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    Abstract

A rapid and sensitive high performance liquid chromatography–mass spectrometry method has been developed for quantitative determination of Rosiglitazone, a thiazolidinedione drug used for the treatment of type II diabetes mellitus in rat plasma. The method was also validated as per International Conference on Harmonization (ICH) and Food and Drug Administration (FDA) guidelines. The analyte was extracted from rat plasma by the simple precipitation of plasma proteins technique using acetonitrile as a precipitating agent. Alprazolam was used as the internal standard. A Chromolith RP-18e column provided chromatographic separation of the analyte using a mobile phase containing 5mM ammonium acetate in water (pH 3) and methanol (20:80) at a flow rate of 1 mL/min with an elution time as low as 2.5 min, which was followed by detection with mass spectrometry. The mass transition ion-pair was followed as m/z 358.0 for rosiglitazone and m/z 308.8 for alprazolam. Simple isocratic chromatographic conditions and mass spectrometric detection of the method enable the detection of rosiglitazone at less than nanogram levels. The proposed method was found to be linear from 0.5 to 100 ng/mL (r2 = 0.9987). The percent coefficient of variance for precision and accuracy values found at LLOQ (9.17), LQC (8.45), MQC (1.66) and HQC (1.53). The overall recovery of rosiglitazone was 95.9%. The developed and validated method was successfully applied for the pharmacokinetic studies of rosiglitazone tablets after a single oral dose to healthy Wistar rats.

LAY ABSTRACT: A rapid and sensitive high performance liquid chromatography–mass spectrometry method has been developed and validated for quantification of rosiglitazone in rat plasma. The analyte was extracted from rat plasma by simple precipitation technique. Alprazolam was used as the internal standard. A Chromolith RP-18e column provided chromatographic separation of the analyte using a mobile phase containing 5mM ammonium acetate in water and methanol (20:80) at a flow rate of 1 mL/min which was followed by detection with mass spectrometry. The mass transition ion-pair was followed as m/z 358.0 for rosiglitazone and m/z 308.8 for alprazolam. The method involves precipitation of rosiglitazone from plasma, simple isocratic chromatography conditions and mass spectrometric detection that enables detection at less than nanogram levels. The proposed method has been validated with a linear range of 0.5 to100 ng/mL for rosiglitazone. The percent coefficient of variation for precision and accuracy are within 10%. The overall recovery of rosiglitazone was 95.9%. Total elution time was as low as 2.5 min. The developed and validated method was successfully applied for the pharmacokinetic studies of rosiglitazone tablets after a single oral dose to rats.


	Rosiglitazone
	High performance liquid chromatography
	Mass spectrometry
	Rat plasma
	Pharmacokinetics


Introduction

Rosiglitazone (RZN) (Figure 1) [(±)-5-[[4-[2-methyl-2-(pyridinylamino)ethoxy]phenyl]methyl]-2,4-thiazoli-dinedione-(Z)-2-butenedioate (1:1)] is a potent synthetic peroxisome proliferators-activated receptor gamma (PPAR-γ) agonist that decreases hyperglycemia by reducing insulin resistance in patients with type 2 (noninsulin-dependent) diabetes as both monotherapy and in combination with oral anti-diabetic agents (1, 2). RZN is in a class of drugs called thiazolidinediones which work by increasing insulin sensitivity in target tissues, as well as decreasing hepatic gluconeogenesis (3, 4). The knowledge about metabolic steps is a prerequisite for toxicological risk assessment. As a result, methods for rapidly detecting and characterizing RZN and its metabolites are highly desired in this class of drugs. RZN was derived from a metabolite of ciglitazone and found to be much more potent than other classes of thiazolidinediones such as pioglitazone, ciglitazone and englitazone (5). The major routes of metabolism in humans was N-demethylation and hydroxylation with subsequent conjugation. RZN is primarily eliminated via metabolism in the liver by cytochrome P450 isoenzyme 2C8. Following oral treatment RZN is rapidly absorbed (Tmax 1–2 h) with an elimination half-life of approximately 3–5 h in plasma (6–8). Literature survey reveals that few liquid chromatography (LC) methods have been reported for the determination of RZN in bulk drug or human plasma. The LC techniques used include LC with UV detection (9–12) and with fluorescence detection (13–17). Several of LC–tandem mass spectrometry (MS/MS) applications for analysis of RZN have been developed recently (14, 18–20). However, these works only focus on the quantitative determination of RZN in pharmaceutical or bio-assay plasma samples.
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Figure 1 
Structure of RZN.




