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Abstract  

 Mefenamic acid (MA), a member of nonselective nonsteroidal anti-inflammatory drugs (NSAIDs), 

has been widely use to relief pain and inflammation. Its medical uses are limited by poor aqueous solubility 

resulting in low bioavailability and gastric irritation. The aim of this study was to develop a mefenamic 

acid delayed-release matrix tablet formulation using solid dispersion (SD). Delayed-release drug delivery 

systems were designed to retard drug release in upper gastrointestinal tract avoiding gastrointestinal (GI) 

adverse reactions. SDs of MA were successfully prepared by solvent evaporation method employing 

methanol as a solvent. SDs incorporated surfactant and super disintegrant gave much higher rates of 

dissolution than SDs with combined carriers (PEG and surfactant), SD containing PEG and pure drug, 

respectively. The optimal SD containing MA:PEG4000:poloxamer188:crospovidone in the ratio 1:8:1:3 

exhibited higher amount of drug release up to 8-fold compared with pure MA. FTIR and DSC were 

performed to identify the physicochemical interaction between drug and polymers. The resulting data 

justified that no change in the chemical structure of MA and the crystalline MA transformed into the 

amorphous state after preparation. The formulation F4 delayed-release tablet comprising SD of MA 

dissolved less than 4 % in artificial gastric fluid in the initial 2 h and released more than 95 % at 3 h in the 

artificial intestinal fluid. Accordingly, formulation F4 containing polyethylene oxide as a time-controlled 

matrix-forming polymer was a promising delayed-release solid dispersion system of MA. 
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Introduction 

 Mefenamic acid (MA) is an anthranilic acid derivative which has been widely used to relieve mild to 

moderate pain. MA is licensed in clinical therapy to relieve primary dysmenorrhea and menorrhagia and to 

treat postoperative pain, soft tissue injuries, and other musculoskeletal painful conditions [1-3]. Its medical 

uses are limited by 2 drawbacks, 1, as a poorly water-soluble drug with solubility in water of approximately 

0.004 mg mL–1 at 37 °C [4]. The other, concerns the increasing incidence of gastrointestinal (GI) adverse 

reactions, such as gastritis, peptic ulcers, etc [5,6].  

 Pharmaceutical efforts have recently focused on overcoming the solubility limitation of MA through 

several approaches such as complexation [7,8], self-emulsifying drug delivery system (SEDDS) [9], 

SMEDDS [10], Nanocrystals [11], freeze drying techniques [12], liposome encapsulation [13], and also 

solid dispersion (SD) [14,15]. SD technology is now firmly established as improving the solubility, 

dissolution rate, and oral absorption of poorly aqueous-soluble drugs. SD generally provides the molecular 

dispersion of a drug within a polymer carrier and hence, provides a large drug surface area for dissolution 

[16]. Although SDs of MA have been previously formulated [14-23], there is an inherent lack of studies 

involving the combination of surfactants and super disintegrants in SDs of MA.  

 In this study, polyethylene glycol (PEG) was used as a carrier, alone and in combination with 

surfactants and super disintegrants to enhance the dissolution of MA. PEG was selected owing to its 

hydrophilicity, wide drug compatibility, and low toxicity [21,24]. Non-ionic surfactants (Tween 20 and 

poloxamer 188) and super disintegrants (sodium starch glycolate and crospovidone) were incorporated into 

the systems to increase the wettability [25], and reduce the drug aggregation [26], respectively.  

 The delayed-release dosage form is designed to postpone the onset of drug release until the dosage 

form has reached the small intestine [27]. SD of MA was prepared on delayed-release matrix tablets to 
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avoid gastric irritation by MA. In the matrix system, the drug substance is homogeneously distributed 

throughout a polymer matrix. The advantages of matrix-type preparations are short developing time and an 

easy-to-apply technique for formulating the drug using conventional manufacturing equipment [28]. 

Among various polymers, Kollidon® SR, Eudragit® RS PO, and polyethylene oxide (PEO) were selected 

for use in this study because they have been reported to formulate appropriate sustained release matrix 

formulations [28-32]. 

 The aims of the present study were to; (1) prepare SDs of MA using PEG as a carrier and study the 

effect of surfactants and super disintegrants incorporated in the SDs on the dissolution profile, and (2) 

develop delayed-release matrix tablets containing SD of MA using different time-controlled release 

polymers. 

