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In this study, a combination of statistical and analytical approach have been used in the formulation development and optimisation guided by “formulation by design” (FbD) for air entrapped microcarriers of alginate of glipizide. Microcarriers of glipizide were prepared by ionotropic-gelation technique, taking concentrations of sodium alginate (SA) and calcium carbonate (CC) as independent variables. The effects of the polymers were evaluated on dependent variables that is drug release (DR), entrapment efficiency (EE), bioadhesive strength (BS), microcarrier size (MS) and total floating time (TFT). Various batches exhibited rough, spherical microcarriers with nominal size variation having sufficient drug EE, very short lag time, while the microcarriers shows the buoyancy over a period of 6–18 hours based on the formulation variables. The DR from the microcarriers was also sustained for more than 10 hours, in 0.1N HCl (pH 1.2). Higuchi’s and the first order kinetic modelling indicated a diffusion-controlled release of drug from the microcarriers. The study also demonstrated the influence of SA and CC on drug EE (71.00%–80.30%) and in vitro release (87.10%–99.89%). Higher level of air increased EE but retarded DR rate as compared to a lower level of air containing microcarriers. The concentration of SA and CC had highly significant effect on buoyancy, DR and other dependent variables as level of significance is ≤0.05. The effects studied will pave the way for developing optimised microcarriers.
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INTRODUCTION

Formulation by design (FbD) is an essential part of the modern approach to better pharmaceutical quality assurance. In the past, there has been a lack of definition on how product attributes affect the quality of product. Efforts by the Food and Drug Administration to ensure quality is made via tight specifications that are based on observed characteristics of exhibit or clinical trial batches and binding sponsors using a fixed manufacturing process. In this approach, specifications are valued not because they are related to product quality, but because they are able to detect batch to batch differences which may result in potential therapeutic consequences. FbD emphasise the development of pharmaceutical product based on sound scientific principles. It is also helpful in achieving the predetermined specifications of a product for ascertaining the predictable quality (Verma et al. 2009). So to get the quality product by using FbD a better understanding of the formulation variables and their interactions, if any, should also be well understood. Various design of experiment (DoE) and response surface methodology (RSM) are very helpful in studying formulation variables and their effects on product quality – both individual and combined (Singh et al. 2009).

After attaining controlled/sustained release, the main challenge is to develop a novel drug delivery system which may stay for longer duration in the stomach or the upper small intestine for complete release of drug within desired period of time (Hwang, Park and Park 1998; Deshpande et al. 1996). Various approaches proposed for increasing gastric residence of delivery systems in the upper gastrointestinal tract (GIT) include floating drug delivery system (FDDS) (Raval et al. 2007; Streubel, Siepmann and Bodmeier 2003; Deshpande et al. 1997), high-density (Davis, Stockwell and Taylor 1986; Bechgaard and Ladefoged 1978), mucoadhesive (Patel and Chavda 2009; Ponchel and Irache 1998), swelling and expanding (Urquhart and Theeuwes 1984), modified shape and other delayed gastric devices (Chavanpatil et al. 2006; Singh and Kim 2000).

Drugs which cannot be well absorbed throughout whole GIT that is the extended-release dosage forms are disadvantageous while extended release stomach retentive dosage forms are desirable (Baumgartner et al. 2000). Extended-release stomach retentive dosage forms are also desirable for the drugs with narrow absorption windows, stability and solubility problems in the intestinal or colonic environments, locally acting in the stomach (Streuble, Siepmann and Bodmeier 2003).

Glipizide (Shahala and Fassihi 2006; Parfitt 1999) is an antidiabetic drug (Torotora and Grabowski 2002) that is used for the treatment of the type-II diabetes and with narrow therapeutic index. The recommended adult dose is 5 mg twice daily or 10 mg once daily, due to the low bioavailability and short biological half-life (3.5–4.0 hours) of glipizide following oral administration which favours development of a controlled release formulation. It also leads to reduction in frequency of dosing and drug toxicity which in turn improve patient compliance. Drugs formulated based on gastro retentive drug delivery systems have long residence time in the stomach. In particular, this system helps in improving the oral sustained delivery of drugs which have an absorption window in a particular region of the gastrointestinal tract (Klausner et al. 2003). These systems help in continuously releasing the drug before it reaches the absorption window, thus ensuring optimal bioavailability. For glipizide, its absorption occurs in the stomach (Patel et al. 2005). In the present investigation buoyant bioadhesive tablets of glipizide were prepared by effervescent approach using hydroxypropyl methyl cellulose K4M (HPMC) and carbopol 934P (CP). The effects of polymers were evaluated on buoyancy, bioadhesive properties and release characteristics of glipizide tablets.

METHODS

Gift sample of glipizide was received from USV Ltd. (Daman, India). Sodium alginate (SA) (low viscosity grade, 250 cp of 2% solution at 25°C), calcium carbonate (CC) were purchased from Loba Chemie Pvt. Ltd. (Mumbai). Calcium chloride dihydrate and hydrochloric acid (35%) were purchased from E Merck India Ltd. (Mumbai). All other chemicals were of analytical grade and were used as such. Glynase XL 10 mg tablets were purchased from Shri Ram Murti Smarak, Institute of Medical Sciences (Uttar Pradesh, India). Double distilled water was used throughout the study.


Design for Formulation of Air Entrapped Microcarriers

First preformulation studies were conducted to find out the optimum stirring rate and cross-linking time, and the same results are used for further study by three square central composite design (CCD) used for formulation of alginate microcarriers, which is the most efficient design in estimating the influence of individual variables (main effects) and their interactions, using minimum experimentation centre point repeated five times i.e. GFB9, GFB10, GFB11, GFB12 and GFB13, and the mean is used in the study. The ratios of drug to polymer (A) and CC concentration (B) were kept as independent variables (Table 1). Preliminary trials were carried out using different concentrations of SA and CC to shortlist the levels required for the optimisation studies. Microcarriers were optimised by finding the effects of these formulation variables on release in 10 hours (Q10), entrapment efficiency (EE), bioadhesive strength (BS), microcarrier size (MS), floating lag time (FLT) and total floating time (TFT).

Table 1: Experimental design with coded and actual values of independent variables.
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Note: GFB – gastro-retentive floating beads

Preparation of Alginate Microcarriers

Microcarriers were prepared by iono-tropic gelation of SA and CC mixture (Han et al. 2007). The required amount of SA (w/v) was added in distilled water to make the polymer solution. CC in the required concentration (w/v) was then added to the polymer solution. The mixtures were homogenised at 10000 rpm using a homogeniser (Remi-motors, RQ-122, Vasai, Maharashtra, India) for 5 minutes. Glipizide was then dispersed in the formed suspension according to Table 1. The bubble free drug loaded suspension was extruded, using a 20 gauge syringe needle into 100 mL 0.45 mol L−1 of CC solution maintained under gentle agitation (50 rpm) at room temperature. The alginate gel microcarriers were allowed to stand in the solution for 15 minutes before being separated and washed with distilled water. The microcarriers were dried at 40°C and were stored. The time of drying was optimised by weighing the microcarriers repeatedly, until a constant weight was obtained.


Size, Uniformity and Swelling Index of Microcarrier

Microcarriers of the same size and density were prepared by maintaining various factors constant during preparation like viscosity, rate of falling of drops, stirring rate and distance between syringe and gelation media. Variation in any of these parameters during the microcarrier formation process may result in the production of non-homogenous and nonuniform microcarriers, affecting the overall results to an appreciable extent (Furusle et al. 2009).

All batches of buoyant microcarriers were visually analysed for shape and colour. External surface of gel microcarriers were studied with a scanning electron microscope. Particle size of the prepared microcarriers was determined using a digital vernier (Mitutoyo South Asia Pvt. Ltd., New Delhi). Twenty dried microcarriers were measured for calculating the mean diameter. The result is expressed as the mean diameter (mm) ± standard deviation. The swelling properties of the microcarriers were carried out using 0.1N HCl. The microcapsules of known weight were placed in 50 mL of 0.1N HCl for 24 hours. At time intervals of 15 minutes for the first 1 hour, 30 minutes for the next 2 hours and 1 hour for the next 4 hours, the microcarriers were removed, excess surface liquid was removed by blotting paper and their weight was recorded (Wagner 1969).

The percentage swelling (S) was determined by the following equation:

S = (weight of swollen microcarrier – weight of dry microcarrier/weight of dry microcarrier) × 100

Surface Morphology

Surface morphology of microcarriers was studied by scanning electron microscopy of microcarriers (Phillips 1500). The microcarriers were previously fixed on a brass stub using double sided adhesive tape and then were made electrically conductive by coating in vacuums, with a thin layer of gold (approximately 300 Å), for 30 seconds and at 30 W. The pictures were taken at an excitation voltage of 15 Kv and at magnification of 65 and 610X.

Estimation of Glipizide

Glipizide content in the floating microcarriers was estimated by a UV spectrophotometer (Shimadzu 1800, Japan) at 274 nm in 0.1N HCl (pH 1.2); the same was used for dilution. The method was validated for linearity, accuracy and precision. The method obeyed Beer’s law in the concentration range of 5–50 μg/mL (Indian Pharmacopoeia 2007).

Drug Entrapment Efficiency (EE)

Microcarriers (50 mg) were crushed using a pestle in a glass mortar and the powdered microcarriers were suspended in 10 mL ethanol in a 100 mL volumetric flask. The volume was made up to 0.1N HCl. After sufficient dilution and filtration it was analysed for the drug content. The EE was calculated according to the following formula (Sato, Kawaafaima and Takenchi 2004):

EE (%) = (actual drug content/theoretical drug content) × 100


In Vitro Buoyancy Study

The floating ability was determined using United State Pharmacopeia (USP) dissolution test apparatus type II (Electrolab, TDT-06T, Maharashtra, India). Fifty microcarriers were kept in the vessel and the paddles were rotated at 50 rpm in 500 mL 0.1N HCl (pH 1.2) solution maintained at 37±0.5°C for 18 hours. The floating and the settled portion of microcarriers were collected separately after test. Percentage buoyancy was calculated as the ratio of the number of microcarriers that remained floating to total number. The floating ability of the microcarriers was measured by visual observation and the results of percentage of floating were taken as the average of three determinations. The preparations were considered to have buoyancy, only when all microcarriers floated on the test solution immediately or within a lag time which did not exceed 2 minutes (Elmowafy et al. 2009).

In Vitro Glipizide Release Studies

In vitro release studies were carried out on glipizide loaded buoyant microcarriers using USP XXIV dissolution test apparatus-I (Electrolab, TDT-06T, Maharashtra, India). Weighed quantity of microcarriers equivalent to 10 mg of glipizide were introduced into a dissolution basket and the basket was placed in 900 mL simulated gastric fluid (0.1N HCl) maintained at 37±0.5°C and 50 rpm (Prabhakara et al. 2008). Aliquots of 5 mL solution were withdrawn at predetermined time intervals and replaced with fresh dissolution medium. The withdrawn samples were analysed for glipizide content spectrophotometrically (Schimadzu 1800, Japan) at 274 nm (Indian Pharmacopoeia 2007). The results of in vitro release data were fitted into various release equations and kinetic models (Ritger and Peppas 1987; Korsmeyer, Gurny and Peppas 1983; Higuchi 1963).

In Vivo Evaluation

The results shows, when pure glipizide suspension was administered in normal healthy Wistar rats, blood glucose levels decreased rapidly and it was observed that maximum reduction of 45.5% was found within 1 hour after oral administration and within 6 hours blood glucose levels rapidly reached its normal level. Meanwhile, when optimised formulation was administered, reduction in blood glucose levels was reached to maximum value within 1 hour after administration and percentage reduction in blood glucose levels was sustained over 10 hours. Reduction in blood glucose levels by 25% is considered as a significant hypoglycaemic effect which is maintained only up to 2 hours after oral administration of the pure glipizide. In the case of glipizide beads with alginate, significant hypoglycaemic effect was maintained for a period of 1 to 10 hours. Thus glipizide floating beads are significantly more effective than immediate release formulation of glipizide in reducing fasting plasma glucose levels.

Optimisation Data Analysis

The response variables which were considered for FbD optimisation included Q10, EE, BS, MS, FLT and TFT. For the studied design, the multiple linear regression analysis (MLRA) method was applied using Design Expert 6.0.6 (Stat-Ease, Minneapolis, USA) software to fit full second-order polynomial equation with added interaction terms to correlate the studied responses with the examined variables:

Y = b0 + b1X1 + b2X2 + b3X1X2 + b4X12 + b5X22 + b6X1X22 + b7X12X2


where bo is the intercept while b1–b7 are constants, and X1 and X2 are taken as variables for the given polynomial equation.

The polynomial regression results were demonstrated for the studied responses. Finally, the prognosis of optimum formulation was conducted using a two-stage brute force technique using MS-Excel spreadsheet software (Singh et al. 2010; Moghadam et al. 2009). First, a feasible space was located and second, an exhaustive grid search was conducted to predict the possible solutions. The region of optimality was ratified using overlay plots, drawn using the Design Expert® software. Four formulations were selected as the confirmatory check-points and these were validated by RSM. The observed and predicted responses were critically compared. Linear correlation plots were constructed for the chosen check point formulations. The residual graphs between predicted and observed responses were also constructed separately and the percent bias (= prediction error) was calculated with respect to the observed responses.

Comparison with Marketed Product

Optimised formulation vis-a-vis marketed formulation (Glynase XL once a day tablets) containing 10 mg of glipizide was compared in terms of drug release (DR) profile.

Stability Studies

Optimised formulation was also subjected to accelerated stability studies to determine the changes in release profile and floating characteristics on storage; stability studies were carried out at 40±2°C/75±5% relative humidity (RH) for 3 months (zone II conditions as per ICH Q1 guidelines) in an environment chamber (Jindal S.M. Scientific, New Delhi). The samples were withdrawn periodically and evaluated (Abdelbary et al. 2010).

RESULTS

Preliminary trail batches of microcarriers were prepared by using SA, the stirring speed was varied from 50, 75 and 100 rpm and cross linking time also varied (5, 10 and 15 minutes). From these batches, 50 rpm and 15 minutes were the optimum revolution and cross-linking time used for the preparation of floating microcarriers. The cross linking time did not have a significant effect on the percentage of EE.

Size, Uniformity and Swelling Index of Microcarriers

The glipizide floating microcarriers were prepared by simple ionotropic-gelation technique using SA a natural polymer. Polymer concentration (drug:polymer) was an important factor as viscosity of polymer solution effects the size of microcarriers. Three different polymer concentrations of 2.5%, 3.5% and 4.5% (w/v) were selected.

Surface Topography

Surface topography of prepared microcarriers was studied by scanning electron microscopy as shown in Figure 1.
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Fig. 1: Scanning electron micrographs of floating microcarriers.



Drug Entrapment Efficiency (EE)

Drug EE is an important variable for assessing the drug loading capacity of microcarriers and their DR profile, thus suggesting the amount of drug availability at site.

In Vitro Buoyancy of Microcarriers

Table 2 shows how the CC concentration (B) loadings affect the buoyancy of the SA microcarriers. All samples with B stayed afloat for >12 hours in an 18-hour test cycle except GFB6 which floated for 2.5 hours. Table 2 also lists the FLT of the drug loaded microcarriers.

In Vitro Glipizide Release Studies

In vitro DR study of glipizide SA microcarriers was carried out in the simulated fasted state, pH 1.2 for a period of 14 hours. In the fasted state, gel microcarriers exhibited a biphasic release profile as an initial rapid DR phase (burst effect) followed by a slower, gradually decreasing DR phase after 1 hour extending up to 14 hours (Table 3 and Fig. 2).

Table 2: Physical evaluation of all the formulation prepared as per the experimental design.
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Note: ISOW = irregular spherical off white, ISOWT = irregular spherical off white with tailing, IASOW = irregular almost spherical off white, F = flowing, FF = free flowing

In Vivo Evaluation

The results show, when pure glipizide suspension was administered in normal healthy Wistar rats, blood glucose levels decreased rapidly and it was observed that maximum reduction of 45.5% was found within 1 hour after oral administration and within 6 hours blood glucose levels rapidly reached its normal level (Fig. 3). With the optimised formulation, reduction in blood glucose levels reach the maximum value within 1 hour after administration and percentage reduction in blood glucose levels was sustained over 10 hours. Reduction in blood glucose levels by 25% is considered as a significant hypoglycaemic effect which is maintained only up to 2 hours after oral administration of the pure glipizide. In the case of glipizide beads with alginate, significant hypoglycaemic effect was maintained for a period of 1 to 10 hours. Thus glipizide floating beads are significantly more effective than immediate release formulation of glipizide in reducing fasting plasma glucose levels.
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Fig. 2: In intro drug release study of glipizide floating microcarriers.




Table 3: Overall dissolution parameters as per design.
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Note: Q6 = release in 6 hours, Q10 = release in 10 hours, Q14 = release in 14 hours
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Fig. 3: In vivo evaluation of glipizide floating microcarriers.



