1, 2, 3, 4, 6, 8, 12, 24 h and filtered through 
Millipore filters (0.45 mm). An equal volume of pre-warmed fresh 
dissolution medium was immediately added. After appropriate 
dilutions, the amount of ACF in samples was analyzed 
spectrophotometrically (UV-1601; Shimadzu, Kyoto, Japan) at 270 
nm [29]. All dissolution runs were performed in triplicate.  

Kinetic study of in vitro release data  

Four kinetic models were used to analyze the in vitro release data. 
These models were: [30]  

Zero order: Qt = Q0+k0 t,  

First order: Log Qt = log Qo-kt/2.303  

Higuchi model: Qt = k t1/2  

Korsmeyer-Peppas model: Qt/Q∞ = ktn 

where Qt is the amount of drug released at time t, Q∞ is the total 
amount of drug released after infinite time, Qt/Q∞ is the fraction of 
drug released at time t, k is the kinetic constant, and n is the release 
exponent, which depends on the release mechanism and it is thus 
used to characterize it either Fickian diffusion (n<0.5), anomalous 
diffusion (non-Fickian transport) where (0.5<n<1) or zero-order 
release (n =1). To study the release kinetics, data obtained from in 
vitro drug release studies were plotted as log cumulative percentage 
drug release versus log time. 

In vivo pharmacokinetic study of optimal formula in rabbits 

The study of in vivo pharmacokinetic parameters of the selected 
immediate and sustained release formulations in comparison to 
commercial tablet was conducted in accordance with the ethical 
guidelines for examinations in laboratory animals and was approved 

by the Research Ethics Committee, Qassim University, (number 
[PI/1535]). The animals were provided from the animal house-
Qassim university. The process and care of the rabbits were in a 
good agreement with guidelines for animal use in laboratory 
researches. Six rabbits weighing between 3.5 and 4.5 kg were used 
and distributed into three groups randomly, and the study was 
conceded based on crossover experimental pattern in three periods 
with an in-between one-week washout period for removing the 
effect of the prior dose before the next administration. All rabbits 
fasted overnight; no food was permitted until 2 h after dosing. Water 
was accessible ad libitum thru the study period. During each phase, 
rabbits in each group received by the oral intubation either F1 
(immediate-release tablet), or F11 (sustain-release tablet), or 
weighted dose of market tablet. Five-milliliter blood samples were 
withdrawn from the rabbit ear vein into heparinized tubes at 0, 0.5, 
1, 2, 4, 6, 8, 12, and 24 h post-dose [31]. Plasma samples was 
separated by centrifugation at 4000 rpm for 15 min, and samples 
were freezed at-20 °C until further analysis. The plasma 
concentration was assayed using HPLC method. 

Chromatographic system for quantitative analysis of ACF in 
plasma of rabbits  

ACF concentrations in plasma were identified by the HPLC method 
reported by Prashant Musmade, 2007 [32]. The method was followed 
for determining the concentration of ACF in plasma using Ibuprofen as 
an internal standard. The chromatographic analysis was carried out 
using a reversed-phase C18 column (250 mm, 4.6 mm i.d., 5 m particle 
size) using an isocratic mobile phase (methanol/trimethylamine 
60:40%, v/v) that buffered at pH 7.0 and flow rate 1.0 ml min−1and 
ACF concentration in effluent was detected at wavelength 278 nm 
using UV detector. Before the analysis, the mobile phase media was 
filtered through filters (0.45 μm Millipore) and the system was 
equilibrated with the mobile phase before injection. The experiment 
was accompanied at room temperature. All data were analyzed using 
(Lynx TMV 4.1 software, Waters Corp.). The method was validated for 
linearity, precision, accuracy, selectivity, and stability briefly before 
the start of the study.  

Analysis of ACF concentrations in plasma samples 

Briefly, 200 µl plasma samples were mixed with 20 µl of Ibuprofen 
“internal standard” in a 2 ml Eppendorf tube. The mixture was then 
vortexed (Paramix II; Julabo, Seelbach, Germany) for one minute, 
and 800 µl of acetonitrile was added and the mixture was vortexed 
again for one minute and centrifuged at 15,000 rpm for twenty 
minutes. The supernatant was taken into a clean tube and 
evaporated until complete dryness. About 200 μL of mobile phase 
was added to the residue, vortexed for 1 minute, and 20 μL was 
injected into the HPLC system [33]. 

