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A simple, improved, rapid and precise, reverse phase high performance liquid chromatography-photo diode array (HPLC-PDA) method has been developed and validated for the separation, identification and quantification of swertiamarin in aerial parts of Enicostemma axillare. The highest (38.12±1.74%) amount of swertiamarin was found in cold water and the lowest amount (20.13±0.84%) in hot water extracts obtained by using two different solvents. The separation of swertiamarin was achieved on a C18 column using the solvent system consisting of a mixture of methanol-water (1:1) as a mobile phase in a gradient flow elution mode followed by UV detection at 238 nm. The highest amount of swertiamarin was detected at 238 nm instead of detection at 227 nm and 254 nm. The developed method was validated using International Conference on Harmonisation (ICH) guidelines. Calibration curves offered good linear regression (r2>0.998) within the test ranges. In intraday assay, the maximum relative standard deviation (RSD; %) values were found to be 0.12, 0.1 and 1.59 for low (6 µg/mL), medium (20 µg/mL and high (60 µg/mL) concentrations of swertiamarin. In interday assay, the maximum RSD (%) values were found to be 2.68, 2.71 and 2.88 for low, medium and high concentrations, respectively. Limit of detection (LOD) and limit of quantification (LOQ) were calculated to be 4 µg/mL and 6 µg/mL whereas analytical recovery ranged from 95.80%–101.76%.
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INTRODUCTION

Enicostemma Blume (Family: Gentianaceae) is a genus of four species found in the Madagascar, tropical America, tropical Africa and Asia (Kirtikar and Basu 1994). Enicostemma axillare Lam. Raynal (Syn. E. littorale Blume), a perennial glabrous herb, 10–50 cm high, is distributed throughout India up to 1500 ft from Panjub and Gangetic plain to Ceylon, found more frequently near the sea (Hooker 1997; Chopra, Nayar and Choppra 1956). The plant is bitter and used for curing of fever, snake bite, vata diseases and as tonic, antihelmintic, stomachic, laxative and hypolipidemic (Vasu et al. 2005; Gopal et al. 2004; Kirtikar and Basu 1994; Chopra, Nayar and Choppra 1956). Powdered plant is given with honey as a blood purifier and to help cure dropsy, rheumatism, abdominal ulcers, hernia, swellings, itches and insect poisoning (Chopra, Nayar and Choppra 1956). Extracts of E. axillare have been reported to have antidiabetic (Jaishree, Badami and Bhojraj 2008; Rafeeuddin et al. 2004; Srinivasan, Padmanabhan and Prince 2005; Maroo, Vasu and Gupta 2003; Murali, Upadhyaya and Goyal 2002; Upadhyaya and Goyal 2004), antioxidant (Vishwakarma et al. 2003), hepatoprotective (Baranisrinivasan et al. 2009) and antiinflammatory (Sadique et al. 1987) activities. E. axillare was found effective against Dalton’s ascetic lymphoma (Kavimani and Manissenthilkumar 2002) and microbes (Deore et al. 2008; Patel and Trivedi 1995).

Swertiamarin (Fig. 1) showed antiediematogenic, antioxidant, hepatoprotective (Jaishree and Badami 2009, 2010), antiinflammatory (Jaishree, Badami and Bhojraj 2008), antinociceptive (Jaishree et al. 2009) and antihyperlipidimic (Vaidya et al. 2009) activities. Many workers have isolated swertiamarin (Jiang et al. 2005; Vishwakarma, Rajani and Goyal 2004; Anwar et al. 1996; Rai and Thakar 1966) from E. axillare. Gentianine, betulin (Rai and Thakar 1966), erythrocentaurin (Jiang et al. 2005), enicoflavine (Ghosal et al. 1974), apigenin, genkwanin, isovitexin, swertisin, saponarin, 5-O-glucosylswertisin and 5-O-glucosylisoswertisin (Chaudhuri, Singh and Ghosal 1975) have also been isolated. Swertiamarin content in its crude extracts and herbal formulations has been analysed by HPLC-UV method (Alam et al. 2009; Jun et al. 2008; Bhandari et al. 2006). Earlier report on the separation and quantification of swertiamarin by HPLC showed that the methods are time consuming varying from 12–40 min. Thus it was worthwhile to develop a rapid, method for separation, identification, quantification of swertiamarin in the aerial parts of E. axillare.
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Fig. 1: Structure of swertiamarin.



METHODS

Plant Materials and Chemicals

The aerial parts of E. axillare were collected from the experimental field of Directorate of Medicinal and Aromatic Plants Research, Anand, Gujarat in 2010. Swertiamarin was isolated from its aerial parts and identified by nuclear magnetic resonance (NMR) and mass spectrometric (MS) data. Isolated swertiamarin (purity >95.0%), HPLC grade methanol (Merck, Mumbai) and water were used for the analysis.

Preparation of Samples

The aerial parts of E. axillare were washed with water, dried in shade and finely powdered using an electric grinder. Powdered sample (5 g) was extracted with methanol (50 mL X3, HPLC grade) for 24 hrs at room temperature. The hot methanol and water extracts were prepared by refluxing the material (5 g, each) with HPLC grade water and methanol (50 mL X3) on boiling water bath for 1 hr. Solvents from the extracts were removed under reduced pressure and extracts were dried. All the extracts obtained were further dried in vacuum desiccator containing anhydrous calcium chloride for three days, prior to the analysis. The yields of the extracts prepared using cold (room temperature) percolation with methanol and water and hot (refluxing) methanol and water were found to be 45.8%, 41.5%, 44.0% and 43.6%. Working sample solutions (1.0 mg/mL) of each dried extracts were prepared by dissolving in methanol and serial dilutions from the stock solutions were prepared up to 10 µg/mL and stored at 4°C–8°C in refrigerator for analysis.

Preparation of Standard Solutions

The standard stock solutions (1.0 mg/mL) of swertiamarin were prepared in methanol and stored at 4°C in refrigerator. Working solutions of lower concentration were prepared by appropriate dilution of the stock solution in the range 10–1000 µg/mL in methanol.

HPLC Analysis

HPLC analysis was carried out by using Waters 600 E pump (Milford, MA, USA) attached to Waters 2996 photodiode array detector and data were analysed using Empower software (Waters, USA). The mobile phase was filtered through a 0.45 µm membrane filter in solvent filtration apparatus (Millipore, USA). Samples for HPLC analysis were also filtered through a 0.45 µm membrane filter (Waters, USA). Analysis of the samples were carried out in three reverse phase LC columns, Symmetry C18 (250 × 4.6 mm, 5 µm; Waters, USA), X Terra (250 × 4.6 mm, 5 µm. Waters, USA) and Lichro CART® 250-4 C18column (250 × 4.6 mm, 5 µm; Merck, Germany) for the optimal separation using acetonitrile-water (1:1) and water-methanol (1:1) as mobile phase in both isocratic as well as gradient elution using PDA detector at λ 227 nm, 254 nm and 238 nm. Column Lichro CART® 250-4 C18column and methanol-water (1:1) were found to be better for separation, peak shape and resolution at UV 238 nm and thus used for further analysis. The optimised chromatographic condition is as follows: flow gradient started with solvent A (flow rate of 0.5 mL/min). At 4.9 minute, the flow rate was increased to 0.8 mL/min. The flow rate was then increased to 1.0 mL/min at 5.1 min. The flow rate was kept constant up to 5.4 min and then finally decreased to 0.5 mL/min, restoring the initial conditions at 8 min. Detector’s wavelength was 238 nm and the injection volume was 10 µL. The best base line separation (peak purity >95%) for swertiamarin was achieved at λ 238 nm instead of λ 227 nm and 254 nm as reported earlier (Alam et al. 2009; Jun et al. 2008; Bhandari et al. 2006). Swertiamarin was found to show maximum absorption at λmax 238 nm in three-dimensional ultraviolet absorption spectra using photo diode array (PDA) detector. Chromatograms of different extracts and swertiamarin analysed have been given in Figures 2 and 3. Mean retention time was of 5.6 min (Table 1).
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Fig. 2: HPLC chromatograms of cold (a) and hot (b) water extracts of the aerial parts of E. axillare.
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Fig. 3: HPLC chromatograms of cold (a) and hot (b) methanol extracts of the aerial parts of E. axillare.



Table 1: Method validation data for determination of swertiamarin by HPLC.



	Parameter
	Value



	Mean retention time
	5.26 min (RSD 0.5%)



	Linear range
	4–80 µg/mL



	Regression equation
	Y = 18000X – 1380



	Regression coefficient (R2)
	0.998



	Limit of detection (LOD)
	4 µg/mL



	Limit of quantification (LOQ)
	6 µg/mL



RESULTS

Validation of HPLC Method

Selectivity

The selectivity of the method was determined by analysis of standard swertiamarin and samples. The peaks of swertiamarin in the sample solution were identified by comparing its retention time with the peak of the standard. Peak purity for swertiamarin (>95.0%) was assessed by comparing its peak at three different points, i.e. the peak start, peak apex and peak end position.

Linearity

As the linear range of analytical methods is known to be limited, linearity of the calibration curve prepared and its working range were determined. Linearity was determined based on detector’s response of the different concentrations of standard used for calibration curve. Regression analysis was used to assess the linearity of the developed HPLC method using the equation, y = bx + c, where, x corresponds to the concentration of the standard solution (µg/mL), y to the peak area, b is slope of the line and c is the intercept of the straight line with y axis. In the present study, linearity was studied in the concentration range of 4–80 µg/mL of the standard solution of swertiamarin (Table 1). Calibration curve (Fig. 4) was linear in this concentration range and showed good linear regression (Y = 18000X – 1380, R2 = 0.998).

Limits of Detection (LOD) and Limits of Quantification (LOQ)

The lowest concentration of analyte detectable and quantifiable with a stated degree of reliability is one of the many important parameters of any analytical method. LOD is the lowest amount of analyte in a sample that can be detected but not necessarily quantified. LOQ is defined as the lowest concentration, which can be reproducibly quantified above baseline level, typically an S/N = 10 or above. The LOD and LOQ for the present HPLC method developed were measured as per guidelines described by the International Conference on Harmonisation (ICH 1996). LOD and LOQ were found to be 4 and 6 µg/mL, respectively (Table 1).
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Figure 4: Calibration curve of the different concentrations (ppm) of swertiamarin (regression equation, Y = 18000X – 1380, R2 = 0.998).



Precision

Intraday precision (repeatability) was evaluated for three concentrations of the standard with duplicate injections during the same day, under the same experimental conditions. Inter day precision was measured for the same three concentrations during three different days. Intraday precision of the analytes were in the range of 0.12%–1.59% and the inter day precision varied from 2.68%–2.88% (Table 2). The specificity of the method was examined by analysing blank sample and blank extract spiked with a known concentrations swertiamarin. No interference of the retention times of the analyte was observed.


Table 2: Precision (RSD) of the developed HPLC method at three different concentration of swertiamarin.



	Concentration (µg/mL)
	RSD (%)




	Intraday

	Interday




	Low (6)
	0.12

	2.68




	Medium (20)
	0.10

	2.71




	High (60)
	1.59

	2.88




Accuracy and Recovery

The accuracy of an analytical method is the closeness of test results obtained by that method to the true value and was determined based on the recovery of known amounts of analytes. Analytical and extraction recovery were performed by analysing analytes by spiking 10 µg/mL of the standard in blank extract for 6 different days. The recovery ranged from 85.80% to 95.0%. Each determination was performed in triplicate. The quantity of swertiamarin in different extracts was calculated from the peak area of the chromatograms of each extract and is summarised (Table 3).


Table 3: Swertiamarin content (mean±SD) in different extracts of the aerial parts.



	Sr. No.
	Extract
	Amount (%)




	1
	Cold methanol
	34.0±1.92




	2
	Hot methanol
	30.76±1.41




	3
	Cold water
	38.12±1.74




	4
	Hot water
	20.13±0.84




DISCUSSION

The aerial part of E. axillare is known to possess potent medicinal value and used in the treatment of many diseases in India. Swertiamarin, a seco-iridoid (Fig. 1) has also been identified as a major compound in its aerial parts and found to be a bioactive constituent. The yields of the cold (room temperature) methanol and water extraction of the aerial parts were found to be 45.8% and 41.5% and that of hot methanol and water extraction were 44.0% and 43.6%. The amount of swertiamarin was determined in the four different crude extracts by using water: methanol (1:1) as the mobile phase in a flow gradient mode using RP-18 column to establish a better extraction method with a higher yield of the compound of interest. In this method, a peak of swertiamarin in HPLC chromatogram appeared at 5.6 min (Figs. 2 and 3). The best base line separation and quantification of swertiamarin in crude samples were achieved at 238 nm instead of λ 227 nm and 254 nm as reported earlier (Alam et al. 2009; Bhandari et al. 2006). Also, swertiamarin showed maximum absorption at λmax 238 nm in three-dimensional ultraviolet absorption spectra using PDA detector (Fig. 5). Cold water and methanol extracts were found to contain a higher amount (38.12±1.74% and 34.0±1.92%) of swertiamarin as compared to hot methanol and water extracts (30.76±1.41% and 20.13±0.84%). Lesser amount of swertiamarin in hot water and methanol extracts may be due to its degradation.

CONCLUSION

The development of a simple, rapid and precise HPLC method for the separation, identification and quantification of main bioactive in the presence of other compounds has always been a matter of interest. Swertiamarin has been identified as a major compound in the aerial parts of E. axillare and has been found to possess promising hepatoprotective, antiinflammatory, antinociceptive and antihyperlipidimic activities. A simple, rapid and precise HPLC method for the estimation of a bioactive swertiamarin in the aerial parts has been developed and validated. Quantification of swertiamarin at λmax 238 nm is found to be better as compared to the wavelengths at λmax 227 nm and 254 nm. This improved and rapid method can also be used for the qualitative analysis of swertiamarin in its raw extracts, drug and formulations.
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Fig. 5: Absorbance of swertiamarin in UV spectrum using PDA detector.
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A simple, precise and accurate high performance liquid chromatography (HPLC) method was developed for simultaneous quantitative determination of rosiglitazone maleate and glimepiride in pure forms and in pharmaceutical formulation. The separation was achieved by C18 column using methanol:20 mM ammonium dihydrogen phosphate [78:22 (v/v); pH 3.85] as mobile phase at a flow rate of 1 mL/min and detection at 240 nm. Separation was complete in less than 10 min. Linearity, accuracy and precision were found to be acceptable over the ranges 0.8–4.0 µg/mL for rosiglitazone maleate and 0.4–2.0 µg/mL for glimepiride. This method was found to be specific, reproducible, precise and accurate. Due to its simplicity and accuracy the method is particularly suitable for routine pharmaceutical quality control.

