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            Abstract

            
               
A novel, simple, specific, accurate & precise stability-indicating Gradient reverse-phase high-performance liquid chromatography
                  (RP-HPLC) method was developed for simultaneous estimation of Cilnidipine & Chlorthalidone in tablet dosage form, validated
                  as per ICH guideline. The separation was achieved on Inertsil ODS column (250 mm x 4.6 mm, 5 μm) in a gradient mode.  The
                  mobile phase consisted of Methanol, 0.025 M Potassium dihydrogen phosphate Buffer pH 5.5 adjusted by 10% v/v Ortho Phosphoric
                  Acid (50:50 v/v) (Solution A) and Acetonitrile, 0.025 M Potassium dihydrogen phosphate Buffer pH 5.5 adjusted by 10%v/v Ortho
                  Phosphoric Acid (75:25 v/v) (Solution B), gradient programming for 20 min at 1 ml/min rate of flow and response was detected at 225 nm. The retention time was found
                  to be 3.580 min and 12.606 mins for Chlorthalidone and Cilnidipine, respectively. The method is validated according to ICH
                  guideline, which includes linearity, specificity, accuracy, precision and robustness. Linearity was obtained over the concentration
                  range of 10-60 μg/ml for Cilnidipine and 6.25-37.5 μg/ml for Chlorthalidone, had a regression coefficient (r2) almost 0.9966. The % Recovery was found to be 99.63-100.59 % and 100.24-100.51 % for Cilnidipine and Chlorthalidone, respectively.
                  The method was found to be specific enough to separate all degradation products from the active compound. Drug samples were
                  exposed to various stress conditions like photolysis, oxidation, heat conditions, and hydrolysis (acidic and alkaline), there
                  was no interference of any degradants and excipient in the determination of drugs so that methods can be successfully applied
                  for routine QC analysis. 
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               Introduction

            Chlorthalidone (CHL) chemically 2-chloro-5-(1-hydroxy-3-oxo-2,3-dihydro-1H-isoindol-1- yl) benzene-1-sulfonamide (Figure  1)  (Kathleen & Sweetman, 2009). It avoids the reabsorption of Cl- & Na+. CHL is a diuretic drug indicated in edema (associated with Congestive Heart Failure), fluid retention (associated with kidney
               disease and hypertension)  (Kalra, Kalra, & Agrawal, 2010).  Cilnidipine (CIL) chemically O3-(2-methoxyethyl) O5-[(E)-3-phenylprop-2-enyl] 2,6- dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-
               3,5- dicarboxylate (Figure  2)  (Kathleen et al., 2009). It is a Ca+ channel blocker. CHL and CIL both are commonly prescribed drugs for hypertension  (Kalra et al., 2010). The addition of these two drugs shows a synergic effect. So, the combination of these two drugs concluded beneficial in
               the treatment of hypertension. 
            

            The literature reveals that CHL and CIL FDC is not official in any pharmacopeia, however individual drug, as well as a combination
               with other drugs, have been determined by pharmacopoeial method  (US Pharmacopeia, 2016) including UV spectroscopy  (Haripriya, Antony, & Jayasekhar, 2013; Kadia, Shah, & Dilip, 2014), Derivative Spectrophotometric Method  (Parikh, Sahoo, Zanva, & Seth, 2013; Parmar & Mehta, 2013), HPTLC  (Parmar, Mehta, & Patel, 2013; Pawar, Padmanabh, Ghandhi, & Bhavnani, 2012), HPTLC for Cilnidipine And Metoprolol  (Vaghela, Kakadiya, Patel, & Shah, 2014), RP-HPLC for four drugs simultaneously  (Mhaske, Sahasrabudhe, & Mhaske, 2012; Mhaske, Sahasrabudhe, Mhaske, & Garole, 2012), for two drugs  (Kasimal & Kasimala, 2012; Kumar, Ramya, & Kumar, 2012), for Telmisartan and Chlorthalidone  (Sahoo, Mishra, & Panda, 2012), in Biological Fluids  (Belal, El-Brashy, El-Enany, & Tolba, 2012), for CIL and CHL  (Bapna & Bhoi, 2015; Kudumula & Prasad, 2014) and Chlorthalidone, Cilnidipine and Telmisartan  (Patel, Patel, & Patel, 2016). RP HPLC (Stability indicating) of drugs contains CIL, CHL with telmisartan also reported  (Bommella, Rao, Peddi, Khagga, & Pal, 2016; Sharma, Mishra, & Sharma, 2016), in which % degradation is insufficient as it should be in between 5-20%, (Blessy, Patel, Prajapati, & Agrawal, 2014). Also, degrading data & chromatograms for degradation study are not given; the only method for how to perform study is given.
               Thus, it is worthwhile to develop a stability-indicating RP-HPLC method, which can be used in routine by Pharmaceutical industry
               & analytical laboratories.
            