Calculation of ACF parameters and statistical analysis of data 

Pharmacokinetic parameters were evaluated from the plasma 
concentrations time curve. Concentration of ACF in plasma samples 
are presented as the mean±SE. The peak of plasma concentration 
(Cmax), the time to achieve the peak (tmax). The extent of absorption 
(AUC0–t) was measured using linear trapezoidal rules. The relative 
bioavailability (F) was deliberate using the following equation with 
the commercial product as a reference.  

F = AUCtest/AUCref × 100 

Statistical evaluation of the results  

The in vivo experiment was constructed to evaluate the difference 
between the pharmacokinetic parameters obtained after oral 
administration of each of the three dosage forms to each group of rabbits 
in a crossover model. All statistical data were evaluated using IBM SPSS 
Statistics 20 (Armonk, NY, USA) by means of one-way ANOVA with 
extended “LSD post hoc” test for determination of pharmacokinetic 
parameters, and P value ≤0.05 was considered significant.  

In vitro/in vivo correlation 

In an attempt to find the type of relationship between ACF plasma 
concentration and the concentration of the drug released from the 
selected formula (F11) in the dissolution medium. Plasma 
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concentrations of a fraction of the drug absorbed were plotted 
against a fraction of the drug released in vitro at the same time of 
0.5, 1, 2, 3, 4, 5, 6, and 8 h. Exploring a relationship between the in 
vivo absorption and in vitro drug release from a dosage form [34]. 

RESULTS AND DISCUSSION 

Solubility study 

Formulations of ACF as SLP by dispersing the drug in each base at 
higher temperatures and forming a matrix of ACF dispersed in a 
molten base, which is then sieved through a sieve screen to form SLP 
of ACF. Bases able to dissolve the drug usually help to improve its 
dissolution rate by increasing solubility and wettability. In addition, 
increasing the ability of the base to trap any fine precipitates of the 
drug on the molten mass may also improve the solubility and 
stability of the formula. A solubility study was hence accomplished 

to check the different solubilizing ability of various bases and their 
capability to avoid precipitation and recrystallization upon cooling. 
The solubility of ACF in different bases is shown in fig. 2. ACF 
showed different solubility in different bases; the highest solubility 
was in PEG 6000 (80.5 µg/ml) followed by the solubility in 
Poloxamer 188 (63.8 µg/ml), followed by Cr (60.5 µg/ml), PEG 4000, 
Pr, and finally GMS where ACF showed the least solubility. The order 
could be explained based on melting point and HLB value that the 
lower melting point and higher HLB values will help to increase drug 
miscibility and dispersibility in the carrier base. GMS was the 
poorest solubilizer for ACF because of its low HLB value [35]. Based 
on the study results, PEG 6000, Poloxamer 188, Cr, PEG 4000, and Pr 
were selected for preparing immediate-release ACF formulations, 
followed by coating the compressed immediate-release tablets with 
0.5 mg, 1 mg, and 2 mg w/v of eduragit 100 SR solution to form 
sustained release formulations. 

 

 

Fig. 2: Quantitative solubility of ACF in different bases 
 

 

Fig. 3: Flowing properties of ACF-SLP formulations (n=3±SD) 
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Flow characterization and particle size distribution of ACF-SLP  

All ACF-SLP formulations were free-flowing. The angle of repose 
(Ɵ) of the powder mixture for all formulations ranged between 
26-29o, indicating good flow properties. Hausner’s ratios values 
and compressibility indices ranged from 1.23 to 1.27 and 9.11% 
to 10.98%, respectively. The flow properties results were 
acceptable for all formulations mixtures; fig. 3. The particle size 

of the SLP of ACF was affected by polymer type. The average 
particle size of SLP noticeably increased with PEG 4000 and PEG 
6000 and ranged between 405 to 520 µm (fig. 4). Concerning the 
effect of matrix polymer on the size of SLP, polymers could be 
arranged as follows: PEG 6000>PEG 4000>Cr>Pr>Poloxmer. This 
could be related to differences in the structure, molecular 
weight, and viscosity of the polymers, which results in solutions 
with different viscosities [36]. 