Keywords: HPLC, Rosiglitazone maleate, Glimepiride, Multicomponent formulation

INTRODUCTION

Diabetes mellitus is characterised by chronic hyperglycemia with disturbances in fat, carbohydrate and protein metabolism due to abnormal insulin secretion and/or action (Granner and Davis 2001). Several drugs are available for the treatment of Type 2 diabetes mellitus (T2DM) like rosiglitazone, chemically known as (±)-5-[4-[2-[N-methyl-N(2-pyridyl)amino]ethoxy]benzyl]-2,4-dione thiozolidine (Fig. 1). It is a potent new oral antihyperglicemic agent that reduces insulin resistance in patients with T2DM by binding to peroxisome proliferator-activated receptors gamma (PPAR-γ) (Gale 2001; Balfour and Plosker 1999). Glimepiride is 1-[{p-[2-(3-ethyl-4-methyl-2-oxo-3-pyrroline-1-carboxamido)ethyl]phenyl}sulfonyl]-3-(trans-4-methylcyclohexyl)urea (Fig. 2), which belongs to second generation sulphonylurea used for the treatment of T2DM (O’Neil 2001). The drugs are prescribed individually as well as in multi component dosage forms.

Few methods are available in the literature for the analysis of rosiglitazone and glimepiride. Some methods have been reported for the determination of rosiglitazone in human plasma (Pedersen, Brosen and Nielsen 2005; Hruska and Frye 2004; Mamidi et al. 2003) in pharmaceutical dosage form (Gomes 2006; Gomes et al. 2004; Sankar, Kumar and Reddy 2004; Gayatri, Shantha and Vaidyalingam 2003; Gumieniczek et al. 2003; Sane et al. 2002) and some analytical methods for determination of glimepiride have been reported like estimation of glimepiride in plasma (AbuRuz, Millership and Elnay 2005; Kim et al. 2004; Maurer et al. 2002, 1990) and in combinations with other drugs; glimepiride (Lad et al. 2003; Nadkarni et al. 1997) and rosiglitazone (Yardimci and Zaltin 2007; Zhang et al. 2007; Vasudevan et al. 2001). A literature survey revealed that no HPLC method has been reported for the simultaneous analysis of rosiglitazone and glimepiride in pharmaceutical preparations. Therefore, an HPLC method was developed for simultaneous analysis of rosiglitazone and glimepiride in fixed dose combination tablet preparations. The methods described are rapid, economical, precise and accurate and can be used for routine analysis of rosiglitazone and glimepiride, simultaneously in fixed dose combination tablets in quality control laboratories. The method was validated as per International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) guidelines (ICH 2007).
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Fig. 1: Chemical structure of rosiglitazone.
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Fig. 2: Chemical structure of glimepiride.



EXPERIMENTAL

Materials and Methods

Pharmaceutical grade rosiglitazone maleate (rosiglitazone) [batch no. 758001] and glimepiride (glimepiride) [batch no. 2088581] working standard were obtained as generous gifts from Ranbaxy Pvt. Ltd. (Indore, India). Fixed-dose combination tablets Rosicon-G (batch no. 7829800) containing 2 mg of rosiglitazone and 1 mg glimepiride were purchased from Glenmark (T-I; Healtheon, Nasik, Maharashtra, India) and Enseline-2G (batch no. 00012930) containing 2 mg of rosiglitazone and 1 mg glimepiride were purchased from Torrent Pharmaceuticals Pvt. Ltd. (T-II; Jasco Analytical Instruments, Japan). All chemicals and reagents were of HPLC grade and were purchased from Merck Chemicals (Mumbai).


Instrumentation

The LC system consisted of a pump (model Jasco PU1580, intelligent LC pump, Jasco Analytical Instruments, Japan) with auto injecting facility (AS-1555 sampler) programmed at 20 µL volume per injection was used. The detector consisted of a UV–VIS (Jasco UV 1575, Jasco Analytical Instruments, Japan) model operated at a wavelength of 240 nm. The software used was Jasco Borwin version 1.5, LC-Net II/ADC system (Jasco Analytical Instruments, Japan). The column used was HiQ Sil C18HS (250 mm × 4.6 mm, 5.0 µm; Kya Technologies Corporation, Japan). The mobile phase and samples were filtered using 0.45 µm membrane filter. Mobile phase was degassed by ultrasonic vibrations prior to use. All determinations were performed at ambient temperature.

Preparation of Standard Stock Solutions and Mixed Standard Solutions

Standard stock solutions of a concentration of 1 mg/mL of rosiglitazone and 1 mg/mL of glimepiride were prepared separately using methanol. From the standard stock solution, the mixed standard solutions were prepared by dilution of the stock solution with mobile phase to reach a concentration range 0.8–4.0 µg/mL for rosiglitazone and 0.4–2.0 µg/mL for glimepiride.

Sample Preparation

For the analysis of tablets, 20 tablets of each T-I and T-II were weighed and finely ground in a mortar. For T-I and T-II, the portion equivalent to 4 mg of rosiglitazone and 2 mg of glimepiride were transferred in 25 mL volumetric flask, volume was made up to 25 mL with methanol and sample was sonicated for 45 min with swirling. After sonication, the solution was filtered through Whatman filter paper 41. For both T-I and T-II, six determinations were performed.

Optimisation of Chromatographic Methods

The HPLC procedure was optimised with a view to develop a simultaneous estimation of glimepiride and rosiglitazone in fixed dose combined dosage form. Initially methanol and water in different ratios were tried. But glimepiride gave broad peak shape, so water was replaced by potassium dihydrogen phosphate buffer (20 mM), and mixture of methanol and potassium dihydrogen phosphate buffer in different ratios and pH were tried.

Method Validation

Validations of optimised chromatographic methods were carried out with respect to the following parameters.

Linearity

Linearity of the method was studied by taking five calibration points for both rosiglitazone and glimepiride. The mixed standard solutions in the concentration range of 0.8–4.0 µg/mL for rosiglitazone and 0.4–2.0 µg/mL for glimepiride injected 6 times into the LC system keeping the injection volume constant.


Precision

The precision of the method was verified by repeatability and intermediate precision studies. Repeatability was performed by analysis of 3 different concentrations: 0.8, 2.4, 4.0 µg/mL for rosiglitazone and 0.4, 1.2, 2.0 µg/mL for glimepiride, 6 times on the same day. The intermediate precision of the method was checked by repeating studies on three different days.

Limit of detection and quantification

Limits of detection (LOD) and limits of quantification (LOQ) represent the concentration of the analyte that would yield signal-to-noise (S/N) ratios of 3 for LOD and 10 for LOQ, respectively. The LOD and LOQ were determined by measuring the magnitude of analytical background by injecting a blank and calculating the signal-to-noise ratio for rosiglitazone and glimepiride by spotting a series of solutions until the S/N ratio 3 was obtained for the LOD and 10 for the LOQ.

Robustness

The robustness was studied by evaluating the effect of small but deliberate variations in the chromatographic conditions. The conditions studied were flow rate (altered by ± 0.1 mL/min), mobile phase composition (methanol ± 2 mL). These chromatographic variations were evaluated for resolution between rosiglitazone and glimepiride. Robustness of the method was done at 3 different concentration levels: 0.4, 1.2, 2.0 µg/mL for rosiglitazone and 16, 48, 80 µg/mL for glimepiride.

Solution stability

To assess the solution stability mixed solution of rosiglitazone and glimepiride (2 µg/mL each) was prepared from stock solution and was kept at room temperature for 24 h. This solution was compared with freshly prepared standard solution.

System suitability

The system suitability parameters with respect to theoretical plates, tailing factor, repeatability and resolution between rosiglitazone and glimepiride peaks were defined for HPLC.

Specificity

Extracts of commonly used placebo were injected to demonstrate the absence of interference with the elution of the rosiglitazone and glimepiride. For determining selectivity of the method, a powder blend of typical tablet excipients containing lactose monohydrate, mannitol, maize starch, povidone K30, citric acid anhydrous granular, sodium citrate, natural lemon and lime flavour, acesulfame, potassium and magnesium stearate was prepared and analysed. All chromatograms were examined to determine if compounds of interest co-eluted with each other or with any additional excipients peaks.


Accuracy

Recovery studies were carried out by applying the method to drug samples to which known amount of drug corresponding to 80%, 100% and 120% of label claim had been added (standard addition method). At each level of the amount six determinations were performed and the results obtained were compared with expected results.

RESULTS

Method Development and Optimisation

UV scanning at 200–400 nm for rosiglitazone and glimepiride showed that 240 nm (Fig. 3) is the suitable wavelength for detection of combination. The chromatographic methods were optimised with a view to develop a suitable LC method for the analysis of rosiglitazone and glimepiride in fixed dose combined dosage form. It was found that methanol:20 mM ammonium dihydrogen phosphate [78:22 (v/v); pH 3.85] with ortho phosphoric acid, gave acceptable retention time (tR 3.32 min for rosiglitazone and tR 8.42 min for glimepiride) [Fig. 4], number of theoretical plates, and good resolution for glimepiride and rosiglitazone at the flow rate of 1.0 mL/min.

Validation

Linearity

Linearity was evaluated by analysis of working standard solutions of rosiglitazone and glimepiride of five different concentrations. The range of linearity was from 0.8–4.0 µg/mL for rosiglitazone and 0.4–2.0 µg/mL for glimepiride. The regression data obtained are represented in Table 1.
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Fig. 3: Overlain UV spectra of rosiglitazone and glimepiride measured from 200–400 nm.
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Fig. 4: Overlay chromatogram obtained for the commonly used excipients and rosiglitazone (16 µg/mL), tR: 3.32 min; glimepiride (8 µg/mL), tR: 8.42 min; measured at 240 nm, mobile phase: methanol:potassium dihydrogen phosphate buffer (20 mM) (78:22 v/v).



Precision

The average of standard deviation (SD) and percentage of relative standard deviation (RSD) of all three concentrations of rosiglitazone and glimepiride for repeatability and intermediate precision study are shown in Table 2.

LOD and LOQ

The LOD and LOQ values for rosiglitazone were found to be 0.01 and 0.025 µg/mL respectively and for glimepiride 0.002 and 0.006 µg/mL respectively.

Robustness of the method

None of the alterations caused a significant change in resolution between rosiglitazone and glimepiride, peak area, RSD, tailing factor and theoretical plates (Table 3).

Solution stability studies

Three different concentrations of rosiglitazone and glimepiride (2, 4 and 6 µg/mL) were prepared from sample solution and stored at room temperature for 8 days. They were then injected into the HPLC system, no additional peak was found in the chromatogram (Table 4).

System suitability

System suitability parameters such as the number of theoretical plates, resolution, and assymetry were determined. The results obtained are shown in Table 5.


Table 1: Linear regression data for the calibration curvesa.



	Parameters
	
	Rosiglitazone

	Glimepiride




	Linearity (µg/mL)
	
	0.8–4.0

	0.4–2.0




	SD
	
	4007

	221




	y = A + Bx
	A
	–2933

	599.9




	
	B
	33797

	66491




	r2
	
	0.999

	0.999




Note: an=6; ar2=coefficient of correlation


Table 2: Repeatability and intermediate precision of methodsa.



	Compound
	Repeatability

	Intermediate




	SD

	% RSD

	SD

	% RSD




	Rosiglitazone
	1506

	4581

	0.69

	0.72




	Glimepiride
	647

	146

	0.19

	0.89




Note: an=6, (0.8, 2.4, 4.0 µg/mL for rosiglitazone and 0.4, 1.2, 2.0 µg/mL for glimepiride)

Specificity

Extracts of commonly used placebo were injected to demonstrate the absence of interference with the elution of the drugs. These results demonstrate that there was no interference from other materials in the tablet formulation (Fig. 4).

Recovery studies

Good recoveries of the rosiglitazone and glimepiride were obtained at various added concentrations for T-I and T-II as shown in Table 6.

Analysis of a commercial formulation

Two different brands of fixed dose combination tablets were analysed using the proposed procedures Table 7.

DISCUSSION

It was found that methanol:20 mM ammonium dihydrogen phosphate [78:22 (v/v); pH 3.85] with ortho phosphoric acid, gave acceptable retention time, number of theoretical plates, and good resolution for glimepiride and rosiglitazone.

The result shows that there was an excellent correlation between peak area and concentration of each drug. The developed methods was found to be precise, with RSD values for repeatability and intermediate precision <2%, as recommended by ICH guidelines. Separation of the drugs was found to be similar when analysis was performed on different chromatographic systems on different days. The low values of the (%) RSD indicated robustness of the method.

Three different concentrations of rosiglitazone and glimepiride (2, 4 and 6 µg/mL) were injected into the HPLC system, no additional peak was found in the chromatogram indicating the stability of rosiglitazone and glimepiride in the solution. These results demonstrate that there was no interference from other materials in the tablet formulation; therefore, confirm the specificity of the method. When we compared this method with already reported methods such as method reported by AbuRuz, Millership and McElnay (2005), Sankar, Kumar and Reddy (2004), Gayatri, Shantha and Vaidyalingam (2003) and Maurer et al. (1990). Our method showed good recoveries of the rosiglitazone (100.13%–100.34%) and glimepiride (99.85%–99.92%) from tablet at various added concentrations for T-I and T-II. And also this method was found to be sensitive as low the LOD and LOQ values were obtained for rosiglitazone and glimepiride. Experimental results of the amount of rosiglitazone and glimepiride in tablets, expressed as a percentage of label claims were in good agreement with the label claims thereby suggesting that there is no interference from any of the excipients, which are normally present in tablets.

CONCLUSION

The developed and validated LC method enables specific, accurate, robust and precise simultaneous analysis of rosiglitazone maleate and glimepiride in tablet formulations. The method is sensitive enough for quantitative detection of the analytes in pharmaceutical preparations. The proposed method can thus be used for routine analysis, quality control and for studies of the stability of pharmaceutical tablets containing these drugs.
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Table 3: Robustness testing.
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Table 4: Stability of drugs in sample solutionsa.



	Parameters
	Rosiglitazone

	Glimepiride




	Average area
	40291004

	720019




	SD of areas
	1487.64

	529.27




	% RSD
	0.46

	0.89




Note: an=6


Table 5: System suitability parameters for rosiglitazone and glimepiride.



	Parameters
	Rosiglitazone

	Glimepiride




	Number of theoretical plates
	6629.92

	3969.86




	Resolution
	–

	3.35




	Peak asymmetry
	1.29

	1.27




	% RSD
	0.08

	0.05




Table 6: Recovery studiesa.



	Label claim

	Amount of drug added (%)

	Total amount of drug present (µg/mL)

	Amount found (µg/mL)

	% recovery




	T-I
	
	
	
	



	Rosiglitazone 2 mg
	80

	1.44

	1.441

	100.13




	
	100

	1.60

	1.59

	99.38




	
	120

	1.76

	1.74

	99.41




	Glimepiride 1 mg
	80

	0.72

	0.71

	99.48




	
	100

	0.80

	0.79

	99.66




	
	120

	0.88

	0.87

	99.85




	T-II
	
	
	
	



	Rosiglitazone 2 mg
	80

	1.44

	1.43

	99.37




	
	100

	1.60

	1.59

	99.40




	
	120

	1.76

	1.50

	100.34




	Glimepiride 1 mg
	80

	0.72

	0.71

	99.21




	
	100

	0.80

	0.79

	99.26




	
	120

	0.88

	0.87

	99.92




Note: an=6


Table 7: Applicability of the method for the analysis of the pharmaceutical formulations.



