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ABSTRACT 

Background: Simultaneous estimation of low-dose, extended-release combinations in pharmaceutical 

preparations requires highly robust, sensitive, and validated analytical methods. This study presents a systematic 

Quality by Design (QbD)-assisted reversed-phase high-performance liquid chromatography (RP-HPLC) method 

for the simultaneous estimation of Pramipexole (PRA) and Rasagiline (RAS) in a synthetic mixture. 

Methods: A three-level factorial design utilizing Design-Expert software was employed to evaluate the impact 

of critical chromatographic factors-specifically the proportion of acetonitrile, flow rate, and column temperature-

on analytical target profile responses including retention times, tailing factors, and resolution. Chromatographic 

separation was achieved on a Zorbax SB C18 column (250 × 4.6 mm, 5 𝜇m) using a mobile phase consisting of 

acetonitrile and 0.1% ortho-phosphoric acid in water at an optimized flow rate of 0.5 mL/min and a detection 

wavelength of 210 nm. 

Results: Under optimized conditions, sharp, well-resolved peaks were obtained with retention times of 5.48 min 

for Pramipexole and 11.15 min for Rasagiline, and a resolution of 15.52. The method was validated in accordance 

with International Council for Harmonisation (ICH) guidelines, showing excellent linearity (𝑅2 > 0.999), high 

accuracy (mean recovery between 99.51% and 99.83%), and precision (RSD < 2%). Furthermore, forced 

degradation studies under acid, base, oxidative, and thermal stress conditions demonstrated the stability-indicating 

power of the method, effectively resolving intact drugs from degradation products. 

Conclusion: The developed QbD-assisted RP-HPLC method is reliable, accurate, and suitable for routine quality 

control and stability testing of Pramipexole and Rasagiline pharmaceutical formulations. 

 

Keywords: Quality by Design (QbD); RP-HPLC; Pramipexole; Rasagiline; Method validation; Forced 

degradation 

 

INTRODUCTION 

Pramipexole is a (6S)-N6-propyl-4,5,6,7-tetrahydro-1,3-benzothiazole-2,6-diamine. It is a drug used to treat the 

symptoms of Parkinson's Disease (PD). It is a non-ergot dopamine agonist drug that is efficacious in treating 

various Parkinson's symptoms such as tremor, rigidity, and bradykinesia. Pramipexole shows specificity and 

strong activity at the D2 subfamily of dopamine receptors in vitro, binding selectively and D2 receptors and 

showing a preference for the D3 receptor subtype rather than other subtypes. Rasagiline is a (1R)-N-(prop-2-yn-

1-yl)-2,3-dihydro-1H-inden-1-amine. Rasagiline is an indane that consists of 1-aminoindane bearing an N-

propargyl substituent. A selective, irreversible monoamine oxidase-B inhibitor. It has a role as an EC 1.4.3.4 

(monoamine oxidase) inhibitor and a neuroprotective agent. MAO-B inhibitory activity, which causes an increase 

in extracellular levels of dopamine in the striatum. 

 
Structure of Pramipexole     Structure of Rasagiline 

OBJECTIVE 

The combination is a low-dose, extended-release therapy (known as P2B001) to treat early Parkinson's disease 

with improved motor control and fewer side effects. The adoption of the Quality by Design (QbD) approach aligns 
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with the latest regulatory standards in method development, which focus on minimizing risks to quality. 

Therefore, the goal was to develop a QbD-based reverse phase high-performance liquid chromatographic (RP-

HPLC) method for the combination in its synthetic mixture. There are no reported methods by QbD for both 

combination as a synthetic mixture. So, the motivation is to develop, validate and study the forced degradation of 

the combination. 

 

EXPERIMENTAL WORK 

Method development by HPLC 

Preparation of standard stock solution 

Preparation of standard stock solution of PRA 

• Master Stock Solution: Accurately weighed 60 mg PRA dissolved in 100 ml acetonitrile (600 μg.ml-1). 

Withdraw 1.0 ml from above Solution and make up to 10 ml with methyl acetonitrile (60 μg.ml-1). 

• Standard Solution: Withdraw 1.0 ml from Master Stock Solution and make up to 10 ml with acetonitrile (6.0 

μg.ml-1). 