This paper describes development and validation of a simple, specific, rapid and sensitive high performance liquid chromatography–mass spectrometry (HPLC-MS) method for the determination of RZN in rat plasma with a limit of quantification (LOQ) of 1 ng/mL for RZN with a run time of 2.5 min using APZ (Figure 2) as an internal standard. The method was applied to the quantification of RZN in a single-dose pharmacokinetic study of tablets of RZN in healthy Wistar rats.

[image: Figure 2]
[image: Figure 2]


	Download figure
	Open in new tab
	Download powerpoint


Figure 2 
Structure of APZ.






Materials and Methods


UMBC, 1000 Hilltop Circle, Baltimore, MD 21250

The reference standards of RZN (purity: 99.50%) and APZ (internal standard) (purity: 98.44%) were obtained from Orchid Chemicals and Pharmaceuticals Ltd (Chennai, India) and Zydus Research Center (Ahmadabad, India), respectively. High purity water was prepared in-house using a Milli-Q water purification system obtained from Milli Q (Millipore, MA, USA). HPLC-grade methanol and acetonitrile were purchased from Rankem Ltd. (New Delhi, India). Drug free (blank) heparinized rat plasma was obtained from the animal house of SRM College of Pharmacy (Kattankulathur) and was stored at −70 °C prior to use.




Calibration Curves

The stock solutions of RZN and APZ were prepared in methanol at a concentration of 1000 μg/mL. Secondary and working standard solutions were prepared from stock solutions by dilution with mobile phase. These diluted working standard solutions were used to prepare the calibration curve and quality control samples. Blank rat plasma was screened prior to spiking to ensure it was free of endogenous interference at retention times of RZN and the internal standard (APZ). A seven-point standard curve (0.5, 1.0, 5.0, 10.0, 20.0, 50.0, and 100.0 ng/mL) of RZN was prepared by spiking the blank plasma with appropriate amounts of RZN (amount equivalent to the concentration required in 5 μL of solvent). The calibration curve ranged from 0.5 to 100.0 ng/mL. Quality control samples were prepared at concentration levels of 5.0, 50.0 and 100.0 ng/mL for RZN. The samples were vortexed and stored at −70 ± 2 °C until processing.




Sample Preparation

A 0.5 mL aliquot of rat plasma sample was mixed with 0.1 mL of internal standard working solution (2000.0 ng/mL of APZ) and 1 mL of acetonitrile (precipitating agent). The resulting solution was vortexed for 5 min and centrifuged at 4000 rpm for 10 min. Supernatants from the above solutions were separated by decantation and used for the analysis. Five microliters of the above solution was injected into the chromatographic system.




Instrumentation

Chromatographic separation was carried out on Shimadzu LC-Prominence HPLC with Chromolith RP-18e (100 × 4.6 mm i.d., 5μ). A mobile phase consisting of a mixture of 5mM ammonium acetate in water and methanol (20: 80% v/v) was used with a flow rate of 1 mL/min. The total run time for each sample analysis was 2.5 min. Mass spectra were obtained using a Sciex API 3200 triple quadrupole mass spectrometer interfaced via a Sciex HN probe with the chromatographic system. The mass spectrometer was programmed to admit the protonated molecules [M+H]+ in the first quadrupole filter (Q1). The mass transition ion-pair was selected as m/z 358.0 for RZN and m/z 308.8 for APZ. The data acquisition was ascertained by Analyst 1.4.2 software. For quantification, the peak area ratios of the target ions of the drugs to those of the internal standard were compared with weighted (1/amount) calibration curves in which the peak area ratios of the calibration standards were plotted versus their concentrations.