         

         
               Materials and Methods

            
               Chemicals and reagents
               
            

            CIL & CHL working standards were gifted from Pure chem. Pvt Ltd., Marketed formulation of CIL and CHL (Label claim: CIL 10
               mg and CHL 6.25 mg), NEXOVAS-CH6.25 tablets (Macleod Pharmaceuticals Ltd.) was purchased from the market. Acetonitrile, methanol,
               water all chemicals HPLC grade and HCL, Orthophosphoric acid, H2O2, triethylamine, KH2PO4, NaOH, are of AR Grade, were purchased from Merck.
            

            
                  
                  Figure 1

                  Chemical structure of CHL
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                  Figure 2

                  Chemical structure of CIL
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                  Figure 3

                  Optimized Chromatogram of Cilnidipine and Chlorthalidone
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                  Figure 4

                  (A) Acidic (B) Basic (C) Oxidative (D) Thermal degradation Chromatograms
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                  Figure 5

                  Calibration curve of Cilnidipine
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                  Figure 6

                  Calibration curve of Chlorthalidone
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                  Table 1

                  Gradient System

               

               
                     
                        
                           	
                              
                           
                           Time(min.)

                           
                        
                        	
                              
                           
                           Flow Rate (ml/min.)

                           
                        
                        	
                              
                           
                            Solution A (%)

                           
                        
                        	
                              
                           
                            Solution A (%)

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           1.0

                           
                        
                        	
                              
                           
                           85

                           
                        
                        	
                              
                           
                           15

                           
                        
                     

                     
                           	
                              
                           
                           3.5

                           
                        
                        	
                              
                           
                           1.0

                           
                        
                        	
                              
                           
                           85

                           
                        
                        	
                              
                           
                           15

                           
                        
                     

                     
                           	
                              
                           
                           4.5

                           
                        
                        	
                              
                           
                           1.0

                           
                        
                        	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           90

                           
                        
                     

                     
                           	
                              
                           
                           12.5

                           
                        
                        	
                              
                           
                           1.0

                           
                        
                        	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           90

                           
                        
                     

                     
                           	
                              
                           
                           13.5

                           
                        
                        	
                              
                           
                           1.0

                           
                        
                        	
                              
                           
                           85

                           
                        
                        	
                              
                           
                           15

                           
                        
                     

                     
                           	
                              
                           
                           20

                           
                        
                        	
                              
                           
                           1.0

                           
                        
                        	
                              
                           
                           85

                           
                        
                        	
                              
                           
                           15

                           
                        
                     

                  
               

            

            

            
                  
                  Table 2

                  Forced degradation

               

               
                     
                        
                           	
                              
                           
                           Condition

                           
                        
                        	
                              
                           
                           Time of exposure

                           
                        
                        	
                              
                           
                           Temp.