 

Materials and methods 

Materials  

Mefenamic acid (98.5 % purity), PEO (MV CA. 1,000,000), and PEG 4000 were purchased from 

Sigma-Aldrich (Missouri, USA). Crospovidone (Polyplasdone XL-10) was a gift sample from Ashland 

(Calvert City, Kentucky). Tween 20 was supplied by NOF Corporation (Tokyo, Japan). Sodium starch 

glycolate was procured from P.C. Drug Center Co., Ltd. (Bangkok, Thailand). Poloxamer 188 was obtained 

from Croda (Fogars de la Selva, Spain). Eudragit® RS PO was a donation from Evonik Nutrition & Care 

GmbH (Essen, Germany). Kollidon® SR was a gift sample from BASF (Ludwigshafen, Germany). Avicel 

PH 102 was purchased from Mingtai Chemical Co., Ltd. (Cosco, Hong Kong). Methanol (HPLC grade) 

was obtained from RCI Labscan (Bangkok, Thailand). All other chemicals were of analytical grade.  

 

Preparation of SDs 

The required quantities of MA, PEG 4000, and surfactant (Tween 20 or Poloxamer 188) were 

dissolved in methanol to obtain a clear solution. The super disintegrant (sodium starch glycolate or 

crospovidone) was then dispersed to the drug solution. The solvent was removed by evaporation and the 

obtained product was dried at 50 °C for 24 h in a vacuum oven. The product was crushed, pulverized, and 

screened through a 100-mesh sieve. Several SDs were prepared with their ratios of composition as shown 

in Table 1. 

 

 

Table 1 Formulations of solid dispersions containing MA. 

SD. No. SD code MA PEG 4000 
Surfactant Super disintegrant 

Tween 20 PL SSG CP 

1 MA-PEG 18 1 8 - - - - 

2 MA-PEG-TW 181 1 8 1 - - - 

3 
MA-PEG-TW-SSG 

1813 
1 8 1 - 3 - 

4 MA-PEG-TW-CP 1813 1 8 1 - - 3 

5 MA-PEG-PL 181 1 8 - 1 - - 

6 MA-PEG-PL-SSG 1813 1 8 - 1 3 - 

7 MA-PEG-PL-CP 1813 1 8 - 1 - 3 

 

SD: Solid dispersion, MA: Mefenamic acid, PEG: Polyethylene glycol 4000, TW: Tween 20, PL: 

Poloxamer 188, SSG: Sodium starch glycolate, CP: Crospovidone 

 

 

Preparation of physical mixtures 

Physical mixtures were first prepared by weighing and physically mixing all compounds in a sealed 

plastic bag. The compositions of the physical mixtures were similar to those of the SDs No. 4 and 7 as 

shown in Table 1. 
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Physical characterization of solid dispersions  

Estimation of SDs of MA  

The absorbance of MA solutions in phosphate buffer (pH 6.8) was measured using a UV-Vis 

spectrophotometer (Jasco V-630, Japan) at 284 nm to determine the amount of MA. The mean peak areas 

for each concentration were calculated from 3 determinations. The standard curve was constructed by 

plotting concentrations against the peak areas. The concentration ranges of 4 - 20 µg mL–1 showed good 

linearity with a correlation coefficient of 0.9998. The intraday precision of the method was obtained with 

3 replicates for each concentration of sample showing a percentage relative standard deviation (%RSD) of 

0.24 - 0.70, and the %RSD of the interday precision was obtained in the range of 0.53 - 0.80. The recovery 

percentage of the method was between 98.89 ± 0.05 and 99.85 ± 0.04. 

 

Drug content determination 

Three samples of 50 mg of SDs from each batch were selected and the amount of MA was evaluated. 

Weighed samples were transferred into a 100 mL volumetric flask. Methanol was added to dissolve the 

drug from the dispersion. The solution was filtered through a 0.45 µm membrane filter and then carefully 

collected in another 100 mL volumetric flask. The solution was made up to volume with phosphate buffer 

(pH 6.8). The solution was suitably diluted with appropriate dissolution fluid and the assay was conducted 

at 284 nm for MA. All determinations are shown as mean ± SD of 3 determinations.  

 

Dissolution studies 

Dissolution of MA was performed in an USP paddle apparatus (Varian VK-7010, Canada) using 900 

mL phosphate buffer solution at pH 6.8. The paddle stirrer speed of 50 rpm and temperature of 37 ± 0.5 °C 

were used in each test. Pure drug, physical mixture, or SD of drug equivalent to 100 mg of MA was used 

in each dissolution test. At different time intervals (5, 15, 25, 35, 45, 60 and 120 min), a 5 mL sample of 

dissolution medium was passed through a filter (0.45 µm), suitably diluted, and assayed for MA using a 

UV spectrophotometer (Jasco V-630, Japan) at 284 nm. In addition, 5 mL fresh medium was replaced after 

each withdrawal. The dissolution experiments were conducted in triplicate. The cumulative percentages of 

the drug dissolved from the physical mixture or SD were calculated (n = 3, mean ± SD).  