Preparation of standard stock solution of RAS 

• Master Stock Solution: Accurately weighed 75 mg RAS dissolved in 100 ml acetonitrile (750 μg.ml-1). 

Withdraw 1.0 ml from above Solution and make up to 10 ml with acetonitrile (75 μg.ml-1). 

• Standard Solution: Withdraw 1.0 ml from Master Stock Solution and make up to 10 ml with acetonitrile (7.5 

μg.ml-1). 

Preparation of standard stock solution of mixture 

• Master Stock Solution: Weigh accurately about 60 mg of PRA and 75 mg of RAS and transfer into a 100 ml 

volumetric flask. Make up the volume of the flask to the mark with acetonitrile. (600 µg/ml PRA + 750 µg/ml 

RAS). Transfer 1.0 ml of this solution to 10 ml volumetric flask, and make up the volume with acetonitrile, 

resulting solution gives 60 µg/ml PRA + 75 µg/ml RAS. 

• Standard Solution: 1.0 ml from Stock Solution and make up to 10 mL with acetonitrile (PRA+RAS = 6.0+7.5 

μg.ml-1). 

Selection of analytical wavelength 

 
UV Spectra of PRA 10 μg.ml-1 and RAS 10 μg.ml-1 were recorded and overlapped. Iso absorptive point was 

found at 226 nm, but absorbance of both the drug was significantly lower on this point. It was observed that, 

significant absorbance observed at 210 nm, it was selected as analytical wavelength for further trials. 

Selected factors based on Trial and Error for generation of design (Design Space) 

• Factor 1: Proportion of Acetonitrile 

• Factor 2: Flow rate of mobile phase 

• Factor 3: Temperature 

Effect of all the parameters will be checked on (Analytical Target Profile) 

• Resolution 

• Retention Time 

• Tailing Factor 

By taking above 3 factors in consideration, 3 Level Factorial design has been created by Design Expert 10 

software. 

Design Summary 

File Version: 10.0.1.0 

Study Type: Response Surface 

Subtype: Randomized 
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Design Type: 3 Level Factorial 

Runs: 27 

Design Model: Quadratic 

Blocks: No Blocks 

Build Time (ms): 5.00 

Facto

r 

Name Units Type Subtype Minimu

m 

Maximu

m 

Code

d 

Value

s 

Mea

n 

A Proportion 

of CAN 

ml Numeri

c 

Continuou

s 

20 30 -

1.000

= 20 

1.000

= 30 

25 

B Flow Rate ml/mi

n 

Numeri

c 

Continuou

s 

0.5 0.7 -

1.000

= 0.5 

1.000

= 0.7 

0.6 

C Temperatur

e 

˚C Numeri

c 

Continuou

s 

20 30 -

1.000

= 20 

1.000

= 30 

25 

AQbD Deign data set for (PRA+RAS = 6+7.5 μg/ml) 