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           0.1 N HCl 

                           
                        
                        	
                              
                           
                           1 hr 

                           
                        
                        	
                              
                           
                           40 ºC 

                           
                        
                     

                     
                           	
                              
                           
                           0.01 N NaOH 

                           
                        
                        	
                              
                           
                           2 hrs 

                           
                        
                        	
                              
                           
                           60 ºC 

                           
                        
                     

                     
                           	
                              
                           
                           3% H2O2 

                           
                        
                        	
                              
                           
                           4 hrs 

                           
                        
                        	
                              
                           
                           60 ºC 

                           
                        
                     

                     
                           	
                              
                           
                           Thermal  

                           
                        
                        	
                              
                           
                            24 hrs

                           
                        
                        	
                              
                           
                           105°C 

                           
                        
                     

                     
                           	
                              
                           
                           Photolytic 

                           
                        
                        	
                              
                           
                           one ICH cycle 

                           
                        
                        	
                              
                           
                           ----

                           
                        
                     

                  
               

            

             

            
                  
                  Table 3

                  System Suitability parameter

               

               
                     
                        
                           	
                              
                           
                           System suitability parameter

                           
                        
                        	
                              
                           
                           CHL (n=6)

                           
                        
                        	
                              
                           
                           CIL (n=6)

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Retention times (tR)

                           
                        
                        	
                              
                           
                           3.580 ± 0.049

                           
                        
                        	
                              
                           
                           12.606 ± 0.295

                           
                        
                     

                     
                           	
                              
                           
                           Theoretical plates (N)

                           
                        
                        	
                              
                           
                           2229.4 ± 17.47

                           
                        
                        	
                              
                           
                           20865.2 ± 374.13

                           
                        
                     

                     
                           	
                              
                           
                           Tailing

                           
                        
                        	
                              
                           
                           0.9906 ± 0.046

                           
                        
                        	
                              
                           
                           1.4642 ± 0.029

                           
                        
                     

                     
                           	
                              
                           
                           Resolution (RS)

                           
                        
                        	
                              
                           
                           26.409

                           
                        
                     

                  
               

            

            

            
                  
                  Table 4

                  Forced Degradation Summary

               

               
                     
                        
                           	
                              
                           
                           Stress Condition

                           
                        
                        	
                              
                           
                            % of Degradation

                           
                        
                        	
                              
                           
                           Peak Purity Index

                           
                        
                     

                     
                           	
                              
                           
                           

                           
                        
                        	
                              
                           
                           CHL

                           
                        
                        	
                              
                           
                           CIL

                           
                        
                        	
                              
                           
                           CHL

                           
                        
                        	
                              
                           
                           CIL

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Acid Degradation 0.1N HCl / 40°C

                           
                        
                        	
                              
                           
                           26.62

                           
                        
                        	
                              
                           
                           13.39

                           
                        
                        	
                              
                           
                           1.000

                           
                        
                        	
                              
                           
                           0.999

                           
                        
                     

                     
                           	
                              
                           
                           Base Degradation 0.1N NaOH / 60°C

                           
                        
                        	
                              
                           
                           17.77

                           
                        
                        	
                              
                           
                           25.41

                           
                        
                        	
                              
                           
                           1.000

                           
                        
                        	
                              
                           
                           0.999

                           
                        
                     

                     
                           	
                              
                           
                           Peroxide Degradation 3% H2O2 / 60°C

                           
                        
                        	
                              
                           
                           16.19

                           
                        
                        	
                              
                           
                           18.97

                           
                        
                        	
                              
                           
                           1.000

                           
                        
                        	
                              
                           
                           1.000

                           
                        
                     

                     
                           	
                              
                           
                           Thermal Degradation Heated at 60°C

                           
                        
                        	
                              
                           
                           7.60

                           
                        
                        	
                              
                           
                           6.56

                           
                        
                        	
                              
                           
                           1.000

                           
                        
                        	
                              
                           
                           1.000

                           
                        
                     

                  
               

            

            
                
               
            

            
                  
                  Table 5

                  Accuracy and Precision Data of Cilnidipine and Chlorthalidone

               

               
                     
                        
                           	
                              
                           
                           Level (%)

                           
                        
                        	
                              
                           
                           % Recovery*

                           
                        
                        	
                              
                           
                           Intraday precision RSD* 

                           
                        
                        	
                              
                           
                           Inter day precision RSD*

                           
                        
                     

                     
                           	
                              
                           
                           

                           
                        
                        	
                              
                           
                           CIL

                           
                        
                        	
                              
