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A B S T R A C T   

Herein, we report a novel, simple, specific, accurate and cost-friendly validated reverse phase- 
high performance liquid chromatographic (RP-HPLC) method for the quantification of second 
generation sulphonylurea based antidiabetic drug, glibenclamide (GLB) in rat plasma and its 
application to calculate pharmacokinetic parameters in wistar rats. The internal standard used 
was flufenamic acid. The chromatographic separation was conducted on C18 column (250 mm ×
4.6 mm x 5 μm, Agilent-Zorbax, SB) using isocratic elution with mobile phase containing 
Acetonitrile: Water (1:1; v/v) pH adjusted to 4.0 with 0.03 % glacial acetic acid and detected by 
photo-diode array as detector. Calibration curves made in the rat plasma were linear in the range 
of 50–1200 ng/ml with r2 

= 0.998. The LLOQ was 40 ng/ml. This method was effectively applied 
for pharmacokinetic studies of Glibenclamide following administration through oral route as solid 
dispersion formulation to Wistar rats. Several methods are available in the literature which can be 
employed for the quantification of Glibenclamide but such methods are tedious, provide lower 
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Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use; LOD, Limit of detection; LOQ, Limit of quantification. 

* Corresponding author. Research Centre for Residue and Quality Analysis, Sher-e-Kashmir University of Agricultural Sciences and Technology of 
Kashmir, Shalimar Campus, Srinagar, 190025, J&K, India. 

E-mail addresses: alamgir.iiim@gmail.com, alamgirdar@skuastkashmir.ac.in (A.A. Dar).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2023.e20876 
Received 15 June 2023; Received in revised form 30 September 2023; Accepted 9 October 2023   

mailto:alamgir.iiim@gmail.com
mailto:alamgirdar@skuastkashmir.ac.in
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e20876
https://doi.org/10.1016/j.heliyon.2023.e20876
https://doi.org/10.1016/j.heliyon.2023.e20876
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 9 (2023) e20876

2

sensitivity, less simultaneous resolution and are time-consuming. Therefore the present methods 
suits best for the quantification of Glibenclamide from Wistar rats.   

1. Introduction 

Diabetes Mellitus is the most common metabolic disorder, and among the two types and type II is more prevalent in the population 
above 40 years of age. This is actually the un-controlled levels of blood sugar or glucose, termed as hyperglycemia [1,2]. The hy-
perglycemia over years leads to various other severe complications, if otherwise the blood glucose levels are not kept under control [3, 
4]. So, among different drugs used to control the erratic levels of blood sugar, Glibenclamide, also known as glyburide is potent second 
generation sulphonylurea drug with better therapeutic and pharmacological effect better than other antidiabetic drugs [5]. Gliben-
clamide is available as immediate release Daonil tablet (5, 20 mg) and as micronized tablet (Glynase, Prestab). So, the quantification of 
glibenclamide for different reasons like pharmacokinetic analysis, bioavailability, drug toxicity, etc is required of high demand. 
Various analytical methods were tried for the quantification studies but high performance liquid chromatography in its reversed phase 
mode appears the helpful approach of choice affording identification, separation and quantification of Glibenclamide in rat plasma. No 
doubt, few researchers has developed methods in rat plasma, but most of them are using buffers or else most complex chemicals for 
buffering purpose which make the analysis complex [6] but herein we report simple acetonitrile and water with 0.3 % glacial acetic for 
pH maintenance. The present method is simple, cheap and non-interfering chemicals. Also, the drug is very sensitive to pH changes, so 
it is better for this drug to carry bioanalysis in simple mobile phase instead of using complex buffers. Till date no one has reported 
cost-effective method of quantification of glibenclamide by RP-HPLC-DAD method. In continuation of our previous studies on 
application of chromatography for fingerprinting and chromatographic method development, herein a validated HPLC analytical 
method for the quantification of Glibenclamide in rat plasma and its application to pharmacokinetic studies in Wistar rats is reported. 