 

 

Fig. 4: Particle size distribution of SLP of ACF ((n=3±SD) 

 

Physicochemical characteristics of ACF immediate release and 
sustained release tablets 

ACF immediate tablets were white in color, round in shape, with 
concave sides, with smooth surfaces without cracks or pettings. 
The mean diameter was 11.0±0.0 mm, while the thickness ranged 
between 3.0 and 3.1 mm. The hardness of the tablets was in the 
range of 7.86±0.68 and 8.46±0.41 kg/cm2, indicating sufficient 
strength of tablets to withstand abrasion. The percentage loss 
upon the friability test was less than 1% for all formulations, 

which indicates satisfactory mechanical resistance. All 
formulations lay within the pharmacopoeial range of±5% for 
weight variation. The percentage of drug content ranged between 
97.5±1.5% and 100.3±0.86%, which satisfies the pharmacopeial 
requirements. Coated formulations were buff in color, rounded 
shape, with smooth surfaces; the mean diameter and thickness 
ranged between 11.2-11.5 mm, and 3.3-3.6 mm, respectively. The 
friability test showed a non-significant loss. All formulations 
passed the weight variation test and the drug content was above 
98.2±1.6% (table 2). 

 

Table 2: Average weight, thickness, diameter, hardness, friability, and content uniformity of ACF-tablets 

Formula 
code 

Average weight 
(mg) 

Average thickness 
(mm) 

Average diameter 
(mm) 

Average hardness 
(Kg/cm2) 

Average friability 
(%) 

Content 
uniformity (%) 

F1 375±3.34 3.0±1.32 11 8.25±0.57 0.29±0.12 100.41±1.25 
F2 375±3.25 3.0±1.30 11 8.16±0.62 0.31±0.24 99.62±2.24 
F3 375±4.25 3.1±1.34 11 8.05±0.82 0.15±0.11 98.60±0.95 
F4 375±3.85 3.0±3.01 11 8.23±0.26 0.35±0.21 99.6±1.24 
F5 375±4.34 3.1±1.04 11 8.00±0.35 0.24±0.42 101.24±1.02 
F6 386±4.28 3.3±1.14 11.2 7.95±0.54 0.40±0.33 100.54±1.25 
F7 385±5.65 3.3±1.21 11.2 8.24±0.68 0.36±0.41 99.68±0.95 
F8 385±3.24 3.3±1.33 11.2 8.43±0.46 0.28±0.32 101.2±1.23 
F9 385±3.64 3.3±1.01 11.2 8.24±0.52 0.31±0.11 100.23±1.45 
F10 385±4.78 3.3±2.03 11.2 8.10±0.25 0.42±0.05 99.5±2.35 
F11 405±3.65 3.4±2.23 11.3 8.32±0.74 0.35±0.21 101.5±1.35 
F12 404±4.24 3.4±1.89 11.3 8.45±0.22 0.42±0.15 100.7±1.85 
F13 405±4.85 3.4±2.05 11.3 8.34±0.32 0.36±0.20 99.9±2.14 
F14 404±3.24 3.5±1.62 11.3 8.46±0.41 0.22±0.21 100.54±1.8 
F15 404±3.25 3.4±2.04 11.3 7.86±0.68 0.34±0.16 101.3±2.03 
F16 411±3.67 3.6±2.13 11.4 8.31±0.48 0.41±0.23 99.84±1.25 
F17 412±2.97 3.6±1.55 11.5 8.22±0.33 0.53±0.12 102.3±0.56 
F18 411±3.45 3.6±2.21 11.5 8.35±0.16 0.40±0.11 101.8±1.31 
F19 411±2.63 3.6±1.89 11.5 8.06±0.54 0.24±0.20 100.24±1.54 
F20 410±3.25 3.6±1.85 11.5 8.13±0.08 0.45±0.31 99.8±2.10 

*mean±SE, n=3 

 