	Sample
	Label claim (mg)

	Drug content (%)

	% RSD




	T-I
	
	
	



	Rosiglitazone
	2

	100.49

	0.17




	Glimepiride
	1

	99.93

	0.38




	T-II
	
	
	



	Rosiglitazone
	2

	99.53

	0.059




	Glimepiride
	1

	99.28

	0.44
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Quality by design (QbD) is a systematic process to build quality into a product from the inception to final output. QbD requires a thorough understanding of a product and its process of manufacture, necessitating an investment in time and resources upfront in the discovery and development of a product. For QbD, the product and process knowledge base must include an understanding of variability in raw materials, the relationship between a process and product’s critical quality attributes (CQAs), and the association between CQAs and a product’s clinical properties. Here, a QbD approach to method development and validation is presented on nateglinide (NTG), an antidiabetic drug. To facilitate studies investigating the determination of NTG in bulk drug and its pharmaceutical formulations, we developed and validated a rapid ultra performance liquid chromatography (UPLC) method for determination of NTG. The validated limit of quantitation (LOQ) of 0.06 µg mL-1 and limit of detection (LOD) of 0.02 µg mL-1 are low enough to allow determination of low concentrations of the drug. NTG showed no degradation at different stress conditions. The relative standard deviation (RSD) percentage for robustness and ruggedness were observed within the range of 0.1 and 1.74. The calibration was linear in the range of 0.06–250 µg mL-1. The proposed method was compared with a pharmacopoeial reference method and found to give equivalent result. The proposed method can be used for routine analysis in quality control laboratories for its bulk and formulated product and this is the first reported UPLC method for the assay determination of NTG.

Keywords: UPLC, Nateglinide, QBD, Validation, Degradation

INTRODUCTION

The aim of pharmaceutical development is to design a quality product and its manufacturing process to consistently deliver the intended performance of the product. The information and knowledge gained from pharmaceutical development studies and manufacturing experience provide scientific understanding to support the establishment of the design space, specifications and manufacturing controls. Information from pharmaceutical development studies can be a basis for quality risk management. It is important to recognise that quality of the pathway for the method development cannot be tested in a product; i.e., quality should be built-in by design. Changes in formulation and manufacturing processes during development and lifecycle management should be looked upon as opportunities to gain additional knowledge and further support establishment of the design space. Similarly, inclusion of relevant knowledge gained from experiments giving unexpected results can also be useful. Design space is proposed by the applicant and is subjected to regulatory assessment and approval. Quality by design (QbD) [Frederick and Alireza 2010; Center for Drug Evaluation and Research 1994; Snyder, Kirkland and Glajchl 1988] is a concept which was first described by Juran (1992). QbD deals with getting to market reliably and knowing enough about the limitations and risks associated with formulation and production methods in order to establish appropriate mitigation and contingency plans. QbD principles have been used to advance product and process quality in every industry, and particularly the automotive industry, they have most recently been adopted by the US Food and Drug Administration (FDA) [International Conference on Harmonisation (ICH) 2006, 2005; USFDA 2004) as a vehicle for how the drugs are discovered, developed, and commercially manufactured. Since first initiated by the FDA in its “Pharmaceutical cGMPs for the Twenty First Century”, QbD has become an important concept for the pharmaceutical industry that is further defined in the ICH guidance (ICH 1994) on pharmaceutical development as “a systematic approach to development that begins with predefined objectives and emphasises product and process understanding and process control, based on sound science and quality risk management”. The scientific understanding gained during the method development process can be used to devise method control elements and to manage the risks identified. Ultra performance liquid chromatography (UPLC), particularly, is the most popular and advanced analytical technique in the pharmaceutical industry. The quality of UPLC methods has become increasingly important in a QbD environment. For the purpose of QbD for UPLC methods, robustness and ruggedness should be verified early in the method development stage to ensure method performance over the lifetime of the product.

Nateglinide (NTG) [3-phenyl-2-[(4-propan-2-ylcyclohexanecarbonyl)amino] propanoic acid] is an oral antihyperglycemic (Drugs.com 2012) agent used for the treatment of non-insulin-dependent diabetes mellitus (NIDDM) (Figs. 1 and 2). It belongs to the meglitinide class of short-acting insulin secretagogues, which act by binding to β cells of the pancreas to stimulate insulin release. NTG is an amino acid derivative that induces an early insulin response to meals decreasing postprandial blood glucose levels.
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Fig. 1: Structure of NTG.
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Fig. 2: UV absorption spectra of NTG.



NTG is included in the official drafts of United States Pharmacopoeia (United States Pharmacopoeia 2011) and European Pharmacopoeia (EDQM 2011) which recommend HPLC method for its assay. In the literature, several HPLC methods (Lakshmi, Rajesh and Shrinivas 2010; Shalini et al. 2010; Kanthi et al. 2008; Li, Tian and Kaic 2008; Varanasi et al. 2008; Danai et al. 2007; Jolly et al. 2007; Pathare, Jadhav and Shingare 2006–2007; Srinivas et al. 2007; Wang and Sun 2007; Zhu, Lin and Li 2006; Mao, Liang and Qin 2006; He, Yan and Xiaoyan 2005; Gu 2004; Steffen et al. 2003; Yang, Wang and Liuxi 2002) are available for the determination of NTG in human plasma, rat plasma, rabbit plasma, chiral and related substances. Reported methods for the determination of NTG in pharmaceuticals include HPTLC (Asha et al. 2011; Kale and Kakde 2011), spectrophotometry (Cijo et al. 2011; Sekaran, Lavudu and Prameela 2010; Jain, Bhandari and Purohit 2009; Suresh, Anil and Suresh 2009; Rajasekaran et al. 2004; Sagar, Rao and Sastry 2004; Vidya 2004; Tianbao, Li and Shengli 2003), electrokinetic chromatography (Hongyuan et al. 2004) and capillary electrophoresis (Zhao and Chen 2003).

According to literature survey, there are quite a few publications on UPLC method development (Elie et al. 2007; Stephan and Pierre 2006) strategy but the method development approaches for RP-UPLC specifically focused on pharmaceutical development in a QbD environment for NTG have not been reported anywhere. Furthermore, no UPLC methods are reported for the determination of NTG in bulk and formulated forms. Therefore, there is an unmet need to investigate a systematic UPLC method development approach for pharmaceutical development using QbD principles to ensure the quality of the method throughout the product lifecycle.

The primary objective of this study was to implement QbD approach to develop and validate an RP-UPLC method that could separate drug in the bulk and formulated forms from its potential related substances and to establish an in-depth understanding of the method and build in the quality during the method development to ensure optimum method performance over the lifetime of the product with a suitable degradation data.

METHODS

Materials and Reagents

Pure active ingredient sample of NTG was kindly supplied by Glenmark Pharmaceuticals (Mumbai) as gift. Two NTG containing tablets, Natilide-60 (60 mg) [Alembic Ltd., Vadodara, India] and Glinate-60 (60 mg) [Glenmark Pharmaceuticals, Mumbai] were procured from the local market. HPLC grade acetonitrile was purchased from Merck (Mumbai), potassium dihydrogenorthophosphate and orthophosphoric acid were from Qualigens (India). Double distilled water was used throughout the investigation.

Chromatographic Conditions and Equipments

Analyses were carried out on a Waters Aquity UPLC with Tunable UV (TUV) [Waters Corporation, Milford, MA, USA] detector. The output signal was monitored and processed using the built-in Empower software. The chromatographic column used was Acquity UPLC BEH C-18 (100 × 2.1) mm with 1.7 µm particle size. Isocratic elution process was adopted throughout the analysis. Mobile phase used was 40:60 (buffer:acetonitrile) v/v (buffer-potassium dihydrogen orthophosphate of pH 2.8).

Instrumental Parameters

The isocratic flow rate of mobile phase was maintained at 0.40 mL min–1. The column temperature was adjusted to 35°C. The injection volume was 2 µL. Eluted sample was monitored at 210 nm and the run time was 6.0 min. The retention time of the sample was about 2.8 min.

Stress Study

Twenty mg of pure NTG was transferred into 3 different 100 mL volumetric flasks and added with 5 mL of 5 M HCl, 5 M NaOH or 5% H2O2 separately, and the flasks were heated for 2 h on a water bath maintained at 80°C. Then the solutions were cooled and neutralised by adding base or acid, the volume in each flask was brought to the mark with mobile phase, and the appropriate volume (2 µL) was injected for analysis. Solid state thermal degradation was carried out by exposing pure drug to dry heat at 105°C for 3 h. For photolytic degradation studies, pure drug in solid state was exposed to 1.2 million lux hours in a photo stability chamber (ICH 1994). The sample after exposure to heat and light was used to prepare 200 µg mL–1 solutions in mobile phase and the chromatographic procedure was followed.

Preparation of Stock Solution

A stock standard solution of NTG (200 µg mL–1) was prepared in mobile phase and used for validation.

Procedures

Procedure for Preparation of Calibration Curve

Working solutions containing 0.06–250 µg mL–1 of NTG were prepared by serial dilutions of aliquots of the stock solution. Aliquots of 2 µL were injected (six injections) and eluted with the mobile phase under the reported chromatographic conditions. The average peak area versus the concentration of NTG in µg mL–1 was plotted. Alternatively, the corresponding regression equation was derived using mean peak area-concentration data and the concentration of the unknown was computed from the regression equation.

Preparation of Tablet Extracts and Assay Procedure

Twenty Natilide-60 tablets (each tablet contained 60.0 mg NTG) were weighed and transferred in to a clean, dry mortar and powdered. Tablet powder equivalent to 20 mg of NTG was transferred in to a 100 mL volumetric flask and 60 mL of the mobile phase was added. The solution was sonicated for 20 min to achieve complete dissolution of NTG, made up to the mark with mobile phase and then filtered through a 0.22 µm nylon membrane filter. The solution (200 µg mL-1 of NTG) obtained was analysed by UPLC. The same procedure was repeated with 20 Glinate-60 (each tablet contained 60.0 mg NTG) tablets.

Procedure for Method Validation

Accuracy and precision

To determine the accuracy and intra-day precision, pure NTG solutions at three different concentrations were analysed in seven replicates during the same day. Mobile phase was injected as blank solution before sample injection and the relative standard deviation [RSD] (%) values of peak area and retention time were calculated.

Limits of detection (LOD) and quantification (LOQ)

The LOD and LOQ were obtained by signal to noise (S/N) ratio method and by a series of dilutions of the NTG stock solution. Precision study was performed at LOQ level also. LOQ solution was injected seven times (n=7) and the RSD % values for the obtained peak area and retention time were calculated.

Linearity

Linearity solutions were prepared from LOQ level to 125% of the actual sample concentration (200 µg mL–1 NTG). A total of six concentrations of the solutions were made separately and injected (LOQ 50, 100, 150, 200 and 250 µg mL–1 levels).

Robustness and Ruggedness

To determine the robustness of the method the experimental conditions were deliberately changed. The flow rate of the mobile phase (0.4± 0.04 mL min–1), column oven temperature (35±1°C), mobile phase composition (45:55, 55:45, acetonitrile:buffer, v/v) and detection wavelength (210±1 nm) were the varied parameters. In each case the RSD % values were calculated for the obtained peak area and retention time. The number of theoretical plates and tailing factors were compared with those obtained under the optimised conditions. Three different columns of same dimensions were used for the analyses. The study was performed on three different days by three different analysts. The area obtained from each concentration was compared with that of the optimised one. The relative standard deviation values were evaluated for each concentration.


Solution Stability and Mobile Phase Stability

Stability of NTG solution was investigated by injecting the sample into the chromatographic system. The peak area was recorded in the time intervals of 0, 12 and 24 h and the RSD values were calculated. The mobile phase stability was studied by injecting a freshly prepared sample solution at the same time intervals (0, 12 and 24 h) with the same mobile phase and RSD values of the peak areas were calculated.

RESULTS

Method Development for Acquity BEH C8 Column, 100 × 2.1 mm, 1.7 µm

All the trials are shown in Table 1 and chromatograms are shown in Figure 3.

Method Development for Acquity BEH C18 Column, 100 × 2.1 mm, 1.7 µm

All the trials are shown in Table 2 and chromatograms are shown in Figure 4.

Method Development for C18 Using Different pH Conditions

All the trials are shown in Table 3 and chromatograms are shown in Figure 5.

Final Method Conditions



	Column
	: Acquity BEH C18, 100 × 2.1 mm, 1.7 µm



	Oven temp.
	: 35°C



	Mobile phase
	: ACN:buffer (pH 2.8; 40:60%, v/v)



	Run time
	: 6 min



	Flow
	: 0.2 mL/min



	Diluent
	: Mobile phase



	Inj. Volume
	: 2 µL



	Blank
	: Diluent



	Wavelength
	: 210 nm



Table 1: Observation and remarks of method development for Acquity BEH C8, 100 × 2.1 mm, 1.7 µm column.



	S. no
	Trails taken
	Observations
	Remarks



	1
	ACN:buffer (pH 2.8; 40:60%, v/v)
	Asymmetrical peak with fronting and tailing
	Not satisfactory



	2
	ACN:water (40:60%, v/v)
	Asymmetrical peak with tailing
	Not satisfactory



	3
	Methanol:water (40:60%, v/v)
	Completely split peak
	Not satisfactory



	4
	Methanol:buffer (pH 2.8; 40:60%, v/v)
	Asymmetrical peak with tailing
	Not satisfactory
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Fig. 3(a): Chromatogram for mobile phase [ACN:buffer (pH 2.8; 40:60%, v/v)].
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Fig. 3(b): Chromatogram for mobile phase [ACN:water (40:60%, v/v)].
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Fig. 3(c): Chromatogram for mobile phase [methanol:water (40:60%, v/v)].
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Fig. 3(d): Chromatogram for mobile phase [methanol:buffer (pH 2.8; 40:60%, v/v)].



Table 2: Observation and remarks of method development for Acquity BEH C18, 100 × 2.1 mm, 1.7 µm column.



	S. no
	Trails taken
	Observations
	Remarks



	1
	ACN:buffer (pH 2.8; 40:60%, v/v)
	Symmetrical peak
	Satisfactory



	2
	ACN:water (40:60%, v/v)
	Asymmetrical peak with tailing
	Not satisfactory



	3
	Methanol:water (40:60%, v/v)
	Completely split peak
	Not satisfactory



	4
	Methanol:buffer (pH 2.8; 40:60%, v/v)
	Asymmetrical peak with tailing
	Not satisfactory
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Fig. 4(a): Chromatogram for mobile phase [ACN:buffer (pH 2.8; 40:60%, v/v)].
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Fig. 4(b): Chromatogram for mobile phase [ACN:water (40:60%, v/v)].
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Fig. 4(c): Chromatogram for mobile phase [methanol:water (40:60%, v/v)].
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Fig. 4(d): Chromatogram for mobile phase [methanol:buffer (pH 2.8; 40:60%, v/v)].



Table 3: Observation and remarks of method development for different pH conditions.