2. Materials and methods 

2.1. Chemicals and reagents 

Glibenclamide (purity >99 %) and Flufenamic acid (purity >99 %) were purchased from M/s. Sigma Aldrich India Banglore. All the 
solvents and chemicals including glacial acetic, ethyl acetate, acetonitrile used were of HPLC grade and purchased from M/s. Merck, 
Himedia, respectively. Membrane filters (0.45 μm) were purchased from M/s. Nalgene. Deionized water for chromatographic purposes 
was produced in laboratory by Millipore (Direct Q-3UV). 

2.2. Preparation of standard solutions 

The stock solution of pure drug (Glibenclamide) was prepared by dissolving a weighed quantity (1 mg/ml) of pure drug in methanol 
and from this stock solution, eight working solutions of glibenclamide having different concentrations were prepared after required 
dilutions with methanol. These working solutions were kept in eight vials and capped tightly and stored at 4 ◦C. So, 25 μl from the eight 
different working solutions of glibenclamide were separately spiked into blank rat plasma to get eight calibration standards with 
concentration ranging from 50 to 1200 ng/ml for calibration curve. 

2.3. Extraction and sample preparation 

The plasma samples were prepared by addition of 100 μl of blank rat plasma to 100 μl of standard solution. The standard solution is 
primarily air dried by evaporating the entire solvent portion from it. Then, 200 μl of acetonitrile containing internal standard (Flu-
fenamic Acid) having concentration of 10 μg/ml is added, which was added to denature the proteins in plasma. It is vortexed for 60 s 
and stored at 4 ◦C in a refrigerator. 500 μl of hexane-chloroform (70:30, v/v) was added and the tubes vortexed again for 60 s. The 
tubes were centrifuged at 4000 g for 10 min. The organic phase (1000 μl) separated is transferred to clean 5 ml tubes. The organic 
phase in each tube was dried under the nitrogen gas. The residue was dissolved in 100 μl of acetonitrile and transferred to 1.5 ml screw 
capped HPLC vials for chromatographic analysis [7–9]. 

2.4. Instrumentation and chromatographic conditions 

The HPLC system (Agilent Infinity, 1200 series) equipped with C18 column (250 mm × 4.6 mm x 5 μm, Agilent-Zorbax, SB) and 
photodiode array detector was used for sample analysis. The mobile phase used was acetonitrile: water (1:1, v/v) pH adjusted to 4.0 
with 0.03 % glacial acetic acid at the maintained flow rate of mobile phase at 1 ml/min. The mobile phase was degassed prior to use 
and always freshly prepared. The detection wavelength was set at 230 nm with an injection volume of 20 μL. By calculating the peak 
area ratio of (peak area Drug/peak area IS), the samples were quantified. All the analysis was carried out at room temperature at a 
wavelength of 230 nm. Flufenamic acid was used as internal standard. Under these chromatographic conditions, the mean retention 
time of glibenclamide and internal standard (Flufenamic acid) was found 9.38, and 15.56 min respectively (Fig. 1). The chromato-
grams of untreated blank plasma are shown in Fig. 2. 
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3. Method validation 

The method was validated in rat plasma for linearity, selectivity, accuracy, precision, limit of detection, limit of quantification, and 
stability of analytes as per the guidelines drafted by European Medicines Agency (EMA) and in accordance with the International 
Conference on Harmonization [10,11]. 

3.1. Linearity 

The linearity was calculated by plotting assay response versus concentration of the analyte. The assay response was obtained from 
spiked plasma samples, as assayed for ratio of peak area of analyte to peak area of IS. The calibration curve and correlation coefficient 
was determined by least sum of squares of regression analysis without weighting regression model. Plasma calibration samples or 
calibration standard samples were prepared in the mean concentration of 50–1200 ng/ml. Calibration curve was established by taking 
mean of each sampled before assayed in triplicate [12]. 

3.2. Sensitivity 

The sensitivity or limit of detection (LOD) was calculated at a signal-to noise ratio of 3:1 [13]. 

3.3. Selectivity 

The selectivity was found by taking blank rat plasma and checked for interferences due to endogenous compounds for gliben-
clamide and IS. 

3.4. Lower limit of quantitation (LLOQ) 

LLOQ was calculated using three replicates spiked plasma samples based on a signal-to-noise ratio of 10:1 [13,14]. 