Run Factor 1 

Proportion 

of CAN 

Factor 

2  

Flow 

Rate 

Factor 3 

Temperature 

Rt of 

PRA 

Rt of 

RAS 

Tf of 

PRA 

Tf of 

RAS 

Resolution 

1 25 0.6 20 3.59 7.24 1.88 1.48 11.77 

2 20 0.5 30 5.07 10.23 1.91 1.5 14.48 

3 30 0.5 30 2.74 5.51 1.71 1.34 8.59 

4 20 0.7 30 3.62 7.31 1.85 1.46 12.59 

5 25 0.7 25 2.93 5.91 1.8 1.43 10.24 

6 25 0.5 20 4.31 8.69 1.91 1.5 12.71 

7 25 0.6 25 3.42 6.9 1.83 1.45 11.77 

8 20 0.6 20 4.67 9.42 1.98 1.56 14.71 

9 20 0.7 20 4 8.07 1.95 1.54 13.77 

10 30 0.7 20 2.16 4.35 1.75 1.39 7.89 

11 20 0.6 30 4.24 8.52 1.88 1.48 13.53 

12 25 0.7 30 2.79 5.62 1.75 1.39 9.65 

13 20 0.5 20 5.6 11.3 1.98 1.58 15.65 

14 30 0.7 25 2.06 4.14 1.7 1.35 7.3 

15 30 0.6 30 2.28 4.59 1.68 1.33 7.65 

16 30 0.6 25 2.4 4.83 1.73 1.37 8.24 

17 30 0.7 30 1.95 3.94 1.65 1.31 6.71 

18 25 0.5 30 3.9 7.86 1.81 1.42 11.53 

19 20 0.6 25 4.45 8.97 1.93 1.52 14.12 

20 25 0.5 25 4.1 8.28 1.86 1.46 12.12 

21 30 0.5 20 3.02 6.08 1.81 1.43 9.77 

22 20 0.7 25 3.81 7.69 1.9 1.5 13.18 

23 25 0.7 20 3.08 6.21 1.85 1.46 10.83 

24 20 0.5 25 5.34 10.76 1.96 1.54 15.07 

25 30 0.5 25 2.88 5.8 1.76 1.38 9.18 

26 30 0.6 20 2.52 5.07 1.78 1.41 8.83 

27 25 0.6 30 3.25 6.55 1.77 1.42 10.59 
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Fig 1 3D surface plot for response 1 

 
Fig 2: Contour plot of response 1 

 
Fig 3: 3D surface plot for response 2 
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Fig 4: Contour plot of response 2 

 
Fig 5: 3D surface plot for response 3 

 
Fig 6: Contour plot of response 3 
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Fig 7: 3D surface plot for response 4 

 
Fig 8: Contour plot for response 4 

 
Fig 9: 3D surface plot for response 5 
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Fig 10: Contour plot for response 5 

Response 1: Rt of PRA 

Final Equation in terms of coded factors: 

Rt of PRA = +3.42 -1.04 * A - 0.59 * B - 0.17 * C + 0.18 * AB + 0.051 * AC + 0.028 * BC +3.889E-003 * A2 + 

0.096 * B2 + 5.556E-004 * C2 

Response 2: Rt of RAS 

Final Equation in terms of coded factors: 

Rt of RAS = +6.90 -2.11 * A - 1.18 * B - 0.35 * C + 0.35 * AB + 0.11 * AC + 0.059 * BC +3.333E-003 * A2 + 

0.20 * B2 + 0.000 * C2 

Response 3: Tf of PRA 

Final equation in terms of coded factors: 

Full model: 

Tf of PRA = +1.83 -0.098 * A -0.028 * B - 0.049 * C 

Response 4: Tf of RAS 

Final equation in terms of coded factors: 

Tf of RAS = +1.44 -0.076 * A -0.018 * B - 0.039 * C 

Response 5: Resolution 

Final equation in terms of coded factors: 

Resolution = +11.20 - 2.94 * A - 0.94 * B - 0.59 * C 

 
Fig 11: Prediction of Dependent and Independent variables by Design Expert Software 

 

Chromatographic Condition after optimization by Design Expert Software 

Mobile Phase Acetonitrile (20 v/v) - optimized 

0.1% OPA in water (80 v/v) 

Temperature 22 ˚C - optimized 

Selection of stationary phase Zorbax SB C18, 250*4.6 mm, 5 µm 

Flow Rate 0.5 ml/min - optimized 
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Injection volume 10 µl 

Analytical wavelength 210 nm 

 

 
Fig 12: Chromatogram under optimized condition after QbD 

Parameter Predicted value Actual Value 

Retention time of PRA 5.45 5.48 

Retention time of RAS 11.00 11.15 

Tailing factor of PRA 1.98 1.87 

Tailing Factor of RAS 1.55 1.48 

Resolution 15.38 15.52 

System Suitability Parameters 

Solution of PRA+RAS (6.0+7.5 µg/ml) was injected 3 times for determination of System suitability parameters 

which includes Retention time (Rt), Tailing factor (Tf), Resolution (Rs) and number of theoretical plates. System 

suitability parameters for selected concentration were determined by RSD. 

Retention Time Tailing Factor Theoretical Plates Resolution 

           

 
PRA RAS 

 
PRA RAS 

 
PRA RAS 

  

1 

5.48 11.15 

 

1.87 1.48 

 

8745 11263 

 

15.52 

2 

5.49 11.21 

 

1.84 1.45 

 

8856 11524 

 

15.47 

3 

5.51 11.26 

 

1.81 1.47 

 

8691 11366 

 

15.56 

Mean 

5.49 11.21 

Mean 

1.84 1.47 

Mean 

8764.00 11384.33 

Mean 

15.52 

SD 

0.02 0.06 

SD 

0.03 0.02 

SD 

84.12 131.46 

SD 

0.05 

RSD 

0.28 0.49 

RSD 

1.63 1.04 

RSD 

0.96 1.15 

RSD 

0.29 

Analytical Method Validation 

 