	S. no
	Trails taken
	Observations
	Remarks



	1
	ACN:buffer (pH 2.8; 40:60%, v/v)
	Peaks found symmetrical
	Satisfactory



	2
	ACN:buffer (pH 4; 40:60%, v/v)
	Peak eluted early with less theoretical plates
	Not satisfactory



	3
	ACN:buffer (pH 5; 40:60%, v/v)
	Completely split peak
	Not satisfactory



	4
	ACN:buffer (pH 6; 40:60%, v/v)
	Completely split peak
	Not satisfactory
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Fig. 5(a): Chromatogram for mobile phase [ACN:buffer (pH 2.8; 40:60%, v/v)].
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Fig. 5(b): Chromatogram for mobile phase [ACN:buffer (pH 4; 40:60%, v/v)].
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Fig. 5(c): Chromatogram for mobile phase [ACN:buffer (pH 5; 40:60%, v/v)].
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Fig. 5(d): Chromatogram for mobile phase [ACN:buffer (pH 6; 40:60%, v/v)].



Validation of the Method

The described method for the assay of NTG has been validated as per the current ICH Q2 (R1) Guidelines.

Analytical Parameters

A calibration curve was obtained for NTG from LOQ to 125% of its stock solution. A linear correlation was obtained between the mean peak area and the concentration in the range of 0.06–250 µg mL–1 NTG from which the linear regression equation was computed and found to be:

Y = mC + a, (r = 0.9999)

where Y is the mean peak area, C is the concentration of NTG in µg mL–1, a is the intercept and r is the correlation coefficient. The LOD and LOQ values, slope (m), y-intercept (a) and their standard deviations are evaluated and presented in Table 4. These results confirm the linear relation between the mean peak area and concentration as well as the sensitivity of the method.


Table 4: Linearity and regression parameters with precision data.



	Parameter
	Value



	Linear range, µg mL–1
	0.1–250



	Limits of quantification, (LOQ), µg mL–1
	0.06



	Limits of detection, (LOD), µg mL–1
	0.02



	Regression equation
	



	Slope (b)
	19930.392



	Intercept (a)
	1015594.2



	Correlation coefficient (r)
	0.9999



	Standard deviation of b, (Sb)
	116.197



	Standard deviation of a, (Sa)
	19269.127



Accuracy and Precision

The percent relative error which is an index of accuracy is ≤15 and is indicative of high accuracy. The calculated RSD % can be considered to be satisfactory. The peak area based and retention time based RSD values were <1. The results obtained for the evaluation of precision and accuracy of the method is compiled in Tables 5 and 6.

Robustness and Ruggedness

The robustness of an analytical procedure is a measure of its capacity to remain unaffected by small, but deliberate variations in method parameters and provides an indication of its reliability during normal usage. At the deliberate varied chromatographic conditions (flow rate, temperature and mobile phase composition), the analyte peak RSD %, tailing factor and theoretical plates remained near to the actual values. The RSD values ranged from 0.1% to 1.7% resumes the robustness of the proposed method. In method ruggedness, different columns (same lot), days and analysts (n=3) were performed. The results are summarised in Table 7.

Stability of the Solution

At the specified time interval, RSD % for the peak area obtained from drug solution stability and mobile phase stability were within 1%. This shows no significant change in the elution of the peak and its system suitability criteria RSD %, tailing factor, theoretical plates. The results also confirmed that the standard solution of drug and mobile phase were stable at least for 24 h during the assay performance.


Table 5: Results of accuracy study (n=5).



	Concentration of NTG injected (µg mL-1)
	Intra-day

	Inter-day




	Concentration of NTG found (µg mL-1)

	RE (%)

	Concentrationof NTG found, (µg mL-1)

	RE (%)




	150
	147.71

	1.53

	147.48

	1.68




	200
	203.48

	1.74

	202.20

	1.10




	250
	247.15

	1.14

	252.10

	0.84




Notes:     RE-relative error

n-number of determinations


Table 6: Results of precision study.
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Selectivity

Selectivity of the method was evaluated by injecting the mobile phase, placebo blank, pure drug solution and tablet extract. No peaks were observed for mobile phase and placebo blank and no extra peaks were observed for tablet extracts [Figs. 6(a) and 6(b)].

Application to Tablet Analysis

A 200 µg mL–1 solution of tablets was prepared and injected in triplicate to the UPLC system. From the mean peak area, the concentration and hence mg/tablet were computed; and the results were compared with those of a reference method (United States Pharmacopoeia 2011). The reference method involved the HPLC analysis with sodium phosphate buffer in methanol with a pH of 7.5, wavelength was set at 210 nm and 6 mm, 15 cm; 6 µm packing L71 column was used. The accuracy and precision of the proposed method were further evaluated by applying Student’s t-test (<2.7) and variance ratio F-test (<6.4), respectively. The t- and F- values at 95% confidence level did not exceed the tabulated values and this further confirms that there is no significant difference between the reference and proposed methods with respect to accuracy and precision. Table 8 illustrates the results obtained from this study.
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Fig. 6(a): Chromatogram for placebo blank.
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Fig. 6(b): Chromatogram for tablet extract.



Table 8: Results of determination of NTG in formulations and statistical comparison with the reference method.



	Formulation brand namea
	Nominal amount (mg)

	% NTG foundc ± SD

	t- value

	F- value




	Reference method

	Proposed method




	Natelide-60a
	60.0

	99.01±0.82

	98.88±0.68

	0.39

	5.81




	Glinate-60b
	60.0

	101.2±0.75

	99.94±0.97

	2.53

	1.67




Notes:     aMarketed by Alembic Ltd. (Vadodara, India)

bMarketed by Glenmark Pharmaceuticals (Mumbai)

cMean value of 5 determinations. Tabulated t-value at 95% confidence level is 2.78; tabulated F-value at 95% confidence level is 6.39


Table 7: Results of method robustness and ruggedness.
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Stress Study

No degradation products were formed during the stress studies with 5 M HCl, 5 M NaOH, 5% H2O2, hydrolytic, thermal and photolytic conditions. Figure 7 shows the degradation chromatograms of NTG with the corresponding solvent as blank.
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Fig. 7(a): 5% H2O2 degradation.
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Fig. 7(b): 5 M HCl degradation.
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Fig. 7(c): 5 M NaOH degradation.
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Fig. 7(d): Water degradation.
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Fig. 7(e): Thermal degradation.
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Fig. 7(f): Photolytic degradation.



Recovery Study

A standard addition procedure was followed to evaluate the accuracy of the method. The solutions were prepared by spiking pre-analysed tablet powder with pure NTG at three different levels and injected to chromatographic column after sample preparation as described before. The recovery of the known amount of added analyte was computed. The percentage recovery of NTG from pharmaceutical dosage forms ranged from 97.57% to 101.1%. Detailed results presented in Table 9 reveal good accuracy of the proposed method.


Table 9: Results of recovery study by standard addition method.



	Tablet studied
	NTG tablet (µg mL-1)

	NTG pure (µg mL-1)

	Total NTG found (µg mL-1)

	Percent recovery of pure NTG (% NTG±SD)




	Natelide 60
	98.88

	50

	145.26

	97.57±0.84




	
	98.88

	100

	194.54

	97.82±0.47




	
	98.88

	150

	249.63

	100.3±0.73




	Glinate 60
	99.94

	50

	149.12

	99.45±0.80




	
	99.94

	100

	193.26

	96.66±0.56




	
	99.94

	150

	252.69

	101.1±0.88




DISCUSSION

UPLC becomes very prominent in recent years due to its fast approach towards drug method development and validation. The smaller particles in column provide not only increased efficiency, but also the ability to work at increased linear velocity without a loss of efficiency, providing both resolution and speed. This method discusses in detail the QbD approach towards development and validation of NTG with vital information about its degradation in different stress conditions. The study reveals that the drug is sensitive towards pH and buffer mobile phases. Though the drug is soluble in solvents like methanol which is less costly, acetonitrile was found suitable for this method. QbD development reveals that the Acquity BEH C18, 100 × 2.1 mm, 1.7 µm column is the appropriate one for this method compared to columns. According to the van Deemter equation (Garry 2007), as the particle size decreases to less than 2.5 µm, the efficiency gains significantly (Michael 2005). The small particles in the column play a vital role in gaining the higher efficiency. The robustness and ruggedness study provides sufficient information on the repeatability and reproducibility of the method. The quantitation and detection limits are 0.06 µg mL–1 and 0.02 µg mL–1 respectively and the linearity ranges from 0.06–250 µg mL–1. NTG was found to be very stable towards acidic, basic, oxidative, thermal and photolytic stress conditions.

A reversed phase UPLC method development approach using QbD principles has been described. First, the method goals are clarified based on the process understanding. The experimental design describes the scouting of the key UPLC method components including column, pH and mobile phase. The interrelationships are studied and the preliminary optimised conditions are obtained for each combination. Here a better understanding of the factors influencing chromatographic separation and greater confidence in the ability of the methods to meet their intended purposes is done. Moreover, this approach provides a thorough knowledge and enables the creation of a chromatographic database that can be utilised to provide alternative method conditions at a future time, whenever the changes to the method are required for the assay of both forms of the drug. The new method boosts productivity by providing more information per unit of work as UPLC provides higher resolution, speed, and sensitivity predicted for liquid chromatography. All the validated parameters were found within acceptance criteria.

CONCLUSION

The validated method is specific, linear, precise, accurate, robust, rugged and stable for 24 h and can be applied for the determination of NTG in formulated form. The drug is stable in acidic, basic, oxidative, thermal, photolytic and hydrolytic conditions. The potential of QbD approach for simultaneous development of multiple methods including impurity methods, assay method, dissolution method, and cleaning validation method, and thus it should be implemented.
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Rizatriptan benzoate is a potent and selective 5-HTIB/ID receptor agonist and is effective for the treatment of acute migraine. Sublingual formulation has the advantage of offering fast relief from migraine due to faster drug delivery. The present study involves the formulation and evaluation of fast disintegrating sublingual tablets of rizatriptan benzoate to produce intended effects. The sublingual rizatriptan benzoate tablets were prepared by the method of direct compression. The superdisintegrants used were sodium starch glycolate, cross carmellose sodium and cross povidone. The powder flow properties of all formulations were evaluated for diameter, thickness, weight variation, hardness, friability, wetting time, water absorption ratio, drug content, in vitro and in vivo disintegration time as well as in vitro release and were found to be satisfactory. The optimised formulation containing cross povidone disintegrated very fast and in vitro drug release was very high. The optimised formulation was characterised by scanning electron microscopy (SEM), differential scanning calorimetry (DSC), powder x-ray diffraction (PXRD) and fourier transform infrared spectroscopy (FTIR). Based on disintegration and dissolution studies, the optimised formulation was also evaluated for in vivo release studies using rabbit model. The peak serum concentration (Cmax), half time needed for item to decay (T½), time for maximum plasma concentration (Tmax) and area under curve (AUC) were calculated. Tmax for rizatriptan tablet was faster in sublingual route when compared to oral route. Rizatriptan tablet by sublingual route in rabbit shows effective therapeutic Cmax when compared to clinical dose and it is a promising alternative to oral administration route in acute management of migraine.

Keywords: Rizatriptan benzoate, Fast disintegrating sublingual tablets, Pharmacokinetics, LCMS/MS

INTRODUCTION

Migraine is a frequently occurring headache that imposes a burden on both the individual patient and society. Rizatriptan benzoate is a potent and selective 5-HTIB/ID receptor agonist used for the treatment of migraine headache (Sunitha, Tejal and Ankit 2010; Pranzatelli 1999). The absorption is very rapid but the bioavailability is 40% due to extensive first pass effect. The half life of the drug is around 2–3 hours. In conventional tablets the onset of action is slow. So there is a need to formulate a dosage form which gives fast relief from headache, while at the same minimising the first pass effect to improve its bioavailability.


The sublingual route usually produces faster onset of action as compared with oral route. A small quantity of saliva is sufficient for these formulations. The drug is absorbed partially or completely into the systemic circulation from the sublingual mucosal blood vessels, thus producing faster onset of action and bypasses hepatic first-pass metabolic process (Birudaraj, Berner and Shen 2005; Ishikawa et al. 2001; Price et al. 1997).

In the present study, the fast disintegrating sublingual tablets were prepared by the method of direct compression using various pharmaceutical excipients. The excipients used were avicel pH 102, sodium starch glycolate, cross carmellose sodium, cross povidone, mannitol, aspartame and magnesium stearate (Rameshwari and Jeya 2009). The developed sublingual tablets were evaluated for physical parameters, in vitro release studies and in vivo release studies using rabbit as the animal model.

METHODS

Rizatriptan benzoate was kindly supplied by Natco Pharma Limited (Hyderabad, India). Sodium starch glycolate, cross carmellose sodium, cross povidone, avicel pH 102, aspartame and magnesium stearate were supplied as gift samples by Cheminova Remedies (Hyderabad, India). Analytical grade chemicals and HPLC grade solvents were used. Double distilled water was used throughout the experiment.

Formulation of Fast Disintegrating Sublingual Tablets

Sublingual tablets of rizatriptan benzoate were prepared by the method of direct compression. The excipients used were mannitol, avicel pH 102 (diluent), sodium starch glycollate, cross carmellose sodium, cross povidone (super disintegrant), aspartame (sweetening agent) and magnesium stearate (lubricant). Accurate amount of the active ingredient and all additives were homogenously blended using geometric dilution after passing through sieve number 60 (standard sieve size) and finally magnesium stearate was added for lubrication and triturated well (Biradar, Bhagavati and Kuppasad 2006). Different quantities of excipients were used to prepare various formulations of sublingual tablets. The blended material was compressed on 8 mm standard concave punch using a minipress table punching machine (RIMEK, India). The total weight of formulation was made up to 150 mg (Keny, Chrisma and Lourenco 2010).

Evaluation of Sublingual Tablets

Micromeritic properties of rizatriptan powder formulations

The flow properties of powder are vital in handling and processing operations. The flow properties were obtained by measuring angle of repose, Carr’s compressibility index and Hausner’s ratio. The angle of repose was determined by using conventional fixed funnel method. From the bulk and tapped density, the Carr’s compressibility index and Hausner’s ratio of rizatriptan benzoate powders were calculated. The diameter and thickness of the tablets was measured with vernier callipers (Mututoyo, Japan).


Weight variation

After direct compression, 20 tablets were selected randomly and the average tablet weight was calculated. All the tablets were made sure to not deviate from the average weight by more than ±10%.

Hardness

The tablet crushing strength was determined by applying a force that is required for breaking of a tablet into two halves. This was measured using hardness tester (Tab Machines, India). Three tablets were randomly selected from each formulation and the average hardness was noted.

Friability

This test was performed to determine the effects of friction and shock. Pre-weighed sample of 10 tablets was placed in the friabilator (Electrolab, India) and rotated at 25 rpm for about 4 min. The tablets were dedusted and reweighed, and the friability percentage was calculated. Compressed tablets should not lose more than 1% of weight.

Wetting time

The tablet’s wetting time was measured by using a simple procedure. A piece of tissue paper was cut circularly (10 cm diameter) and placed on a petridish containing 10 mL of water at room temperature. A tablet is placed on the surface of the tissue paper and the time required for the complete wetting of the tablet was noted (Honey, Nishant and Vikas 2008).