3.5. Precision and accuracy 

The precision and accuracy was determined by replicate analysis of 3 quality control samples (QC) comprising the analyte (gli-
benclamide) at low, medium and high mean concentration of 100 ng, 600 ng & 1200 ng/ml, respectively. Intra-day precision and 
accuracy was evaluated from three separate runs during a single day, while inter-day precision and accuracy was calculated during 5 
different days [15]. 

3.6. Recovery studies 

It is also known as extraction efficiency or extraction recovery. The recovery of glibenclamide was calculated by simply comparing 
peak area ratios of extracted analyte from QC samples to peak area ratios from reference standard solutions [13]. 

3.7. Stability studies 

Under different 5 conditions, the stability was determined using quality control standards. The stability was evaluated in stock 
solutions kept at 4 ◦c, then in rat plasma at room temperature (25 ± 1◦c) and also, for 7 days at 4 ◦C. Freeze-thaw stability was 
evaluated by primarily freezing the reconstituted plasma samples, then stored at − 20 ◦C and again thawed for three cycles at room 
temperature (25 ± 1 ◦C). After extraction, the stability of analyte reconstituted in methanol was determined for short-term stability at 
the bench-top and auto-sampler under room temperature for 24 h 3 replicates were analysed daily for concentration by HPLC 
quantitation [16,17]. 

Fig. 1. Chromatogram of glibenclamide and internal standard (IS).  
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3.8. IAEC approval for animal studies 

The animal experiment was approved by Institutional Animal Ethics Committee (IAEC) at the University of Kashmir, Hazratbal, 
Srinagar, J&K, India under No: F(IAEC-Approval) KU/2017/08 Dated: 16-12-2017. The analytical study was performed at the 
Research Centre for Residue and Quality Analysis-Sheri Kashmir University of Agricultural Sciences & Technology of Kashmir, Sha-
limar, Srinagar, J&K, India. Male wistar rats having body weights of approximately 250–300 g were used. The rats were maintained in 
a well ventilated animal house with alternating 12-h light/dark cycles at a room temperature of 22 ± 2 ◦C and a relative humidity of 50 
± 10 %. The rats were given commercial rat chow and water adlibitum. Twenty Four rats were randomly divided into four groups 
having six rats in each group and the animals were kept fasted for 12 h prior to start of experiment, but had free access to glucose-water 
solution throughout the experimental period to prevent any hypoglycemic condition arising due to Glibenclamide dosing. 

3.9. Pharmacokinetic and stability studies 

Each group of rats were given a single dose at 10 mg/kg body weight of plain Glibenclamide- (Group I), and Glibenclamide 
equivalent to 10 mg/kg body weight of marketed formulation- MF (Group II), physical mixture-PM4(Group III), solid dispersion- 
SDE4(Group IV) respectively, as suspension by oral gavage (i.e. before administration plain Glibenclamide was suspended in 0.5 % w/v 
solution of Carboxymethyl Cellulose and remaining formulations MF, PM4 SDE4 were dispersed in water). 100 μl of blood collected 
from the orbital venous plexus at the predetermined time intervals (0.5, 1, 1.5, 2, 3, 4, 8, 12, 24 h) were placed into pre-treated tubes 
with heparin. The samples were immediately centrifuged at 10,000 rpm for 15 min at 4 ◦C and the plasma obtained was refrigerated at 
− 20 ◦C till further analysis. The maximum plasma concentration (Cmax) and the maximum time to reach maximum plasma concen-
tration (Tmax) were determined directly from the curve of plasma concentration versus time. The trapezoidal rule was used for 
summation of the area under the plasma concentration versus time curve, from time 0 to t (AUC0-t). Elimination rate constant (Kel) was 
calculated by the value of absolute slope of any three points lying on straight line during elimination phase or after Cmax. Elimination 
half-life (t1/2) is found simply using relationship, t1/2 = 0.693/Kel. 

4. Results and discussions 

4.1. Method validation by HPLC 

The developed HPLC method was validated according to the ICH guidelines [18] using the various analytical parameters: linearity, 
precision, accuracy, specificity, robustness, detection, and quantification limits. 