Data Analysis and DR Kinetics

The mechanism of DR was investigated by fitting to models representing zero-order, first order, Higuchi’s square root of time model and Korsmeyer-Peppas model. First order gave R2 value of 0.9263–0.9911 describing the DR rate relationship with concentration of drug. The best linearity was found in Higuchi’s equation plot, with R2 between 0.9912–0.9950, indicating the release of drug from matrix as a square root of time dependent process. Results of ANOVA for Response Surface Quadratic Model for various dependent parameters are:




	EE

	=

	76.37+2.40*A+4.30*B–0.12*A*B+1.85*A2–1.25*B2–1.43*A2*B+0.72*A*B2




	TFT

	=

	18.19+0.000*A+0.000*B+1.38*A*B–0.66*A2–0.66*B2+4.37*A2*B–4.38*A*B2




	FLT

	=

	0.28+2.50*A+0.000*B–1.75*A*B+2.03*A2–0.47*B2–1.75*A2*B–0.75*A*B2




	MS

	=

	1.75+0.13*A+0.090*B–0.035*A*B–0.024*A2+0.026*B2+5.000E–03*A2*B–0.030*A*B2




	DR

	=

	93.99–5.91*A+2.56*B+2.16*A*B–1.74*A2+0.011*B2+0.35*A2*B+0.38*A*B2




	BS

	=

	3.43+0.60*A–0.20*B–0.10*A*B+0.14*A2+0.041*B2+0.000*A2*B+0.000*A*B2





where A is drug to alginate ratio and B represents CC concentration.

Figure 4 shows response surface and contour plots for MS, EE, BS, TFT and DR.

Design Validation and Selection of Optimum Formulation

By comparing observed and anticipated responses (Table 4), the prediction error varied between –1.380% and 0.448% (mean±SD = 0.27±0.25%). Various linear correlation plots drawn between the predicted and observed responses, forcing the line through the origin, showed high values of regression coefficient (R) (0.9185 to 0.9942) (Figs. 5 and 6), indicating excellent goodness of fit (p<0.005).
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Fig. 4: Response surface and contour plots for (a) microcarrier size, (b) entraptment efficiency, (c) bioadhesive strenght, (d) total floating time and (e) drug release.
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Fig. 5: Regression coefficient between anticipated and experimental response: (a) release in 10 hours, (b) entraptment efficiency, (c) microcarrier size, (d) total floating time and (e) bioadhesive strength.
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Fig. 6: Overlay plot showing area for optimised product.



Table 4: Validation checkpoint compositions and their results.
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Note: VD – validation check, A – drug:alginate, B – CC concentration


Comparison of the Optimised Formulation with Marketed Product

Table 5 shows all the DR data of marketed Glynase XL 10 mg extended release glipizide tablet and its comparison with the optimised formulation.

Table 5: Drug release profiles of the marketed brand of glipizide and the optimised formulation.



	Formulation
	Q10 (%)

	Q14 (%)

	n




	Glynase XL
	82.10

	90.14

	0.6161




	Optimised formulation
	90.65

	94.26

	0.4678





Stability Study of the Optimised Formulation

All the parameters viz., content, TFT, BS and DR remained quite well within the desirable limits, showing negligible and random variation over three months of storage under accelerated conditions. Stability studies were carried out in accordance to ICH guidelines at temperature 40±2°C and relative humidity 75±5%.

DISCUSSION

Concentration of calcium chloride and hardening time had a negative effect on the MS. High calcium chloride concentration and hardening time caused shrinkage of microcarriers and smaller particle are formed because of a high degree of cross linking. This negative effect of calcium chloride concentration and cross linking time was of lesser magnitude they are more due to the morphology of the microcarriers, and the surface became rougher with some very small pores which is in accordance with earlier findings (Moghadam et al. 2009).

A concentration of 2.5% [1:5 (drug:polymer)] showed a maximum sphericity and least size. With increase in concentration and hence, the viscosity of SA solutions, microcarriers with larger surface area and less surface porosity were obtained. These release drug slowly. The size of microcarrier is also influenced by the opening through which the SA solution is allowed to pass (which was kept constant). Increased viscosity at a higher concentration of SA resulted in larger particles (1.50–1.92 mm; Table 2). Microcarriers, with more CC concentration, give rougher microcarrier with decreased flowability.

Floating microcarriers of glipizide were irregular-shaped spheres with highly rough surface because of sudden cross linking of SA upon the release of calcium and carbon dioxide from them. The drug-loaded microcarriers were spherical and tailing begins with increasing SA concentrations. Pores or small channels distributed throughout the surface (Fig. 1). Microcarriers were found to be free flowing and of monolithic matrix type. The microcarriers of each batch were uniform in size.

EE ranged from 75% to 87% depending on the composition of the 13 batches of SA microcarriers of glipizide (Table 2). The curing time were kept to 15 minutes since drug is insoluble in water. EE of the microcarriers was found to correlate with the proportion of CC present in microcarriers; with an increase in CC concentration, the drug entrapped increased due to partitioning of the drug in the CC phase. Moreover, an increase in the amount of SA increases EE due to increased space for drug molecules to be retained throughout a larger cross linked network of calcium SA.

The results show that the FLT was decreased for the microcarriers with more air inclusion. At the same time, the concentration of polymer is also governing the FLT, in that is low polymer concentration resulted in easy floating, and increasing in polymer concentration led to higher FLT. It may be due to the increased density of dried microcarriers and as the volume of microcarriers increases with adsorption of water, its density decreases and begins to float.

GFB1 released 32.29±2.0% glipizide within 1 hour, followed by a tailing off sustained release profile for 14 hours. The initial faster release may be due to drug dissolution from the surface of microcarriers. The DR was found to be slower in formulations with higher air concentration. The slow release of the drug from the microcarriers may be due to the formation of drug-CC dispersion system in the air pockets of the microcarriers. Typically, the drug has to firstly diffuse from the air pockets into the polymeric matrix followed by transportation of drug out of the polymeric matrix into the dissolution medium (Bera et al. 2009).

The diffusion exponent (n) value, as calculated from Korsmeyer-Peppas model, for glipizide loaded microcarriers ranged from 0.4470 to 0.5170, showing anomalous (non-Fickian) diffusion involving a combination of swelling, diffusion and/or erosion of matrices in most of batches, except GFB9, as 0.45<n<0.89 for non-Fickian diffusion.

Figure 3(a) shows a nearly linear ascending pattern for the values of MS, as the content of CC increased; MS also increases with increasing drug:alginate value. Maximum MS is observed at the highest levels of CC and drug:alginate. Contour lines corroborate markedly with more significant influence of CC as compare to drug:alginate on MS.

Figure 3(b) shows a nearly linear ascending pattern for EE, as the content of drug:alginate increased, this EE increases slowly with increasing CC. Maximum EE is observed at the highest levels of drug:alginate and CC. Nonlinear contour lines corroborate markedly showing significant influence of drug:alginate and CC on EE.

Figure 3(c) shows that the BS increases almost linearly with drug:alginate ratio and it decreases very slowly with a CC increase. Maximum BS was found at the highest drug:alginate ratio and the lowest CC combination.

Figure 3(d) portrays the dependency of TFT nonlinearly both on drug:alginate ratio and CC. It increases with CC and decreases with drug:alginate ratio. Contour plot shows that microcarriers were floating for a good time in most of combinations.

According to Figure 3(e), the DR shows a nearly linear descending pattern for the values, as the content of drug:alginate ratio increases or CC decreases, the effect being much more prominent with increasing drug:alginate ratio. Maximum bead size is observable at the lowest levels of drug:alginate ratio and highest CC.

Various linear correlation plots showed high values of R (0.9185 to 0.9942) (Fig. 5), indicating excellent goodness of fit (p<0.005). The corresponding residual plots show nearly uniform and random scatter around the mean values of response variables. The optimum formulation was selected by trading off various response variables and adopting the following maximising criteria: MS=1.51–1.90; EE>75%; TFT>15 hours; Q10>90% and BS≥3.5 d/cm2. Upon comprehensive evaluation of feasibility and grid searches, the formulation (drug:alginate, 1:7.8 and CC, 7.6%) fulfilled the optimal criteria of best regulation of MS=1.51–1.90; EE>75%; TFT>15 hours; Q10>90% and BS≥3.5 d/cm2, this formulation was taken as the optimised formulation. The same was also confirmed by overlay plot derived through Design ExpertR 8.7.0.1 (Fig. 6).

Dissolution parameter (i.e. DR at 10 hours), obtained during various time points of stability studies carried out in accordance to ICH guidelines at 40±2°C and 75±5% RH, remained almost unaffected during the studies. This suggests the robustness of the optimised formulation with respect to dissolution characteristics.


CONCLUSION

Ease of manufacturing, simplicity and almost complete drug dissolution from the floating drug delivery system are among the various advantages of the developed microcarriers. Results of release studies showed that there are good possibilities of achieving a suitable modulation of microcarrier release rate by varying ratio of polymer. Higuchi’s and the first order kinetic modelling indicated a diffusion-controlled release of drug from the microcarriers. FbD optimisation was used as a tool for balancing floatation with release rate. High degree of prognosis obtained using RSM signifies that CCD is quite efficient in studying the formulation variables. Furthermore, the studied responses are helpful in optimising the dosage form, as the formulation with the drug:alginate (1:7.8) and CC (7.6%), was selected as optimum which was also found to be stable. Comparative study with marketed formulation showed comparable and complete release characteristics. Hence, this study could help pave the way for further development in the manufacture of floating controlled release formulations.
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Orally disintegrating tablet (ODT) was developed to solve the difficulty of swallowing conventional tablet for paediatric and geriatric patients. In administration of ODT, tablets are placed on the tongue in oral cavity and it will disintegrate rapidly in less than 60 seconds. The solid tapai extract (STE) has sweet taste, is rather sour and slightly soluble when it is put on the tongue. This is the reason why it has potential as a natural excipient in ODT. The objective of the study was to characterise STE as excipient and to use STE as excipient in the formulation of ODT by lyophilisation method. The ingredients were glutinous rice (Oryza sativa L. var. Glutinous) used to form tapai and the liquid extract of tapai which was used to make STE. STE was used as excipient by combining STE with dextrose and avicel. Metoclopramide HCl was used as a drug model. The design of formula used the simplex lattice design (SLD) model with a three components mixture: STE, dextrose and avicel as excipients. The parameters of lyophilised ODT (LODT) were hardness and friability, wetting time, disintegrating time and dissolution rate. The results showed STE can be used as filler and binder for LODT. STE could also function as disintegrant and formed porosity in the lyophilised method. Based on equation and contour plot of superimposed method, a formula consisting of STE (24.18 mg), dextrose (19.71 mg) and avicel (96.11 mg) was the optimum formula of LODT.

Keywords: Solid tapai extract, Orally disintegrating tablet, Simplex lattice design

INTRODUCTION

The oral route remains the most preferred route for administration of drugs because of its safety, convenience and low cost of therapy (Shukla et al. 2009). Tablets and hard gelatine capsules constitute a major portion of drug delivery systems that are currently available. However, for some patient groups such as paediatric and geriatric patients who have underdeveloped muscular and nervous control, dysphagia, hand tremor, mentally retarded, feeling nauseated, or on reduced of liquid-intake/diets have difficulties swallowing these dosage forms. Furthermore, patients travelling to places with little or no access to water, limit utility of orally administered conventional tablets or capsules.

Therefore, to fulfil the needs of such patients, a novel oral dosage form has been developed and is known as orally disintegrating tablet (ODT). ODT has several advantages such as, it does not need swallowing because it disintegrates rapidly on the tongue; it is usually quickly dissolved (in a few seconds) with little water. Thus, ODT provides rapid early onset of action and significantly increases the bioavailability of the conventional dosage form (Shyamala and Narmada 2002). ODT is a solid dosage form containing medicinal ingredients that are destroyed quickly usually within a few seconds when placed on the surface of the tongue (Hirani, Dhaval and Kantilal 2009).

A good ODT formulation need the excipients that have characteristics such as disintegrated or dissolved in the oral cavity in a few seconds without leaving residues, mask the odour and unpleasant taste, and resistant to changes in humidity or temperature (Bansal 2003).

STE is a product originating from liquid tapai extract which was heated until viscous and cooled down to form the STE. STE has a sweet and slightly sour taste and dissolves when it is placed on the tongue (Meigia 2004). STE has the possibility to be used as a natural additive dosage form of ODT since STE dissolves when it is placed on the tongue and STE is also less expensive than other excipients. STE, dextrose and avicel were optimised to obtain suitable excipients in the preparation of ODT using metoclopramide as a drug model.

An antiemetic, metoclopramide is indicated for gastrointestinal motility disorders (particularly gastric stasis), gastro oesophageal reflux, prevention or treatment of nausea and vomiting due to chemotherapy drugs, radiation therapy or treatment after surgery. Metoclopramide can be administered to the patients who have travel sickness and may have no water supply at the time to take the medicine.

METHODS

Materials

White glutinous rice, STE, metoclopramide (Ipca Laboratories Limited, Mumbai, batch no. 8007MRIIX), yeast (NKL®, Surakarta, Indonesia), dextrose (Qinhuangdao Lihua Starch Co. Ltd., Qinhuangdao, China, batch no. 20121208), avicel (Flocel® 102, Nandasan, India, batch no. E0904).

Formula Optimisation Design

This study covered the formulation of tapai and STE which were used as additives in the manufacture of ODTs with SLD optimisation design of a three-component formula. Each formula (FL) contained STE (A), dextrose (B) and avicel (C) in certain proportion (0–1 part). Lyophilised ODT (LODT)-metoclopramide highest response of 1 part was 140 mg and smallest response of 0 part was 0 mg. The formula derived from the SLD method was presented in Table 1. The mass was moulded into tablets using lyophilisation method.

The Making of Glutinous Rice Tapai

White glutinous rice (Oryza sativa L. var. Glutinous) was cooked, and then cooled to 27°C–30 C. Tapai of glutinous rice was made by adding a concentration of 1.5% yeast containing Saccharomyces cereviceae and was fermented for 6 days.


Table 1: Formula of LODT-metoclopramide from the mixture of three components (STE, dextrose and avicel) as excipients.



	Formula
	Ingredients (mg)

	Total (mg)




	A

	B

	C

	MCP

	Aspartam




	FL-1
	140

	0

	0

	10

	5

	155




	FL-2
	0

	140

	0

	10

	5

	155




	FL-3
	0

	0

	140

	10

	5

	155




	FL-4
	70

	70

	0

	10

	5

	155




	FL-5
	0

	70

	70

	10

	5

	155




	FL-6
	70

	0

	70

	10

	5

	155




	FL-7
	23.33

	23.33

	93.33

	10

	5

	155




	FL-8
	23.33

	93.33

	23.33

	10

	5

	155




	FL-9
	93.33

	23.33

	23.33

	10

	5

	155




	FL-10
	46.67

	46.67

	46.67

	10

	5

	155





Note: MCP – metoclopramide, A – STE, B – dextrose, C – avicel

Organoleptic Test of Glutinous Rice Tapai

Organoleptic test of tapai taste was conducted by hedonic test (Tanuwijaya 2011). This test was carried out by conducting a sensory test for 10 panellists and determined by a numerical scale.

The Making of STE

Tapai mass was pressed using a suppressor. The aqueous extract of tapai obtained from the process was filtered using a 60 mesh sieve and the waste was disposed. Tapai water was heated at 50°C–60°C by using a stainless steel container to give a yellowish-brown viscous mass. Viscous mass was filtered when still hot, then added to the inoculum (comprising of yeast) and mixed at the speed of 1500 rpm for 15 minutes. The whole mass was then poured into stainless steel moulds, allowed to stand for one night to form a solid STE mass.

STE Characteristic Determination

Analysis of pH

The pH of STE was analysed by suspending 1 g of STE in 50 mL of CO2-free distilled water. The suspension was stirred until homogenous and then the pH was measured using a pH meter (Hanna®, Mauritius) (Health Department of Republic of Indonesia 1979).

The Water Level

The water level was measured by putting 200 mL of toluene and 2 mL of distilled water into the distillation apparatus then distilled for 2 hours (at 100°C). Five grams of STE was weighed and added to the distillation apparatus containing toluene. The mixture was distilled for a further 20 minutes. At the end of the distillation, the volume of water and toluene were noted. The water level was calculated in percentage (Health Department of Republic of Indonesia 1979).


The Ash Level

The ash level was measured by weighing a porcelain dish, and then 3 g of STE was placed into the dish. The ashing process was carried out at 675°C in the furnace for approximately 5 hours. The porcelain dish was cooled in an exicator and weighed. The treatment was repeated until a constant weight of ash was obtained (Health Department of Republic of Indonesia 1979).

Angle of Repose

The angle of repose was measured using a tensiometer apparatus (Kruss®, Hamburg, Germany). The tensiometer was rinsed with distilled water, and then 10 mL sample was placed into the tensiometer. The sample solution was introduced into a capillary tube, and slowly lowered until the sample solution level was steady in the capillary tube. The height of the sample solution that remained in the capillary was recorded (Yazid 2005).

Flowing Time

The flowing time was measured by placing the STE granules into a funnel which has been assembled when the surface was levelled. The cover located on the bottom of the funnel was opened and the stopwatch was turned on simultaneously. Stopwatch was stopped just in time when all the granules discharged through the funnel and the flowing time was noted. The requirement of granular flow time is less than 10 seconds (Lachman, Lieberman and Kanig 1994).

Compressibility Index

Compressibility index was measured by placing STE granules into a measuring cup on compressibility index apparatus (Copley®, Nottingham, United Kingdom) to mark the lines which are expressed as initial volume (V1); the apparatus was then run approximately 30 times to obtain a final volume (V2). Compressibility index was calculated in percentage (Lachman, Lieberman and Kanig 1994).