Drug content uniformity

Drug content uniformity was determined by crushing 20 tablets in a mortar. An amount equivalent to 10 mg of rizatriptan was dissolved in mobile phase. The mobile phase consisted of a 80:20% v/v mixture of buffer (pH 3.5) and acetonitrile, which was previously filtered through 0.45 µm nylon membrane filter and degassed. Appropriate dilutions were made and analysed using high performance liquid chromatography (HPLC; Agilent 1100 series, USA) at the wavelength of 225 nm. The liquid chromatography was equipped with a UV detector and a Zorbax SB phenyl, 5 µm (250 mm × 4.6 mm) column. Isocratic elution was carried out at a flow rate 1.0 mL/min. The injection volume was 10 µL and the column temperature was maintained at 30°C. The system was equilibrated for at least 30 min until a steady baseline was obtained.

Disintegration time

In vitro disintegration time was determined using a modified disintegration method (n=5) by using disintegration tester (Lab India, DS 1400, India) at 37±0.5°C in distilled water. The tablet was carefully kept in a basket. The time taken for the tablet to disintegrate completely into smaller particles were noted. For in vivo disintegration, the tablet was placed on the floor of mouth of volunteers (n=5) and the time taken for complete disintegration in the mouth was noted.


In-vitro release studies

All the formulations were studied for in vitro drug dissolution using USP dissolution test apparatus type II [paddle method (Lab India, DS 14000, India)] (Toshihiro, Masae and Yoshinori 2003) at a rotating speed of 50 rpm; 900 mL of water was used and maintained at 37±0.5°C. A tablet containing equivalent to 10 mg of rizatriptan was placed in each basket and the solutions were filtered through a 0.45 µm pore size (PVDF filter). The samples were collected at 5, 10, 15, 20, 30, 45 and 60 min and analysed for drug content using UV-visible spectrophotometer (Schimadzu, model UV1601, Japan) set at 282 nm. All dissolution studies were made in six replicates (n=6) to ensure a high sample power and confidence in the results. The calibration curve for rizatriptan in water was linear from 11.2–65.2 µg/mL (r2>0.99).

Scanning Electron Microscopy (SEM)

The surface characteristics of the rizatriptan sublingual tablets and standard rizatriptan were examined by scanning electron microscope [Scanning Electron Microscopy (SEM), JEOL 5400, Japan]. Samples were placed on a brass stub using adhesive tape (Rahul, Zahra and Farhan 2009) and were made electrically conductive by vaccum sputter coating with gold, done five to six times, to form a thin layer of gold. SEM images were recorded at acceleration voltage of 5 kv.

Differrential Scanning Calorimetry (DSC)

The molecular state of the drug was evaluated by performing DSC analysis of placebo, physical mixture with drug, sublingual rizatriptan formulation and rizatriptan standard using a differential scanning calorimeter (DSC 6, Perkin Elmer, USA). The samples were heated in hermetically sealed aluminium pans over a temperature range of 35°C–350°C at a constant rate of 10.0°C per min under nitrogen purge at 20 mL/min.

Powder X-ray Diffractometry (PXRD)

The powder X-ray diffraction patterns of sublingual rizatriptan tablets, physical mixture with rizatriptan and rizatriptan standard were measured using X-ray powder diffractometer (XRD x’pert PRO MPD, PANalytical, USA). The diffraction pattern was measured using Ni filtered Cu Kα (45 kV/40 mA) radiation (Takao et al. 2005). The samples were measured between the angular range of 2°–50°(2θ) using 0.017° steps and a 10 s counting time per step.

Fourier Transform Infrared Spectroscopy (FTIR)

Infrared spectrum peaks of placebo (tablet), physical mixture without drug, physical mixture with drug and rizatriptan sublingual formulation was compared with rizatriptan reference standard using FTIR spectrophotometer (Perkin Elmer Spectrum one series,USA) by KBr pellet method. The scanning was in between 400 to 4000 cm–1 and with 1 cm–1 resolution.


In vivo Release Studies

Pharmacokinetic analysis

Formulation nine (F9) was found as the best suitable formulation and the pharmacokinetic studies of this sublingual rizatriptan tablets were compared with oral marketed rizatriptan tablets (Rizact-10 mg, Cipla, Mumbai). The experimental protocol was approved by institutional animal ethics committee (Vimta Labs, Pre Clinical division, Hyderabad, India; study number: VLL/0611/NG/D006). Six male New Zealand rabbits (1.5–2.0 kg) were purchased from Sainath Agencies (Hyderabad, India). All rabbits were housed in stainless steel cages (size approximately 45 cm width × 60 cm length × 35 cm height). Rabbits were housed separately (Gu, Simons and Simons 1999), the cases were equipped with facilities for holding pellet food and drinking water in bottle with stainless steel sipper tube. All animals had free access to reverse osmosis (RO) generated potable water and standard animal diet (Provimi Animal Nutrition India Pvt. Ltd., Doddaballapur, Bangalore, India). During the study, the room temperature and relative humidity (RH) was maintained at 22±3°C and 30%–70% RH, respectively. Prior to treatment, rabbits were subjected to randomisation based on their body weights and distributed equally into two groups.

Each animal (n=3) in the first group was administrated a single sublingual tablet (10 mg) irrespective of the body weight under mild anaesthesia (isoflurane). The rabbit’s mouth was opened, tongue was elevated and the tablet was placed underneath. Small amount of water was added to surface of the tablet before administering. The mouth was shut for 1 min, to avoid chewing or swallowing of the tablet. The rabbits from second group received comparator i.e. marketed preparation of rizatriptan tablet orally. Two mL of water was administered after dosing. Animals were bled at pre-determined time points through marginal ear vein (0, 0.83, 0.25, 0.5, 1, 2, 4, 6 and 8 h). The samples were centrifuged (Cetrifuse, Thermoscientific X3R, USA) and, serum was separated and stored at −20°C (Mutasem et al. 2006).

Analysis of blood samples

Study samples, calibration curve samples and quality control samples were transferred to pre labelled ria vials and 20 µL of internal standard (Zolmitriptan, 10 µg/mL) was added and vortexed, followed by addition of 2.5 mL of diethyl ether:dichloromethane (70:30), placed in shaker for 15 min and then centrifuged for 10 min at 20°C at 400 rpm. The supernatant (organic layer) was transferred into pre-labelled ria vial, evaporated under a stream of nitrogen at 35°C until completely dried; the dried residue was reconstituted with 0.2 mL of mobile phase and vortexed. Samples were loaded into pre-labelled auto-injector vials and 10 µL of samples were injected onto LC-MS/MS system containing HPLC (Perkin Elmer PE 200 series) and MS (API 2000, USA). The Devilosil ODS-3 column (4.6 × 150 mm, 3.5 µm; Nomura Chemical Co. Ltd., Japan) and the column oven temperature was maintained at 40°C. Mobile phase was 0.1% formic acid buffer:methanol (25:75, v/v) with a flow rate of 0.45 mL/min and the injection volume was 10 µL. The total run time was about 4 min and the electron spray ionisation was performed in the selected ion monitoring mode. The detection ions were at mass-to-charge ratios (m/z) of 270.20 amu (parent) to 201.0 amu (product) and 288.20 amu (parent) to 182.0 amu (product) for rizatriptan sublingual tablets and internal standard zolmitriptan respectively. The chromatograms were analysed by using 1.4-2 version software and the concentration of rizatriptan was calculated. Pharmacokinetic parameters were calculated by non-compartmental analysis using WinNonlin® 6.1 software (Pharsight Corporation, USA).

Pharmacokinetic parameters

The following pharmacokinetic parameters were calculated primarily for the oral study. The peak serum concentration attained by the drug (Cmax), time required to attain peak serum concentration (Tmax), the area under the curve (AUC0-24) and (AUC0-∞), time taken for a test item undergoing decay to decrease by half (T½), the volume of distribution (Vd) and clearance of the drug (Cl) was estimated.

Statistical Analysis

Statistical analysis was expressed as mean±standard deviation (SD) and performed with repeated measures which controls the experimental wise error at rate α=0.05 which was used to determine significance among all possible pairs of formulations and interactions. The level of statistical significance was chosen as p≤0.05.

RESULTS

Preparation of Rizatriptan Sublingual Tablets

Fast disintegrating sublingual tablets of rizatriptan were prepared using direct compression method. Nine formulations were prepared. The composition of rizatriptan benzoate sublingual formulations is shown in Table 1. The powder flow properties were assessed from Angle of repose, Carr’s Compressibility Index and Hausner’s ratio. The Carr’s Compressibility Index and Hausner’s ratio were ≤15 and ≤1.18, respectively. The comparison of powder flow characteristics of the rizatriptan benzoate sublingual formulations are shown in Table 2.

Tables 3 and 4 show the physical parameters of all sublingual formulations. The diameter and thickness of the formulations ranged from 8.0±0.0 mm to 8.07±0.06 mm and from 3.10±0.00 mm to 3.2±0.00 mm, respectively. The average weight of the tablet in the formulations ranged from 147.96±0.06 mg to 153.5±0.25 mg. All the formulations of tablets indicated good mechanical strength (4–5 kg/cm2). The friability was less than 0.5%, indicating that it is within the compendia limits, which showed that the tablets possess good mechanical strength. Drug content uniformity results were found to be good among all the formulations. The percentage of the drug content was more than 95.5% (p<0.05). All tablets disintegrated in the range of 80.33±0.58 s to 7.33±0.58 s. Less than 2 min was obtained for sublingual tablet formulations (USP31). All formulations met the requirements for disintegration test. Formulation 9 (F9) quickly disintegrated compared to other formulations, with disintegration time of 7.33±0.58 s.

Table 5 shows the in vitro release profile of rizatriptan benzoate from all the formulations. More than 85% of drug dissolved within 15 min. F9 showed 97.47±0.36 dissolution efficiency in 15 min. Based on disintegration and dissolution efficiency F9 was selected as the optimum formulation and was characterised.


Table 1: Composition of the rizatriptan sublingual formulations.
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Table 2: Compressed tablet properties of the rizatriptan sublingual formulations.



	Formulation

	Angle of repose (θ)*

	Bulk density (gm/mL)*

	Tapped density (gm/mL)*

	Compressibility Index (I)*

	Hausner’s ratio*




	F1

	32.6±0.10

	0.22±0.01

	0.26±0.01

	14.87±0.98

	1.18±0.01




	F2

	32.1±0.12

	0.30±0.01

	0.34±0.01

	11.64±0.21

	1.13±0.00




	F3

	31.6±0.13

	0.22±0.01

	0.25±0.01

	12.01±0.48

	1.14±0.01




	F4

	31.0±0.12

	0.25±0.01

	0.29±0.01

	13.64±0.27

	1.16±0.01




	F5

	30.9±0.13

	0.25±0.01

	0.28±0.01

	10.59±0.21

	1.13±0.00




	F6

	30.4±0.13

	0.25±0.01

	0.28±0.01

	10.59±0.21

	1.13±0.02




	F7

	29.8±0.12

	0.26±0.00

	0.30±0.01

	13.48±0.27

	1.15±0.02




	F8

	30.3±0.13

	0.25±0.01

	0.28±0.01

	10.84±0.23

	1.12±0.01




	F9

	29.7±0.13

	0.26±0.01

	0.29±0.01

	10.46±0.21

	1.12±0.00






Note: *All values represent mean±SD, n=3.

Scanning Electron Microscopy (SEM)

The surface morphology of sublingual rizatriptan benzoate formulation and standard rizatriptan benzoate were examined by scanning electron microscope (Fig. 1). The SEM micrographs reveal that there was no segregation or deposition of particles on the surface of sublingual tablets.


Table 3: Physical parameters of the rizatriptan sublingual formulations.




	Formulation
	Assay %***

	Thickness (mm)***

	Hardness (kg/cm2)**

	Friability %***

	Weight variation (mg)***




	F1
	95.92±0.04

	3.2±0.01

	4.0±0.0

	0.29±0.0

	153.5±0.25




	F2
	95.80±0.03

	3.10±0.0

	4±0.5

	0.30±0.0

	151.33±0.06




	F3
	95.79±0.03

	3.15±0.01

	4.0±0.0

	0.25±0.0

	150.07±0.06




	F4
	96.14±0.04

	3.18±0.01

	4.0±0.0

	0.25±0.0

	153.27±0.06




	F5
	95.77±0.04

	3.10±0.0

	4.17±0.29

	0.30±0.0

	147.96±0.06




	F6
	95.81±0.03

	3.09±0.01

	4.0±0.0

	0.32±0.0

	150.60±0.0




	F7
	96.23±0.04

	3.18±0.01

	4.0±0.0

	0.29±0.0

	151.46±0.10




	F8
	95.98±0.01

	3.20±0.01

	4.17±0.29

	0.37±0.0

	151.72±0.02




	F9
	96.03±0.04

	3.10±0.00

	4.0±0.0

	0.35±0.0

	152.34±0.03






Notes: ***All values represent mean±SD, n=20

**All values represent mean±SD, n=6


Table 4: Physical parameters of the rizatriptan sublingual formulations




	Formulation
	Diameter (mm)***

	In vitro disintegration time (s)**

	In vivo disintegration time (s)**

	Wetting time (s)*

	Water absorption ratio (%)*




	F1
	8.03±0.00

	80.33±0.58

	110.33±0.51

	65.33±0.58

	156.73±0.0




	F2
	8.03±0.06

	58.33±0.58

	100.33±0.51

	53.67±0.58

	147.36±0.01




	F3
	8.05±0.06

	54.67±0.58

	80.33±0.51

	42.33±0.58

	141.55±0.00




	F4
	8.03±0.06

	20.0±0.0

	38.33±0.51

	15.33±0.58

	129.07±0.0




	F5
	8.03±0.06

	19.0±0.0

	35.67±0.51

	14.33±0.58

	121.36±0.0




	F6
	8.07±0.06

	14.33±0.58

	29.33±0.51

	12.33±0.58

	118.20±0.01




	F7
	8.07±0.06

	11.0±0.00

	28.33±0.51

	9.33±0.58

	109.58±0.0




	F8
	8.07±0.06

	9.33±0.58

	20.33±0.51

	7.33±0.58

	105.73±0.0




	F9
	8.07±0.06

	7.33±0.58

	13.67±0.51

	5.33±0.58

	94.17±0.0






Notes: *All values represent mean±SD, n=3

**All values represent mean±SD, n=6

***All values represent mean±SD, n=20

Differential Scanning Calorimetry (DSC)

The DSC thermograms of placebo (tablet), physical mixture with rizatriptan, rizatriptan sublingual tablets F9 and rizatriptan standard were studied. The endothermic peaks of rizatriptan standard appeared at 183°C and in the sublingual tablets and physical mixture it was found at 179°C. The small size of peak is attributed to the fact that the amount of rizatriptan in tablets and physical mixture with drug was around 15%. It shows that drug exist in crystalline form in formulation without having polymorphic change (Fig. 2). The peak at 169°C in all the formulations except in standard rizatriptan was due to the presence of excipients. This was further confirmed by PXRD.

Powder X-ray Diffraction (PXRD)

PXRD studies were done to reveal the crystalline modification of the drug during formulation of tablets. The more intensive peak was obtained at 18.84 (2θ) for rizatriptan standard. Similarly, in sublingual tablets and in physical mixture a peak at about 18.74 (2θ) appeared, showing the crystalline nature of the drug in formulations (Fig. 3).

Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectra of placebo, physical mixture without drug, physical mixture with drug, rizatriptan sublingual formulation and standard rizatriptan are shown in Figure 4. The pure rizatriptan benzoate exhibited characteristic peaks at 3120 cm–1 (aromatic secondary amine N-H stretching), 2974 cm–1 (aromatic C-H stretching), 1608 cm–1 (C=O five member cyclic stretching) and 1270 cm–1 (C-N aliphatic amine stretching). All these peaks appeared in rizatriptan sublingual formulation (F9) at 3291 cm–1 (aromatic secondary amine N-H stretching), 2948 cm–1 (aromatic C-H stretching), 1608 cm–1 (C=O five member cyclic stretching) and 1281 cm–1 (C-N aliphatic amine stretching).

Pharmacokinetic Studies

The optimum formulation was chosen based on in vitro results by means of exhibiting fast disintegration and dissolution. F9 was included in in vivo study. The mean serum concentration-time data of rizatriptan (n=3) following sublingual and oral administration is shown in Figure 5. Table 6 shows pharmacokinetic parameters for both the formulations. The peak serum concentration attained by drug was 235.23±22.89 ng/mL and 486.34±262.75 ng/mL following sublingual and oral administration, respectively. The times required for attaining peak serum concentration by drug following sublingual and oral administration were 0.5 h and 1.33 h, respectively. The times required for a drug to decrease by half (t1/2) were found to be 1.333 h and 1.024 h following sublingual and oral administration, respectively.

DISCUSSION

Rizatriptan sublingual tablets were prepared using direct compression method. Nine formulations were prepared using various excipients of different proportions. All the powder formulations showed small angle of repose (<33°) indicating good flow properties for all formulations. The average weight, friability and hardness were within compendial limits which shows that all formulations of tablets possessed good mechanical strength. The wetting time and water absorption were found to be 65.33±0.58 s to 5.33±0.58 s and 156.73±0.0% to 94.17±0.0%, respectively. It was observed that in F9 the tablet wetted and disintegrated completely within 5.33 s. Drug content uniformity was within acceptable limits, which indicates a homogenous distribution of drug in tablets.


Table 5: In-vitro release profile of the rizatriptan sublingual formulations.
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Fig. 1: Scanning electron microscope images of (a) rizatriptan standard and (b) rizatriptan sublingual tables (F9).
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Fig. 2: DSC themograms of rizatriptan standard, sublingual rizatriptan tablets, rizatriptan physical mixture with drug and placebo.
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Fig. 3: PXRD patterns of rizatriptan standard, rizatriptan physical mixture with drug and sublingual tablets.
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Fig. 4: FTIR spectra of physical mixture with drug, placebo, physical mixture without drug, rizatriptan sublingual tablets and rizatriptan standard.
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Fig. 5: The plasma concentration time curve of rizatriptan sublingual tables and oral (marketed formulation) administration. Results are expressed as the mean ± SD (n=3)



In the present study, all formulations of tablets disintegrated immediately (<2 min). The in vitro disintegration time of the tablets is an important parameter that should be optimised in the development of sublingual tablets. The tablet disintegration was affected by wicking and swelling of disintegrant (Jinichi et al. 2006). F9, which contained 6% of cross povidone, disintegrated more quickly as compared with other formulations. The in vivo disintegration time was in the range of 110.33±0.51 s to 13.67±0.51 s and the time was found to be 13.67±0.51 s for F9. Cross povidone exhibits high capillary activity and pronounced hydration capacity, faster disintegration and dissolution. It swells rapidly in water without getting gel formation due to its high cross link density (Mohanchandran, Sindhumol and Kiran 2011). As a result, the cross povidone-containing tablets quickly wicks the saliva into the tablet which generates the volume expansion and the hydrostatic pressure to provide rapid disintegration in the mouth (Rudnic et al. 1980).

The SEM pictures showed no evidence of negative crystalline structure in the sublingual tablet formulation. The DSC and PXRD studies showed the crystalline nature of the drug in the formulations. The FTIR spectrum of sublingual tablets indicated the drug and excipients did not undergo any chemical interaction. Based on fast disintegration and dissolution efficiency, F9 was included in vivo study. The times required to attain peak serum concentration, following sublingual and oral administration were 0.5 h and 1.33 h, respectively. Area under the curve AUC0-t was found to be 475.49±97.02 ng.h/mL and 1083.31±385.62 ng.h/mL for sublingual and oral administration respectively. In the current study, even though the plasma concentrations of sublingual tablets were lower compared to oral tablets, the Cmax (235 ng/mL) achieved with sublingual route elicits the pharmacological activity. As reported in the literature for 10 mg human dose, the concentrations achieved after conversion factor from rabbit to man would be 6.38 ng/mL (Suzanne et al. 2006). The elimination is increased in sublingual tablets probably due to rapid transport across the single epithelial cell layer of the sublingual mucosa into the interstitial fluid then into the venous circulation down the concentration gradient and due to bioavailability. The mean plasma concentration-time profiles for rizatriptan 10 mg tablet by sublingual and oral route show a comparable time to peak plasma concentration. The time to achieve maximum plasma concentration (Tmax) for rizatriptan 10 mg tablet was faster in sublingual route of administration when compared to oral route. Rizatriptan 10 mg tablet by sublingual route in rabbits show effective therapeutic Cmax when compared to clinical dose (Suzanne et al. 2006; Chen et al. 2005; Jun et al. 2005).


Table 6: Pharmacokinetic parameters of rizatriptan sublingual tablets and oral tablets (10 mg/tablet).



	PK parameters
	*Sublingual tablets

	Oral administration




	Cmax (ng/mL)
	235.23±22.89

	486.34±262.75




	Tmax (hr)
	0.5±0.43

	1.33±0.58




	AUC0-t (ng.h/mL)
	475.49±97.02

	1083.31±385.62




	AUC0-∞ (ng.h/mL)
	235.23±92.37

	1298.55±307.46




	T½ (h)
	1.34±0.18

	1.02±0.15




	Cl (mL)
	18672.04±3173.86

	7922.97±1875.93




	Vd (mL)
	36376.57±10917.33

	11908.99±4491.57




Note: *Significant difference at p≤0.05 vs control


CONCLUSION

All tablets met the compendia limits in terms of physical parameters, disintegration and dissolution efficiency. When given sublingually, rizatriptan is well absorbed, and its bioavailability by this route is significantly enhanced with the addition of cross povidone. From this study, the optimised rizatriptan sublingual tablets appeared to be a promising alternative to oral administration route in acute management of migraine.
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The aim of this study was to design and develop controlled release Imatinib mesylate (IM) oral dosage form by fabricating gastroretentive mucoadhessive tablet which can retain the drug in the stomach for prolonged duration and to achieve therapeutic levels over an extended period of time for the treatment of myelogenous leukemia (CML) and gastro intestinal stromal tumor (GIST). Single unit formulations containing carbopol 974P or sodium carboxy methyl cellulose (MC) which helps the drug in adhering to the gastric mucosa for an extended period of time were formulated and evaluated. Gastroretentive tablets of IM were prepared by direct compression. The results obtained showed no physicochemical incompatibility between the drug and other excipients used in the formulations. The prepared tablets were evaluated by different parameters such as thickness, weight variation, hardness, content uniformity, swelling index and mucoadhesive strength. Indigenously fabricated assembly was used to measure the bioadhesive strength of the mucoadhesive tablets, and goat gastric mucosa was used as a model tissue. Bioadhesive strength increased with increasing the amounts of carbopol 974P and sodium CMC in the formulations. The physicochemical compatibility of the drug with other excipients used in the formulations was studied by FTIR analysis. The tablets were also evaluated for in vitro drug release in 0.1N HCl for 12 h in USP Type II dissolution apparatus. In order to determine the mode of release, the data was fitted into various kinetic models and the optimised formulation followed Korsmeyer peppas model and the ‘n’ value was greater than one indicated super case II mechanism of drug release. The radiographic pictures of the rabbits confirm the in vivo mucoadhesion in the stomach for 6 h.

Keywords: Gastroretentive, Mucoadhesive, Imatinib mesylate, Radiography

INTRODUCTION

Bioadhesion may be defined as the state in which two materials, at least one of which is biological in nature, are held together for extended periods of time by interfacial forces. In the pharmaceutical sciences, when the adhesive attachment is to mucus or a mucous membrane, the phenomenon is referred to as mucoadhesion and has been extensively reviewed (Vinod et al. 2010a, b; Streubel 2006; Moes 1993). The potential of mucoadhesive polymers was shown in ocular, nasal, vagina and buccal drug delivery systems leading to a significantly prolonged residence time of sustained release delivery systems on these mucosal membranes. In addition, the development of oral mucoadhesive delivery systems was always of great interest as delivery systems capable of adhering to certain gastrointestinal (GI) segments would offer various advantages. With few exceptions, however, mucoadhesive drug delivery systems have so far not reached their full potential in oral drug delivery, because the adhesion of drug delivery systems in the GI tract is in most cases insufficient to provide a prolonged residence time of delivery systems in the stomach or small intestine (Lenaerts and Gurny 1990).

The aim of this research work was to develop a single unit controlled release Imatinib mesylate (IM) oral dosage form which can retain the drug in the stomach for prolonged duration by mucoadhesive nature of the dosage form and to achieve therapeutic levels over an extended period of 12 hours for the treatment of chronic myelogenous leukemia (CML) and gastro intestinal stromal tumour (GIST). CML is a myeloproliferative disorder, in fact the first neoplastic disease to be linked to a consistent acquired genetic abnormality, the Philadelphia (Ph) chromosomes. Blast crisis is the final phase of CML and behaves like an acute leukemia with rapid progression and short survival rate (Jabbour et al. 2007; David, Richard and John 1997). GIST is one of the most common mesenchymal tumours of the gastrointestinal tract (1%–3% of all gastrointestinal malignancies). They are typically defined as tumours whose behaviour is driven by mutations in the Kit gene or PDGFRA gene. Imatinib is currently marketed by Novartis as Gleevec (USA) or Glivec (Europe/Australia) as its mesylate salt, imatinib mesylate (INN). It is used in treating CML, GIST and a number of other malignancies (O’Brien et al. 2003). It is the first member of a new class of agents that act by inhibiting particular tyrosine kinase enzymes, instead of non-specifically inhibiting rapidly dividing cells (Mishra 2007).

For the successful performance of oral control release drug delivery system (CRDDS) the drug should have good absorption throughout the gastrointestinal track (GIT), preferably by passive diffusion (Liu et al. 2005; Chowdary et al. 2003). IM is primarily absorbed from the proximal part of the small intestine and is unstable in the fluids whose pH is >5.5, hence gastroretention will be suitable (Elg, Chan and Hernandez 2007). Ironically, IM though a right candidate for the gastroretentive delivery system, much attention has not been given. We have conducted a market survey within the selective states of Andhra Pradesh, Kerala and Delhi and no gastroretentive IM forms were available. The real issue in the development of oral controlled release dosage form is to extend the duration of action of drug from the small intestine. The mucin glycoproteins are the most important structure-forming component of the mucus gel, resulting in its characteristic gel-like, cohesive and adhesive properties. The thickness of this mucus layer varies on different mucosal surfaces, from 50 to 450 µm in the stomach, to less than 1 µm in the oral cavity. With the intention of fabricating IM mucoadhesive single unit dosage form, the work was initiated. In this manuscript we highlighted how the dosage form was designed, evaluated and also discussed some of the critical technical problem solving issues. It was hypothesised that gastro retention of the drug would be enhanced by mucoadhesive nature of the dosage form.

MATERIALS AND METHODS

IM and carbopol 974P (CP) were generously supplied from Caron Life Sciences (Hyderabad). Dysymmetrix Laboratory (Hyderabad) provided gift sample of sodium carboxymethyl cellulose (CMC). Talc microcrystalline cellulose (MCC). Avicel 102 was purchased from S.D. Fine chemical Pvt. Ltd. (Mumbai). All other reagents used in this project were of analytical grade.


Fabrication of IM Mucoadhesive Tablets

IM tablets were prepared by direct compression (Lachman, Lieberman and Kanig 1991). In all formulations the drug concentration was kept constant. Two different mucoadhesive polymers were considered, carbopol 974P and sodium CMC with their formulations coded as Mca and Msc respectively. All the formulation contained 1% talc and 2% magnesium stearate. MCC was used as filler. The compositions of different formulations trials with different polymers are presented in Table 1. Accurately weighed quantities of polymer and Avicel were mixed in geometrical ratio. To this mixture, required quantity of IM was added and mixed slightly with pestle. This mixture was passed through 40# mesh (0.425 mm diameter), collected in a plastic bag and blended for 5 min. The required quantity of magnesium stearate and talc were added, and the final blend was again passed through 40#. The blend was mixed thoroughly for 10 min and compressed into tablets of average weight of 205.5 mg with same force using 8 mm round single punch tableting machine (Cadmach Machinery Ltd., Ahmedabad, India).


Table 1: Formulations containing carbopol 974P, sodium CMC and MCC.



	Formulation code
	Drug (%)

	Carbopol 974P (%)

	Sodium CMC (%)

	MCC (%)




	Mca1
	100

	50

	–

	50




	Mca2
	100

	60

	–

	40




	Mca3
	100

	70

	–

	30




	Mca4
	100

	80

	–

	20




	Msc1
	100

	–

	50

	50




	Msc2
	100

	–

	60

	40




	Msc3
	100

	–

	70

	30




	Msc4
	100

	–

	80

	20




Characterisation and Evaluation

The flow properties of powder blend for compression were characterised for angle of repose, Carr index and Hausner ratio (Nagare et al. 2010; Sinko 2006).

Angle of repose = tan-1 (h/r),

where h is height of the pile and r is the radius of its base of pile.

Hausner ratio (HR) and Carr index (CI) were calculated according to the two equations given below:

HR = pt/pb

CI = (pt–pb)/pt

where pt is tapped density and pb is bulk density.


Physical and organoleptic characterisation of tablet

The tablet size, shape and colour were observed in natural light above a white background. Drug content uniformity was determined by assay, thickness by vernier caliper, weight variation, hardness test using Monsanto hardness tester and friability by Roche-type friabilator were performed as part of evaluations.

Water Uptake Studies

The water uptake study of the dosage form was conducted by using USP dissolution apparatus-II (ElectroLab, Mumbai) in a 900 mL of distilled water which was maintained at 37.0±0.5°C, rotated at 50 rpm. At selected regular intervals the tablet was withdrawn by nylon meshed filtered spatula, kept over a filter paper to absorb excess buffer solution and weighed. Percentage swelling of the tablet was expressed as percentage water uptake (%WU) (Chandira et al. 2010; Strusi et al. 2008; Chavanpatil, Chaudari and Vavia 2005).

WU = (Wt – Wo) × 100% / Wo,

where Wt is the weight of the swollen tablet and Wo is the initial weight of the tablet.

Fourier Transform Infrared Spectroscopy

The infrared spectra of IM pure drug, physical mixture of drug and excipients were recorded between 400 to 4000 cm–1 on FTIR. The infra-red [I spectra for the test samples of 1 mg (1:100 of sample: KBr ratio)] were obtained using KBr disk method using an FTIR spectrometer (Shimadzu Corp, Japan) (Ashutosh 2009; Skoog, James and Stanley 2007).