                           
                           CHL

                           
                        
                        	
                              
                           
                           CIL

                           
                        
                        	
                              
                           
                           CHL

                           
                        
                        	
                              
                           
                           CIL

                           
                        
                        	
                              
                           
                           CHL

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           50

                           
                        
                        	
                              
                           
                           100.01

                           
                        
                        	
                              
                           
                           99.58

                           
                        
                        	
                              
                           
                           0.166

                           
                        
                        	
                              
                           
                           0.236

                           
                        
                        	
                              
                           
                           0.177

                           
                        
                        	
                              
                           
                           0.325

                           
                        
                     

                     
                           	
                              
                           
                           100

                           
                        
                        	
                              
                           
                           99.31

                           
                        
                        	
                              
                           
                           100.33

                           
                        
                        	
                              
                           
                           1.038

                           
                        
                        	
                              
                           
                           0.519

                           
                        
                        	
                              
                           
                           0.142

                           
                        
                        	
                              
                           
                           0.107

                           
                        
                     

                     
                           	
                              
                           
                           150

                           
                        
                        	
                              
                           
                           99.56

                           
                        
                        	
                              
                           
                           100.81

                           
                        
                        	
                              
                           
                           0.509

                           
                        
                        	
                              
                           
                           0.185

                           
                        
                        	
                              
                           
                           0.070

                           
                        
                        	
                              
                           
                           0.187

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 6

                  Analysis of Marketed Pharmaceutical Dosage Form

               

               
                     
                        
                           	
                              
                           
                           Drug

                           
                        
                        	
                              
                           
                           Label 

                           
                        
                        	
                              
                           
                           Amt. 

                           
                        
                        	
                              
                           
                           Area(mAU)

                           
                        
                        	
                              
                           
                           Mean ± S.D

                           
                        
                        	
                              
                           
                           % Assay ± S.D

                           
                        
                        	
                              
                           
                           RSD

                           
                        
                     

                     
                           	
                              
                           
                           

                           
                        
                        	
                              
                           
                           claim(mg)

                           
                        
                        	
                              
                           
                           Found(mg)

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           (mAU)

                           
                        
                        	
                              
                           
                           (n=3)

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           CHL

                           
                        
                        	
                              
                           
                           6.25

                           
                        
                        	
                              
                           
                           6.22

                           
                        
                        	
                              
                           
                           1934337

                           
                        
                        	
                              
                           
                           1912651

                           
                        
                        	
                              
                           
                           1942136

                           
                        
                        	
                              
                           
                           1929708 ± 15277.82

                           
                        
                        	
                              
                           
                           99.60 ± 0.862

                           
                        
                        	
                              
                           
                           0.865

                           
                        
                     

                     
                           	
                              
                           
                           CIL

                           
                        
                        	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           9.90

                           
                        
                        	
                              
                           
                           2579270

                           
                        
                        	
                              
                           
                           2574241

                           
                        
                        	
                              
                           
                           2586652

                           
                        
                        	
                              
                           
                           2580054 ± 6242.56

                           
                        
                        	
                              
                           
                           99.06 ± 0.184

                           
                        
                        	
                              
                           
                           0.186

                           
                        
                     

                  
               

            

            
               
                  Instrumentation and Chromatographic conditions
                  
               
            

            The desired separation established by using Inertsil ODS (250 × 4.6) mm; 5 μm i.d. at (35±1) ͦ C, with 1.0 ml/min flow rate.
               Mobile phase A: Methanol: 0.025 M KH2PO4 buffer adjusted to pH 5.5 by 10% OPA (50:50 v/v) and Mobile phase B: ACN: 0.025 M KH2PO4 buffer adjusted to pH 5.5 by 10 % v/v OPA (75:25 v/v), was used in gradient mode. Photodiode array detector set at 225 nm
               with a run time of 20 mins. The gradient condition is described in Table  1.
            

            
               Preparation of standard and Sample
               
            

            The standard stock solutions 500 μg/ml of CIL and 125 μg/ml of CHL were prepared in methanol and later diluted to final concentrations
               as 20 µg/ml CIL and 12.5 µg/ml CHL.
            