4.1.1. Linearity 
Linearity of the developed method was evaluated by constructing calibration curves at six concentration levels over a concentration 

range of 50–1200 ng/ml. The calibration curve was developed by plotting peak area versus concentrations (n = 6) using linear 
regression analysis with the help of the HPLC EZchrome software. Good correlation coefficient 0.999 was observed. Other quantifi-
cation parameters such as LOD and LOQ have also been calculated (Table 1). To estimate the LOD and LOQ, blank methanol was 
applied six times and standard deviation of the analytical response was determined. The limits of detection (LOD) (signal/noise >3) 
and the limits of quantification (LOQ) (signal/noise>10) were determined by analyzing dilutions of a solution containing all the 
compounds. The sensitivity or LOD was calculated to be 33 ng/ml while as lower limit of quantification was 40 ng/ml and the mean 
retention times of glibenclamide was 9.01 min. In order to reduce the matrix interference during the method validation, matrix match 
calibration experiment was performed over the concentration range of 50–1200 ng/ml. The spectra for all these compounds are 

Fig. 2. Chromatogram of glibenclamide and internal standard (IS) in rat plasma.  

Table 1 
Calibration curve, LOD and LOQ.  

Analyte Range (ng/ml) Regression Equation r LOD (ng/ml) LOQ (ng/ml) 

1 50–1200 y = 0.0006x+0.0229 ± 0.003 0.998 33.0 40.0  
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provided as a supplementary data (Fig. S1 and Table S1 & S2). 

4.1.2. Specificity 
The specificity of the method was ascertained by analyzing standards and sample. The peak purity of glibenclamide was assessed by 

comparing the spectra at peak start, peak apex and peak end position. The peak purity values of the compounds was found to be more 
than 998 (ideal value, 1000), which shows that the peak was pure with no co-eluting or interfering substances. This proves that method 
is specific. Also no interfering peaks were found co-eluted with glibenclamide, and a good separation of peaks was seen by using the 
mobile phase, i.e. of glibenclamide and IS. The spectra for all these compounds are provided as a supplementary data (Fig. S2). 

4.1.3. Precision and repeatability 
The intra-day precision ranged from 0.32 to 5.17%, while inter-day precision ranged from 0.54 to 5.53% of the QC standards. The 

data is given in Table 2. The intra-day accuracy ranged from 0.463 to 5.23%, while inter-day accuracy ranged from 0.286 to 4.13% of 
the reference samples. The obtained results were found within the acceptable limits, as both intra-day and inter-day precisions and 
accuracies for the LOQ must be with ±20 % and higher concentration within ±15 %. The spectra for all these compounds are provided 
as a supplementary data (Fig. S3). 

4.1.4. Accuracy 
The recovery experiment was conducted to evaluate the accuracy of the method. Four different concentrations (43, 125, 663 and 

1127 ng/ml) were used for carrying out the recoveries studies. The recoveries were determined by adding known concentrations of the 
each standard solution into the sample solution (extract) in triplicate. The average percentage recoveries were evaluated by calculating 
the ratio of detected amount versus added amount. Recovery (%) was calculated by the following this equation: 

Recovery (%) = (found amount – original amount)/spiked amount × 100. 
The accuracy was calculated from the test results as the percentage of recovery and the results have been summed up in Table 3. The 

extraction efficiency or recoveries was found 96.53 ± 4.57% (Fig. 3). 

4.1.5. Robustness of the method 
The robustness of developed method was calculated by introducing small changes in certain chromatographic conditions, i.e., 

amount of mobile phase, flow rate of mobile phase, temperature, relative humidity. The variations in HPLC analysis because of these 
changes were ≤1.51 %RSD was found less than 5 %, indicating thereby the robustness of the method. 

4.2. Stability and pharmacokinetic studies 

4.2.1. Stability 
The concentrations for GLB at 125 and 1127 ng/ml samples deviated within ±15 % of the nominal concentrations in a series of 

stability tests, viz. In rat plasma for 6 h at room temperature, in rat plasma for 7 days at 4 ◦C, Freeze-thaw stability, Short term Bench- 
top for 7 h & auto-sampler under room temperature for 24 h (Table 4). The results were found to be within the assay variability limits 
during the entire process (Figs. S4-S8). 