 

Fourier-transform infrared (FTIR) spectroscopy   

Infrared studies were performed to examine the interaction between the drug and carrier used in the 

formulation of SD using the potassium bromide disc method with an FTIR spectrophotometer (Vertex 80, 

USA). The samples were scanned over a wavenumber ranging between 4,000 and 400 cm–1 for 20 scans.  

 

Differential scanning calorimetry (DSC) 

Thermal analysis was performed on the pure drug, carriers (PEG 4000, poloxamer 188, and 

crospovidone), physical mixture, and SD to evaluate any change in melting point of the formulations which 

ensures the stability of the drug when heat is applied. The DSC thermograms were recorded using a 

differential scanning calorimeter (PerkinElmer Sciex ELAN 6000, USA). Approximately 5 mg of each 

sample was heated in an aluminum pan from 25 to 260 °C at a heating rate of 10 °C min–1 under a stream 

of nitrogen. 

 

Preparation of delayed-release tablets comprising SDs of MA  

Tablet preparation  

The SD, MA-PEG-PL-CP 1813 was selected to prepare delayed-release tablets based on the 

dissolution results. Tablets containing SD of MA were prepared by dry granulation. The powder particles 

of SD were compressed into large flat tablets (diameter 25 mm) using a single punch tablet press machine 

(Charatchai machinery CMT-12, Thailand). These slugs are broken, and the milled slugs are passed through 

a 14-mesh screen to obtain granules. The excipients (Avicel PH-102, Kollidon® SR, Eudragit® RS PO, or 

PEO) were passed through sieve no. 18. The formulations (F1 - F4) are shown in Table 2. The granules of 

SD and excipients were added in geometric proportions and thoroughly mixed for 15 min. The blend was 

mixed slightly with lubricant (magnesium stearate) for 2 min. A single punch tablet press machine 

(Charatchai machinery CMT-12, Thailand) equipped with a 17×6.5 mm2 caplet-shape punch and die set 

was used in the process of compressing tablets.  
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Table 2 Compositions and physical characteristics of delayed-release tablets containing MA solid dispersion. 

Formulation F1 F2 F3 F4 

Composition (mg) 

SD equivalent to MA 60 mg 780 780 780 780 

Avicel PH-102 88 - - - 

Kollidon® SR - 88 - - 

Eudragit® RS PO - - 88 - 

Polyethylene oxide (PEO) - - - 88 

Magnesium stearate 8.7 8.7 8.7 8.7 

Total weight 876.7 876.7 876.7 876.7 

Physical characteristics 

Width (mm) 7.07 ± 0.01 7.07 ± 0.01 7.06 ± 0.01 7.07 ± 0.01 

Thickness (mm) 7.55 ± 0.32 7.40 ± 0.30 7.50 ± 0.20 7.70 ± 0.15 

Length (mm) 17.38 ± 0.02 17.45 ± 0.02 17.40 ± 0.02 17.30 ± 0.02 

Hardness (kg/cm2) 7.48 ± 0.40 7.93 ± 0.52 7.76 ± 0.66 7.97 ± 0.46 

Friability (%) 0.33 0.25 0.36 0.27 

Drug content (%) 98.30 ± 2.11 100.18 ± 2.45 97.90 ± 2.15 99.25 ± 3.10 

 

Data are expressed as mean ± SD, SD: Standard deviation 

 

 

Tablet characterization  

The compressed tablets were evaluated for thickness, length, and hardness using a 3-in-1 hardness, 

diameter, and thickness tester (Pharma test PTB 311E, Germany). Vernier caliper (Mitutoyo Series 530, 

Japan) was used to measure their width. The friability of the tablets was tested using a tablet friability tester 

(Erweka TA 220, Germany). Ten tablets of known weight were de-dusted in a drum for a fixed time (25 

rpm for 4 min), and weighed again. Tablet friability was calculated as the percentage of weight loss, which 

should not be more than 1 %. 

 

Drug content 

From each formulation, 5 tablets were weighed and powdered; then, 112.4 mg tablet powder 

(equivalent to 100 mg of SD) was collected and transferred into a 100 mL volumetric flask. MA was 

extracted with methanol. The methanolic extracts were mixed, the volume adjusted with phosphate buffer 

(pH 6.8), and then filtered through a 0.45 µm membrane filter. The solution was subsequently diluted with 

appropriate dissolution fluid and analyzed for MA content by measuring absorbance at 284 nm.  