Measurement of Bioadhesive Strength

Mucoadhesive strength of the tablet was measured on the modified physical balance (Deshmukh, Jadhar and Sakarkar 2009; Jacky, Shamling and Krishnat 2009; Mahesh et al. 2006; Gupta, Garg and Khar 1992). The design of device used for measuring the mucoadhesive strength was shown in Figure 1. The apparatus consisted of a modified double beam physical balance in which the right pan was replaced by a glass slide with copper wire and additional weight, to make the right side weight equal with left side pan. Another glass arrangement of suitable height and diameter was prepared, which was kept in beaker filled with 0.1N HCl (pH 1.2), and then placed below the right side of the balance.

Goat stomach mucosa was used as a model membrane and buffer media 0.1N HCl (pH 1.2) was used as moistening fluid. The goat stomach mucosa was obtained from local slaughter house and kept in a Krebs buffer (D-glucose 2 g/L, magnesium sulphate 0.141 g/L, potassium phosphate monobasic 0.16 g/L, potassium chloride 0.35 g/L, sodium chloride 6.9 g/L) during transportation. The underlying mucous membrane was separated carefully using surgical blade and washed thoroughly with 0.1N HCl (pH 1.2). It was then tied over the glass arrangement using a thread. The block was then kept in glass beaker. The beaker was filled with 0.1N HCl (pH 1.2) up to the upper surface of the goat stomach mucosa to maintain stomach mucosa viability during the experiments.
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Fig. 1: Clockwise from top: (A) indigenously fabricated bioadhesive strength testing unit; (B) bioadhesion process; (C) tablet before wetting; (D) after wetting with 0.1N HCl (camera: Cannon SP800UZ, supermacro mode, WB auto, ISO 3200, exposure −1.3).



One side of the tablet was attached to the glass slide of the right arm of the balance. The beaker was raised slowly until contact between goat mucosa and mucoadhesive tablet was established. A preload of 10 mg was placed on the slide for 5 min (preload time) to establish adhesion bonding between mucoadhesive tablet and goat stomach mucosa. The preload weight and preload time were kept constant for all formulations. After the speculated time, preload was removed from the glass slide and water was then added in the plastic bottle in left side arm by peristaltic pump at a constant rate of 100 drops per min. The addition of water was stopped when mucoadhesive tablet was detached from the goat stomach mucosa. The weight of water required to detach mucoadhesive tablet from stomach mucosa was noted as mucoadhesive strength in grams.

Drug Release Studies

Drug release studies were performed by dissolution test apparatus (United States Pharmacopoeia XXIII, ELECTROLAB TDT-08L, Mumbai) at 50 rpm, using 0.1N HCl (gastric pH 1.2, 900 mL) by USP type 2 apparatus (paddle method) at 37.0±0.5°C. Aliquot samples of 1 mL were withdrawn at pre scheduled intervals and replaced with fresh dissolution medium to maintain sink condition. Each sample was diluted suitably and analysed at 236 nm using double beam UV-visible spectrophotometer (Shimadzu, Japan) against reagent blank. For statistical data analysis and curve fitting, GraphPad software (GraphPad Software Inc., San Diego) were used. The experiment was carried out in triplicate and mean values of drug release % versus time were plotted (Suresh et al. 2010; Prakash et al. 2009).


Model Fitting for Drug Release

The suitability of several equations that are reported in the literature to identify the mechanisms for the release of drug was tested with respect to the following equations:

Zero order model (Danbrow and Samuelov 1980)

Mt = M0+ K0t

Higuchi model (Higuchi 1973, 1961)

Mt = M0 +KH t0.5

Korsmeyer - Peppas model (Peppas 1985; Korsmeyer et al. 1983)

Mt = M0 + KKtn

where Mt is the amount of drug dissolved at time t, M0 is the initial amount of the drug, K0 is the zero order release constant, KH is the Higuchi rate constant, KK is a release constant and n is the release exponent that characterises the mechanism of drug release.

In vivo Confirmation of Gastroretention by Using Radiographic Studies

Institutional animal ethical committee certificate (Nalanda College of Pharmacy/Indian Animal Ethical Committee, approved/11/2010) was obtained prior to the commencement of pharmacological studies. Since we want to reduce the number of experimental animals (male Nippon rabbits 2.0–3.0 kg), in vivo studies were done only for the optimised formulation. The animals were housed in separate cages and conditioned to the normal diurnal (day time) and nocturnal (night time) rhythms. The animals were fed with leafy vegetables, standard laboratory diet and water ad libitum. After overnight fasting of 12 h (accessibility to water was not restricted), six rabbits were given the tablets p.o. and water ad libitum. A reinforced flexible tube was inserted into the oral cavity and after feeding 10 mL water the tablet was administered, followed by another 10 mL of water. Radiographs of rabbits’ stomach from the ventral side were obtained at different time intervals like before the administration of tablet, 30 min, 3 h, 6 h and 24 h after drug administration. During these periods rabbits were allowed to take water (Sasa et al. 2000; Ingani, Timmermans and Moes 1987).

RESULTS

Imatinib oral tablets were found be 8 mm round, flat surfaced and pale yellow in colour. There was no chipping and mottling. Derived properties of powders like compressibility index (CI), angle of repose and HR were observed to be in the range of 11.20±0.04 to 14.80±1.32, 26.70±0.07° to 30.20±0.02° and 1.08±0.06 to 1.18±0.61 respectively and are described in Table 2.

The tablets were round and flat with an average diameter of 8.0±0.1 mm and a thickness ranged from 3.31±0.02 to 3.42±0.07 mm. The weight of the tablet varied between 203.18±2.16 to 208.19±1.83 mg for different formulations with low standard deviation (SD) values. The hardness and friability of different formulations were found to be between 5.90±0.15 to 6.23±0.35 kg/cm2 and 0.12% to 0.28% respectively. The force required to break the table across its diameter is recorded as the hardness for the tablet. The results are summarised in Table 2. Drug content uniformity in all formulations was calculated and the percent of active ingredient ranged from 97.62±0.28% to 99.75±0.70%. Water uptake was measured for all formulations with two polymers. The data was made into a histogram as shown in Figure 2. The integrity of the tablet after sorption also was observed. Mucoadhesive strength of formulations with two polymers; carbopol 974P [Mca] and sodium CMC [Msc] were obtained as weight (g) and represented by histograms (Fig. 3). To find out the possibility of pharmaceutical interactions, FTIR spectral analysis was done on the pure drug as well as their formulations. Figures 4 represents FTIR spectral data of the pure drug and the formulations containing various polymers. The peaks were measured and interpreted. Figure 5 stated that maximum drug release in 0.1N HCl using carbopol 974 and sodium CMC was 94.25% and 95.90% respectively. Radiological studies of the optimised formulation were done periodically on healthy male rabbits and X-ray was obtained (Fig. 6).


Table 2: Derived property of powder blend and physical characterizations of tablet.
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Fig. 2: Histogram representing percent swelling of mucoadhesive tablets incorporated with Mca (carbopol 974P) [A] and Msc (sodium CMC) [B] in 0.1N HCl medium.



DISCUSSION

As it was mentioned earlier, the present work was envisaged with the intention of developing a mucoadhesive single unit device so that gastric retention could be achieved there by increasing the efficacy of IM in terms of bioavailability. Since the absorption window of IM is primarily in the proximal part of the small intestine and is unstable in the fluids with pH >5.5, drug for gastroretentive mucoadhesion was optimised. At the initial level of research, we were trying to prepare microspheres by solvent evaporation method. But the drug being highly lipophilic in nature, leached out of the microspheres into liquid paraffin. Researchers trying various partition coefficient studies had to solve the issue by selecting tablet dosage form. Here the advantage we gained was not only that one did not have to be concerned about the drug loading, but this also involved limited usage of excipients (economical).
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Fig. 3: Mucoadhesive strength of formulations with two polymers; carbopol 974P [Mca] and sodium CMC [Msc].



It was mandatory to verify the derived properties of powders (pre compaction) as these could affect the packing arrangements, tablet integrity, uniformity and weight variation (post compaction). Since the tablet was formulated by direct compression, bulk density primarily was affected by the compaction. The values of HR, angle of repose and CI are in the order of 1.25–1.5, less than 30° and 11–15 respectively. The results of angle of repose indicate the suitability of the powder for direct compression with optimum inter particle friction which is supported by the values obtained from HR and CI. The HR is not an absolute property of a material, its value can vary depending on the methodology used to determine it. The CI, named after the pharmacologist Charles Jelleff Carr gives indication of the compressibility of a powder (Podczeck and Brian 2007).

The weight variation of the tablets was within the permissible limits of 7.5%, as specified for tablet weighing more than 130 mg (Aulton 2002). The hardness of the tablets was fixed at 6 kg/cm2 and was maintained for all the batches in order to minimise the effect of hardness on the drug release. This was done because the effect of polymer and its concentration on the drug release was the area of interest. The results showed that the hardness of the tablets were almost the same. Tablet thickness was also used to assess the quality of tablets. Under uniform conditions of manufacture, the total weight of tablet and thickness were linearly related. Friability test of all the formulations were found satisfactory as the obtained values were below the permitted value of 5% showing enough resistance to the mechanical shock and abrasion. The weight loss was found to be less than 0.29%.
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Fig. 4: FTIR spectral analysis of (A) pure drug, (B) formulation containing carbopol 974P and (C) formulation containing sodium CMC.
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Fig. 5: Cumulative drug release (%) profile of gastroretentive mucoadhesive tablets incorporated with carbopol 974P (Mca) (A) and sodium CMC (Msc) (B) in 0.1N HCl, detected UV spectrophotometrically at λ max 236 nm. Data represents mean±SD (n=3).



Mucoadhesive polymer exhibits its adhesive property only when it is in contact with water or GI solution. When in contact with the water, the tablet swells mainly by imbibitions, by which the water will be taken up by the mass and swells because of the inter- and intra-distance between the polymer chains get distanced. The swelling behaviour of dosage unit can be measured either by studying its dimensional changes, weight gain or water uptake. The formulations with carbopol 974P and sodium CMC showed good swelling and tablet integrity. Complete swelling was achieved towards the end of 6 h, then diffusion and erosion took place. The formulation Mca4 containing carbopol 974P showed higher swelling compared to that of the formulations containing sodium CMC. The swelling index of the tablets increased with an increase in the polymer viscosity grades.

Different interactions of mucoadhesion is postulated like bonds of ionic, covalent, hydrogen, Van-der-Waals and hydrophobic. Mechanism of mucoadhesion is generally divided in two steps, the contact stage and the consolidation stage.

Step 1 – Contact stage: An intimate contact (wetting) occurs between the mucoadhesive and mucous membrane.
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Fig. 6: Radiographic pictures of gastroretentive mucoadhesive tablets were taken (A) before the administration of the tablet, (B) after 30 min of administration, (C) after 3 h, (D) after 6 h and (E) after 10 h. Dosage form identified at in vivo conditions are marked with the circle.



Step 2 – Consolidation stage: Various physicochemical interactions occur to consolidate and strengthen the adhesive joint, leading to prolonged adhesion. These interactions and mechanisms depends on the swelling index and bioadhesion. Both are characteristics of the polymers of discussion. Bioadhesion strength of the tablet indicates the strength with which the tablet interacts with the mucosa of the stomach. The results obtained clearly indicate that increase in polymer quantity increased bioadhesion. This pattern is the same for both the mucoadhesive polymers used in the study, carbopol 974P and sodium CMC. Maximum bioadhesion strength was seen in the formulation containing carbopol 974P (Mca4). As the polymer concentration increased the bioadhesion with the mucous membrane (mucoadhesion) also increased with both the polymers. This statement was supported by the results of the swelling index. Both swelling index and bioadhesion were found to be directly proportional. A comparison of the histograms of both polymers were found to have almost equal bioadhesive strength as shown in Figure 2. While fabricating mucoadhesive tester, at the initial trials, mucoadhesive tester was designed with the weight to check the adhesive strength. As the results were not reproducible and adhesive strength between two consecutive weights could not be detected, weights equivalent to break point were determined by the quantity of water added. The total weight of water gave the accurate results which were reproducible.

FTIR spectral analysis was carried out to rule out the possibility of drug-excipient interaction. Vibrational spectroscopy (IR) describes same kind of molecular information and can be used to supplement or complement each other. Middle IR (400–4000cm–1; vibration-rotation region) was used for analytical purpose. The atoms held by a chemical bond are the main participants in vibration. Vibrations depend on mass of two vibrating atoms, force constant of bond between two atoms and other atoms attached. Thus vibrations are characteristic for a group. In FTIR spectrogram results shown in Figure 4, the functional region is important for stretching and the fingerprint region for bending. Transmission peaks at 3000–3100 cm–1 indicated aromatic functional group and 3300–3700 cm–1 indicated hydrogen bonding (O-H). The peaks were intact in both the formulations as it appeared in the pure drug which indicated that the excipients neither altered the configuration of the drug nor disturbed its bonds.

In vitro drug release of tablets with carbopol 947P was found to have maximum drug release for Mca1 (94.25%) and minimum for Mca4 (77.70%) in 12 h. The release studies clearly indicated polymer concentration was inversely proportional to drug release. It was assumed that due to the higher viscosity of carbopol 974P the drug release was retarded. Formulations Mca2, Mca3 and Mca4 failed to meet the desired drug release profile. Formulation Mca1 exhibited the desired drug release profile and showed good swelling and mucoadhesive strength values, for these reasons Mca1 was considered as the best formulation among all these four formulations.

In vitro drug release of tablets with sodium CMC was found to have maximum drug release for Msc1 (95.9%) and minimum for Msc4 (80.05%) in 12 h. The release studies clearly indicated that polymer concentration was inversely proportional to drug release. The results indicate that due to the lower viscosity of sodium CMC the drug release was higher when compared to the formulations containing carbopol 974P. The results also showed that with the increase in polymer concentration the drug release was retarded. Formulations Msc2, Msc3 and Msc4 failed to meet the desired drug release profile. Formulation Msc1 obtained the desired drug release profile and showed good swelling and mucoadhesive strength values, for these reasons it was considered as the best formulation among all the four formulations. When comparing both the polymers, sodium CMC (95.9%) have a slight advantage over carbopol 974P (94.25%) in terms of drug release. This could be related to the higher molecular weight of carbopol 947P (500000 D) than sodium CMC (5000 D).

The mechanism of release for the optimised formulations was determined by finding the R2 value for each kinetic model viz. Zero-order, first-order, Higuchi and Korsmeyer-Peppas corresponding to the release data of formulations. For most of the formulations the R2 value of Korsmeyer-Peppas and zero-order model is very near to 1 than the R2 values of other kinetic models. Thus it can be said that the drug release follows Korsmeyer-Peppas mechanism and zero-order model (Table 3).


Table 3: Release kinetics of optimised formulations which can be constructed into model fitting curves.