The Formulation of Metoclopramide ODT by Lyophilisation Method Using STE, Dextrose and Avicel as Excipients

STE was put into a container, followed by dextrose, avicel and metoclopramide. The excipients were stirred until metoclopramide was evenly dispersed. The mixture was poured into blister moulds, weighing 150 mg tablet for each mould. Once the moulds had been filled, they were put in freezer to harden and then freeze-dried to form the lyophilised tablets. The resulting tablets were evaluated for the wetting time, disintegration time and dissolution rate parameters. The process of metoclopramide ODT formulation by lyophilisation method can be seen in Figure 1.
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Fig. 1: The making of LODT-metoclopramide by lyophilisation method: (a) suspension of STE/dextrose/avicel that contains metoclopramide, (b) filling the blister with the suspension using 1 mL syringe, (c) filled blister frozen in freezer, (d) the blister containing the frozen drug solution freeze dried with a freeze dryer, (e) the blister containing LODT-metoclopramide and (f) LODT-metoclopramide that had been removed from the blister.



Evaluation of Metoclopramide ODT

Hardness Test

One tablet was placed vertically between the anvil and the punch of Strong Cobb Hardness Tester (Erweka®, Heusenstomm, Germany). The tablet was clamped by turning the regulator screw until the signal “stop” lighted, and then the button was pressed until the tablet broke. After the tablet broke, the scale number was recorded. The tablet hardness was the figure of the needle on the scale. Hardness test was performed for 6 tablets (Parrot 1970).

Friability Test

Twenty tablets were weighed and cleaned from dust. The weight was recorded (a gram). The tablets were put into the friability tool (Copley®, Nottingham, United Kingdom) and the tool was run for 4 minutes (100 rpm). After the time limit, tablets were cleaned and then weighed again (b gram). Friability value = (a–b)/a × 100% (Lachman, Lieberman and Kanig 1994).


Water Absorption Ratio Test

Circular filter paper was placed into 9 cm diameter petri dish containing 9 mL carmiosin solution 0.1% (w/v). One tablet was placed gently in the middle of petri dish, and the complete wetting time of the tablet was recorded. Tablet was weighed before and after water absorption. Water absorption ratio was calculated by the formula of R = 100 × (wa–wb)/wb, where wb is the weight of the tablet before water absorption and wa is the weight of the tablet after water absorption (Bhowmik et al. 2009).

Disintegrating Time Test Using Disintegration Tester

One tablet was placed to each tube of the basket of the disintegration tester, and then the disintegration apparatus (Copley®, Nottingham, United Kingdom) was run. Water was used as a medium with temperature of 37±2°C. All tablets should be crushed perfectly in less than 20–30 seconds (Manivannan 2009).

Disintegrating Time Test in Oral Cavity

Ten volunteers participated in this disintegrating time test for ODT. Before starting the test, each volunteer was required to rinse out their oral cavity. The ODT tablet was placed on volunteers’ tongue and allowed to disintegrate completely. Then, the tablet was spitted. The time for the tablet to disintegrate completely in the oral cavity perfectly was recorded (Manivannan 2009).

Dissolution Test

In vitro dissolution test was conducted using a type 2 dissolution apparatus (paddle) (Copley®, Nottingham, United Kingdom), using 900 mL of medium with pH of 1.2 and 7.4, and temperature of 37±0.5°C with a rotation speed of 50 rpm. Ten mL of sample solution was taken and measured at a wavelength of 272.5 nm with intervals of 1, 3, 5, 10, 15, 20, 25 and 30 minutes (Health Department of Republic of Indonesia 1995).

RESULTS

Characteristics Analysis of STE

The results of the analysis on the characteristics of STE were presented in Table 2. STE was freely soluble in water because it had a contact angle of 2.01°, an angle of response of 29.6°, a flowing time of 3.76±0.07 seconds and a compressibility index of 10.67%. These results indicated that the STE met the requirements as an excipient in the manufacture of ODT.

LODT Formulation

Freeze dry is a process to produce a porous amorphous structure that can help the drug to dissolve rapidly (Bhowmik et al. 2009). Table 3 showed that the formula FL-2 and FL-3 failed to form LODT-metoclopramide. LODT-metoclopramide was evaluated for friability, wetting time, disintegrating time, disintegrating time in the oral cavity and the dissolution rate.


Table 2: Characteristics of STE.



	Test
	Characteristic of STE




	Macroscopic
	Granules/bars




	Form
	Granules/bars




	Colour
	Tawny




	Odour
	Typical STE aroma




	Taste
	Sweet, a little sour




	Fehling test
	Brick red precipitate




	pH
	6.31±0.01




	Infrared analysis
	-CH2-, -C-H, -C-0, -OH




	Contact angle
	2.01°




	Water level
	9.44±0.35%




	Ash level
	0.41%




	Reducing sugar levels
	70.4%




	Solubility
	Freely soluble (<1.0 mL water)




	Angle of repose
	29.6°




	Flowing time
	3.76±0.07 seconds




	Compressibility index
	10.67%





Table 3: LODT-metoclopramide evaluation results from a variety of formulas.



	Formula

	Wetting time (second)

	Disintegrating time

	% cumulative of released metoclopramide at 60 seconds




	Disintegrator (second)

	Oral cavity (second)




	FL-1
	1.88±0.25

	2.84±0.88

	28.67±5.72

	51.06±2.00




	*FL-2
	–

	–

	–

	–




	*FL-3
	–

	–

	–

	–




	FL-4
	2.48±0.26

	4.92±0.54

	48.00±2.61

	74.46±2.38




	FL-5
	1.62±0.32

	3.07±0.65

	44.17±2.23

	45.05±2.17




	FL-6
	3.49±0.18

	3.13±0.65

	45.67±1.75

	60.26±2.62




	FL-7
	4.36±0.52

	3.08±0.89

	43.17±1.17

	42.75±3.23




	FL-8
	1.80±0.41

	3.58±0.90

	44.33±2.25

	51.61±1.60




	FL-9
	2.23±0.08

	2.87±0.69

	57.67±1.21

	62.43±2.81




	FL-10
	2.74±0.47

	4.48±1.06

	59.33±3.01

	44.37±1.87





Notes: * FL-2 and FL-3 (LODT-metoclopramide not formed); A – STE, B – dextrose, C – avicel



	FL-1 = (A:B:C:1:0:0)
	FL-6 = (A:B:C 0:0.5:0.5)



	FL-2 = (A:B:C:0:1:0)
	FL-7 = (A:B:C:0.17:0.17:0.67)



	FL-3 = (A:B:C:0:0:1)
	FL-8 = (A:B:C:0.17:0.67:0.17)



	FL-4 = (A:B:C:0.5:0.5:0)
	FL-9 = (A:B:C:0.67:0.17:0.17)



	FL-5 = (A:B:C:0.5:0:0.5)
	FL-10 = (A:B:C:0.33:0.33:0.33)




Hardness and Friability Test

The hardness and friability test of LODT-metoclopramide of FL-1, FL-4, FL-5, FL-6, FL-7, FL-8, FL-9 and FL-10 did not meet the requirements value.


Wetting Time Test

Wetting time test result of LODT-metoclopramide presented in Table 3 showed all the formulas met the requirement criteria of less than 60 seconds (Kundu and Sahoo 2008).

Disintegrating Time Test Using Disintegrator

The disintegrating time of LODT-metoclopramide met the requirements criteria of less than 30 seconds (Hirani, Dhaval and Kantilal 2009). The data were presented in Table 3.

Disintegrating Time Test in Oral Cavity

The result of disintegrating time test in oral cavity was presented in Table 3 which revealed that all formulas of LODT-metoclopramide met the requirements of ODT because the disintegrating time was less than 60 seconds.

Drug Dissolution Test

The results of in vitro dissolution rate test using dissolution tester of all LODT-metoclopramide formulas were presented in Figure 2. The results showed that all formulations of LODT-metoclopramide met the requirements (Health Department of Republic of Indonesia 1995).
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Fig. 2: The released profile of LODT-metoclopramide from FL-1, FL-4, FL-5, FL-6, FL-7, FL-8, FL-9 and FL-10.



DISCUSSION

LODT Formulation

Table 3 showed that the formula FL-2 and FL-3 failed to form LODT-metoclopramide because the additives used were avicel (FL-2) alone which was a disintegrant material that had low power of cohesion, therefore it did not form LODT. Dextrose (FL-3) has a good cohesive power, but the formed LODT-metoclopramide was difficult to remove from the mould which broke the LODT-metoclopramide, whereas STE (FL-1) alone has a good cohesive power forming LODT-metoclopramide that was easily removed from the mould. Thus, this study shows that STE can be used as filler for LODT formulation.

Hardness and Friability Test

None of the formula met the hardness and friability test requirements. This is because LODT-metoclopramide was formed only by the power of cohesion without giving pressure, so the formed LODT became fragile. The fragility of LODT-metoclopramide is a weakness of the lyophilisation method; the conventional packaging is not appropriate and requires special packaging thus increasing costs (Velmurugan and Vinushitha 2010).

Previous researchers had used mannitol and gelatine as additives to make LODT and used sodium phenobarbital as a drug model. The results showed the LODT was hard and fragile with a porous surface (Sznitowska, Placek and Klunder 2005).

Wetting Time Test

Wetting time is the most important parameter in the evaluation of ODT, because wetting process is the initial phase of ODT disintegrating process (Rao, Patel and Gandhi 2009). A short wetting time showed rapid tablet disintegration (Hirani, Dhaval and Kantilal 2009). The most rapid wetting time was represented by the formula FL-5 with 1.62 seconds. It was because the FL-5 containing dextrose and avicel had a good disintegrator characteristic (Siregar and Wikarsa 2010).

Wetting time data in Table 3 can be made into the following equation:

Y = 1.88A + 6.16AB + 10.20AC + 6.48BC – 11.46ABC

where, Y = wetting time (second), A = number of STE used, B = number of dextrose used and C = number of avicel used.

Based on the regression coefficients, the STE (1.88) was the dominant factor in accelerating the wetting time compared with dextrose and avicel. STE had a small contact angle, making it very easy for water penetration, and is porous resulting in rapid wetting time. STE mixed with dextrose and/or avicel accelerated the wetting time.

Disintegrating Time Test Using Disintegrator

The most rapid disintegration time was FL-1 (STE:dextrose:avicel,140:0:0). This is probably due to a small contact angle of STE, thus FL-1 was easily wetted. FL-1 also rapidly disintegrated and dissolved since the STE had many pores which made it easy to be penetrated by water.

Disintegrating time data in Table 3 can be made into the following equation:

Y = 2.84A + 14.00AB + 6.84AC + 12.28BC – 3.96ABC

where, Y = wetting time (second), A = number of STE used, B = number of dextrose used and C = number of avicel used.

Based on the STE regression coefficient (2.84), STE was the dominant factor in accelerating the disintegration time compared with dextrose and avicel.


Disintegrating Time Test in Oral Cavity

All formula of LODT-metoclopramide met the requirements of ODT because the disintegrating time was less than 60 seconds. This suggested that LODT-metoclopramide was destroyed on contact with saliva in the oral cavity (Popescu, Zhou and Joshi 2010). FL-1 formula had a faster disintegrating time in the oral cavity compared to the other formulas of LODT-metoclopramide. It can be concluded that FL-1 had a high porosity (Budgujar and Mundada 2011) which facilitated penetration of water into LODT-metoclopramide tablets and led to quick disintegration.

Disintegrating time in oral cavity data in Table 3 can be made into the following equation:

Y = 26.67A + 134.66AB + 125.34AC + 176.68BC + 33.84ABC

where, Y = wetting time (second), A = number of STE used, B = number of dextrose used and C = number of avicel used.

Based on the regression coefficient (26.67), STE is the dominant factor accelerating disintegrating time in the mouth compared with dextrose and avicel as STE had a smaller contact angle, is freely soluble in water and formed pores after being freeze-dried. So it is easily penetrated by saliva and LODT was immediately disintegrated. The mixture of STE with dextrose and STE with avicel accelerated the disintegrating time in oral cavity. The higher concentration of dextrose and avicel showed a rapid disintegrating time of LODT in oral cavity.

Drug Dissolution Test

On the 5th minute, all LODT-metoclopramide formulations were dissolved 100%. This was because LODT-metoclopramide had a high porosity (Budgujar and Mundada 2011), therefore it was easily penetrated by water and the disintegrating time was less than 10 seconds. As a result, metoclopramide dissolved quicker. Moreover, freeze-drying technique also produced a porous structure that made metoclopramide dissolve rapidly.

Based on cumulative dissolution data in Table 3, it can be made into the following equation:

Y = 51.06A + 196.52AB + 138.92AC + 180.20BC – 808.47ABC

where, Y = wetting time (second), A = number of STE used, B = number of dextrose used and C = number of avicel used.

Based on the regression coefficients, STE (51.06) was the most dominant influence in increasing the % cumulative of released metoclopramide compared with dextrose and avicel as STE had a smaller contact angle, freely soluble in water and formed pores after being freeze-dried so it was easily penetrated by the medium and LODT disintegrated immediately. The higher concentration of STE showed the faster dissolution time of LODT-metoclopramide. The mixture of STE and dextrose and the mixure of STE and avicel also increased % cumulative of released metoclopramide.

Overall, STE has the ability to be used as excipient in formulations of ODT, and based on the wetting time test, disintegrating time test and drug dissolution test, STE was the dominant factor that accelerated the time of the tests.


Determination of Optimum Formula

Based on the superimposed contour plot in Figure 3, it showed that the optimum areas with LODT-metoclopramide wetting time and disintegrating time in oral cavity parameters met the requirements. The point on the flag area was one of the formulas in the optimum area. The point contained a proportion of STE (24.18 mg), dextrose (19.71 mg) and avicel (96.11 mg) to obtain the optimum formula for a tablet which can be seen in Table 4. The optimised formula in Table 4 was formulated and tested for the ODT parameters: the wetting time and the disintegrating time. The results showed that the optimised formula gave an average wetting time of 4.47 seconds and an average disintegrating time of 39.97 seconds.
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Fig. 3: Superimposed contour plot of wetting time and disintegrating time in oral cavity.



Table 4: LODT-metoclopramide optimised formula of three components: STE, dextrose and avicel with lyophilised method.



	Composition
	Amount (mg)




	STE
	24.18




	Dextrose
	19.71




	Avicel
	96.11




	Metoclopramide HCl
	10.00




	Aspartam
	5.00




	Total weight
	155





CONCLUSION

This study revealed that STE has good characteristics as an ODT excipient and can be used as additive of LODT with function as fillers, disintegrant and pore forming. Individually STE was able to form LODT while dextrose and avicel could not form LODT. STE and dextrose mixture components could form LODT, and a combination of STE, dextrose, and avicel mixture showed improved characteristics of LODT. The optimised formula of LODT-metoclopramide based on superimposed contour plot is 24.18 mg of STE, 19.71 mg of dextrose, 96.11 mg of avicel, 10 mg of metoclopramide and 5 mg of aspartam with total weight of tablet being 155 mg. Based on the results, it can be concluded that STE can be used as excipient to manufacture ODT in a more cost-effective way.
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Stability-indicating high performance liquid chromatographic (HPLC) method was developed for simultaneous analysis of metformin hydrochloride (MET) and pioglitazone hydrochloride (PIO) in dosage forms. Chromatographic separation was performed on C8 column (Qualisil BDS 250 mm × 4.6 mm, 5 µm) with a mixture of methanol and water at 45:55 (v/v) containing 0.2% (w/v) n-heptanesulfonic acid (HSA) and 0.2% (v/v) triethyl amine (TEA) as mobile phase. The flow rate was 1 mL/min and eluents were detected at 265 nm. The described method shows linearity between 100–750 μg/mL for MET and 5–30 μg/mL for PIO with respective correlation coefficient (r2) values of 0.9996 and 0.9997. Drugs were subjected to acidic and basic hydrolysis, oxidative, photolytic, neutral and thermal degradations. This method revealed 14 degradation products and among these products D1, D3, D11, D12 and D14 were identified using impurity standards.

Keywords: RP-HPLC, Stability indicating method, Metformin hydrochloride, Pioglitazone hydrochloride

INTRODUCTION

Metformin hydrochloride (MET) is chemically known as 3-(diaminomethylidene)-1, 1-dimethylguanidine hydrochloride and is used an antidiabetic agent (Fig. 1). It is the drug of choice for the treatment of type II diabetes, particularly in overweight, obese people and individuals with normal kidney function. It works by lowering blood sugar and helping the body to use insulin more efficiently.

The chemical name for pioglitazone hydrochloride (PIO) is 5-{4-[2-(5-ethyl-2-pyridinyl)ethoxy]benzyl}-1,3-thiazolidine-2,4-dione hydrochloride (Fig. 2). It is used in the management of type II diabetes mellitus [also known as non-insulin-dependent diabetes mellitus (NIDDM) or adult-onset diabetes]. Pharmacological studies indicate that PIO improves sensitivity to insulin in muscle and adipose tissue and inhibits hepatic gluconeogenesis. Sun Pharmaceutical Industries Ltd. markets PIO in combination forms as Pioglit-MF. In combination these are available in 15:500 mg of PIO and MET, respectively.
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Fig. 1: Structures of MET, impurity-D1 and impurity-D3.
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Fig. 2: Structures of PIO, impurity-D11, impurity-D12 and impurity-D14.