Method Validation

The method was validated (21, 22) for selectivity, sensitivity, linearity, precision, accuracy, and stability. The selectivity of the method was evaluated by comparing the chromatograms obtained from the samples containing RZN and the internal standard with those obtained from blank samples. Sensitivity was determined in terms of LLOQ (lower limit of quantification) where the response of LLOQ was at least 5 times greater than the response of interference in blank matrix at the retention time or mass transitions of the analyte. For linearity, different concentrations of standard solutions were prepared to contain 0.5 to 100.0 ng/mL of RZN containing 200.0 ng/mL of APZ. These solutions were analyzed and the peak areas and response factors were calculated. The calibration curve was plotted using response factor versus concentration of the standard solutions. Standard curve fitting was determined by applying the simplest model that adequately describes the concentration-response relationship using appropriate weighing and statistical tests for goodness of fit. The precision of the method was determined by intra-day precision and inter-day precision. The intra-assay precision and accuracy was calculated for five replicates at each LLOQ, low quality control (LQC), middle quality control (MQC) and high quality control (HQC) levels, each on the same analytical run, and inter-assay precision and accuracy was calculated after repeated analysis in three different analytical runs. The results are given in Table I.
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TABLE I Precision Studies of RZN (ng/mL)




Accuracy of the developed method was determined by relative and absolute recovery experiments. The relative recovery of the drug was calculated by comparing the amount of the drug obtained from the drug-supplemented plasma with the actually added amount. Recovery studies were carried out for three levels at six time points and the percentage recovery, mean, standard deviation, and coefficients of variation were calculated.

As part of the method validation, stability studies were carried out. Room temperature stock solution stability, refrigerated stock solution stability, freeze thaw stability, short-term stability and long-term stability were determined. Room temperature stock solution stability was carried out at 0, 5, and 12 h by injecting four replicates of prepared stock dilutions of RZN equivalent to MQC sample concentrations and the stock dilution of internal standard equivalent to the working concentration. Comparison of the mean area response of RZN and internal standard at 5 and 12 h was carried out against the zero-hour value. Refrigerated stock solution stability at −4 °C was determined at 7, 14, and 27 days by injecting four replicates of prepared stock dilutions of the analyte equivalent to the MQC sample concentration and the stock dilution of internal standard equivalent to the working concentration.

The stability studies of plasma samples spiked with RZN were subjected to three freeze thaw cycles, short term stability at room temperature at 25 ± 2 °C for 3 h and long term stability at −70°C over 4 weeks. In addition, stability of standard solutions was performed at room temperature for 6 h and freeze condition for 4 weeks. The stability of triplicate spiked rat plasma samples following three freeze-thaw cycles was analyzed. The mean concentrations of the stability samples were compared to the theoretical concentrations. The stability of triplicate short term samples spiked with RZN was kept at room temperature for 1 to 3 h before extraction. The plasma samples for long-term stability were stored in the freezer at −70 °C until the time of analysis.

Matrix effect experiment is performed to check the influence of biological matrix on the analyte recovery. Three replicates of each of LQC and HQC in six different matrix lots were prepared. Out of six lots, four lots were of normal matrix, one was haemolysed and one was lipemic. Extract all samples as per the extraction procedure and injected in LC-MS/MS. Concentration was calculated from the respective calibration curve.





Results and Discussion


Method Development

The objective of this work was to develop and validate a simple, rapid, and sensitive assay method for the quantification of RZN, suitable for determining the pharmacokinetics in pre-clinical studies. To achieve this objective, different options were evaluated to optimize sample extraction, detection parameters, and chromatography during method development. The standard solutions of RZN were analyzed by the HPLC-MS system using direct injection probe Atmospheric Pressure Ionization interfaces. From the mass spectrum recorded, the detection molecular ion selected was 358.0 for RZN and 308.8 for APZ. Full-scan mass spectra of RZN and APZ are given in Figures 3 and 4.
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Figure 3 Mass spectrum of RZN.
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Figure 4 Mass spectrum of APZ.