	Formulation code
	Zero order

	First order

	Higuchi

	Peppas

	n value




	Mca1
	0.9965

	0.9792

	0.9754

	0.9913

	1.0853




	Mca2
	0.9927

	0.9773

	0.9677

	0.9911

	0.9930




	Mca3
	0.9945

	0.9776

	0.9701

	0.9940

	0.9854




	Mca4
	0.9964

	0.9637

	0.9859

	0.9951

	1.1456




	Msc1
	0.9815

	0.7351

	0.9763

	0.9259

	1.256




	Msc2
	0.9799

	0.8782

	0.9698

	0.9718

	1.189




	Msc3
	0.9913

	0.9399

	0.9629

	0.9825

	0.976




	Msc4
	0.9914

	0.9351

	0.9698

	0.9692

	1.009




The n values of Korsmeyer-Peppas model of the best formulations were in between 0.55–0.85. Therefore the most probable mechanism of the release patterns of the formulations followed was non-fickian diffusion or anomalous diffusion.

Results of mucoadhesion and drug release for the two polymers, carbopol 974P and sodium CMC were conflicting with each other. When mucoadhesion properties of carbopol 974P (Mca4) was found to be higher than sodium CMC (Msc1), drug release of Msc1 (95.25%) was found be greater than Mca4 (77.70%). Msc1 showed adequate mucoadhesive property and the drug release was higher than Mca4; formulation having carbopol 947P was optimised. Also it was understood that even though the adhesive property was compromised, the tablet could retain in the stomach for the speculated time, the benefit of maximum drug release was achieved.

For the convenience of radiological studies and considering the comparatively narrow alimentary track of rabbits, tablets were incorporated with barium sulphate (BS) as a radio-opaque agent and the size of the tablets were reduced to 4 mm. To know how much quantity of the active pharmaceutical ingredient (API) should be replaced with BS, we have conducted an array of various ratios of drug:BS and found out 20% of the drug when replaced with the BS got the comparable in vitro lag and flotation time. Adequate precautions were taken for the specially designed tablets to get comparable in-vitro mucoadhesive property with that of the original tablets in discussion. By reducing the size of the tablet, gastroretentive behavior was achieved not because of inability to leave the stomach by the swollen tablet, but rather with its ability to adhere to the GI mucosal surface. X ray was also taken prior to the per oral administration of the tablet to make sure that the observed opaque substance in the stomach of rabbit was due to the administered substance but not due to some foreign matter already existed. From the radiographic pictures obtained at different time intervals, it could be observed that the tablet was adhered up to 6 h. The radiographic pictures are shown in Figure 6. It was also observed that tablet was cleared after 10 h [Fig. 6 (e)]. The tablet has overcome the peristaltic movements of the GIT and was able to retain in the stomach as hypothesised. It is assumed that tablet could not retain up to 10 h because of the mucus turnover. It is logical to assume that some amount of the drug may be released in the upper part of the small intestine. Again there are other factors which affects the gastric transit time which includes food and its nature, whether solid or liquid (Zaware et al. 2011; Janardhan et al. 2010).

CONCLUSION

Gastroretention of IM single unit dosage form was achieved by mucoadhesion using both polymers, carbopol 974P and sodium CMC. Drug release profile using the later polymer was preferred to the former. Hence sodium CMC can be optimised although carbopol 974P showed better adhesive nature. The mucoadhesive nature was proven to be effective by in vivo studies. The authors believe that a good research work could be facilitated by fabricating analytical instruments which can furnish reproducible results.
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Diabetes is a chronic multi-system metabolic disease associated with significant morbidity, mortality and cost to the society. Socio-demographic factors like age and gender may affect prescribing pattern. The objective of the study was to evaluate the drug usage pattern of antidiabetic drugs in different age groups and gender. A cross sectional survey of all prescriptions of patients with diabetes attending the Outpatient Department (OPD) of Internal Medicine of Gulf Medical College Hospital and Research Centre, Ajman, United Arab Emirates was conducted for three months. The socio-demographic and drug information for each patient was obtained using a questionnaire. A total of 132 prescriptions were included in this survey whereby 54.8% of patients were males and 45.2% were females. The mean age of patients with diabetes was 54.09±10.24 years. Hundred twenty eight prescriptions were for patients with type 2 diabetes. Metformin alone and in combinations were the commonly prescribed antidiabetic drug. Insulin prescription was noted in 14 patients (type 1 and 2 diabetes), the commonest being human insulin. Metformin combinations were most commonly prescribed in both genders. For patients below 45 years and those between 45–60 years of age, metformin combinations were the commonest prescribed, while among patients above 60 years of age sulfonylureas were the most commonly prescribed. The utilisation pattern of antidiabetic drugs varied among different age groups and gender. Metformin alone and combinations with newer antidiabetic medications were commonly utilised.

Keywords: Utilisation pattern, Antidiabetic drugs, Diabetes, United Arab Emirates

INTRODUCTION

The prevalence of diabetes mellitus for all age groups across the world was estimated to be 2.8% in 2000 and 4.4% in 2030. The number of people affected with diabetes is projected to increase from 171 million in 2000 to 366 million in 2030. The most important demographic change to diabetes prevalence globally appears to be the increase in the proportion of people above 65 years of age (Wild et al. 2004).

The treatment of type 1 diabetes is mainly with insulin, whereas type 2 diabetes is treated with oral hypoglycemic agents. Uncontrolled blood sugar can lead to several complications like microvascular (retinopathy, nephropathy and neuropathy) and macrovascular complications (ischemic heart disease, peripheral vascular disease and cerebrovascular disease) (Rang et al. 2003; Knowler et al. 2002; Bakassas and Lunde 1986). Recent studies from the developed countries have addressed gender differences in the control of hypertension, diabetes and other cardiovascular risk factors in diabetic hypertensive patients (Ferrara et al. 2008; Gouni-Berthold et al. 2008; McFarlane et al. 2005; Nilsson et al. 2004).

Several antidiabetic drug utilisation reviews have been published from across the world (Sultana et al. 2010; Upadhyay et al. 2007; Yurgin, Secnik and Lage 2007; Chiang et al. 2006; Johnson, Pohar and Secnik 2006; Boccuzzi et al. 2004; Sutharson, Hariharan and Vamsadhara 2003; Al Khaja, Sequeira and Mathur 2001; Yuen et al. 1998). Drug utilisation review (DUR) of antidiabetic medicines in the healthcare setting can facilitate rational drug use in patients with diabetes. They provide useful insights into the current prescribing practices and also identify irrational prescribing. The consequences of irrational prescribing include non-adherence to medications, which can result in complications due to uncontrolled blood glucose levels and also escalate drug costs and health care costs. Findings from DUR studies can be used to improve current prescribing practices and to help policy makers and Drug and Therapeutic committees encourage rational use of drugs. Hence, the present study was carried out to assess the age and gender-wise utilisation pattern of antidiabetic drugs among patients with diabetes visiting a tertiary care centre in Ajman, United Arab Emirates.

METHODS

In this cross sectional survey, prescriptions of patients above 18 years of age with type 1 or type 2 diabetes visiting the Outpatient Department (OPD) of Internal Medicine of Gulf Medical College Hospital and Research Centre, Ajman were included. This study was conducted over a period of three months from January to March 2011. An interviewer-administered questionnaire was developed to collect relevant information pertaining to the study objectives. The questionnaire consisted of both open-ended and close-ended questions, which dealt with socio-demographic characteristics, clinical data and pattern of antidiabetic prescription. The subject experts validated the questionnaire for its content, and a pilot study was carried out among randomly selected patients attending the OPD of Internal Medicine. The questionnaire was administered at end of the patients visit in the OPD. The prescriptions of this study sample were utilised for assessing the drug utilisation pattern. One prescription per patient was used for the analysis. The information collected from the prescriptions was transferred to the questionnaire. Anonymity of the study subjects was maintained.

Approval of the study was obtained from the Gulf Medical University Ethics Committee. A written informed consent form was used in the study to obtain consent from the subjects willing to participate in the study. Data were fed into Microsoft Excel spreadsheet and transferred to predictive analytical software (PASW) version 18 (IBM Chicago, Illinois) for analysis. Chi-square test was used to determine any association between the drugs prescribed in both gender and also among the different age groups (p<0.05).


RESULTS

A total of 132 patients were surveyed. The sample consisted of 52.3% female patients and 47.7% male patients. The ages of the subjects were categorised into 3 groups, viz. below 45 years, between 45 and 60 years and above 60 years. Majority of the patients were in the age group of 45 to 60 years (50.8%) (Table 1). The mean age of the subjects was 54.09±10.24 years with a minimum and maximum age of 28 and 88 years, respectively. A female preponderance was observed in all age groups except in the age group 45 to 60 years (Table 1).


Table 1: Age and gender distribution of participants.
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Ninety seven percent had type 2 diabetes mellitus and 3.0% had type 1 diabetes mellitus. The mean age of subjects with type 2 diabetes was 54.7±9.8 and that of type 1 diabetes patients was 35.3±5.0. The mean duration of diabetes mellitus was 4.3±4.2 years. The mean age at onset of type 1 diabetes mellitus was 14.8±1.9 years whereas the mean age at onset of type 2 diabetes mellitus was 50.9±8.4 years. All subjects with type 1 diabetes reported family history of diabetes and 75.0% were first degree relatives of the patients. Around 48.4% of the type 2 diabetes reported family history of diabetes and majority were first degree relatives.

Among the patients, 84.1% had at least one coexisting condition. The coexisting condition hypertension was predominant in both, 75.0% in type 1 diabetes and 57.8% in type 2 diabetes.

The average number of drugs per prescription was 3.2±1.3. All patients with type 1 diabetes (n=4) received human insulin. Prescriptions with 5 and more than 5 drugs were found among patients above 45 years of age. There were no gender differences in the mean number of drugs prescribed; descriptive statistics was determined. The most commonly co-prescribed medications along with antidiabetic drugs were antihypertensives followed by hypolipidemic agents.

Among the antidiabetic medications prescribed for type 2 diabetics, metformin combination was the common class of drugs, accounting for 32.8% of total antidiabetics, followed by metformin (23.4%), sulfonylureas (28.9%), insulin (7.8%), gliptin (4.7%) and acarbose (2.3%). The most common metformin combination was metform + sitagliptin (14.3%), followed by metformin + vildagliptin (9%). The most common sulfonylurea prescribed was glicazide (11.4%), glimepiride (9%) and glibenclamide (9%). Both metformin combinations and insulin were prescribed to both genders equally whereas metformin was prescribed to 53.3% female patients. Acarbose was given to more males than to females whereas gliptin was prescribed more to females when compared to males. The gender-based pattern of drug utilisation is detailed in Table 2. No statistical significance noted in the gender based drug utilisation pattern. Chi-square test was used to compare utilisation pattern among males and females and no statistical significance was found (p>0.05).


Table 2: Gender distribution of drugs among patients with type 2 diabetes.
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The drug utilisation pattern in the three age groups is presented in Table 3. It was observed that among the patients above 60 years of age, sulfonylureas were the most frequently prescribed antidiabetic drug, while metformin combinations were commonest in the other two groups. No statistical significance noted in the drug utilisation pattern in the three age groups. Chi-square test was used to compare utilisation pattern different age groups and no statistical significance was found (p>0.05).

Of the 132 patients, insulin was utilised by 14 patients (both type 1 and type 2 diabetes). Among the various insulin preparations, human insulin was prescribed in five subjects followed by insulin detemir in five subjects and regular insulin was prescribed in four patients. The most preferred site of insulin administration was the abdomen followed by the forearm. The most frequently used device for administration of insulin was insulin pen.


Table 3: Age group distribution of drugs among patient with type 2 diabetes.
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DISCUSSION

In the management of diabetes, drugs play a vital role and become unavoidable in the vast majority of patients. The present study assessed the age and gender-based utilisation pattern of antidiabetic drugs. Metformin combination was the most commonly prescribed antidiabetic. The route of administration for the majority of the drugs prescribed was the oral route.

In our study, we found that the average number of drugs per prescription was 3.2±1.3 drugs. A previous study from India reported an average of 1.95 (Sutharson et al. 2003). Prescriptions with five or more drugs were found to be common among patients above 45 years of age. With the advancing age, the co-morbidities also increase and consequently increase the number of prescribed medications. This could explain the reason for increased number of medication in patients above 45 years of age.

The present study showed a high number of cases in the age group 45 to 60 years, with a mean age of 54.09±10.24 years. This is in accordance with the observation made by Upadhyay et al. (2007) and Boccuzzi et al. (2004). Other studies (Yurgin, Secnik and Lage 2007; De Pablos-Velasco et al. 2005; Van den Brink et al. 1993) have reported an average age higher than what was seen in the present study. An early onset of developing diabetes is seen in this study though in general, the elderly are at greater risk compared to the younger generation (Upadhyay et al. 2007).

In the present study, a slight preponderance of females was noticed similar to that reported by Sutharson, Hariharan and Vamsadhara (2003). In contrast, Vengurlekar et al. (2008), Yurgin, Secnik and Lage (2007), Johnson, Pohar and Secnik (2006) and Boccuzzi et al. (2004) indicated male predominance in their reports.

The mean duration of diabetes mellitus observed was 4.3±4.2 years. This observation was similar to the observation made by Upadhyay et al. (2007), whereas a study from Spain showed the mean duration of diabetes as 11.8±8.0 years (De Pablos-Velasco et al. 2005). In this study, hypertension was the commonest co-morbidity observed. Yurgin, Secnik and Lage (2007) also reported similar observation with regard to the co-morbidity in patients with diabetes.

Metformin alone and metformin combination were the commonly prescribed antidiabetic drugs observed in the present study, in line with findings of Sultana et al. (2010), Upadhyay et al. (2007), Yurgin, Secnik and Lage (2007) and Johnson, Pohar and Secnik (2006). This finding is in contrast to other investigators (Chiang et al. 2006; Al Khaja, Sequeira and Mathur 2001) where sulfonylureas was the most commonly prescribed antidiabetic drug. Yuen et al. (1998) observed similar findings. Vengurlekar et al. (2008) reported that in their study metformin was the most prescribed drug. Metformin + sitagliptin combination was the most common combination observed in our study, while in the study by Al Khaja, Sequeira and Mathur (2001) metformin + sulfonylurea was the most common combination. Metformin is considered to be a safer and cost effective drug over others in terms of hypoglycemia and could be the probable reason for this finding.

It was observed that among the patients above 60 years of age, sulfonylureas was the most frequently prescribed antidiabetic drug. Yurgin, Secnik and Lage (2007) also observed that metformin prescriptions were fewer in patients 75 years and above. Al Khaja, Sequeira and Mathur (2001) also reported the use of long acting sulfonylureas in patients above 65 years. It is generally indicated that age above 65–70 years represents a specific contraindication for the administration of the biguanides since the risk of the drug-associated lactic acidosis increases with age (Orban et al. 2006). No gender-based differences were noted in drug prescribing pattern in the study, similar to Al Khaja, Sequeira and Mathur (2001). Limitations of the study include the small sample size, which restricts the generalisation of the findings.

CONCLUSION

In conclusion, a wide spectrum of antidiabetic drugs was prescribed among the subjects, with metformin combination being the most commonly prescribed antidiabetic medication. Sulfonylureas was frequently prescribed in patients above 60 years of age. The number of co-medications was higher in patients above 45 years. Utilisation pattern of antidiabetic medications was similar in both genders. It is desirable that longitudinal studies on utilisation pattern and pharmacoeconomic studies of antidiabetic medications are performed.
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