Literature reveals that various methods, for instance UV (Sujana et al. 2010; Ajithdas and Nancy 2000), high performance liquid chromatography (HPLC) (Jeyabalan and Nyola 2012; Srinivas et al. 2012; Lad et al. 2003) and ion-pair HPLC (Vasudevan et al. 2001) have been reported for individual estimations of MET and PIO, along with other drugs in various dosage forms. PIO is not yet official in any of the pharmacopoeia but MET is official in Indian Pharmacopoeia (1996), British Pharmacopoeia (2002), and United States Pharmacopoeia and The National Formulary (2005). Literature survey reveals that few bio-analytical liquid chromatography-mass spectrometry (LCMS) (Lin et al. 2003; Xue et al. 2003; Yamashita et al. 1996) and stability indicating HPLC (Navaneethan, Karunakaran and Elango 2011) methods were reported for the determination of PIO with other drugs. To date, no stability indicating assay method (SIAM) is available for the simultaneous estimation of MET and PIO in tablet dosage form in pharmaceutical preparations, which promoted the present work. The main objective of this present work is to develop and validate a stability indicating reverse phase HPLC (RP-HPLC) method for the simultaneous estimation of MET and PIO that could demonstrate all possible impurities in combined dosage forms. Herein we report a stability-indicating RP-HPLC method for simultaneous determination of MET and PIO in the presence of their degradation products in accordance to the International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) guidelines.

EXPERIMENTAL

Chemicals and Reagents

Samples of MET and PIO were obtained as gifts from Hetero Labs Pvt. Ltd. (Hyderabad, Andhra Pradesh, India). Tablet formulation of MET and PIO (Pioglit-MF tablet) were procured from commercial market (Sun Pharmaceutical Industries Ltd., Hyderabad, India). All the solutions were protected from light and were analysed on the day of preparation. Glassware used in each procedure were soaked overnight in a mixture of chromic acid and sulfuric acid rinsed thoroughly with double distilled water and dried in hot air oven. Water and methanol (HPLC grade) were purchased from Merck (Worli, Mumbai).

HPLC Instrumentation and Conditions

HPLC analyses for method development, forced degradation studies and method validation were performed using an Agilent-1200 binary pump plus manual sampler and Agilent photodiode array detector (PDA) (Agilent Technologies India Pvt. Ltd., New Delhi). The output signal was monitored and processed using Ezchrome elite software resident in a Pentium computer (Digital Equipment) from Agilent Technologies India Pvt. Ltd. (New Delhi). Compounds were separated on a 250 mm × 4.6 mm, 5 µm particle, Agilent C8 column with methanol and water (45:55, v/v) with 0.2% (w/v) n-heptanesulfonic acid (HSA), 0.2% (v/v) triethyl amine (TEA) and pH was adjusted to 3.0 with orthophosphoric acid (OPA) as mobile phase. The injection volume was 20 µL, the mobile phase flow rate was 1.0 mL/min and the detection wavelength was 265 nm.

Forced Degradation Studies

Forced degradation of MET and PIO drug substances was carried out under neutral, acidic, basic, oxidative, thermal and photolytic stress conditions. In stress study, aliquots of stress sample were diluted with mobile phase and achieved a concentration of 100 μg/mL. The pH of stress sample was adjusted to 3–4 and injected in the optimised conditions with appropriate blanks. The samples from acid hydrolysis were neutralised with 0.1N NaOH and the samples from base hydrolysis were neutralised with 1N HCl. Blank solutions for each hydrolysis were prepared at the same time of preparation of stock solutions. The percentage degradation was calculated using response factor based on the peak area.

Preparation of Stock Solution for Stress Studies

An accurately weighted quantity of 10 mg of each drug substance was carefully transferred into a 10 mL volumetric flask, dissolved completely in methanol and the volume was made up to the mark to get 1000 μg/mL. The same procedure was used to prepare stress solutions of acid hydrolysis, base hydrolysis and oxidation respectively with 1N HCl, 0.1N NaOH and 3% H2O2. Thermal degradation was carried out for solid state by the means of heating the samples over a period (0, 3, 6 h) in hot air oven, at 105°C. Photo degradation was carried on sample solutions as in the outlined procedure in the following section. In all stress studies, stress was performed on individual MET and PIO (control) as well as in combination. The results of the individual degradation studies of MET and PIO (control) were compared with degradation profile of combined studies.

Hydrolysis

The stock solutions of 1000 μg/mL were prepared in 0.1N NaOH (basic), 1N HCl (acidic) and methanol (neutral) at room temperature. Samples (1 mL) were withdrawn at different time points (0, 3, 12, 48 h) and made to 10 mL with mobile phase (100 μg/mL). The samples from acid hydrolysis were neutralised with 0.1N NaOH and the samples from base hydrolysis were neutralised with 1N HCl. Blank solutions for each hydrolysis were prepared at the same time of preparation of stock solutions.

Oxidation

The study was carried for period of 10 days. Every day, 1 mL of sample was withdrawn and transferred into 10 mL volumetric flask and made to 10 mL with mobile phase and injected into the optimised conditions at various time intervals against a blank.

Thermal Degradation

Solid state stability studies were performed using preheated sample as thin layer in the petri dish at 105°C. At various time intervals (0, 3, 6 h), the heated samples (10 mg) were weighed, suitably dissolved and diluted with mobile phase to get a concentration of 100 μg/mL and injected into the HPLC system.

Photo Degradation

Photo degradation studies were conducted by exposing the solution sample in sunlight for a total period of 80 h. After degradation, samples taken at different time intervals (0, 12, 24, 48, 70 h) were suitably diluted in mobile phase to a concentration of 100 μg/mL and injected into the HPLC system.

Preparation of Sample Solution for Assay

Twenty tablets of marketed formulation Pioglit-MF containing PIO (15 mg) and MET (500 mg) were weighed and finely powdered. Tablet powder equivalent to 100 mg PIO with relevant quantities of MET was weighed and transferred to a 100 mL volumetric flask, extracted for 30 min with methanol and the volume was made up to 100 mL with diluent. A 0.1 mL aliquot of the above solution was taken in a 10 mL volumetric flask and then made up to 10 mL with mobile phase. The final solution was filtered through 0.45 micron syringe filter and analysed. The results of the assay were shown in Table 1.

Identification of Impurities

Impurities namely, 1-diaminomethylidene-3-methylguanidine hydrochloride (D1) and 1,3,5-triazine-2,4,6-triamine (D3), 2,4-thiazolidinedione (D11), 4-[2-(ethyl-pyridin-2-yl)-ethoxy]-benzaldehyde (D12) and 5-{4-[2-(5-ethyl-pyridin-2-yl]-benzyldiene (D14) were suitably prepared in mobile phase at concentration of 100 μg/mL and spiked with injection of standards under optimised chromatographic conditions. The retention time of the impurities was compared with the stress degradation products. It was identified that D1 and D3 belong to MET, whilst D11, D12 and D14 belong to PIO.

Table 1: Assay data for MET and PIO.



	Drugs
	Labelled claim (in mg)

	Found (mean±SD)

	Assay (%)




	MET
	330

	331.36±1.75

	100.4




	PIO
	10

	9.89±0.97

	98.90





RESULTS

Optimised Method

Chromatographic separation was achieved and optimised on C8 column (Qualisil BDS 250 mm × 4.6 mm, 5 µm) with a mixture of methanol and water at 45:55 (v/v) containing 0.2% (w/v) HAS and 0.2% (v/v) TEA as mobile phase. The flow rate was 1 mL/min and eluents were detected at 265 nm. The optimised chromatogram was shown in Figure 3.
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Fig. 3: Optimised RP-HPLC chromatogram of MET (retention time: 4.68) and PIO (retention time: 14.22) on C8 column.



Validation of Results

The method was validated as outlined in ICH (Q2) guidelines with respect to specificity, linearity and range, accuracy, precision, robustness, limit of detection (LOD) and limit of quantification (LOQ).

Specificity

Forced degradation studies were performed on MET and PIO to support the specificity of the stability indicating method. The study was employed on degradation of MET and PIO by exposing to sunlight (for 70 h), heat (105°C for 6 h), acid hydrolysis [1N HCl, kept at room temperature (RT) for 48 h], base hydrolysis (0.1N NaOH, kept at RT for 48 h), neutral (kept at RT for 10 days) and oxidation (3% H2O2, kept at RT for 10 days). All degradation products were adequately separated from MET and PIO, thus the specificity of the method was proven.

Linearity and Range

The linearity of detector response to different concentrations of MET and PIO was studied in the range from 100–750 μg/mL and 5–30 μg/mL, respectively for assay of formulations. Samples were analysed in triplicate at six different concentrations. The correlation coefficient (r2 value) obtained was 0.9996 for MET and 0.9997 for PIO. However the linearity for stress studies was established between 50–200 μg/mL for both MET and PIO. The r2 value obtained was 0.9995 for MET and 0.9997 for PIO.

Accuracy

Accuracy was performed by recovery studies using standard addition method. Standard drugs in the range of 80%, 100% and 120% of the sample concentrations were added into the sample solution as given in the Table 2. Each concentration was analysed in triplicate. Results of recovery studies were found to be in between 99.97% to 100.07% for MET and 98.18% to 100.08% for PIO.

Table 2: Accuracy data for MET and PIO.



	Drug
	Amount (μg/mL)

	Recovery level (%)

	Amount added (μg/mL)

	Amount recovered (mean±SD, μg/mL)

	% recovery (n=3)




	MET
	330

	80

	264

	593.87±0.98

	99.97




	330

	100

	330

	660.47±1.72

	100.07




	330

	120

	396

	726.12±2.96

	100.01




	PIO
	10

	80

	8

	18.34±0.22

	98.14




	10

	100

	10

	20.16±0.18

	100.8




	10

	120

	12

	21.82±0.16

	99.18





Precision

Data for intraday and interday precision studies were obtained from three different concentrations (100, 450, 750 μg/mL for MET and 5, 20, 30 μg/mL for PIO) in the linearity range. The % RSD values for intraday and interday precision were below 1.5%, indicating that the method was sufficiently precise and the result are shown in Table 3.

Limit of Detection and Limit of Quantification

LOD and LOQ were determined based on signal to noise ratio (S/N). The S/N ratio of 3:1 was taken as LOD and S/N of 10:1 was taken as LOQ. The LOD was found to be 0.464 μg/mL and 0.317 μg/mL while LOQ was 1.407 μg/mL and 0.962 μg/mL for MET and PIO, respectively.

Robustness

The robustness of the developed method was determined by analysing the samples under a variety of conditions of the method parameters, such as change in flow rate (±0.1 mL/min), pH (±0.2) of the buffer and organic phase (±2%). The method was robust for all the parameters tested.

Table 3: Precision data for MET and PIO.



	Drug
	Amount (μg/mL)

	Intraday (n=3)

	Interday (n=3)




	Found (mean±SD)

	% RSD

	Found (mean±SD)

	% RSD




	MET
	100

	87.22±0.588

	1.22

	89.85±0.71

	1.61




	450

	466.13±0.733

	0.64

	469.53±0.98

	0.70




	750

	748.82±2.512

	0.28

	749.45±3.83

	0.33




	PIO
	5

	5.16±0.25

	1.31

	5.30±0.05

	1.88




	20

	19.77±0.23

	0.79

	20.31±0.04

	0.92




	30

	29.65±1.50

	0.52

	29.77±1.72

	0.76





Forced Degradation Studies

Degradation by Acid Hydrolysis

Initial degradation study was performed in 0.1N HCl, observed that the drug was stable. After that, degradation study was carried out in 1N HCl at room temperature for a period of 48 h. The drug degradation was 42.46% for MET and 28.91% for PIO in 48 h with 5 impurities i.e. D1 at 2.42, D4 at 3.92, D8 at 7.36 and D13 at 33.44 min formed as shown in Figure 4.

Base Induced Degradation

When the drug was exposed to 0.1N NaOH, the degradation was observed within 2 h and hence a milder condition of 0.1N NaOH was chosen as stress condition. The drug degradation was 30.43% for MET and 23.36% for PIO in 48 h with 4 impurities i.e. D2 at 2.80 min, D5 at 4.40 min, D7 at 6.48 min and D12 at 23.27 min as shown in Figure 5.
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Fig. 4: Acid degradation (1N HCl for 48 h) chromatogram of MET and PIO.
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Fig. 5: Base degradation (0.1N NaOH for 48 h) chromatogram of MET and PIO.



Oxidative Degradation

Both MET and PIO showed negligible/no degradation in 0.3% H2O2 for 5 days and hence severe stress condition of 3% H2O2 was used. No degradation was observed for PIO, but 29.84% degradation was observed for MET and was optimised for specificity. There was one degradation product peak i.e. D1 at 2.42 min, as shown in Figure 6.
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Fig. 6: Oxidative degradation (3% H2O2 for 10 days) chromatogram of MET and PIO.



Thermal Degradation

When drugs were exposed to dry heat in oven at 105°C for 6 h, 7 degradation products were formed at 3.20 min (D3), 3.78 min (D4), 4.40 min (D5), 5.64 min (D6), 8.13 min (D9), 11.66 min (D11) and 34.19 min (D14) with significant changes in the peak area of the parent drug. Drugs MET showed 69.75% and PIO 67.80%. These data are shown in Figure 7.
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Fig. 7: Thermal degradation (solid – 105°C for 6 h) chromatogram of MET and PIO.



Photolytic Degradation

When drugs were exposed to photolytic degradation in sunlight for 70 h, 16.95% and 24.34% degradation were observed for MET and PIO, respectively. Four degradation products were formed at 3.20 min (D3), 3.78 min (D4), 4.40 min (D5) and at 11.66 min (D11) as shown in Figure 8.
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Fig. 8: Photo degradation (solution – sunlight for 70 h) chromatogram of MET and PIO.




Neutral Degradation

The drug degradation of 20.69% for MET and 10.62% for PIO was observed after 10 days at room temperature (22°C) with a total of 4 impurities i.e. D5 at 4.40, D8 at 7.36, D10 at 9.46 and D11 at 11.66 min, as shown in Figure 9.
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Fig. 9: Neutral degradation (in methanol for 10 days) chromatogram of MET and PIO.



DISCUSSION

The objectives of the present chromatographic method were to separate both MET and PIO from all their possible degradation products and to elute them as symmetrical peaks. Agilent Qualisil BDS column C8 was used as stationery phase with a flow rate of 1 mL/min and PDA detection wavelength was fixed at 265 nm. Various trials with methanol and water as mobile phase (80:20, v/v to 50:50, v/v) were performed. It was found out that MET was not retained, whereas PIO was observed in between 5–20 min with a tailing factor of more than 2.5. The use of HSA at 0.2% in aqueous part of mobile phase retained MET but tailing was observed. To reduce the tailing effects, several trials were carried out by varying pH from 3.0 to 6.0, but it was found ineffective. The use of TEA between 0.10%–0.25% in aqueous phase with pH to 3.0 with OPA was found to reduce the tailing and enabled separation of MET and PIO with adequate resolution, theoretical plate and retention for SIAM. Therefore, 0.2% of TEA and 0.2% HSA was used in optimised condition. The retention time of MET and PIO was 4.68±0.05 and 14.22±0.4 min, respectively. The method has proven specificity by separating the degradation products in various stress conditions. It was observed that 14 major degradation products were formed with retention times of 2.42±0.2 (D1), 2.80±0.22 (D2), 3.78±0.11 (D3), 3.92±0.14 (D4), 4.40±0.23 (D5), 5.64±0.31 (D6), 6.48 (D7), 7.36 (D8), 8.13 (D9), 9.46 (D10), 11.66±0.41 (D11), 23.27 (D12), 33.44 (D13) and 34.19 min (D14). The % degradation and number of degradation products formed were detailed in Table 4.


Table 4: Comparative study of stability data of MET and PIO (control and combined stress).
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Notes: Degradation product retention time (min): 2.42±0.2 (D1), 2.80±0.22 (D2), 3.78±0.11 (D3), 3.92±0.14 (D4), 4.40±0.30 (D5), 5.64±0.31 (D6), 6.48 (D7), 7.36 (D8), 8.13 (D9), 9.46 (D10), 11.66±0.4 (D11), 23.27 (D12), 33.34 (D13), 34.19 (D14)

The study revealed that MET was more sensitive for all stress conditions whereas PIO remained affected under all conditions that is acidic, basic, photolytic, neutral and thermal degradations except, oxidative stress. The peak purity of both MET and PIO was more than 0.999 in all stress conditions investigated, no degradation product was observed after 40 min. A total of 14 degradation products (D1–D14) were detected in the present study, among them are structures of D1, D3, D11, D12 and D14 as identified by Spike analysis (ICH 2007) (Fig. 10). 1-(diaminomethylidene)-3-methylguanidine hydrochloride (D1), 1,3,5-triazine-2,4,6-triamine (D3), 2,4-thiazolidinedione (D11), 4-[2-(ethyl-pyridin-2-yl)-ethoxy]-benzaldehyde (D12) and 5-{4-[2-(5-ethyl-pyridin-2-yl]-benzyldiene (D14) were suitably prepared in mobile phase at concentration of 100 μg/mL and spiked with injection of standards under optimised chromatographic conditions. Retention time of the impurities was compared with the stress degradation products. It was identified that D1 (2.42 min) and D3 (3.78 min) belong to MET, whilst D11 (11.66 min), D12 (23.27 min) and D14 (34.19 min) belongs to PIO. Thermal degradation yielded 69.75% product for MET while PIO produced 67.80%. PIO was found to be highly stable in methanol. Degradation products details were shown in Table 4. Although conditions were same for MET and PIO stress, individually and combined, impurities D6, D9 and D14, were detected in combination and 20% excess in total degradation of PIO was observed under thermal conditions of 105°C for 6 h.



[image: art]

Fig. 10: Typical chromatogram of MET, PIO and spiked impurities.