Moisture uptake of ACF tables  

ACF tablet formulations must be stable at different environmental 
conditions as termed by International Conference on Harmonisation 
(ICH) guidelines [37]. Moisture uptake studies for all ACF tablet 
formulations at 75% RH were accompanied to have a perception of 

the stability of ACF formulations. The immediate-release tablet 
formulations picked up moisture ranging between 0.4% and 0.7%. 
While moisture uptake by the sustained-release ACF formulations 
ranged between 0.2% and 0.5%. The ACF formulations showed 
accepted stability at 75% RH as the percentage of moisture uptake 
was less than 2% as identified by the guidelines. 
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In vitro dissolution study of immediate release tablets of ACF 

The study aimed to improve the dissolution and consequently the 
release of ACF from compressing SLP of ACF in immediate-release 
tablet form that can release more than 85% of the drug within 2 h in 
various dissolution media simulators to the gastrointestinal tract pH. 
This principle was certain to avoid dissolution rate problems that are 
usually detected for class II drugs like ACF. Dissolution of 
unformulated drugs and commercial tablets (100 mg) was performed. 
Release studies showed that ACF “weakly acidic drug” shows low 
dissolution in acidic pH, which increased in more alkaline media (fig. 
5) [38]. Not more than 19.4% of the total amount of ACF in the un-
formulated sample was released within 2 h in 0.1 N HCl. The release 
pattern from the marketed product showed also a poor release in 
acidic pH followed by a faster release in basic media as compared to 
acidic media. This difference in the release can be explained based on 
the pH-dependent solubility of ACF. Dissolution data for various SLP 

formulations of ACF are presented in fig. 5. Among all the polymers 
studied, PEG 6000 showed a higher dissolution rate that about 
49.5%±3.5 was released within 2 h, and about 95%±2.5 was released 
within 4 h. The following rank order can express the dissolution rate 
from different matrices: PEG 6000>PEG 4000>Poloxamer 188>Cr>Pr. 
Results revealed that increasing the HLB of the polymer reflected an 
increase in the dissolution rate of ACF in all matrices [39]. However, 
this increase in dissolution was not significant for Cr and Pr-based 
formulations. A two-fold increase in the initial release was observed in 
F5 when compared to F1, while the time taken for the release of all 
drug amounts remained unchanged. The results could be interpreted 
based on the increase in the diffusion pathway of the drug from more 
lipophilic bases. The drug release rate from all matrices was 
meaningfully more in acidic pH when compared to an unformulated 
and marketed product which expresses the improvement in 
wettability and emulsification of weakly acidic drug (ACF) based on 
the amphiphilic character of the tested bases. 

  

 

 

 

 

Fig. 5: In vitro release data of immediate releae tablets of ACF (A), sustained release tablets coated with 0.5% of Eudragit RS100 solution 
(B), sustained release tablets coated with 1% of Eudragit RS100 solution (C), sustained release tablets coated with 2% of Eudragit RS100 

solution (D), mean±SD, n=3 
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In vitro dissolution rate of sustained release coated tablets of 
ACF 

Compressed tablets of ACF-SLP were coated using three 
concentrations of lipophilic Eudragit RS100 (0.5, 1, 2% W/V) to 
obtain sustained release formulations of ACF that aimed to sustain 
the drug release for 24 h. Complete drug release within 8-10 h 
occurred in F6, F7, F8, F9, and F10 formulations, whereas only 45-
57% of ACF was released within 24 h for formulations F16, F17, F18, 
F19, and F20 (fig. 5). This difference is probably due to the 
concentration of coated material that increases the strength of the 
gel around the tablet matrix, which significantly decreases the 
release rate of ACF since the drug should diffuse through the gel 
barrier into the bulk media. A direct relationship was observed 
between Eudragit RS100 concentration and duration of drug release 
and greater lipophilic characters, decreasing the drug release into 
the dissolution media [40, 41]. To optimal coating concentration to 
achieve the desired release profile, Eudragit RS100 1%w/v that 85-
99% of the drug was released within 24 h. Formulations F11-F15 
gave an accepted sustained release profile within 24 h. A higher 
concentration of Eudragit RS100 in F16-F20 leads to an incomplete 
release of ACF that high concentration of lipophilic polymer hinders 

the release to a great extent that not more than 60.1±2.5% of the 
drug was released by the end of 24 h. These observations are in 
agreement with those described by Sanchez-Lafuente et al., who 
found that Eudragit RS100 RSPM with high concentrations led to a 
significant delay in drug release [42]. 