 

Dissolution studies on delayed released tablets 

Drug release behaviors of pure drug, SD of MA, and tablets comprising SDs of MA were analyzed 

using the USP dissolution apparatus II equipped with a paddle which was operated at 37.0 ± 0.5 °C and a 

speed of 50 rpm. The dissolution media were 0.1 N hydrochloric acid (pH 1.2) for the first 2 h, followed 

by phosphate buffer (pH 6.8) for a further 3 h. Samples of 5 mL were withdrawn at 15, 30, 45, 60 and 120 

min from the HCl solution and at 15, 30, 45, 60, 120 and 180 min from the phosphate buffer solution. Fresh 

medium (5 mL) was also added after each sampling. The content of MA was analyzed 

spectrophotometrically at 284 nm. The release studies were performed in triplicate and the mean values of 

the cumulative percent drug release were plotted versus time.  
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Results and discussion 

Preparation of SDs 

SDs of MA were successfully prepared using the solvent evaporation method employing methanol as 

the solvent. The obtained SDs were a white powder. The drug content in all SDs was evaluated using UV-

Vis spectrophotometry. All products exhibited the presence of high drug loading within the acceptance 

criterion of 95 - 105 % and the coefficient of variation of the triplicate drug content measurement was 

within 5 % as shown in Table 3. These results indicate that the drug was uniformly dispersed in the polymer. 

Thus, the method and the carriers used in this study were found to be reproducible for the preparation of 

SDs of MA. 

 

Table 3 Drug content of solid dispersion formulations. 

SD Code 
MA content 

Drug loading (%) 
Percentage CV 

MA-PEG 18 10.88 ± 0.24 2.21 97.92 

MA-PEG-TW 181 9.68 ± 0.37 3.82 96.82 

MA-PEG-TW-SSG 1813 7.58 ± 0.30 3.96 98.56 

MA-PEG-TW-CP 1813 7.82 ± 0.27 3.45 101.7 

MA-PEG-PL 181 9.84 ± 0.35 3.56 98.39 

MA-PEG-PL-SSG 1813 7.52 ± 0.27 3.59 97.81 

MA-PEG-PL-CP 1813 7.64 ± 0.31 4.06 99.28 

 

Values are expressed as mean ± SD of triplicate measurements, CV: Coefficient of variation = 

(SD/mean)×100. 

 

 

Dissolution studies of SDs of MA  

In vitro dissolution profiles of pure drug, SDs, and physical mixtures in phosphate buffer (pH 6.8) are 

presented in Figures 1 and 2. Pure MA exhibited a very poor dissolution rate in which only 11.87 and 26.78 

% of the drug was released after 45 and 120 min, respectively. All the SDs exhibited a markedly higher 

drug release than MA alone at all-time points. Approximately 5-fold increase in the amount of MA released 

was obtained for MA-PEG 18 after 45 min when compared with that of pure MA. PEG is known to increase 

aqueous solubility and improve dissolution rate of drugs in SD through weak complexation resulting in the 

decrease of drug crystallinity.  

Incorporation of surfactants, such as Tween 20 or poloxamer 188 resulted in enhancing the dissolution 

rate over that of MA-PEG 18, especially the initial dissolution rate. The SD comprising poloxamer 188 

provided more drug release than that of Tween 20. Within the initial dissolution time of 5 min, 30.68 and 

40.68 % of MA was released from MA-PEG-TW 181 and MA-PEG-PL 181, respectively, whereas a small 

amount of MA (1.45 %) was detected from the pure drug. At the same time period of 45 min, 62.35 and 

64.58 % of drug release was found from MA-PEG-TW 181 and MA-PEG-PL 181, respectively (Figures 1 

and 2). The probable reason for the enhancement of dissolution in these formulations is the locally imposed 

surfactants of Tween 20 or poloxamer 188 as the dissolution enhancers. High wettability of the drug in the 

presence of a dissolution enhancer could also be considered as the mechanism for improvement in the 

solubility of MA. 

Incorporation of water dispersible super disintegrants, including sodium starch glycolate and 

crospovidone, in SDs resulted in rapid and higher dissolution of MA than that with the pure drug, the SD 

in PEG, as well as the SDs in combined carriers (PEG and surfactant). SDs containing crospovidone showed 

higher drug release than that of sodium starch glycolate both in the case of Tween 20 and poloxamer 188. 