            
               Preparation of sample mixture 
               
            

            About 20 tablets were accurately weighed and crushed. In 50 ml Vol. flask a quantity of powder equivalent to 6.25 mg of CHL
               or 10 mg of CIL was added. It was sonicated and filtered after the addition of MeOH; appropriately diluted to obtain 20 µg/ml
               CIL and 12.5 µg/ml CHL.
            

            Forced degradation study 
            

            CHL and CIL have undergone stress conditions as tabulated in Table  2.
            

            Method Validation 
            

            
               System Suitability
               
            

            Separately injected six replicate injections of Standard preparation of CHL and CIL solution having a concentration of 12.5
               μg/ml and 20 μg/ml respectively in the HPLC.
            

            
               Linearity
               
            

            The linearity of the method was observed in the range of 10-60 μg/ml for CIL & 6.25-37.5 μg/ml for CHL.

            
               Accuracy 
               
            

            The accuracy was ascertained by spiking 3 concentration levels 50, 100, and 150 % in three replicates of the targeted concentration
               of the analytes. The accuracy was revealed as percent analytes recovered by the proposed method.
            

            
               Precision
               
            

            The intra-day and inter-day precision of the method was carried out by analyzing sample solutions in three sets each of 50,
               100, and 150 % of assay concentration. It is performed within a day (three distinct timings) and 3 consecutive days.
            

            
               Specificity
               
            

            The specificity of the method was ascertained by analyzing diluent, placebo, standard, and tablet formulation to examine the
               % interference of excipients and their impurities with analytes peak. 
            

            
               Robustness
               
            

            The sample solutions were prepared and then analyzed with a change in the typical analytical conditions like Flow rate ± 10%,
               Mobile Phase ± 5%, pH ± 0.1. Observe the area and compare it with normal conditions.
            

         

         
               Results and Discussion

            
               Optimized chromatographic condition 
               
            

            The optimized separation was achieved by the chromatographic condition stated earlier, as shown in Figure  3. The System suitability parameters of the RP-HPLC method obtained for CHL and CIL is acceptable, as described in Table  3.
            

            
               Forced degradation study
               
            

            As the peak purity index is almost 0.999, there is no merging of peaks with sufficient degradation, as shown in Table  4 & in Figure  4. 

            
               Method validation
               
            

            The method was validated for various parameters, according to ICH Q2 (R1).

            
               Linearity 
               
            

            The correlation coefficients and regression equations for CHL and CIL were found to be R² = 0.9965, y = 138010x – 154200 and
               R² = 0.9966, y=141724x + 165176 respectively. The calibration curve of CIL and CHL are shown in Figure  5 and Figure  6.
            

            
               Accuracy
               
            

            The percentage recovery for CIL was found within 99.63-100.59, and that for CHL was found to be in the range of 100.24-100.51.
               Thus, the % recovery of both drugs is acceptable, as tabulated in Table  5.
            

            
               Precision
               
            

            RSD for Intraday and Inter day precision was found less than 2. Thus, the method is precise. Data for precision is demonstrated
               in Table  5.
            

            
               Specificity
               
            

            The % interference was less than 0.5 %, thus making specificity to be acceptable.

            
               Robustness
               
            

            RSD was found to be less than 2. Thus, the method is robust. 

            
               Assay of tablet dosage form 
               
            

            The result for CHL and CIL tablets assay was found to be satisfactory, are tabulated in Table  6.
            

         

         
               Conclusion 

            A specific, accurate, precise, and robust stability-indicating Gradient RP-HPLC method is developed and validated for the
               determination of Cilnidipine and Chlorthalidone in a tablet dosage form. Degradation was carried out at oxidation, hydrolysis,
               photolysis, and heat conditions. The method is good enough to separate the peaks of tablet dosage form from the degradation
               products (generated during stress condition) and peak purity was also passed. Order of stability for Cilnidipine and Chlorthalidone
               is Thermal> Oxidative >Alkali >Acidic. All these induce us to assure that stability-indicating assay can be used in a routine.
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