Kinetic study of release data 

In order to study the release kinetics of ACF from the immediate and 
sustained tablets, the in vitro release results of all formulations were 
fitted to zero order, first order, Higuchi, and Korsmeyer–Peppas 
model (table 3). The selection of the most appropriate model was 
depending on the best fit shown by the coefficient of determination 
(R2). The best fit with the highest determination coefficient (R2) for 
immediate-release tablets (F1-F5) was shown with the Higuchi 
model, while sustained tablets showed the highest values of R2 in 
the Peppas equation. The n values for F6-F15 indicate a non-Fickian 
diffusion mechanism that drug release was by both diffusion and 
matrix erosion mechanism. Whereas the n value of F16-F20 was less 
than 0.5 exposed a Fickian release mechanism of ACF from the tablet 
that the release rate of ACF from these tablets is controlled by 
gradual diffusion polymer layers [43]. 

 

Table 3: Kinetic analysis of release data of ACF from tablets according to different kinetic models 

Formula  Zero order Qt = Q0+k0 t First-order Q = Qoe-kt Higuchi Qt = k t1/2 Peppas Qt/Q∞ = ktn 
R2 K (%min-1) R2 K (min-1) R2 K (%min-1) R2 N 

F1 0.951 0.166 0.848 0.002 0.97 4.126 0.96 0.573 
F2 0.974 0.174 0.871 0.001 0.74 3.958 0.948 0.388 
F3 0.965 0.151 0.822 0.001 0.99 3.789 0.984 0.471 
F4 0.951 0.166 0.848 0.002 0.97 4.126 0.96 0.573 
F5 0.946 0.17 0.8 0.001 0.99 4.289 0.988 0.433 
F6 0.954 0.142 0.85 0.003 0.98 4.28 0.991 0.558 
F7 0.965 0.151 0.822 0.001 0.89 3.789 0.990 0.571 
F8 0.88 0.178 0.905 0.002 0.96 5.378 0.974 0.598 
F9 0.974 0.174 0.871 0.001 0.97 3.958 0.98 0.588 
F10 0.88 0.178 0.905 0.002 0.96 5.378 0.97 0.598 
F11 0.82 0.147 0.21 0.001 0.87 4.25 0.98 0.525 
F12 0.895 0.085 0.755 0.001 0.97 2.178 0.98 0.542 
F13 0.931 0.11 0.754 0.001 0.98 2.918 0.99 0.521 
F14 0.934 0.174 0.702 0.001 0.96 4.407 0.97 0.533 
F15 0.945 0.174 0.743 0.001 0.97 4.39 0.98  0.522 
F16 0.965 0.126 0.816 0.001 0.97 3.162 0.98 0.461 
F17 0.957 0.249 0.792 0.002 0.97 5.463 0.98 0.421 
F18 0.923 0.198 0.765 0.001 0.97 5.015 0.99 0.475 
F19 0.936 0.195 0.77 0.002 0.97 4.985 0.98 0.430 
F20 0.92 0.089 0.76 0.001 0.97 2.277 0.98 0.490 

 

Pharmacokinetic study of selected formulation of ACF 
immediate and sustained release tablets 

A pharmacokinetic study of the optimized ACF immediate-release 
tablets (F1) and sustained-release tablets (F11) was compared with 
marketed ACF tablets done in rabbits in three phases after oral 
administration. The concentration vs time profiles of F1, F11, and 
commercial tablets are shown in fig. 6, and other pharmacokinetic 
parameters are presented in table 4. Results exposed that after oral 
administration of F1, F11, and commercial tablets to rabbits, the drug 
appeared in blood samples after 0.33±0.11 h, 0.41±0.20 h, and 
0.50±0.14 h, respectively. The mean maximum drug concentration 
(Cmax) of F1 and F11 was 2.10±0.33 and 1.98±0.29 µg/ml, 
respectively, which was significantly higher than that of the 
commercial product 1.25±0.25 µg/ml. The time to achieve the peak 
concentration (tmax) was almost the same and a statistically non-
significant difference (P>0.05) was observed among the three samples. 
The AUC0–24 value was 30.19±7.16, 54.07±6.87, and 72.82±9.62 
(µg⋅h ml-1) for the commercial tablets, F1, and F11 respectively. The 
results showed that F11 has the longest rate and extent of drug 
absorption, whereas the commercial tablet has the lowest rate and 
extent of absorption. The relative bioavailability of F1 and F11 were 
179.01% and 241.2%, respectively. The significant increase in the 
bioavailability of F11 may be interpreted as the increase in the 
solubility of ACF in SLP in addition to the coating layer of Eudragit 