This might be because crospovidone in SD markedly decreased the interfacial tension between the 

hydrophobic drug and dissolution medium [19]. At 45 min, 70.89 and 64.64 % of MA was measured from 

MA-PEG-TW-CP 1813 and MA-PEG-TW-SSG 1813, respectively. Similarly, 98.81 and 73.94 % of MA 

was detected from MA-PEG-PL-CP 1813 and MA-PEG-PL-SSG 1813, respectively (Figures 1 and 2). The 

super disintegrant surrounding the drug particles may decrease aggregation and agglomeration of these 
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particles, resulting in their rapid contact with the dissolution medium with wetting of their surfaces, and 

thus, enhancing its dissolution rate. Among all SDs, MA-PEG-PL-CP 1813 showed the highest drug release 

of 8.32 times in comparison to that of the pure drug after 45 min; furthermore, it enhanced MA release up 

to 100 % within 120 min (Figures 2). Thus, MA-PEG-PL-CP 1813 was selected for further study in the 

preparation of delayed-release tablets of MA.  

The dissolution behavior of physical mixtures (MA-PEG-PL-SSG 1813 PM and MA-PEG-PL-CP 

1813 PM) was a little better than that of the pure drug. Less than 29 % of total MA was released from the 

physical mixtures within 45 min (Figures 1 and 2). Physical mixtures were prepared by physical mixing 

and thus, the MA could be in crystalline form, whereas the drug in SD was converted into the amorphous 

status, consistent with the DSC observations. These results also demonstrated that the SD approach was 

necessary in enhancing the dissolution rate and extent of MA.  

 

 

Figure 1 Dissolution profiles of pure MA, solid dispersions (MA-PEG 18, MA-PEG-TW 181, MA-PEG-

TW-SSG 1813, MA-PEG-TW-CP 1813) and physical mixture (MA-PEG-TW-CP 1813 PM) in pH 6.8 

phosphate buffer solution. The data shown are mean ± SD of 3 replicates.  

 

 

 

Figure 2 Dissolution profiles of pure MA, solid dispersions (MA-PEG 18, MA-PEG-PL 181, MA-PEG-

PL-SSG 1813, MA-PEG-PL-CP 1813) and physical mixture (MA-PEG-PL-CP 1813 PM) in pH 6.8 

phosphate buffer solution. The data shown are mean ± SD of 3 replicates.  
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 FTIR spectroscopy  

 The FTIR spectra of pure MA, PEG 4000, poloxamer 188, crospovidone, SD (MA-PEG-PL-CP 

1813), and physical mixture (MA-PEG-PL-CP 1813 PM) are presented in Figure 3. The spectra of the pure 

drug exhibited peaks at 3,300 cm–1 (N-H stretch), 1,650 cm–1 (C=O stretch), 1,575 cm–1 (N-H bending), 

1,505 - 07 cm–1 (C=C stretch), and 750 cm–1 (aromatic stretch). PEG 4000 showed characteristic peaks at 

3,500 cm–1 (O-H stretch), 2,900 cm–1 (C-H stretch), and 1,100 cm–1 (C-O-C stretch). The spectra of 

poloxamer 188 showed peaks at 2,900 cm–1 (C-H stretch) and 1,100 cm–1 (C-O-C stretch). Crospovidone 

had vibrational peaks at 2,900 cm–1 (C-H stretch), 1,650 cm–1 (C=O stretch), and 1,300 cm–1 (C-N stretch). 

FTIR spectra of SD and physical mixture of MA showed almost all bands of MA and carriers, without 

affecting the peak position and trends, which indicated the absence of well-defined chemical interactions 

between MA, PEG 4000, poloxamer 188, and crospovidone.  

 

 

 

Figure 3 FTIR spectra of MA, PEG 4000, poloxamer 188, crospovidone, SD (MA-PEG-PL-CP 1813), and 

physical mixture (MA-PEG-PL-CP 1813 PM). 

 

 

 DSC 

 DSC was performed to investigate the physical state and degree of crystallinity of pure drug, PEG 

4000, poloxamer 188, crospovidone, SD (MA-PEG-PL-CP 1813), and physical mixture (MA-PEG-PL-CP 

1813 PM). It is known that MA has 2 polymorphic forms including polymorph I and II with melting points 

at 170 and 231 °C, respectively [20]. As shown in the thermograms (Figure 4), the pure MA exhibited a 

small endothermic peak at 170.7 °C and a sharp endothermic peak at 233.9 °C which were close to the 

values reported in literature. The DSC thermograms of SD and physical mixture demonstrated the board 

endothermic peaks of the carriers, PEG 4000 and poloxamer 188 at 55 - 60 °C. The endothermic peak of 

crospovidone was not detected from both SD and physical mixture owing to a weak broad peak 

characteristic of crospovidone. The physical mixture presented a relatively weak endothermic peak of MA 

at 170.5 and 222.9 °C, whereas the melting endotherm was not observed in the SD, suggesting absence of 

crystallinity and presence of the amorphous state of the drug. MA was amorphously dispersed in the SD 

resulting in enhanced dissolution of MA. 
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Figure 4 DSC thermograms of MA, PEG 4000, poloxamer 188, crospovidone, SD (MA-PEG-PL-CP 

1813), and physical mixture (MA-PEG-PL-CP 1813 PM). 