The percentage degradation for both drugs was significantly enhanced in combined stress, compared to their control. PIO remained unaffected by the peroxides in both control and combined stress. It may be due to the interaction or secondary degradation products formed due to enhanced degradations. To conclude, the results of stress testing studies indicate a high degree of specificity of this method for both MET and PIO. These results also suggest the need for simultaneous stability for dosage forms, to reveal the new degradation products and rate of degradation.

CONCLUSION

The method was validated for all validation parameters as per ICH guidelines. The linearity range for MET and PIO was 100–750 µg/mL and 5–30 µg/mL with r2 value of 0.9996 and 0.9997 respectively. The % RSD for intra-day precision was <2%. The developed and validated stability indication HPLC method is found to be linear, accurate, precise, specific and robust, confirming the stability indicating method for the simultaneous estimation of MET and PIO in presence of identified impurities D1, D3, D11, D12 and D14 or all possible degradation products.
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Drug-drug interactions are gaining importance in practice nowadays. Many drugs bind to serum albumin and alter pharmacokinetics of the drugs such as distribution and elimination. Any small change in the extent of binding will largely affect the plasma concentration, especially those of highly bound drugs. The binding interactions of nebivolol (NEBI) and carvedilol (CAR) with BSA in presence of aceclofenac (ACE) and lornoxicam (LOR) were studied under simulated physiological conditions using validated reversed phase high performance liquid chromatographic (RP-HPLC) methods. The highest percentage protein binding of NEBI and CAR at saturation level were found to be 87.7±0.6% and 81.5±0.6%, respectively. In presence of ACE and LOR the maximum binding was 67.9±3.3% and 75.2±1.6% for NEBI and 80.4±0.03% and 42.0±0.3% for CAR. From the interaction study a significant decrease was observed in the protein binding of two drugs that may lead to increase in their plasma concentrations. Therefore careful monitoring should be exercised during the combination therapy of NEBI with ACE or LOR and CAR with LOR. Further in vivo studies are warranted for both NEBI and CAR in presence of these non-steroidal antiinflammatory drugs (NSAIDs) for which the developed RP-HPLC methods could serve purpose.

Keywords: Carvedilol, Nebivolol, Drug interaction, RP-HPLC

INTRODUCTION

Beta-blockers are an important class of drugs that are widely used to treat cardiovascular disorders such as cardiac arrhythmiasis, ischemic heart diseases and hypertension. Nebivolol (NEBI) is a highly selective third-generation beta-adrenergic blocker that has been used for the treatment of hypertension and heart failure (O’Neil 2006). It is preferentially β1-selective. NEBI is highly protein bound intravascularly, predominantly to albumin. The in vitro human plasma protein binding of NEBI is approximately 98% (Jaroslaw et al. 2008). Another β-blocker indicated for hypertension and heart failure is carvedilol (CAR), which blocks β1, β2 and α1-receptors (Theodore et al. 1991). More than 98% of CAR is bound to plasma proteins, preferably to albumin (Kahina et al. 2013).

Albumin is an abundant transport-protein found in plasma which binds a wide variety of drugs in two primary binding sites (I and II) that can have a significant impact on drug pharmacokinetics (Patrick and Yashveer 2001). Alteration in the albumin binding of drugs due to some physiological conditions may cause changes in the pharmacological and pharmacokinetic properties of drugs (Md Ashraful et al. 2007). Acidic drugs generally bind to plasma albumin, and basic drugs bind to either albumin or α1-acid glycoprotein. Displacement of a drug from its binding site by another drug leads to pharmacokinetic drug interactions. When a highly protein-bound drug is displaced from binding by a second drug, a sharp increase in the free drug concentration may occur, leading to toxicity. Drug displacement interactions depend upon binding affinities, specificity of binding, and relative concentrations of both displaced and displacer drugs. Non-steroidal antiinflammatory drugs (NSAIDs) represents one of the most commonly prescribed class of drug along with antihypertensive drugs. They are highly bound (>90%) to plasma albumin and displace many drugs from their albumin binding site.

In view of the above consideration, an in vitro investigation on displacement interactions of NEBI and CAR with two commonly prescribed NSAIDs, aceclofenac (ACE) and lornoxicam (LOR) was conducted. For NEBI, CAR, ACE and LOR various analytical methods like UV, high performance liquid chromatographic (HPLC) and high performance thin layer chromatographic (HPTLC) methods were reported individually and also with other combinations (Carolin et al. 2010; Santhosh et al. 2010; Shirkhedkar et al. 2010; Sohan et al. 2010; Kiran et al. 2009; Sahoo et al. 2009; Vivek et al. 2009; Bhinge et al. 2008; Patel et al. 2006). Hence, we developed HPLC methods (Snyder et al. 1988) for common antihypertensive drugs, NEBI and CAR in presence of ACE as well as LOR, and to observe the competitive effects of ACE and LOR on binding of NEBI and CAR when used simultaneously after method validation as per International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) guidelines (ICH 2005).

METHODS

Materials and Reagents

NEBI, CAR, ACE and LOR of pharmaceutical grade were used without further purification (99%–101%, w/w). Methanol, acetonitrile and water used were of HPLC grade and were purchased from Merck (Worli, Mumbai). Ammonium acetate was obtained from Hi Media Laboratories Pvt. Ltd. (Mumbai). The liquid chromatography mass spectrometer (LCMS) Shimadzu LCMS-2010EV (Singapore) consisted of the following components: a binary gradient pump, variable wavelength programmable photodiode array (PDA) detector with auto sampler system. The chromatographic analysis was performed using Compaq Intel Core-2 DUO HP W/907 software on a pre-packed RP-18 column (250 × 4.6 mm, 5 μm particle size). In addition, an electronic balance (Shimadzu, BL-220H, Kyoto), a pH meter (Elico L127, Hyderabad, India), a sonicator (Leclasonic ultrasonic cleaner, Sai Scientific Company, Coimbatore, India) and a hot air oven (Inlab Equipments Ltd., Coimbatore, India) were used in the study.

Selection of Chromatographic Mode for Separation

Proper selection of the methods depends upon the nature of the sample, its molecular weight and solubility. As NEBI, CAR, ACE and LOR are polar in nature, reversed phase chromatography was used because of its simplicity and suitability.

Preparation of Stock and Standard Solutions

Stock solutions were prepared by weighing 10 mg each of NEBI, CAR, ACE and LOR and then transferred to 4 separate 100 mL volumetric flasks, dissolved using methanol except for CAR, for which we used acetonitrile as the solvent. Further dilutions were made with 0.067 M phosphate buffer of pH 7.4 to obtain solutions each containing 100 μg/mL of NEBI, CAR, ACE or LOR. Aliquots of standard stock solutions of NEBI, CAR, LOR and ACE were transferred using graduated pipettes into 10 mL volumetric flasks and 4 different mixtures (NEBI-ACE, NEBI-LOR, CAR-ACE and CAR-LOR) were prepared and made up to the volume with the mobile phase to give the final concentration of 1–10 μg/mL for NEBI-ACE, NEBI-LOR CAR-ACE and CAR-LOR.

Fixed Chromatographic Condition for NEBI-ACE

By considering few parameters like solubility, polarity and maximum absorption the chromatographic conditions were selected as:



	Column
	 :  
	RP-18 column (250 × 4.6 mm, 5 µm particle size), cartridges



	Mobile phase
	 :  
	20 mM ammonium acetate:methanol (30:70, v/v);
pH 4 (adjusted using 1% orthophosphoric acid)



	Detection wavelength
	 :  
	237 nm



	Flow rate
	 :  
	1 mL/min



	Operating temperature
	 :  
	Room temperature




For NEBI-LOR, the fixed chromatographic conditions were similar to that of NEBI-ACE except the mobile phase ratio which was 35:65, v/v.

Fixed Chromatographic Condition for CAR-ACE



	Column
	 :  
	RP-18 column (250 × 4.6mm, 5 µm particle size), cartridges



	Mobile phase
	 :  
	Water:acetonitrile (40:60, v/v);
pH 2.5 (adjusted using 1% orthophosphoric acid)



	Detection wavelength
	 :  
	285 nm



	Flow rate
	 :  
	0.8 mL/min



	Operating temperature
	 :  
	Room temperature




A flow rate of 1 mL/min was used for CAR-LOR. Other chromatographic conditions were similar to that of CAR-ACE.

Validation (ICH 2005)

Specificity

The chromatogram of the blank was observed for any additional peaks particularly, at the retention time of the analytes after injecting the blank and sample solutions under fixed chromatographic conditions.

Linearity and Range

Working standard solutions containing mixture of NEBI-ACE and NEBI-LOR as well as CAR-ACE and CAR-LOR in the ratio of 1:1 in the concentration range of 1–10 μg/mL were injected and chromatograms were recorded. Calibration curves were constructed by plotting peak area versus concentrations and regression equations were computed for all the drugs at the corresponding fixed chromatographic conditions.

Recovery

It was performed by standard addition method. Known amount of analytes were spiked at different levels into the pre-analysed samples. In this, 50%, 100% and 150% of the expected analytes were added to the matrix. The unspiked and spiked samples were analysed by the proposed method.

Precision

Repeatability of measurements, intraday and interday precision studies were conducted for three different concentrations (4, 5 and 6 µg/mL) of NEBI and CAR with ACE and LOR and assayed under the same experimental conditions.

Limit of Detection and Limit of Quantification

To determine the limit of detection (LOD) and limit of quantification (LOQ) of NEBI and CAR in presence of ACE or LOR, the solutions were diluted successively and injected into the HPLC system at the fixed chromatographic conditions. The smallest level of analyte that gave a measurable response is called LOD. It was based on signal to noise ratio of 3:1. The smallest concentration of analyte which gave a response that could be accurately quantified is called LOQ. It was based on signal to noise ratio of 10:1.

Robustness

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 (altered by ±1.0 mL/min) and buffer pH (altered by ±0.1). Robustness of the developed method was indicated by the overall relative standard deviation (RSD) of the data at each variable condition.

Solution Stability

The stability of the selected drugs in solution during the analysis was determined by repeated analysis of samples during the course of experimentation on the same day from 0 minute to 12 hours at room temperature and also after storage of the drug solution for 48 hours under laboratory bench conditions (32±1°C) as well as under refrigeration (4±0.5°C). The responses from the aged solutions were compared with those from freshly prepared standard solutions.

System Suitability

System suitability was carried out prior to the analysis of samples each day to ensure that the method could generate results of acceptability, accuracy and precision. The parameters include plate number, tailing factor, asymmetric factor, resolution and RSD of peak area of repetitive injection.

Application of the Developed Method for In Vitro Displacement Interaction Studies

Preparation of Reagents

Preparation of phosphate buffer of pH 7.4

A 0.067 M phosphate buffer solution of pH 7.4 was prepared by dissolving 3.532 g of potassium dihydrogen phosphate and 14.542 g of disodium hydrogen phosphate in deionised water and diluting to 1000 mL with the same.


Preparation of NEBI stock solution

NEBI stock solution was prepared by dissolving 10 mg of NEBI in 10 mL methanol and diluting to 100 mL with phosphate buffer of pH 7.4 to get the concentration 100 µg/mL. Serial dilutions were made in the range of 0.5–8 µg/mL using phosphate buffer (pH 7.4). Stock solution of ACE and LOR was also prepared by dissolving 10 mg of ACE and LOR in 10 mL of methanol and made up to 100 mL with phosphate buffer (pH 7.4) to get the concentration of 100 µg/mL. Further dilutions were made in the range of 5–40 µg/mL.

Preparation of CAR stock solution

Stock solution of CAR was prepared by dissolving 10 mg of CAR in 10 mL acetonitrile and diluting to 100 mL with phosphate buffer of pH 7.4 to get a concentration of 100 µg/mL. Serial dilutions were made in the range of 1–10 µg/mL using phosphate buffer (pH 7.4).

Preparation of stock solutions of ACE and LOR

Stock solution of ACE or LOR was also prepared by dissolving 10 mg of ACE or LOR in 10 mL of acetonitrile and made up to 100 mL with phosphate buffer of pH 7.4 to get concentration of 100 µg/mL. Further dilutions were made in the range of 5–40 µg/mL for ACE and 1–40 µg/mL for LOR.

Preparation of bovine serum albumin

A 1.5 × 10−4 M bovine serum albumin (BSA) solution was prepared by dissolving 0.512 g of BSA in 50 mL phosphate buffer of pH 7.4.

Equilibrium Dialysis

Optimisation of NEBI/CAR concentration and its equilibration period

In this experiment, the activated membrane bags (20 cm long, 3.63 mL/cm capacity) were filled with 5 mL solutions of BSA (1.5 × 10−4 M) and then immersed in a fixed volume (25 mL) of phosphate buffer containing varying concentration of NEBI (3.0 × 10−6 M – 2.4 × 10−5 M) and CAR (6.888 × 10−6 M – 1.3776 × 10−5 M) and the system was shaken gently in a horizontal wrist-action shaker at room temperature. One mL sample was withdrawn at different time intervals (from 0 time to 9 hours with 1 hour time interval) from the buffer solution outside the membrane bag and was replaced with 1 mL of buffer. Samples were then injected into the HPLC system until constant peak area was obtained at 237 or 285 nm. Twenty mM ammonium acetate and methanol (30:70%, v/v) at a flow rate of 1 mL/min was used as mobile phase for NEBI-ACE while the mobile phase ratio was 35:65 for NEBI-LOR. The pH of ammonium acetate was adjusted to 4 using orthophosphoric acid (1%, v/v). Water:acetonitrile (40:60, v/v) at a flow rate of 0.8 mL/min was used as the mobile phase for CAR-ACE, and the flow rate was 1 mL/min for CAR-LOR. Orthophosphoric acid (1%, v/v) was used to adjust the pH of water to 2.5. Each time, 20 µL of sample solution was injected and the peak area was measured. The concentrations of the bound and unbound drugs were found using the standard curve. The experiment was repeated six times for the selected concentration (1.85 × 10−5 M of NEBI and 1.0824 × 10−5 M of CAR).


Effect of ACE on NEBI and CAR Binding to BSA

Five mL of 1.5 × 10−4 M BSA buffer solution was taken in 9 different dialysis bags, and 25 mL of NEBI-ACE mixture was taken in 9 different conical flasks of 100 mL capacity. Concentration of NEBI was fixed as 1.8 × 10−5 M and ACE or LOR was added with increasing concentration ranges (1.4 × 10−5 – 1.1 × 10−5 and 1.30 × 10−5 – 1.07 × 10−4 M) to 8 of the 9 conical flasks. ACE or LOR was not added to one of the conical flask which contained only NEBI (1.8 × 10−5 M) and this was used as equilibrium control. In addition, a blank was prepared using BSA and buffer solution. The bags were prepared without tension in order to ensure efficient mixing. Both sides of the tubes were clipped properly so that there was no leakage. Dialysis was carried out in 100 mL conical flask covered with aluminium foil. The conical flasks were placed on a horizontal wrist-action shaker with a capacity of 24 and rotated at 80 rpm for 6 hours at room temperature. Buffer samples were collected from each flask after complete dialysis. Free concentrations of NEBI were measured by newly developed and validated RP-HPLC methods. Each experiment was carried out using freshly prepared BSA and drug solutions. Stability of NEBI, CAR, ACE and LOR were studied at room temperature for 24 hours in 0.067 M phosphate buffer (pH 7.4). To study the effect of ACE or LOR on CAR binding to BSA, the above procedure was repeated using CAR at a concentration of 1.0824 × 10−5 M and ACE and LOR in range of 1.4 × 10−5 – 1.1 × 10−5 and 2.70 × 10−6 – 1.07 × 10−4 M, respectively.

Statistical Analysis

Statistical analysis was carried out using one-way Analysis of Variance (ANOVA) followed by Dunnett’s test using GraphPad prism. Values are expressed as mean±SEM of three parallel measurements. The p<0.05 was considered statistically significant.

RESULTS

All the selected drugs for the interaction studies were practically insoluble in water. The present experiment and data reported in literature showed that methanol could dissolve NEBI, ACE and LOR. CAR was more soluble in acetonitrile than methanol, hence acetonitrile was chosen as the solvent of choice for CAR. Using the fixed chromatographic conditions, the retention time was found to be 6.0, 12.8 minutes for NEBI-ACE and 7.1, 8.8 minutes for LOR-NEBI [Figs. 1(a) and (b)]. Retention time of CAR-ACE was found to be 4.4 and 13.1 minutes while CAR-LOR showed retention time at 2.7 and 4.7 minutes, respectively [Figs. 1(c) and (d)].

UV spectra overlays of NEBI-ACE and NEBI-LOR showed the maximum absorbance at 237 nm for NEBI, so this wavelength was selected as the detection wavelength for the study. The detection wavelength selected for CAR-ACE and CAR-LOR was 285 nm. The peak purity index for all analytes were found to be close to one, proving the selectivity and specificity of the methods. A 10 point calibration curve was constructed with working standards and was found linear for each of the analyte over their calibration range of 1–10 μg/mL [Figs. 2(a)–(d)].

To prove the precision of the method, the intraday and interday precision studies were carried out and the % RSD values were found to be below two. The sensitivity of the methods was found out from the determination of LOD and LOQ of NEBI and CAR. For robustness evaluation, the method parameters were changed each time to estimate the effects. The % RSD values less than 2, indicating that the developed methods were robust. The results for validation are summarised in Tables 1–4. Recovery study was assessed using six determinations over three concentration levels covering the linear range. Results shown in Table 5 confirmed the developed methods were highly accurate.