Optimization of the Chromatographic Conditions

Optimization of the chromatographic conditions is intended to take into account the various goals of method development and to weigh each goal (resolution, runtime, sensitivity, peak symmetry, etc) accurately, according to the requirements of the LC-MS and HPLC methods being used for the estimation of drugs in biological fluids.

Different mobile phases, namely, acetonitrile, methanol and tetrahydrofuran in aqueous phase were used at a flow rate of either 1.0 or 0.5 mL/min. For the initial separation conditions, methanol was used because of its favorable UV transmittance, low viscosity and better solubility. When methanol was substituted with other solvents, the solvents to buffer ratios were calculated using solvent strength. The resulting ratios of the mobile phase were prepared and the drugs chromatographed. These mobile phases gave well retained and symmetrical peaks. Tetrahydrofuran was not selected due to its UV-cut off wavelength (215 nm). Methanol or acetonitrile was used as the mobile phase for further studies. The standard solution was chromatographed with mobile phases of different ratios of organic and aqueous phases at a flow rate of either 1 mL/min or 0.5 mL/min. 5mM ammonium acetate in water-methanol in the ratio of 20: 80 was selected as the mobile phase fixed at a flow rate of 1 mL/min.

Different reverse-phase stationary phases (C4, C8, and C18) were used and the chromatograms were recorded. Based on the retention and peak shape, a Chromolith RP-18 column was selected for RZN. Typical chromatogram of RZN and APZ are given in Figure 5.

[image: Figure 5]
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Figure 5 
Sample chromatogram of RZN and APZ at a concentration of 20 ng/mL.







Method Validation

Estimation of RZN in plasma samples from the animals was carried out using optimized chromatographic conditions. The validation parameters such as accuracy, precision (repeatability and reproducibility), linearity and range, sensitivity (limit of detection and LOQ), robustness/ruggedness, stability, selectivity/specificity, and system suitability were evaluated. The validation results are given in Tables I and II.
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TABLE II Stability of Plasma Samples of RZN







Accuracy

The accuracy of the optimized methods was determined by relative and absolute recovery experiments. The percentage recovery values for RZN ranged from 86.95 to 87.59% and their relative recovery values from 88.60 to 89.28% at LLOQ, LQC, MQC, and HQC concentrations. The percent coefficient of variance was less than 7.89, indicates that the developed methods are accurate and reliable.




Precision

The optimized method for the estimation of RZN was found to be precise. This was evident from the coefficient of variance values, which were less than 5.0% at all concentrations. The validation results are given in Table I.




Selectivity

The selectivity of the method was evaluated by comparing the chromatograms obtained from the samples containing RZN and the internal standard with those obtained from blank samples. These chromatograms were compared with the chromatograms obtained from standard solutions. Each chromatogram was tested for interference. The combination of the sample preparation procedure and chromatography provided an assay that is free from significant interfering endogenous plasma components at the retention times of the selected drugs and the internal standard. These observations show that the developed assay method is specific and selective, as shown in Figure 6.

[image: Figure 6]
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Figure 6 Chromatogram showing blank plasma sample.







Linearity

It was observed that the optimized methods were linear within a specific concentration range for RZN. The calibration curves were plotted between response factor and concentration of the standard solutions. The calibration curves were constructed on 11 different days over a period of 4 weeks to determine the variability of the slopes (0.893) and intercepts (0.12) at selected concentrations of 0.5, 1.0, 5.0, 10.0, 20.0, 50.0, and 100.0 ng/mL (r2 = 0.9987 ± 0.0004). The results indicated no significant inter-day variability of slopes (and intercepts over the optimized concentration range.




Limit of Detection

The limit of detection value was found to be 0.15 ng/mL for RZN and the LOQ value was 0.5 ng/mL. These observations indicate that the developed methods have adequate sensitivity than the methods previously reported (9, 10, 12, 21). This value, however, may be affected by the separation conditions (e.g., column, reagents, and instrumentation and data systems), instrumental changes (e.g., pumping systems and detectors) and use of non HPLC-grade solvents and may result in changes in signal-to-noise ratios.