 

 Preparation of delayed-release tablets comprising SD of MA 

 As the results from the dissolution studies of the SD of MA (MA-PEG-PL-CP 1813) showed an 8-

fold increase in drug release compared to that with pure drug and conventional tablets containing 500 mg 

of MA, the SD equivalent to MA 60 mg was used to prepare the tablets. Matrix tablets can be investigated 

employing different controlled-release polymers (Kollidon® SR, Eudragit® RS PO, and PEO) using the dry 

granulation process. The prepared tablets had a width of approximately 7.05 - 7.08 mm, thickness 

approximately 7.10 - 7.87 mm, and length approximately 17.28 - 17.47 mm. The hardness of the tablets 

was in the range of 7.08 - 8.45 kg cm–2. Weight loss in the friability test was less than 0.36 % in all 

formulations. The tablets contained MA within 95.75 - 102.63 % of the labeled claim (Table 2). As such, 

all physical parameters of the produced matrix tablets were found to be practically within the official limits. 

Therefore, polymer and other additives had no effect on the physical properties of the tablets. 

 

 Dissolution studies of tablets comprising SD of MA 

 The in vitro drug release studies for pure MA, SD of MA, and all the matrix tablet formulations were 

conducted in pH 1.2 dissolution media for the first 2 h followed by pH 6.8 phosphate buffer solution for a 

further 3 h, and the results are presented in Figure 5. We expected that the tablets released less than 10 % 

MA in the artificial gastric fluid in 120 min, and released more than 80 % in the artificial intestinal fluid 

within 165 min (after 45 min in pH 6.8 phosphate buffer solution). 

 For pure MA, the drug was not found in pH 1.2 media and detected at less than 30 % in pH 6.8 buffer 

solution at 300 min owing to its characteristic of poorly water-soluble drug with pKa 4.54 at 37 °C [33]. Its 

solubility in pH 1.2, 4.5 and 7.4 buffer solution were 0.002, 0.016 and 1.360 mg mL–1, respectively, at 37 

°C [34].  

 The release profile of F1 containing Avicel PH 102 without the controlled-release polymer was 

similar to that of the SD of MA which released nearly 20 % MA in the acid condition within 2 h and released 

MA too quickly in the next 30 min in pH 6.8 PBS. F2 - F4, tablets comprising the delayed-release polymers, 

released very low amounts of MA (lower than 4 %) in the artificial gastric fluid in the first 2 h; after that 

the drug release started in pH 6.8 buffer medium, exhibiting a typical delayed-release profile. F4 released 

3.73 % of MA in the first 2 h in the artificial gastric fluid and quickly released 87.28 and 95.38 % at 165 

and 180 min, respectively, in the artificial intestinal fluid. According to the requirement, F4 was the most 

superior among the 4 formulations as seen in Table 2.  

 In this study, matrix polymers including Kollidon® SR, Eudragit® RS PO, and PEO were pH-

independent delayed release polymers with a time-controlled mechanism. Kollidon® SR and Eudragit® RS 

PO are hydrophobic polymers which provide drug release with diffusion type through the matrixes [28,35]. 

Release of the drug from a matrix tablet containing a hydrophilic polymer such as PEO involves 

mechanisms of diffusion and matrix erosion. In the initial stage of dissolution, PEO started to uptake water 

and swell, resulting in an expansion of the tablets volume and formation of a viscous gel [27]. Hence, the 

system released faster in pH 6.8 buffer solution. 
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Figure 5 Release profiles of delayed-release tablets comprising solid dispersion of mefenamic acid in pH 

1.2 media for the first 2 h followed by pH 6.8 PBS for the following 3 h. The data shown are mean ± SD 

of 3 replicates.  

 

 

Conclusions 

 The present study demonstrated the development of MA delayed-release matrix tablet formulations 

using SDs. SDs of MA were successfully prepared to overcome its low aqueous solubility. Incorporation 

of surfactant and super disintegrant in SDs gave rapid and higher dissolution of MA when compared to that 

of SDs with combined carriers (PEG and surfactant), SD containing PEG and pure drug, respectively. 

Among the prepared SDs, MA-PEG-PL-CP 1813 exhibited the higher amount of drug release (8-fold) 

compared with that of the pure drug after 45 min. FTIR and DSC were adopted to study the physical state 

of MA in SD and demonstrated that the crystalline MA transformed into the amorphous state after 

preparation. SD of MA was then prepared in the form of delayed-release tablets to omit gastric irritation. 