The system suitability parameters of NEBI, CAR, ACE and LOR were calculated using the standard chromatogram and the values are listed in Table 6. Selectivity was evaluated by injecting mobile phase alone and reference standard of each drug individually. No peaks were observed for mobile phase and no extra peaks were observed for all the selected drug solutions. The prepared solutions were injected at 1 hour interval under fixed chromatographic conditions in order to ascertain the stability of solutions. The % RSD of peak area obtained from each drug solution stability and mobile phase stability were found to be within 1%, showed no significant change in retention time, peak shape and column performance. It was found that the solutions were stable for more than 12 hours at room temperature and 48 hours under –20°C.
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Fig. 1: RP-HPLC chromatograms for the simultaneous analysis of the selected drugs: (a) NEBI–ACE, (b) NEBI–LOR, (c) CAR–ACE and (d) CAR–LOR; peak purity index = 1.
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Fig. 2: Calibration curves of NEBI and CAR: (a) NEBI in presence of ACE, (b) NEBI in presence of LOR, (c) CAR in presence of ACE and (d) CAR in presence of LOR; correlation coefficient value >0.999.




Table 1: Summary of validation parameters for NEBI and ACE.



	Performance parameter
	NEBI

	ACE




	Linearity and range (µg/mL)
	1–10

	1–10




	Correlation coefficient
	0.9998

	0.9999




	Precision (% RSD*)



	Interday
	0.2979

	0.7531




	Intraday
	0.1889

	0.8400




	LOD (ng/mL)
	5

	5




	LOQ (µg/mL)
	1.0

	1.0




	Robustness
	Robust

	Robust





Note: *Values of % RSD are expressed as mean±RSD of six determinations

Table 2: Summary of validation parameters for NEBI and LOR.



	Performance parameter
	NEBI

	LOR




	Linearity and range (µg/mL)
	1–10

	1–10




	Correlation coefficient
	0.9998

	0.9998




	Precision (% RSD*)



	Interday
	0.2141

	0.4847




	Intraday
	0.4051

	0.5688




	LOD (ng/mL)
	5

	10




	LOQ (µg/mL)
	1.0

	1.0




	Robustness
	Robust

	Robust





Note: *Values of % RSD are expressed as mean±RSD of six determinations

Table 3: Summary of validation parameters for CAR and ACE.



	Performance parameter
	CAR

	ACE




	Linearity and range (µg/mL)
	1–10

	1–10




	Correlation coefficient
	0.9999

	1.0000




	Precision (% RSD*)



	Interday
	0.2072

	0.6643




	Intraday
	0.3428

	0.2924




	LOD (ng/mL)
	5

	5




	LOQ (µg/mL)
	1.0

	1.0




	Robustness
	Robust

	Robust





Note: *Values of % RSD are expressed as mean±RSD of six determinations


Table 4: Summary of validation parameters for CAR and LOR.



	Performance parameter
	CAR

	LOR




	Linearity and range(µg/mL)
	1–10

	1–10




	Correlation coefficient
	0.9998

	0.9994




	Precision (% RSD*)



	Interday
	0.1527

	0.4991




	Intraday
	0.2435

	0.4421




	LOD (ng/mL)
	5

	5




	LOQ (µg/mL)
	1.0

	1.0




	Robustness
	Robust

	Robust





Note: *Values of % RSD are expressed as mean±RSD of six determinations

Table 5: Summary of recovery studies of all the selected drugs by standard addition method.



	Concentration of standard added (μg/mL)

	% recovery±RSD*




	NEBI

	ACE

	NEBI

	ACE




	2

	2

	100.18±0.3865

	99.97±0.6845




	4

	4

	100.09±0.2996

	100.03±0.5333




	6

	6

	100.15±0.4824

	100.07±0.5986




	NEBI

	LOR

	NEBI

	LOR




	2

	2

	99.99±0.3549

	100.07±0.5846




	4

	4

	100.13±0.1352

	100.12±0.7423




	6

	6

	100.04±0.4721

	100.05±0.4977




	CAR

	ACE

	CAR

	ACE




	2

	2

	100.04±0.3574

	100.23±0.8649




	4

	4

	100.16±0.4425

	100.38±0.5631




	6

	6

	100.09±0.2649

	99.98±0.6577




	CAR

	LOR

	CAR

	LOR




	2

	2

	100.18±0.4785

	99.97±0.3623




	4

	4

	100.26±0.5186

	99.92±0.6370




	6

	6

	100.09±0.3375

	100.04±0.4038





Note: *Each value is the mean of six determinations


Table 6: Summary of system suitability parameters for NEBI, CAR, ACE and LOR.



	Drugs
	Theoretical plate (N)

	Asymmetric factor (As)

	Tailing factor (Tf)




	NEBI
	6756

	1.22

	1.24




	ACE
	11299

	1.11

	1.10




	NEBI
	7583

	1.30

	1.33




	LOR
	9564

	1.20

	1.17




	CAR
	5386

	1.30

	1.4




	ACE
	11756

	1.10

	1.12




	CAR
	6037

	1.30

	1.30




	LOR
	7042

	1.25

	1.27





In Vitro Displacement Interaction Studies

The drug-drug interaction study of NEBI and CAR was conducted in presence of ACE or LOR. Standard curves were prepared using drugs at pH 7.4 by HPLC methods. In Figures 3(a) and (b), protein binding of NEBI and CAR showed that at low concentrations, the percentage of protein binding increased with an increase in the concentration of drug. But at higher concentrations, the protein binding percentage attained a steady plateau indicating the saturation zone for the binding of NEBI and CAR to BSA. Repeatability studies showed that the percentage binding of NEBI and CAR to BSA at saturation level (1.8 × 10−5 M/1.0824 × 10−5 M) was about 87.7±0.6% and 81.5±0.6%, respectively. The reproducibility of the experiment was excellent for both the drugs at saturation level. Degree of bag binding was also calculated, and included as a correction factor. The highest percentage protein binding of NEBI at saturation level was about 67.9±3.3% and 75.2±1.6% (Table 7) in presence of ACE and LOR whereas CAR showed 80.4±0.03% and 42.0±0.30% (Table 8), respectively. Unbound fractions of NEBI and CAR in presence of varying concentrations of ACE and LOR at room temperature (pH 7.4 and ionic strength 0.067 M) are shown in Figures 4 and 5. It can be inferred that both ACE and LOR have significant effects on the protein binding of NEBI. This is possibly due to good affinity of ACE or LOR for the same binding site in BSA. In vitro protein binding of CAR was found to be significantly altered by LOR. At saturation level, the percentage of free concentration of NEBI bound to BSA increased from 10.1±0.6% to 30.2±3.4% and 22.9±2.7% in presence of ACE and LOR respectively; while in the case of CAR, it was found to increase from 17.9±0.1% to 18.5±0.1% and 56.9±0.5%. The drug ACE displaced NEBI to a greater extent than LOR while LOR showed a major effect on in vitro protein binding of CAR. The selected drugs were found to be stable for more than 12 hours in 0.067 M phosphate buffer at pH 7.4.
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Fig. 3: Percentage protein binding at various concentrations of (a) NEBI (3 × 10−6 M – 2.4 × 10−5 M) and (b) CAR (6.888 × 10−6 M – 1.3776 × 10−5 M). At saturation concentration NEBI showed 87.7% and CAR showed 81.1% binding with BSA. Concentration of BSA used was 1.5 × 10−4 M.



Table 7: Percentage protein binding (pb) of NEBI alone, NEBI in presence of ACE and LOR.



	Concentration of ACE
	% pb of NEBI

	% pb of NEBI in ACE

	Concentration of LOR

	% pb of NEBI in LOR




	1.4×10−5
	87.7±0.6

	85.7±0.5c

	1.30×10−5

	85.8±0.2a




	2.8×10−5
	83.9±0.5c

	2.60×10−5

	85.1±0.4a




	4.2×10−5
	82.9±2.2b

	4.00×10−5

	85.0±0.5b




	5.6×10−5
	82.3±0.4b

	5.40×10−5

	84.0±0.4c




	7.0×10−5
	80.2±0.4c

	6.70×10−5

	83.0±0.1c




	8.4×10−5
	76.1±2.3a

	8.10×10−5

	81.2±0.3c




	9.8×10−5
	71.8±2.6a

	9.40×10−5

	79.2±0.7c




	1.1×10−5
	67.9±3.3a

	1.07×10−4

	75.2±1.6c





Notes: *Values are expressed as mean±SEM of three parallel measurements. Statistical analysis was carried out using one-way ANOVA followed by Dunnett’s test. ap<0.01, bp<0.05 and cp>0.05 when compared to % pb of NEBI alone at concentration 1.85 × 10−5 M.


Table 8: Percentage protein binding (pb) of CAR alone, CAR in presence of ACE and LOR.



	Concentration of ACE
	% pb of CAR

	% pb of CAR in ACE

	Concentration of LOR

	% pb of CAR in LOR




	–

	81.5±0.6

	–

	2.70×10−6

	80.1±0.1c




	–

	–

	5.40×10−6

	78.6±0.4c




	–

	–

	8.10×10−6

	76.1±0.1a




	–

	–

	1.10×10−5

	71.0±0.4a




	1.4×10−5

	81.0±0.03c

	1.30×10−5

	61.3±1.2a




	2.8×10−5

	80.8±0.20c

	2.60×10−5

	59.2±1.1a




	4.2×10−5

	80.8±0.03c

	4.00×10−5

	57.3±0.5a




	5.6×10−5

	80.8±0.10c

	5.40×10−5

	54.9±0.5a




	7.0×10−5

	80.7±0.10c

	6.70×10−5

	51.7±1.1a




	8.4×10−5

	80.5±0.10b

	8.10×10−5

	49.4±1.0a




	9.8×10−5

	80.5±0.20b

	9.40×10−5

	45.5±0.2a




	1.1×10−5

	80.4±0.03b

	1.07×10−4

	42.0±0.3a





Notes: *Values are expressed as mean±SEM of three parallel measurements. Statistical analysis was carried out using one-way ANOVA followed by Dunnett’s test. ap<0.01, bp<0.05 and cp>0.05 when compared to % pb of CAR alone at concentration 1.0824 × 10−5 M.
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Fig. 4: Free fractions of NEBI and CAR as % of initial concentrations added (1.85 × 10−5 M and 1.0824 × 10−5 M) and when bound to BSA upon addition of ACE (1.4 × 10−5 – 1.1 × 10−5 M). Each value represents the average of three independent experiments ±SEM.
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Fig. 5: Free fractions of NEBI and CAR as % of initial concentrations added (1.85 × 10−5 M and 1.0824 × 10−5 M) and when bound to BSA upon addition of LOR (2.70 × 10−6 – 1.07 × 10−4 M). Each value represents the average of three independent experiments ±SEM.



DISCUSSION

Reverse phase chromatography techniques with PDA detector have been routine for analysis of drug samples in bulk, formulation and biological fluids. Reverse phase column show excellent stability, column efficiency and versatility with number of mobile phases with various compositions for application of variety of compounds (Snyder et al. 1988). Palliative patients are frequently treated with chemotherapy and hormonotherapy, as a result of undesirable post drug effects for instance, hypoalbuminaemia that may occur in majority of patients, believed to be important in drugs with close affinity to albumin. NSAIDs are most frequently used drug in palliative medicine. They may enter into unfavourable pharmacodynamic interaction with drugs used in pharmacotherapy of cardio vascular system (CVS) diseases particularly NEBI and CAR. Hence it is necessary to perform drug-drug interaction studies of highly protein bound selected drugs (Jaroslaw et al. 2008).

For drug interaction study, phosphate buffer of 0.067 M solution is commonly used because it provides a stable physiological pH. At pH 7.4 the complex formation with anions apparently increases the net negative charge of albumin and makes more sites available for further binding, hence the pH was adjusted to 7.4 (O’Reilly 1969). Moreover at this pH the selected drugs were stable for more than 12 hours. In this study, the model protein is BSA. Binding chemistry of human serum albumin (HSA) and BSA is similar because of the high percentage of sequence identities between the two proteins (Alam et al. 2009). BSA, instead of HSA was used for the present study because of its low cost and easy availability. The concentration of BSA was selected as 1.5 × 10−4 M as per literature because the use of low concentration of albumin was desirable to avoid the Donnan effect and protein-protein interactions (O’Reilly 1967).

For the interaction studies equilibrium dialysis was preferred over ultrafiltration technique because equilibrium dialysis is the commonly employed technique (Jerome et al. 1985) which is inexpensive, simple, precise, reliable, accurate and easy to perform. Whereas ultrafiltration technique has a disadvantage of accumulation of protein at the membrane surface which in turn will adversely affect the liquid-protein bonds (Ahmed et al. 2007). Before performing the experiment, dialysis membrane was activated using 1M NaHCO3 at 70°C for 4 hours and washing thoroughly with deionised water (Md. Shah et al. 2008). At equilibrium the concentration of unbound drug on both sides of the membrane must be equal, so it is necessary to conduct the experiment after equilibrium. In our study there were no physiological changes like denaturation of protein, pH changes during dialysis and alteration in membrane pore size observed (Patrick and Yashveer 2001), because the equilibrium was achieved within 6 hours for NEBI and 7 hours for CAR.

Generally in this type of experiment some amount of drugs are usually adsorbed on the dialysis bags. Hence a correction factor was applied. In our study, for calculating the bag binding, the dialysis was first carried out without addition of BSA and the sample was tested both from inside and outside the bag and used as correction factor (Robert 1969). From the results of analysis it was observed that the free concentrations of NEBI and CAR exceeded minimum toxic concentration in presence of NSAIDs which may lead to hypotension and heart failure. Hence it is necessary to maintain the free concentrations of NEBI and CAR.

CONCLUSION

Simple and sensitive RP-HPLC methods with PDA detector were developed and validated according to ICH guidelines for the simultaneous estimation of NEBI and CAR separately with ACE or LOR. The developed methods were applied for the investigation of drug displacement interactions studies with BSA as a protein model under equilibrium conditions. We found that ACE or LOR displaces NEBI and CAR from its binding sites on BSA. The pharmacological activity of a drug is related to its extent of protein binding. If a drug shows less affinity for albumin due to any alteration in protein binding, the pharmacological effect of the drug may be significantly altered. However, the results of the present studies in combination with NSAIDs might be helpful in realising to the overall binding behaviour of the selected drugs with BSA. Although the results presented here are significant, more elaborate studies including in vivo experiments are necessary to predict the actual changes in pharmacokinetic properties caused by the selected drugs.
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This study aims to examine the vancomycin initial dosing and the resultant trough level in paediatric patients. In this retrospective observational study, all therapeutic drug monitoring (TDM) records of paediatric patients admitted to Sabah Women and Children Hospital (SWACH) from January 2011 to September 2013 were reviewed and 116 patients without renal disease were included in the study. Of the total, 38.8% were neonates, 32.8% were infants and 28.4% were children. The majority of the patients were intensive care patients (69.0%) and the most common clinical indication for vancomycin was sepsis (44.8%). The four initial dosing regimens identified were 40 mg/kg/day (38.8%), 30 mg/kg/day (31.0%), 60 mg/kg/day (25.0%) and 45 mg/kg/day (5.2%). The distribution of initial dosing regimen was significantly different between the three age groups (p<0.001). The proportion of those who achieved the target therapeutic range (10–20 mg/L) was 39.7% whereas the proportions of those who were in sub-therapeutic range (<10 mg/L) and supra-therapeutic range (>20 mg/L) were 43.1% and 17.2% respectively. The distribution of trough level was significantly different between those who received ≤40 mg/kg/day and those who received >40 mg/kg/day (p=0.007). The proportions of those who achieved the target therapeutic range (10–20 mg/L) in the 2 dosing groups were 30.9% and 60.0% respectively. In conclusion, the study showed that the initial dosing of >40 mg/kg/day is more likely to achieve the target therapeutic range (10–20 mg/L) compared to the initial dosing of ≤40 mg/kg/day.

Keywords: Vancomycin, Paediatric, Initial dosing, Trough level

INTRODUCTION

Vancomycin, a glycopeptides antibiotic, acting on the bacterial cell wall, was first used clinically in 1958. It is primarily used in the treatment of infections with Gram positive organism resistant to beta lactam antibiotics such as methicillin resistant Staphylococcus aureus (MRSA), coagulase negative staphylococci and penicillin resistant Streptococcus pneumonia central nervous system infections (Broome and So 2011; Dehority 2010).

Even after 60 years in clinical use, it is still not clear what is the most appropriate initial dosing of vancomycin to be used in paediatric. Major paediatric dosing references for vancomycin recommend a daily dose of 40–60 mg/kg/day (Dehority 2010; Kim et al. 2010) with 40 mg/kg/day being the most widely used worldwide (Benner et al. 2009). In Malaysia, the dosing practices have relied solely on literature data from Caucasian infants (Lo et al. 2010).

Serum monitoring is important in optimising vancomycin therapy (Zhao et al. 2013; Pacifici and Allegaert 2012; Lo et al. 2010). In the past, the main reason for vancomycin monitoring was to prevent nephrotoxicity and ototoxicity. However, in recent years, the emphasis of vancomycin monitoring has moved from the prevention of largely reversible toxicity to ensuring optimum pharmacodynamic exposure with the hope of ensuring efficacy in serious infections and potentially to avoid the development of resistance (Gordon et al. 2012).