1. Linearity and range 

Preparation of Solution for linearity studies: 

Weigh accurately about 60 mg of PRA, 75 mg of RAS and transfer into a 100 ml volumetric flask. Make up the 

volume of the flask to the mark with Methanol. (600 µg/ml PRA + 750 µg/ml RAS). Transfer 1.0 ml of this 

solution to 10 ml volumetric flask, and make up the volume with methanol, resulting solution gives 60 µg/ml 

PRA + 75 µg/ml RAS. Various aliquots were prepared from this solution for linearity. 
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Chromatogram of Linearity Overlay 

 

2. Repeatability 

Prepared standard working solution of mixtures having concentration of PRA (3.0 to 15.0 µg/ml) and RAS (3.75 

to 18.75 µg/ml) were injected at volume of 20 µL into column by employing optimized chromatographic 

conditions. Each standard mixture was injected 5 time and peak area was monitored. Each concentration was 

monitored for repeatability by RSD. 

 
 

3. Limit of detection (LOD) and Limit of quantification (LOQ) 

 

 
 

LOD and LOQ 
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 PRA RAS 

LOD 0.185328 0.089105 

LOQ 0.5616 0.270014 

4. Accuracy 

Accuracy of the analytical method has been performed by spiking of placebo with the standard. Spiking of the 

sample was performed at 50, 100 and 150 % of the target concentration. 

Preparation of sample solution: As per procedure of assay. 

Preparation of standard solution: As per procedure of linearity. 

Each solution was chromatographed for 3 time and area obtained was subjected to statistical analysis to get idea 

about mean % recovery.  
PRA  
50% 

 
100% 

 
150%  

Amount of drug 

recovered 

% 

Recovery 

 
Amount of 

drug 

recovered 

% Recovery 
 

Amount of 

drug 

recovered 

% Recovery 

Mean 2.99 99.67 
 

5.99 99.83 
 

8.98 99.81 

SD 0.05 1.53 
 

0.10 1.64 
 

0.10 1.16 

 

 RAS 

 50% 
 

100% 
 

150% 

 Amount of 

drug 

recovered 

% 

Recovery 

 
Amount of 

drug 

recovered 

% Recovery 
 

Amount of 

drug 

recovered 

% 

Recovery 

Mean 3.74 99.73 
 

7.46 99.51 
 

11.20 99.56 

SD 0.05 1.33 
 

0.07 0.87 
 

0.12 1.03 

5. Intraday Precision and Interday Precision 

• Method precision was determined by performing intraday and interday precision. 

• Mixture that represents overall range (PRA+RAS = 3+3.75, 9+11.25 and 15+18.75 µg/ml) were analyzed on 

same day at different time interval for intraday precision. 

• Mixture that represents overall range (PRA+RAS = 3+3.75, 9+11.25 and 15+18.75 µg/ml) were analyzed on 

different days for interday precision.  
Intraday Precision   

PRA 
   

RAS 
 

 
3 9 15 

 
3.75 11.25 18.75 

MEAN 65834.00 202073.67 328205.67 
 

294197.67 887580.67 1442919.33 

SD 996.92 2398.03 2991.89 
 

4265.79 9849.01 10207.07 

RSD 1.51 1.19 0.91 
 

1.45 1.11 0.71 

  
Inter-day Precision   

PRA 
   

RAS 
 

        

 
3 9 15 

 
3.75 11.25 18.75 

MEAN 65691.00 202781.00 327680.33 
 

294621.67 887101.67 1443185.67 

SD 1025.78 2488.03 3160.47 
 

4427.68 10329.30 10916.49 

RSD 1.56 1.23 0.96 
 

1.50 1.16 0.76 

6. ASSAY 

Sample Preparation: Weigh placebo (as mentioned in accuracy, 60 mg of PRA and 75 mg of RAS, and transfer 

into a 100 ml volumetric flask. Make up the volume of the flask to the mark with Methanol. (600 µg/ml PRA + 

750 µg/ml RAS). Sonicate this solution for 5 minutes and filter it. Transfer 1.0 ml of this filtrate to 10 ml 

volumetric flask, and make up the volume with methanol, resulting solution gives 60 µg/ml PRA + 75 µg/ml 

RAS. 