The formulation F4 tablet released less than 4 % in pH 1.2 media in the first 2 h and released more than 95 

% at 3 h in pH 6.8 PBS. Thus, this investigation indicates that F4 is capable of releasing MA in a typical 

delayed-release profile.  

 

Acknowledgements 

 Financial support was granted by Walailak University, Thailand (Grant No. WU60305).  

 

References 

[1] N Cimolai. The potential and promise of mefenamic acid. Expert. Rev. Clin. Pharmacol. 2013; 6, 

289-305. 

[2] M Vahedi, SB Hasanpoor-Azghady, L Amiri-Farahani and I Khaki. Comparison of effect of 

auriculotherapy and mefenamic acid on the severity and systemic symptoms of primary 

dysmenorrhea: A randomized clinical trial. Trials 2021; 22, 655. 

[3] C Cooper, R Chapurlat, N Al-Daghri, G Herrero-Beaumont, O Bruyère, F Rannou, R Roth, D 

Uebelhart and JY Reginster. Safety of oral non-selective non-steroidal anti-inflammatory drugs in 

osteoarthritis: What does the literature say? Drugs Aging 2019; 36, 15-24.  

[4] PB Patil, VRM Gupta, RH Udupi, K Srikanth and BSG Prasad. Development of dissolution medium 

for poorly water soluble drug mefenamic acid. Res. J. Pharmaceut. Biol. Chem. Sci. 2010; 1, 544-9.  



Trends Sci. 2023; 20(6): 6078   10 of 11 

 

[5] B Baghernejad. Synthesis, analgesic and anti-inflammatory activities of aminobenzothiazole 

derivatives of mefenamic acid. Pharmaceut. Chem. J. 2021; 55, 355-60.  

[6] FL Lanza, FKL Chan and EMM Quigley. Guidelines for prevention of NSAID-related ulcer 

complications. Am. J. Gastroenterol. 2009; 104, 728-38. 

[7] R Smolková, V Zeleňák, R Gyepes and D Hudecová. Biological activity of two novel zinc(II) 

complexes with NSAID mefenamic acid. Chem. Paper. Chem. Zvesti 2020; 74, 1525-40.  

[8] D Sid, M Baitiche, Z Elbahri, F Djerboua, M Boutahala, Z Bouaziz and ML Borgne. Solubility 

enhancement of mefenamic acid by inclusion complex with β-cyclodextrin: In silico modelling, 

formulation, characterisation, and in vitro studies. J. Enzym. Inhib. Med. Chem. 2021; 36, 605-17.  

[9] P Sriamornsak, S Limmatvapirat, S Piriyaprasarth, P Mansukmanee and Z Huang. A new self-

emulsifying formulation of mefenamic acid with enhanced drug dissolution. Asian J. Pharmaceut. 

Sci. 2015; 10, 121-7. 

[10] M Kumar, D Singh and N Bedi. Mefenamic acid-loaded solid SMEDDS: An innovative aspect for 

dose reduction and improved pharmacodynamic profile. Ther. Deliv. 2019; 10, 21-36.  

[11] K Bodnár, SP Hudson and ÅC Rasmuson. Stepwise use of additives for improved control over 

formation and stability of mefenamic acid nanocrystals produced by antisolvent precipitation. Cryst. 
Growth Des. 2017; 17, 454-66.  

[12] E Valkama, O Haluska, VP Lehto, O Korhonen and K Pajula. Production and stability of amorphous 

solid dispersions produced by a freeze-drying method from DMSO. Int. J. Pharmaceut. 2021; 606, 

120902.  

[13] QB Jarrar, Z Ahmad, AA Kadir, ZA Zakaria and MN Hakim. Liposome encapsulation: A promising 

approach to enhanced and safe mefenamic acid therapy. Int. Res. J. Educ. Sci. 2017; 1, 32-9.  

[14] D Mudit, KP Keshavarao and P Selvam. Improvement of solubility and dissolution rate of mefenamic 

acid by solid dispersion in PEG4000. Int. Res. J. Pharm. 2011; 2, 207-10. 

[15] E Prasad, J Robertson and GW Halbert. Mefenamic acid solid dispersions: Impact of formulation 

composition on processing parameters, product properties and performance. Int. J. Pharmaceut. 2022; 

616, 121505.  

[16] G Tambosi, PF Coelho, S Luciano, ICS Lenschow, M Zétola, HK Stulzer and BR Pezzini. Challenges 

to improve the biopharmaceutical properties of poorly water-soluble drugs and the application of the 

solid dispersion technology. Matéria 2018, 23, 13. 

[17] GP Andrews, H Zhai, S Tipping and DS Jones. Characterisation of the thermal, spectroscopic and 

drug dissolution properties of mefenamic acid and polyoxyethylene-polyoxypropylene solid 

dispersions. J. Pharmaceut. Sci. 2009; 98, 4545-56.  