On the basis of evidence suggesting that S. aureus exposure to trough level of <10 mg/L can produce strains with vancomycin-intermediate S. aureus (VISA), the Infectious Diseases Society of America (IDSA), the American Society of Health–System Pharmacists (ASHSP) and the Society of Infectious Diseases Pharmacists have recently increased the lower limit of trough level from 5 mg/L to 10 mg/L in their 2009 guidelines (Liu et al. 2011). Today, most clinicians have adopted the higher trough level but ironically the approach to initial dosing has remained unchanged (Legal and Wan 2010), possibly due to the concerns for toxicity or the unfamiliarity of the clinicians with the new dosing guidelines.

At Sabah Women and Children Hospital (SWACH), currently there is no standard guideline on the initial dosing of vancomycin. The dosing is usually guided by the resultant trough level. The initial dosing commonly prescribed by the clinicians in the institution ranges from 30–60 mg/kg/day with the target trough level of 10–20 mg/L. The blood sample for trough level monitoring is taken within 30 minutes before the fourth dose.

The purpose of this study was to examine the vancomycin initial dosing, and the resultant trough level among paediatric patients of all age groups with normal renal functions. The resultant trough level of the initial dosing is of interest in the study as it may predict both the development of antibiotic resistance and the mortality of the patients especially the intensive care patients (Truong, Levkovich and Padiglione 2012). It was hoped that this study would be able to identify the initial dosing regimen that is most likely to achieve the trough level in the range of 10–20 mg/L (target therapeutic range) in an effort to avoid the potential emergence of vancomycin resistant pathogens as well as to maximise efficacy from vancomycin therapy.

MATERIALS AND METHODS

This retrospective observational study reviewed therapeutic drug monitoring (TDM) vancomycin data of paediatric patients admitted to SWACH between January 2011 and September 2013.

SWACH is a referral hospital for women and children patients in Sabah, Malaysia. The institution consisted of five paediatric wards that include Melur 1 (General Medical), Melur 2 (General Medical and Oncology), Melur 3 (General Medical and Surgery), PICU (Paediatric ICU) and NICU (Neonatal ICU). The NICU is further stratified into Level 1, Level 2 and Level 3 according to the severity of illness.

The past TDM request forms in the study period were retrieved from the TDM archive and the relevant information were transcribed onto the case report form. Information extracted from a patient’s TDM records included age, weight, gender, race, diagnosis, vancomycin indication, dose, trough serum concentration, concomitant medications and ward.

The inclusion criteria were of patients 12 years old and below with the TDM results of the initial dosing of vancomycin. The exclusion criteria were the presence of at least one of the following: patients older than 12 years old, repeated serum measurements, patients on renal dosing of vancomycin which was defined as dosing of vancomycin at 24 hours interval or stat vancomycin dosing and/or the presence of one the following diagnosis in the TDM forms — end stage renal disease (ESRD), chronic renal failure (CRF), acute renal failure (ARF) and/or acute kidney injury (AKI).


For the analysis purpose, Melur 1, Melur 2 and Melur 3 were classified as non-intensive care wards and PICU and NICU were classified as intensive care wards. The initial dosing of vancomycin was divided into 2 groups: ≤40 mg/kg/day and >40 mg/kg/day based on the previous findings postulating that the empiric dose of 40 mg/kg/day is inadequate in paediatrics (Chhim, Arnold and Lee 2012; Kim et al. 2010; Benner et al. 2009; Frymoyer, Hersh and Guglielmo 2009; Glover, Cole and Wolfsdorf 2000; Chang 1995).

All vancomycin trough levels were measured by the ARCHITECT iVancomycin assay [Abbott Laboratories (M) Sdn. Bhd, Selangor, Malaysia]. It is an in vitro chemiluminescent microparticle immunoassay (CMIA). The lower limit of quantitation (LLOQ) of the assay method is 3 mg/L. All vancomycin doses were given by intermittent intravenous infusion over at least 60 minutes. All blood samples were taken within 30 minutes before the fourth dose. The target therapeutic range is 10–20 mg/L.

Descriptive statistics were used to depict the demographic data and outcomes. Proportions were compared using Chi–Square Test of Independence. In circumstances where the assumptions for the Chi–Square Test of Independence cannot be met, Exact Tests was used (Mehta and Patel 2011). The association between nominal/ordinal and continuous variables was assessed by using Kruskal–Wallis test. Post–hoc paired comparisons were done by using Mann–Whitney U test. The p value of <0.05 was considered statistically significant. SPSS version 16 (SPSS Inc., Chicago, USA) was used for the data analysis.

The approval for conducting the study was obtained from the Medical Research Ethic Committee (MREC), Ministry of Health Malaysia.

RESULTS

From January 2011 to September 2013, the total number of TDM for vancomycin performed at SWACH was 713. After exclusions, the total number of patients included in the study was 116 (16.3%). The demographic and clinical data of the patients were shown in Table 1.

The clinical indications for vancomycin as stated by the clinicians in the TDM forms were shown in Table 2. The indications for vancomycin were unclear in 15.3% of the TDM forms as only the underlying diseases or health problems were stated. These included prematurity, congenital heart disease, chronic lung disease, biliary atresia, duodenal atresia, ileal perforation, severe dehydration, severe haemophilia A, omphalocoele, gastroparesis, congenital myopathy and Total Parenteral Nutrition (TPN) extravasation into peritoneal cavity.

The mean body weight in kilogram for the patients were 1.6 [SD = 0.9; 95% confidence interval (CI) = 1.3; 1.9] in neonates, 5.1 (SD = 3.3; 95% CI = 4.0; 6.2) in infants and 18.1 (SD = 6.2; 95% CI = 15.9; 20.3) in children. There was a significant association between the body weight and dosing regimen [X2(3) = 22.175; p<0.001]. The mean ranks for the 30 mg/kg/day, 40 mg/kg/day, 45 mg/kg/day and 60 mg/kg/day dosing were 38.0, 67.7, 47.2 and 72.1 respectively. Post-hoc paired comparisons showed that there were significant differences in the body weight between the 30 mg/kg/day and 40 mg/kg/day dosing (p<0.001), 30 mg/kg/day and 60 mg/kg/day dosing (p<0.001) and 45 mg/kg/day and 60 mg/kg/day dosing (p=0.023). The median body weight in the 30 mg/kg/day, 40 mg/kg/day, 45 mg/kg/day and 60 mg/kg/day dosing were 1.4, 6.8, 2.2 and 8.4 kg, respectively.

The distribution of vancomycin initial dosing by age group was shown in Table 3. There was a significant difference in the distribution of the initial dosing between the three age groups (p<0.001). Generally, the neonates received a lower initial dosing of vancomycin compared to the infants and the children groups. It was shown that 51.1% of the neonates were started on the 30 mg/kg/day dosing compared to only 26.3% and 9.1% in infants and children respectively.

Table 1: Demographic and clinical data of the patients.



	Parameters
	Number of patients, N (%)




	Gender



	   Male
	76 (65.5)




	   Female
	40 (34.5)




	Age group



	   Neonates (0–4 weeks)
	45 (38.8)




	   Infants (1–23 months)
	38 (32.8)




	   Children (2–12 years)
	33 (28.4)




	Ward



	   Intensive care
	80 (69.0)




	   Non-intensive care
	36 (31.0)




	Initial dosing



	   30 mg/kg/day
	36 (31.0)




	   40 mg/kg/day
	45 (38.8)




	   45 mg/kg/day
	6 (5.2)




	   60 mg/kg/day
	29 (25.0)




	Trough levels



	   Sub-therapeutic (<10 mg/L)
	50 (43.1)




	   Therapeutic (10–20 mg/L)
	46 (39.7)




	   Supra-therapeutic (>20 mg/L)
	20 (17.2)





Table 2: Clinical indications for vancomycin infusion.



	Clinical indications
	Number of patients, N (%)




	Sepsis
	52 (44.8)




	Cancer related infection
	11 (9.5)




	Meningitis
	8 (6.9)




	Pneumonia
	7 (6.0)




	Abscess
	6 (5.2)




	Neutropenic fever
	4 (3.5)




	Catheter related infection
	4 (3.5)




	Blood culture positive
	4 (3.5)




	Endocarditis
	1 (0.9)




	Chronic otitis media
	1 (0.9)




	†Not clearly stated
	18 (15.3)





Note: †Refer to text


The percentages of achieving the target therapeutic range (10–20 mg/L) in neonates, infants and children were 44.4%, 36.8% and 36.4% respectively. The percentages of having sub-therapeutic range (<10 mg/L) were 33.3%, 44.7% and 54.5% in the same order. The percentages of having supra-therapeutic range (>20 mg/L) were 22.2%, 18.4% and 9.1% also in the same order. The association between the age group and the trough level however, was not significant [X2(4) = 4.398; p=0.355].

Table 3: Distribution of initial dosing between different age groups.



	Age group
	Dosing (mg/kg/day)

	p valuea




	30

	40

	45

	60




	Neonates (0–28 days)
	23 (51.1)

	14 (31.1)

	3 (6.7)

	5 (11.1)

	



	Infants (1–23 months)
	10 (26.3)

	11 (28.9)

	3 (7.9)

	14 (36.8)

	<0.001




	Children (2–12 years)
	3 (9.1)

	20 (60.6)

	0 (0.0)

	10 (30.3)

	




Notes: All values expressed as number of patients and percentage, N (%)

aExact tests

Table 4 shows that there was no significant difference in the trough level between the different dosing regimens. However, when the dosing were reclassified as shown in Table 5, there was a significant difference in the trough level between those who received ≤40 mg/kg/day dosing and those who received >40 mg/kg/day dosing [X2(2) = 9.999; p=0.007). Figure 1 shows the distribution of trough level by age group for dosing of ≤40 mg/kg/day and >40 mg/kg/day.

Table 4: Distribution of trough level between different initial dosing regimens.



	Dosing (mg/kg/day)
	Trough level (mg/L)

	p valuea




	<10

	10–20

	>20




	30
	20 (55.6)

	9 (25.0)

	7 (19.4)

	0.054




	40
	22 (48.9)

	16 (35.6)

	7 (15.6)




	45
	1 (16.7)

	3 (50.0)

	2 (33.3)




	60
	7 (24.1)

	18 (62.1)

	4 (13.8)





Notes: All values expressed as number of patients and percentage, N (%)

aExact tests


Table 5: Distribution of trough level between initial dosing ≤40 mg/kg/day and >40 mg/kg/day.



	Dosing

	Trough level (mg/L)

	X2(df)

	p valueb




	<10

	10–20

	>20




	≤40 mg/kg/day
	42 (51.9)

	25 (30.9)

	14 (17.3)

	9.999 (2)

	0.007




	>40 mg/kg/day
	8 (22.9)

	21 (60.0)

	6 (17.1)





Notes: All values expressed as number of patients and percentage, N (%)

bChi-Square Test of Independence


[image: art]

Fig. 1: Distribution of trough level by age group.



DISCUSSION

The study showed that the majority of paediatric vancomycin recipients admitted to SWACH were neonates and infants (71.6%), treated mainly for sepsis (44.8%) and most of them were intensive care patients (69.0%). These findings agree with the findings of previous studies that vancomycin is a primary therapeutic choice against Gram positive pathogens in newborns and infants (Marsot et al. 2012) and is mainly indicated for the treatment of serious or severe infections caused by susceptible strains of methicillin-resistant staphylococci (Lasky et al. 2012).

There was a significant association between the body weight of the patients and the initial dosing. The post-hoc analysis revealed that for all the initial dosing pairs with significant difference, median body weights were significantly higher in those who received higher initial dosing compared to those who received lower initial dosing. This concurs with the current knowledge that body weight is one of the three main covariates important for optimising vancomycin dosage in paediatric population. When controlling for the other covariates, higher body weight would require higher dose of vancomycin. The other two covariates are the age and the creatinine clearance (CLCR) (Marsot et al. 2012). A more extensive list of other covariates affecting the dosing of vancomycin has been discussed recently (Marsot et al. 2012).

As shown in Table 3, there was a significant difference in the dosing regimens received by the three age groups. In general, the neonates received much smaller vancomycin initial dosing compared to their older counterparts. According to the Paediatric Protocols for Malaysian Hospitals (Imam, Phak and Thomas 2008), the general vancomycin dosing for neonates is 30 mg/kg/day. The general dosing for infants and children meanwhile ranges from 30–40 mg/kg/day (Imam, Phak and Thomas 2008). In comparison, reports from international researchers recommend the vancomycin dosing of 25–50 mg/kg/day in neonates and 45–60 mg/kg/day in infants and children (Avent et al. 2013). According to the MD Consult Drug Monograph (2014), the vancomycin dosing ranges from 20–45 mg/kg/day in neonates and 45–60 mg/kg/day in infants and children. Even though there are many guidelines existing on the vancomycin dosing, there is a general consensus of using lower dosing in neonates (Avent et al. 2013; Zhao et al. 2013). The result of this study showed that with the exception for the neonates, the dosing practice at this institution was towards the lower end of the dosing range as suggested by both the MD Consult Drug Monograph (2014) and Avent et al. (2013).

Even though the majority of the neonates received a lower initial dosing of vancomycin, the proportion of them achieving the target therapeutic range (10–20 mg/L) was higher than both that of infants and children whom received a higher initial vancomycin dosing. This may be explained by the lower clearance of vancomycin in neonates compared to the infants and children. The lower vancomycin clearance can be attributed to the immature renal function in neonates. As vancomycin is almost exclusively eliminated by the renal route, the vancomycin elimination capacity is lower in neonates compared to that of infants and children (Zhao et al. 2013). This explains why lower vancomycin dosing is needed to achieve the target therapeutic range in neonates. The renal function maturity of the neonates is positively correlated with age (Marsot et al. 2012). According to Cukuranovic and Vlajkovic (2005), the adult levels of renal blood flow, concentration capacity and glomerular filtration are reached after 12 months, 18 months and 24 months of life respectively.

The study observed that the number of patients with sub-therapeutic range was higher than those who achieved the target therapeutic range of 10–20 mg/L. When analysed for the association between the initial dosing regimen and the trough level, there was no significant difference in the trough level between the four initial dosing regimens. This may be explained by the small sample size. After regrouping the initial dosing into ≤40 mg/kg/day and >40 mg/kg/day, it was shown that the distribution of trough level between the two groups differed significantly (p=0.007). Table 5 shows that the patients who received the initial dosing of >40 mg/kg/day were more likely to achieve the target therapeutic range and less likely to have sub-therapeutic range compared to those who received the initial dosing of ≤40 mg/kg/day. The proportions of having supra-therapeutic range were almost the same between the two groups. The above observation was seen almost identical across all age groups as shown in Figure 1. This observation was consistent with previous studies that were in contention that a starting dose of <40 mg/kg/day might not be optimal to achieve the recommended trough level of ≥10 mg/L (Chhim, Arnold and Lee 2012; Kim et al. 2010; Benner et al. 2009; Glover, Cole and Wolfsdorf 2000; Chang 1995).

The study found that 69.8% of the paediatric patients received the initial dosing of ≤40 mg/kg/day with 40 mg/kg/day being the most commonly used. The empiric dosing regimen of 40 mg/kg/day was first proposed in 1980 based on the pharmacokinetic data in 55 paediatric patients with a recommendation of higher dose at 60 mg/kg/day for those patients with staphylococcal central nervous system infection (Glover, Cole and Wolfsdorf 2000). However, the target lower limit of the trough level in the study at that time was >5 mg/L, which was lower than the current recommendation of ≥10 mg/L. This raises the question of the need to employ a higher initial dose to achieve the target therapeutic range of 10–20 mg/L.

A failure to achieve the target therapeutic range is detrimental as previous studies suggested that low level of vancomycin early in the treatment course of MRSA infections might predict therapeutic failure (Truong, Levkovich and Padiglione 2012) and the potential for the emergence of VISA, heteroresistance VISA (hVISA) and vancomycin-resistant S. aureus (VRSA) (Hu et al. 2013; Sakoulas et al. 2006; Charles et al. 2004; Howden et al. 2004). The major implications of the development of these resistant pathogens are prolonged illness, greater risk of death and higher treatment costs.

The concerns regarding vancomycin toxicity, especially nephrotoxicity, are the main reason why many clinicians prefer the conventional 40 mg/kg/day. This safety issue stemmed from a number of impurities present in the initial formulation, which was termed the “Mississippi Mud” due to the brown colour of the compounds (Moellering 2006). However, today’s formulation is a much safer preparation without those impurities. Although reports of nephrotoxicity and ototoxicity during vancomycin therapy do exist, they are difficult to interpret as most vancomycin therapies are usually accompanied by other nephrotoxic and ototoxic agents (Elyasi et al. 2012; Hazlewood et al. 2010; Glover, Cole and Wolfsdorf 2000). No matter how much toxicity is related to vancomycin, many researchers were convinced that problems could be avoided by careful monitoring of serum concentrations (Levine 2006).