Test solution: withdraw 1ml from above solution in 10 mL volumetric flask; make up the volume with methyl 

alcohol. (6.0 µg/ml PRA + 7.5 µg/ml RAS) 

PRA 
 

RAS        

 
Amount Found %Assay 

  
Amount Found %Assay 

Mean 6.00 99.94 
 

Mean 7.47 99.64 

SD 0.08 1.39 
 

SD 0.05 0.67 

RSD 1.39 1.39 
 

RSD 0.67 0.67 
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FORCED DEGRADATION STUDIES 

1. Acid hydrolysis 

Solution A: Weigh accurately about 60 mg of PRA, 75 mg of RAS and transfer into a 100 ml volumetric flask. 

Make up the volume of the flask to the mark with Methanol. (600 µg/ml PRA + 750 µg/ml RAS). Transfer 1.0 

ml of this solution to 10 ml volumetric flask, and make up the volume with methanol, resulting solution gives 60 

µg/ml PRA + 75 µg/ml RAS. 

STEP 1: From the above solution A, take 1.0 mL and transfer it to a 10 ml volumetric flask and add 5 ml of 0.5N 

HCl. Heat the flask at 70 Degrees on Hot plate for 1 Hr. After the heating cool down the solution and neutralize 

the contents with 1N KOH or NaOH. Make up the volume up to mark with mobile phase if necessary. (Filter the 

solution if precipitates are observed). (PRA+RAS = 6+7.5 μg.ml-1) 

STEP 2: Inject 10 µL of the above solution and observe the chromatogram. 

 
Fig 13: Chromatogram of Acid Hydrolysis (Treated sample): With 0.1N HCl and refluxed for 1 hr at 60ºC 

Sr. No Drug Area % Degradation 

Zero Hour Treated 

1 Pramipexole 135746 120162 11.48 

2 Rasagiline 594622 533911 10.21 

 

 
Fig 14: Chromatogram of Acid Hydrolysis (Treated sample): With 0.5N HCl and refluxed for 30 min. at 70ºC 

Sr. No Drug Area % Degradation 

Zero Hour Treated  

1 Pramipexole 135746 112371 18.75 

2 Rasagiline 594622 499839 16.99 

2. Base Hydrolysis 

Solution A: Weigh accurately about 60 mg of PRA, 75 mg of RAS and transfer into a 100 ml volumetric flask. 

Make up the volume of the flask to the mark with Methanol. (600 µg/ml PRA + 750 µg/ml RAS). Transfer 1.0 

ml of this solution to 10 ml volumetric flask, and make up the volume with methanol, resulting solution gives 60 

µg/ml PRA + 75 µg/ml RAS. 

STEP 1: From the above solution A, take 1.0 mL and transfer it to a 10 ml volumetric flask and add 5 ml of 0.5N 
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NaOH. Heat the flask at 70 Degrees on Hot plate for 1 Hr. After the heating cool down the solution and neutralize 

the contents with 1N HCl. Make up the volume up to mark with mobile phase if necessary. (Filter the solution, if 

precipitates are observed). (PRA+RAS = 6+7.5 μg.ml-1) 

STEP 2: Inject 10 µL of the above solution and observe the chromatogram 

 
Fig 17: Chromatogram of Base Hydrolysis (Treated sample): With 0.1N NaOH and refluxed for 1 hr at 60ºC 

Sr. No Drug Area % Degradation 

Zero Hour Treated  

1 Pramipexole 135463 120210 11.26 

2 Rasagiline 594708 514125 13.55 

 

 
Fig 18: Chromatogram of Base Hydrolysis (Treated sample): With 0.5N NaOH and refluxed for 30 min. at 70ºC 

Sr. No Drug Area % Degradation 

Zero Hour Treated 

1 Pramipexole 135463 110037 18.96 

2 Rasagiline 594708 480286 19.54 

3. Oxidative Stress 

Solution A: Weigh accurately about 60 mg of PRA, 75 mg of RAS and transfer into a 100 ml volumetric flask. 

Make up the volume of the flask to the mark with Methanol. (600 µg/ml PRA + 750 µg/ml RAS). Transfer 1.0 

ml of this solution to 10 ml volumetric flask, and make up the volume with methanol, resulting solution gives 60 

µg/ml PRA + 75 µg/ml RAS. 