[18] CHV Prasada Rao, MV Nagabhushanam and CH Prabhakar. Enhancement of dissolution rate of 

poorly soluble drug mefenamic acid by solid dispersion. Res. J. Pharmaceut. Biol. Chem. Sci. 2011; 

2, 1025-35.  

[19] MV Nagabhushanam and AS Rani. Dissolution enhancement of mefenamic acid using solid 

dispersions in crospovidone. Int. J. Pharm. Pharmaceut. Sci. 2011; 3, 16-9.  

[20] WS Wong, CS Lee, HM Er and WH Lim. Preparation and evaluation of palm oil-based 

polyesteramide solid dispersion for obtaining improved and targeted dissolution of mefenamic acid. 

J. Pharmaceut. Innovat. 2017; 12, 76-89. 

[21] S Shariff, S Saleem, ANP Kumar, BA Kumar and P Madhusudhan. Formulation and evaluation of 

mefenamic acid solid dispersions using PEG-4000. Int. Res. J. Pharm. 2013; 4, 155-9.  

[22] W Putranti, L Widiyastuti and F Ulfani. Enhancing the dissolution rate of mefenamic acid with solid 

dispersion system using Avicel PH-101. Pharmaciana 2019; 9, 119-28. 

[23] RS Kumar and A Kumari. Formulation and evaluation of mefenamic acid solid dispersions employing 

starch citrate-a new solubility enhancer. J. Drug Deliv. Therapeut. 2019; 9, 48-52. 

[24] PJ Sheskey, WG Cook and CG Cable. Handbook of pharmaceutical excipient. 8th ed. Pharmaceutical 

Press, London, 2017, p. 705-6. 

[25] SP Chaudhari and RP Dugar. Application of surfactants in solid dispersion technology for improving 

solubility of poorly water soluble drug. J. Drug Deliv. Sci. Tech. 2017; 41, 68-77.  

[26] K Rajbanshi, R Bajracharya, A Shrestha and P Thapa. Dissolution enhancement of aceclofenac tablet 

by solid dispersion technique. Int. J. Pharmaceut. Sci. Res. 2014; 5, 127-39.  

[27] Y Qiu and PI Lee. Developing solid oral dosage forms (Second Edition). Pharmaceut. Theor. Pract. 

2017; 2017, 519-54. 



Trends Sci. 2023; 20(6): 6078   11 of 11 

 

[28] SH Song, BR Chae, SI Sohn, DW Yeom, HY Son, JH Kim, SR Kim, SG Lee and YW Choi. 

Formulation of controlled-release pelubiprofen tablet using Kollidon® SR. Int. J. Pharmaceut. 2016; 

511, 864-75. 

[29] L Cimpoae, LL Rus and RI Iovanov. A study on the influence of the formulation factors on in vitro 

release of ketoprofen from sustained release tablets. Rom. J. Pharmaceut. Pract. 2021; 14, 41-8.  

[30] W Iffat, MH Shoaib, RI Yousuf, F Qazi, ZA Mahmood, IN Muhammad, K Ahmed, FR Ahmed and 

MS Imtiaz. Use of Eudragit RS PO, HPMC K100M, ethyl cellulose, and their combination for 

controlling nicorandil release from the bilayer tablets with atorvastatin as an immediate-release layer. 

J. Pharmaceut. Innovat. 2022; 17, 429-48. 

[31] K Patel, S Shah and J Patel. Solid dispersion technology as a formulation strategy for the fabrication 

of modified release dosage forms: A comprehensive review. Daru 2022; 30, 165-89.  

[32] Y Zhao, T Xin, T Ye, X Yang and W Pan. Solid dispersion in the development of a nimodipine 

delayed-release tablet formulation. Asian J. Pharmaceut. Sci. 2014; 9, 35-41. 

[33] A Avdeef. Solubility of sparingly-soluble ionizable drugs. Adv. Drug Deliv. Rev. 2007; 59, 568-90. 

[34] B Bhattacharya, A Mondal, SR Soni, S Das, S Bhunia, KB Raju, A Ghosh and CM Reddy. Multidrug 

salt forms of norfloxacin with non-steroidal anti-inflammatory drugs: Solubility and membrane 

permeability studies. CrystEngComm 2018; 20, 6420-9. 

[35] R Mehta, A Chawla, P Sharma and P Pawar. Formulation and in vitro evaluation of Eudragit S‑100 

coated naproxen matrix tablets for colon‑targeted drug delivery system. J. Adv. Pharm. Technol. Res. 

2013; 4, 31-41. 

 