4.2.2. Pharmacokinetic studies 
From the pharmacokinetic parameters (Tables 5 and 6), it was found that the AUC0–24hof the solid dispersion formulation 

‘SDE4’(5636 ng/ml) represents greater improvement than that of marketed formulation (3747 ng/ml) andAUC0–24h of solid dispersion 
formulation ‘SDE4’ was almost 2-fold compared with marketed. It was also found that Cmax of solid dispersion formulation was 610.0 
ng/ml and thus the difference was highly significant (P < 0.05) compared with Cmax of marketed formulation (287.5 ng/ml). The Tmax 
of solid dispersion SDE4 (1 h) and marketed formulation (3 h) was faster than that of marketed formulation. The MRT values for SDE4 
(8.69 h) was also significantly different (P < 0.05) from marketed tablet (9.22 h). The relative bioavailability of SDE4 with respect to 
plain Glibenclamide was obtained as 150.41 and 79.1 %, respectively. The value of Relative Bioavailability was also significantly 
different (P < 0.05) from plain Glibenclamide. The hydrophilicity of Glibenclamide increases through solid dispersion technique. All 
these could explain that the T1/2of solid dispersion formulation was shorter than that of marketed formulation. As the plasma con-
centration and AUC0–24hincreased with administered solid dispersion ‘SDE4’ formulation. The considerable increase in the Cmax with 
simultaneous reduction in Tmax in SDE4 could be attributed to increased solubility of Glibenclamide in SDE4 due to both solubilization 
effect of Poloxamer-188 on Glibenclamide and conversion of crystalline Glibenclamide to amorphous form. The oral absorption of 

Table 2 
Intra- and inter-day precision of area of HPLC method.  

Conc. level of QC Standard (ng/ml) Intra-day precision Inter-day precision  

Mean response (±SD) (n = 3) CV% Mean response (±SD) (n = 5) CV% 

43 40.75 ± 2.11 5.17 41.22 ± 2.28 5.53 
125 121.65 ± 2.54 2.08 120.62 ± 1.98 1.64 
663 652.14 ± 2.11 0.32 647.29 ± 3.29 0.50 
1127 1132.22 ± 4.21 3.18 1132.77 ± 6.28 0.55  
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Table 3 
Recovery study.  

Conc. level of QC Standard (ng/ml) % Recovery (n = 3) 

43 91.45 ± 1.33 
125 94.56 ± 2.43 
663 90.24 ± 3.29 
1127 96.53 ± 4.57  

Fig. 3. Chromatogram of spiked glibenclamide and internal standard (IS) in rat plasma.  

Table 4 
Stability data GLB quality controls in rat plasma.  

Nominal Concentration (ng/ml) Stability Mean ± SD (n = 6) (ng/ml) Accuracy (%) Precision (% CV) 

125 Rat plasma for 6 h at room temperature 121 ± 1.43 97 1.18 
Rat plasma for 7 days at 4 ◦C 118 ± 1.47 95 1.24 
Freeze-thaw stability 115 ± 1.63 92 1.41 
Short term Bench-top for 6 h 119 ± 1.21 95 1.01 
Auto-sampler under room temperature for 24 h 114 ± 1.86 91 1.63 

1127 Rat plasma for 6 h at room temperature 1113 ± 1.78 98.75 0.16 
Rat plasma for 7 days at 4 ◦C 1109 ± 2.51 98.4 0.22 
Freeze-thaw stability 1111 ± 1.41 98.5 0.12 
Short term Bench-top for 7 h 1114 ± 2.13 98.41 0.19 
Auto-sampler under room temperature for 24 h 1113 ± 2.16 98.75 0.21  

Table 5 
Comparative data of in-vivo drug release of plain GLB, MF Daonil, PM4 & SDE4.  