STEP 1: From the above solution A, take 1.0 mL and transfer it to a 10 ml volumetric flask and add 5 ml of 3% 

Hydrogen peroxide. Heat the flask at 70 Degrees on Hot plate for 1 Hr. After the heating cool down the solution, 

dilute the contents up to mark with mobile phase if necessary. (Filter the solution, if precipitates are observed). 

(PRA+RAS = 6+7.5 μg.ml-1) 

STEP 2: Inject 10 µL of the above solution and observe the chromatogram 
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Fig 21: Chromatogram of Oxidative Stress (Treated sample): With 1% H2O2 and refluxed for 1 hr at 60ºC 

Sr. No Drug Area % Degradation 

Zero Hour Treated  

1 Pramipexole 135866 122580 9.58 

2 Rasagiline 594882 535275 10.02 

 

 
Fig 22: Chromatogram of Oxidative Stress (Treated sample): Exposed with 3% H2O2 at 70˚C for 1 hr 

Sr. No Drug Area % Degradation 

Zero Hour Treated  

1 Pramipexole 135866 120581 11.25 

2 Rasagiline 594882 521295 12.37 

4. Thermal Stress 

STEP 1: Weigh accurately about 60 mg of PRA and 75 mg of RAS into a petri plate and keep it under hot air 

oven at 70 degrees for 3 hours. After exposure remove the plate and rinse the contents with methanol in to a 100 

ml volumetric flask. Make up the volume to mark with methanol. Further take 1 ml from the above solution in a 

10 ml volumetric flask and dilute the contents with mobile phase. (PRA+RAS = 6+7.5 μg.ml-1) 

STEP 2: Inject 10 µL of the above solution and observe the chromatogram. 

 
Fig 25: Chromatogram of Thermal stress (Treated sample) for 70°C for 1 Hr 

Sr. No Drug Area % Degradation 

Zero Hour Treated  
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1 Pramipexole 135894 132347 2.61 

2 Rasagiline 594911 573851 3.54 

 

 
Fig 26: Chromatogram of Thermal stress (Treated sample) for 70°C for 2 Hrs 

Sr. No Drug Area % Degradation 

Zero Hour Treated  

1 Pramipexole 135894 123786 8.91 

2 Rasagiline 594911 538038 9.56 

 

 
Fig 27: Chromatogram of Thermal stress (Treated sample) for 70°C for 3 Hrs 

Sr. No Drug Area % Degradation 

Zero Hour Treated  

1 Pramipexole 135894 116108 14.56 

2 Rasagiline 594911 500796 15.82 

 

 

CONCLUSION 

In this study, a robust, systematic, and eco-efficient RP-HPLC method was successfully developed and validated 

for the simultaneous estimation of Pramipexole (PRA) and Rasagiline (RAS) in synthetic mixtures. By integrating 

a Quality by Design (QbD) approach via a three-level factorial design using Design-Expert software, the critical 

chromatographic parameters-including the proportion of acetonitrile, flow rate, and column temperature-were 

rigorously optimized to achieve excellent resolution and peak symmetry within a short run time. 

The method validation, performed in strict accordance with ICH guidelines, confirmed that the developed assay 

is linear, accurate, precise, and robust across the specified ranges. Furthermore, forced degradation studies 

demonstrated the stability-indicating capability of the method, effectively resolving the intact drug peaks from 

their respective degradation products generated under acid, base, oxidative, and thermal stress conditions. 

Consequently, this QbD-assisted RP-HPLC method can be reliably employed for routine quality control analysis, 

stability testing, and regulatory evaluation of Pramipexole and Rasagiline pharmaceutical formulations in 

industrial and research settings. 
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Nomenclature & Abbreviations 

Abbreviation Expanded Term 

ACN Acetonitrile 

DoE Design of Experiments 

ICH International Council for Harmonisation 

LOD Limit of Detection 

LOQ Limit of Quantification 

OPA Ortho-phosphoric acid 

PRA Pramipexole 

QbD Quality by Design 

RAS Rasagiline 

RSD Relative Standard Deviation 

Rt Retention time 

RP-HPLC Reversed-Phase High-Performance Liquid Chromatography 

Tf Tailing factor 

UV Ultraviolet 
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