Ruggedness and Robustness

The ruggedness and robustness of the methods were studied by changing the experimental conditions. No significant changes in the chromatographic parameters were observed when changing the experimental conditions (operators, instruments, source of reagents and column of similar type) and optimized conditions (pH, mobile phase ratio and flow rate).




Stability Studies

The stability studies of plasma samples spiked with selected drugs were subjected to three freeze-thaw cycles, short-term stability at room temperature for 3 h, and long-term stability at −70 °C over 4 weeks. In addition, stability of standard solutions was performed at room temperature for 6 h and freeze condition for 4 weeks. The mean concentrations of the stability samples were compared to the theoretical concentrations. The results indicate that selected drugs in plasma samples can be stored for a month without degradation in frozen state. The results of short-term storage at room temperature stability and freeze thaw cycles indicate no degradation of the selected drugs in plasma or in sample solution and hence plasma samples could be handled without special precautions. Stability data are given Table II.




Matrix Effect

No significant effect of different sources of matrix on accuracy of the method was observed.

Hence, the developed method for the estimation of RZN in plasma is accurate, precise, selective, and linear and hence can be applied for pre-clinical pharmacokinetic studies.




Application of the Developed Method

The developed method was applied to the determination of RZN in plasma samples from the pharmacokinetic study of a formulation. A study containing 2 mg of RZN (pure drug, reference) against RZN 2 mg Rosicorn tablets (test) manufactured by Glenmark Pharmaceuticals, (Mumbai, India), was conducted in healthy Wistar rat subjects under fasting conditions in accordance with the current good clinical practice and U.S. Food Drug Administration and Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) guidelines (23, 24). The protocol was approved by the Institutional Animal Ethical Committee at SRM College of Pharmacy. Rats weighing 200–230 g were housed with free access to food and water, except for the final 12 h before experimentation. After a single oral administration of RZN, 0.5 mL of blood samples were collected at 0, 1, 4, 8, 12, and 24 h time-points into heparinized collection tubes. The blood was immediately centrifuged (1900 × g) for 10 min at ambient temperature. The samples were stored in the deep freezer at −70 ± 5°C until analyzed by a validated HPLC-MS method.

The pharmacokinetic parameters, namely, maximum plasma concentration (Cmax), time point of maximum plasma concentration (Tmax), area under the plasma concentration–time curve from 0 h to the last measurable concentration (AUC0-t), area under the plasma concentration time curve from 0 h to infinity (AUC0-∞), elimination rate constant (kel), and half-life of drug elimination during the terminal phase (T1/2) were calculated. Statistical analysis of the pharmacokinetic parameters was carried out using SPSS 12.0.1 for un-transformed and in-transformed pharmacokinetic parameters, namely Cmax, AUC0-t, and AUC0-∞. Based on the statistical results of 90.0% confidence intervals for the ratios of the means of in-transformed pharmacokinetic parameters, namely Cmax, AUC0-t, and AUC0-∞. a conclusion was drawn as to whether the test product was bioequivalent to the reference product.

The mean (±standard deviation [S.D.]) plasma maximum concentration obtained for RZN in reference and test formulation is 476.48 (32.55) ng/mL and 480.89 (30.52) ng/mL, respectively (Table III). The mean RZN plasma concentration–time profile following a 2 mg oral dose of RZN to rat subjects is shown in (Figure 7).
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TABLE III Mean Pharmacokinetic Properties of RZN (n = 12)
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Figure 7 
Mean plasma concentration–time curves from rat subjects for Test (T) and Reference (R).








Conclusion

In conclusion, a simple, specific, rapid, and sensitive analytical method for the determination of RZN in rat plasma has been developed. The method provided excellent specificity and linearity with a LOQ of 0.5 ng/mL for RZN. The mobile phase was simple in preparation with no or fewer interferences and the run time was only 2.5 min, indicating shorter analysis time than the reported methods. The developed HPLC-MS method was successfully applied for the determination of pharmacokinetic parameters.
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