RS100 polymer that form a dense layer surrounding the core matrix, 
which increases the ability of the tablet to control the release of the 
drug from the core; also polymer concentration (1%) showed the 
optimal viscosity and shell thickness with convenient diffusion length 
that could control the penetration of the outer dissolution medium, so 
the drug release was prolonged over longer time. ANOVA test was 
applied to AUC0–∞ and Cmax data as shown in table 5 [44, 45]. The 
results showed that the total amount of the drug and the total number 
of administrations per day will be decreased, which is in good 
accordance with recent WHO recommendations to use the least 
amount of chemicals; the clinical studies verified that fewer side 
effects and more safety could be predicted with this performance. 

In vitro/in vivo correlation 

Exploring the relationship between the in vivo absorption and in 
vitro release from a controlled-release dosage form is important for 
the dosage form development process. Furthermore, it is 
fundamental to develop a reproducible and predictable in vitro 
dissolution test to be used for the optimization of the dosage form. A 
diversity of factors affects the in vivo dissolution process, including 
physicochemical feature of the drug and physiological features in the 
gastrointestinal tract, such as intestinal motility and fluid secretion 
[46]. In this study, the relationship between the in vitro dissolution 
and the in vivo pharmacokinetic was observed by plotting the 
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fraction of drug dissolved (FD) after 0.5, 1, 2, 3, 4, 5, 6, and 8 h and 
the fraction absorbed data (FA) calculated at the same time post-
dosing (fig. 7). The linear regression analysis showed that a 
statistically significant relationship (R2=0.9864) existed between 
the FD and FA for the sustained matrix tablets and was best 
described by the following equation: y=0.9667x −0.0267. The slope 

and intercept were close to 1, indicating that the in vivo fraction 
absorbed could be predicted from in vitro dissolution data [47]. 
Recently it has been proposed that a 1:1 (level A) relationship 
between in vitro dissolution data and in vivo absorption data is the 
most desirable type of correlation for sustained-release dosage 
forms, as reported by Guan J, et al., 2010 [48]. 

 

Table 4: Mean pharmacokinetic parameters of ACF after oral administration of commercial tablets, F1, and F11 to rabbits 

Parameters Formulations 
Commercial tablets F1 F11 

AUC0-24h (µg. h. ml-1) 30.19±7.16 54.07±6.87 72.82±9.62 
AUC0-α (µg. h. ml-1) 33.41±5.82 57.49±7.70 76.08±8.03 
Cmax (µg ml-1) 1.25±0.25 1.98±0.29 2.10±0.33 
Tmax (h) 0.50±0.14 0.33±0.11 0.41±0.20 
F  179.01 241.2 

*mean±SE, n=6 

 

 
Fig. 6: Pharmacokinetic parameters of F1, F11, and commercial tablets of ACF, mean±SE, n=6 

 

 
Fig. 7: Relationship between the ACF fraction dissolved in vitro and the fraction absorbed in vivo for F6 

 

CONCLUSION  

The study results showed the capabilities of solid lipid particles 
formulations based on different polymers to enhance the solubility 
of ACF. Immediate-release tablets with improved dissolution rate 
were well formulated using PEG6000, which was suggestively better 

than unformulated drug and commercial tablets. Sustained-release 
ACF tablets coated with Eudragit RS100 (1% w/v) are able to 
control the drug release for a longer period of time with peppas 
kinetics. These commercially achievable formulations based on the 
ease of operations and low cost of polymers will help in designing 
successful oral dosage forms for many drugs belonging to class II.  
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