Time (hr) Conc. (ng/ml) 

Plain GLB ±SD (n = 6) MF Daonil ±SD (n = 6) PM4 ±SD (n = 6) SDE4 ±SD (n = 6) 

0.5 35.0 ± 0.81 95.0 ± 0.51 110.0 ± 0.98 179.5 ± 0.98 
1.0 48.5 ± 0.75 152.5 ± 0.98 195.5 ± 0.51 610.0 ± 0.93 
1.5 59.0 ± 0.51 206.5 ± 0.75 235.0 397.0 ± 0.99 
2.0 76.0 ± 0.54 255.0 ± 0.54 363.5 ± 0.93 347.0 ± 1.97 
3.0 133.5 ± 0.51 287.5 ± 0.41 290.0 ± 0.97 338.5 ± 0.99 
4.0 238.5 ± 0.54 216.0 ± 0.54 195.5 ± 0.87 337.0 ± 0.83 
8.0 201.5 ± 0.75 195.5 ± 0.75 179.0 ± 0.51 323.0 ± 0.87 
12.0 114.0 ± 0.83 173.0 ± 0.92 134.0 ± 0.88 232.5 ± 0.87 
24.0 38.5 ± 0.51 56.0 ± 0.91 80.5 ± 0.91 75.0 ± 0.99  

Table 6 
Pharmacokinetic parameters.  

Pharmacokinetic parameters Plain GLB Mean ± SD (n = 6) MF Daonil Mean ± SD (n = 6) PM4 Mean ± SD (n = 6) SDE4 Mean ± SD (n = 6) 

Cmax (ng/ml) 238.5 ± 0.54 287.5 ± 0.41 363.5 ± 0.93 610.0 ± 0.93 
Tmax (h) 4.07 ± 0.017 3.06 ± 0.020 2.06 ± 0.013 1.07 ± 0.026 
AUC0-24 (ng*hml− 1) 2807 ± 23.97 3747 ± 22.19 3592 ± 11.27 5636 ± 19.84 
Kel (h− 1) 0.075 ± 0.002 0.197 ± 0.005 0.437 ± 0.011 0.497 ± 0.005 
t1/2 (h) 9.24 ± 0.006 3.517 ± 0.004 1.585 ± 0.005 1.394 ± 0.003 
MRT (h) 9.23 ± 0.009 9.22 ± 0.007 9.42 ± 0.007 8.69 ± 0.006 
Relative Bioavailability (%) 79.91 ____ 95.86 150.41  
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Glibenclamide from solid dispersion ‘SDE4’formulation resulted in 2-fold enhancement in oral bioavailability in comparison with 
marketed formulation. The enhancement in oral bioavailability of Glibenclamide from SDE4 was possible due to the use of the hy-
drophilic carrier (Poloxamer-188) in the formulation of SDE4 prepared by solvent evaporation method using ethanol as the solvent in 
comparison with PM4, plain Glibenclamide and marketed formulation. Poloxamer-188 is known to enhance the oral bioavailability of 
lipophilic drugs by enhancing their wettability, surface area, solubility and dissolution rate. Therefore, the significant enhancement in 
oral bioavailability of Glibenclamide from solid dispersion ‘SDE4’formulation was probably due to the presence of Glibenclamide in 
amorphous form and Poloxamer-188 also prevents recrystallization of amorphous Glibenclamide back to the initial crystalline state by 
inhibiting nucleation and crystal growth during in-vivo dissolution. Further, the poloxamer-188 has also a huge role to maintain the 
supersaturation during in-vivo dissolution. The pk parameters are different for all the four, viz., Plain Glibenclamide, Physical Mixture 
(PM4), Marketed Formulation (Daonil Tablet) and Solid Dispersion (SDE4). The reason behind the differences in PK parameters, is that 
in-vivo drug release v/s time is different in different formulations (Fig. 4). The more data are provided as a supplementary data 
(Table S4- S8). 

5. Conclusion 

A simple, specific, precise and accurate method for quantification of glibenclamide was developed and validated in rat plasma and 
was applied for pharmacokinetics to determination the concentration of glibenclamide in wistar rats dosed with different formulation 
of the glibenclamide. Although, several methods have been developed previously for this drug as reported, but this is the low-cost, fast 
and more accurate as the samples have been prepared by less costly chemicals and procedures, like protein precipitation technique 
also, use of nitrogen for drying has shown better results compared to earlier methods. The stability studies conducted proved that the 
samples could retain their potency for up to 30 days, if stored under the stated conditions. Based on our results, the developed method 
features good quantification parameters and can serve as effective quality control method for standardization of drugs and pharma-
ceutical products. 
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