The results of this study indicate that the vancomycin initial dosing of ≤40 mg/kg/day failed to produce the desired target therapeutic range of 10–20 mg/L most of the time, thus a need to review the current dosing practice. The observed high proportion of patients who were under-dosed after the initial dosing requires interventions, especially in the infants and children groups which have very high proportions of those who were in the sub-therapeutic range (see Fig. 1). One of the interventions is to increase the vancomycin initial dosing to at least 45 mg/kg/day as suggested by Avent et al. (2013) and MD Consult Drug Monograph (2014) in infants and children. For the neonates, the initial dosing is more complex and should be tailored according to the age group in weeks and body weight as suggested by the Micromedex drug database (Drug Information 2014). The alternative intervention is to use a standardised vancomycin loading dose (LD). This dosing strategy is advocated mainly in critically ill patients whose vancomycin volume of distribution (Vd) and clearance are altered due to their pathophysiological conditions. The vancomycin Vd in septic patients for example may increase significantly as a result of the increase in capillary permeability as a response to sepsis. The hyperdynamic state of sepsis may also increase the cardiac output and renal blood flow which in turn increase the renal elimination of vancomycin. This phenomenon results in a rapid drop of serum vancomycin level (Roberts and Lipman 2006). As a result, higher than normal vancomycin dose is needed to achieve the target therapeutic range; hence the use of LD as LD is proportional to the target trough level and Vd. Other pathophysiological conditions that may increase Vd are oedema, pleural effusion and ascites (Truong, Levkovich and Padiglione 2012). The Vd is also known to be larger in neonates, especially in those with very low body weight due to their larger volume of extracellular fluid compared to the infants and children (Marsot et al. 2012). A standardised loading dose of 20–25 mg/kg is suggested by Liu et al. (2011) in seriously ill infants and children followed by the maintenance dose of 45–60 mg/kg/day. In neonates, a loading dose of 15 mg/kg is suggested by MD Consult Drug Monograph (2014) followed by the maintenance dose of 20–30 mg/kg/day.

There were several limitations in the study. Firstly, this was a retrospective, observational single-centre study. Secondly, there was no evaluation on the serum creatinine of the patients which is an important covariate in optimising vancomycin dosing. Thirdly, there was no evaluation on the association between the initial dosing regimens and clinical outcomes. The results of the study however may be used as a guide to form the hypothesis for future studies on the appropriate vancomycin dosing in paediatrics. It is also advisable that future studies on paediatric vancomycin dosing should separate the neonates from the infants and children due to their complex pharmacokinetic and physiological properties.

CONCLUSION

In conclusion, the study demonstrates that the initial dosing of vancomycin of >40 mg/kg/day is more likely to achieve the current therapeutic vancomycin trough level of 10–20 mg/L than the initial dosing of ≤40 mg/kg/day. At minimum, earlier achievement of the target therapeutic range would reduce the workload related to ordering and interpreting unnecessary vancomycin levels. At best, it might reduce the likelihood of antibiotic failure (Legal and Wan 2010). However, further studies with more robust designs on the relationship between initial dosing, clinical outcomes and toxicities are necessary before the recommendation to increase the vancomycin initial dosing in paediatric patients can be made. In practice, it is imperative for the clinicians to weigh between the risk of patients developing the toxicities and the risk of accelerating the emergence of vancomycin–resistant pathogens in selecting the right doses of vancomycin in paediatric patients.
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The African walnut is used in Nigerian folkloric medicine for the treatment of bacterial infections and ailments caused by oxidative stress. The n-hexane and methanol extracts of cooked African walnut Tetracarpidium conophorum (Mull. Arg.) were investigated to evaluate the rate of wound healing in Wistar rats. Treatment of wounds with placebo (5%, 10% T. conophorum extracts or gentamicin) significantly (p=0.05) showed accelerated rate of healing compared with that of the pure ointment. When compared to the standard group, the percentage of wound contraction on day 4 was significant for the 10% n-hexane group, while no significant (p=0.05) difference was observed in the wound contraction activity of the other groups before the 16th day. The percentages of mean wound contraction on day 18 were 69.18%, 84.14%, 90.60%, 88.36%, 96.50% and 98.09%, respectively, for the negative control, 5% n-hexane, 10% n-hexane, 5% methanol, 10% methanol and gentamicin, respectively. The present study thus establishes the dose-dependent wound healing activity of extracts of the T. conophorum nut, most likely due to their inherent antioxidant and immunomodulatory activities.

Keywords: Tetracarpidium conophorum, Re-epithelialisation, Wound healing, Gentamicin

INTRODUCTION

Physical injuries that results in an opening or breaking of skin called wounds are caused by disruption in the skin anatomy and function (Strodtbeck 2001). Wound is usually accompanied by loss of epithelia tissues with or without loss of the connective tissue. Badly treated or untreated wounds can become chronic and this represents a huge burden on the patient due to the cost and duration of treatment. Wounds are a major cause of morbidity, affecting more than 1% of the United Kingdom population with treatment costs of at least £ 1 million per year (Thomas and Harding 2002). Wound healing is an intricate process in which the skin or other organ tissue repairs itself after injury. When the skin is injured, a set of complex biochemical events takes place in a closely ordained cascade to repair the damage (Govindarajan et al. 2007). The mechanism of wound healing results from aggregation of platelets (thrombocytes) at the site of injury to form a clot. A number of secondary metabolites like oleanolic acid, polysaccharides, shikonic derivatives and asiaticosides have been reported to possess wound healing properties (Karodi et al. 2009). Tetracarpidium conophorum (Family Euphorbiaceae), commonly called the African walnut, is a perennial climbing shrub 10–20 feet long that is found growing wild in forest zones of sub-Saharan Africa (Oluwole and Okusanya 1993). Studies have shown that the African walnut possesses some properties that are required for wound healing, such as antibacterial (Ajaiyeoba and Fadare 2006), antioxidant (Amaeze et al. 2011) and immuno-stimulating activities (Animashaun, Adetoro and Hughes 1994). Hence, the present research is aimed at assessing the ability of these properties to accelerate wound healing on an excision wound model in rats.

METHODS

Chemicals and Reagents

All the drugs and chemicals used in the study were of analytical grade. White soft paraffin (placebo) was obtained from Boots Plc. (Nottingham, UK), while lignocaine HCl (2%, 100 mg/5 mL) was obtained from Mulberry Chemicals Pvt. Ltd. (Mumbai). Methanol and n-hexane reagents were obtained from Sigma Chemicals (St. Louis, MO, USA).

Plant Material

The cooked African walnut (T. conophorum) was purchased from a local market in Port Harcourt, Nigeria. The nuts were identified and authenticated by Mr. Osuala of the Department of Pharmacognosy, University of Port Harcourt, Nigeria. A voucher specimen (UPC 108505) of the sample was deposited in the herbarium of the department.

Preparation of Extract

Cooked T. conophorum nuts were cut into pieces and air-dried. The dried nuts were ground into powder using a Willey mill (Thomas Willey Mills, Swedesboro, NJ, USA). Three hundred grams of the pulverised powder was defatted with n-hexane (800 mL) for 48 h. The resultant oil content was collected using a separating funnel. The marc was dried and macerated with methanol (800 mL) for 48 h. The methanol extract was concentrated in vacuo at 40°C. The methanol extract was lyophilised by a freeze-dryer to produce powdered forms of the extract. Two separate 100 g portions of fused ointment base were mixed with 5 g and 10 g of methanol extract, on a clean white tile, and the mixture was triturated carefully ensuring homogeneous mixing to obtain 5% and 10% (w/w) methanol extract formulations, respectively. The same method was used for 5 g and 10 g of n-hexane extract to obtain 5% and 10% (w/w) n-hexane extract formulations, respectively. A 1.0 g extract formulation was applied topically onto each animal wound, and wound healing progression was observed.

Photochemical Screening of the Extracts

The phytochemical screening of the extracts included the test for alkaloids, glycosides, terpenoids, saponins, tannins, flavonoids, steroids and triterpenes (Harborne 1984).

Acute Toxicity Test

An acute toxic test was conducted on the methanol extract to determine the safe dose according to a previously described method (Lorke 1983). Nine mice of both sexes were subdivided equally into 3 groups and treated with 0.01, 0.10 and 1.0 g/kg body weight dose of the extract preparation. Mice were kept without food but had access to drinking water. The mice were further starved for 3–4 h after dosing. The animals were then observed for mortality for 24 h after treatment. In the absence of death, 3 mice were treated with 1.6, 2.9 and 5.0 g/kg body weight of the extract. The acute toxicity of median lethal dose (LD50) was calculated and indicated that T. conophorum causes no lethality at all.

Ointment Formulation and Topical Application

The ointments were formulated using the fusion method with white soft paraffin as an ointment base (Cooper and Gunn 1987). Six different products were formulated and applied topically to wound areas according to the groupings:

Group 1: vehicle control; pure ointment was applied

Group 2: 5%, w/w, n-hexane extract ointment was applied

Group 3: 10% w/w, n-hexane extract ointment was applied

Group 4: 5%, w/w, methanol extract ointment was applied

Group 5: 10%, w/w, methanol extract ointment was applied

Group 6: 2%, w/w, gentamicin ointment was applied (positive control).

The animals were treated topically by applying 1.0 g of the extract formulations on the wounds twice daily. The wounds were observed daily until complete wound-healing enclosure occurred. The experiment was carried out under aseptic conditions.

In Vivo Wound Healing Evaluation

Experimental Animals

Wistar rats of both sexes were obtained from the Department of Pharmacology, University of Port Harcourt. The rats were divided randomly into six groups of five rats each. Rats with body weights between 180–200 g were selected for the experiment. The animals were maintained on a standard pellet diet and tap water. An approved animal ethics for use and care of laboratory animals were obtained from the local animal ethics committee of our institution. The animals received treatments topically, with each group receiving the appropriate formulation.

Excision Wound Model

Wound infliction on the backs of the animals was performed by removing hairs using a shaving machine. The wounds were induced under anaesthesia, having injected 1 mL lignocaine HCl (2%, 100 mg/5 mL) subcutaneously around the area under investigation. The excision wound was created according to the previously reported method (Odoh and Ezugwu 2007) with slight modification. The excision wound was inflicted on the dorsal thoracic region (1.5 cm away from the vertebral column on either side and 5 cm away from the ear) using a round seal 2.5 cm in diameter. The skin of the impressed area was excised to the full thickness to obtain a wound area between 200–350 mm2 in diameter and 2 mm deep. Haemostasis was achieved by blotting the wound with a cotton swab soaked in normal saline. After haemostasis was achieved using normal saline, the animals were housed in different cages and allowed free access to feed and water.

Wound Area Measurement

Assessment of wound contraction was done by tracing the wound area on a transparent graph paper. Evaluation of the wound surface area was performed on day 0, 4, 8, 12, 16 and 18, and this was used to determine the wound contraction assuming 100% wound size on day 0. The period of re-epithelialisation was also observed for each of the treatment groups.

The percentage of wound contraction was determined using the following equation (Singhal, Gupta and Bhat 2011):

[image: art]

where Nth day = 4, 8, 12, 16 and 18th post-wounding days.

Statistical Analysis

The data were expressed as the mean±SEM of at least triplicate determinations (n=3). To demonstrate the statistical significance of data, a one-way analysis of variance (ANOVA) was performed, followed by Dunnett’s post hoc test, using GraphPad Prism 5 software (GraphPad Software, Inc., San Diego, CA). Differences between test and control treatments were considered significant at p≤0.05.

RESULTS

Several concentrations ranging from 5%–10% (w/w) of the n-hexane and methanol extracts of T. conophorum were evaluated for their wound healing activity in rats in vivo. It was observed that the wound healing ability of the extracts was concentration-dependent.

Percentage Yields of the Extracts

The percentage yield of the n-hexane extract was 6.67%, while that of the methanol extract was 3.33%.

Phytochemical Analysis

As shown in Table 1, in the preliminary photochemical screening of the T. conophorum extracts, the presence of alkaloids, saponins, glycosides, flavonoids and tannins were detected in the methanol extract, while steroids, terpenoids and triterpenes were found to be present in the n-hexane extract.

Table 1: Phyto-constituents of T. conophorum extracts.



	Constituents
	Methanol extract

	n-hexane extract




	Saponins
	+

	–




	Alkaloids
	+

	–




	Glycosides
	–

	–




	Tannins
	+

	–




	Flavonoids
	+

	–




	Terpenoids
	–

	+




	Steroids
	–

	+




	Triterpenes
	–

	+





Note: + = present, – = absent


Acute Toxicity

The acute toxicity test of the methanol extract determined that the extract was safe, with a LD50 of above 5.0 g/kg body weight.

Wound Healing Ability

The wound healing activity of T. conophorum nut extracts is shown in Figure 1. A faster healing pattern of wound closure was observed in rats treated with the extracts and gentamicin within 8 days compared to the control rats (Fig. 2). There was a significant reduction in wound area from the fourth day of treatment, with a much faster closure rate than that of control rats (Fig. 3). Significant wound contraction was observed in the test group from day 8 in the 10% n-hexane extract group (p=0.05), with the rest groups showing significant contraction from day 12. Additionally, the 10% n-hexane and methanol groups were the only groups that showed significant wound contraction on day 18 (p=0.05).

Re-epithelialisation of Wounds

The re-epithelialisation period for all the treatment groups is shown in Figure 4. The standard group had the shortest period of epithelialisation (19 days), while the negative control group had the longest period (28 days). The re-epithelialisation period of the test group rats was longer than that of the positive group rats (21–25 days).
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Fig. 1: Wound healing activity of different extracts of the T. conophorum nut: a = wound induction before treatment; b = day 11 treatment with pure ointment; c = day 15 treatment with pure ointment; d = day 11 treatment with 5% pure ointment; e = day 15 treatment with 5% methanol extract ointment; f = day 18 treatment with 10% n-hexane extract; g = day 18-treatment with 10% methanol extract ointment; h = day 15 treatment with 2% gentamicin ointment.
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Fig. 2: Wound contraction in experimental animals.
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Fig. 3: Percentage wound contraction in treated animals.
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Fig. 4: Re-epithelialisation period in all treatment groups.



DISCUSSION

The process of wound healing is aimed at restoring the damaged cellular structures and tissues close to their original state (Abdulla et al. 2010). This helps in the restoration of the disrupted anatomical continuity and functional structure of the skin. The healing process of wound involves four stages viz: coagulation of the blood vessels, inflammation and debridement of the wound, re-epithelialisation and colleen deposition and remodelling (Phillips, Whitehe and Kinghton 1991). Wounds require treatment to either shorten the time for healing or to minimise the undesired consequences (Rajinder et al. 2008). Treatment requires that attention be focused on agents that can suppress wound progression like corticosteroids, antineoplastics or non-steroidal antiinflammatory agents and in disease conditions.

The T. conophorum nut extracts exhibited significant wound healing activity compared to the negative control in an excision wound model. It was observed that the wound contracting ability of the extract ointment-treated groups was significant (p=0.05) from day 4 onwards. The wound closure of the extract ointment-treated group decreased as the treatment days increased, which was determined by the occurrence of significant wound contraction, as shown in Figure 3.

The proliferative phase of wound healing, which involves wound contraction, occurs through the centripetal movement of the tissues surrounding the wound. This process is mediated by myofibroblasts, which establish a grip on the wound margins and contract themselves in a manner similar to that of smooth muscle cells (Midwood, William and Schwarzbauer 2004). Wound shrinking process rely on a number of factors i.e. the reparative abilities and general health state of the tissues, and the type and extent of the damage to the tissues (Pereira et al. 2012). In both excision and burn wounds, the wound healing progressions are monitored; thus, a comparison could be made between the two types of wounds in this present study (Pawar, Chaurasiya and Jain 2013). The observed wound contraction in the treated groups could be attributed to the enhanced activity of fibroblast in T. conophorum nut extracts.

The period of re-epithelialisation was expressed as the number of days required for the falling of the eschar (dead-tissue remnants) without any residual raw wound (Bhat, Shankrappa and Shivakumar 2007). Epithelialisation is necessary in the repair of all type of wounds (Bhat, Shankrappa and Shivakumar 2007).

A sharp decrease in the period of re-epithelialisation was observed in the positive control group (19 days) when compared to that observed in the negative control group (28 days). When compared with the positive control, the re-epithelialisation time was lower in the treatment group. This is consistent with a previous study (Pereira et al. 2012). The shorter period needed for wound contraction and re-epithelialisation in the group treated with the standard drug could be attributed to the antimicrobial activity (Sabath 2006) of the drug.

The wound healing activity observed in the extracts could be attributed to the presence of secondary metabolites in the nuts. In the preliminary photochemical analysis of the methanol extract from T. conophorum, we found that it contains active constituents e.g. flavanoid and tannins that are needed by the body for wound healing. T. conophorum extracts may have exerted their wound healing activity due to the presence of flavonoids which protect tissues from oxidative damage (Saurez, Herreta and Marhuenda 1993).

The tannins present in the methanol extract of the nut may be responsible for its wound healing ability (Rashed, Afifi and Disi 1996). Tannins have been reported to possess wound healing action by improving the regeneration and organisation of the new tissue (Leite et al. 2002).

The presence of triterpenoids and saponins in the extracts could be attributed for the contraction of wound and accelerated rate of epithelialisation. The radical-scavenging property of flavonoids enhances its antioxidant enzyme levels in granuloma tissue (Shenoy et al. 2009).

The extraction of total alkaloids and tannins from T. conophorum (Nigerian walnut) seeds have been reported (Ayoola, Onawumi and Faboya 2011). Additionally, the phytochemical analysis of the aqueous extracts of the seeds of T. conophorum has been investigated (Uche, Obianime and Aprioku 2010). The results revealed the presence of flavonoids, tannins, carbohydrate, alkaloids, terpenoids, steroids, volatile oils, saponins and cardiac glycosides in the seed. This was consistent with our findings, considering that water and methanol exhibit similar relative polarity.

CONCLUSION

The present study has shown that the extracts of T. conophorum had significant wound healing activity which could be attributed to the secondary metabolites like flavonoids with reported antioxidant and immuno-stimulating activities.
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