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ABSTRACT 

High Performance Liquid Chromatography (HPLC) is one mode of chromatography, one of the 

most used analytical techniques. Letrozole is indicated to treat postmenopausal women with 

hormone receptor (HR) positive early breast cancer, postmenopausal women with early breast 

cancer who have previously been treated with tamoxifen, and postmenopausal women with HR+ 

or unknown advanced breast cancer. Letrozole, given with Ribociclib, is indicated to treat pre and 

postmenopausal women with HR+ and human epidermal growth factor 2 (HER2) negative 

advanced or metastatic breast cancer. The present aim of the study is to development of Letrozole 

and Ribociclib HPLC method and validation of the test substance. The estimation of Letrozole and 

Ribociclib was done by RP-HPLC. The assay of Letrozole and Ribociclib was performed with 

tablets and the % assay was found to be 98.29 and 99.55 which shows that the method is useful 

for routine analysis. The robustness limit for mobile phase variation and flow rate variation are 

well within the limit, which shows that the method is having good system suitability and precision 

under given set of conditions. 
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1. INTRODUCTION 

High Performance Liquid Chromatography 

(HPLC) is one mode of chromatography, one 

of the most used analytical techniques. 

Chromatographic process can be defined as 

separation technique involving mass-transfer 

between stationary and mobile phase [1, 2]. 

Letrozole, is an oral non-steroidal type II 

aromatase inhibitor. It is a third generation 

aromatase.inhibitor.like exemestane and anas

trozole, meaning it does not significantly 

affect cortisol, aldosterone, and thyroxin [3]. 

Letrozole is indicated to treat postmenopausal 

women with hormone receptor (HR) positive 

early breast cancer, postmenopausal women 

with early breast cancer who have previously 

been treated with tamoxifen, and 

postmenopausal women with HR+ or 

unknown advanced breast cancer. Letrozole, 

given with Ribociclib, is indicated to treat pre 

and postmenopausal women with HR+ and 

human epidermal growth factor 2 (HER2) 

negative advanced or metastatic breast cancer 

[4]. Ribociclib is a selective cyclin-dependent 

kinase inhibitor, a class of drugs that help slow 

the progression of cancer by inhibiting two 

proteins called cyclin-dependent kinase 4 and 

6 (CDK4/6).

Figure 1a: Structure of Letrozole   Figure 1b: Structure of Ribociclib 

 

2. Materials: 

Letrozole (LET) and Ribociclib (RIC), was 

obtained from Novartis Health care, India. 

Acetonitrile, Methanol, HPLC Grade water, 

and Ortho phosphoric acid from Sigma 

Aldrich USA. 

3. HPLC Method Development [5]: 

3.1 Wave length selection: 

UV spectrum of 10 µg / ml Ribociclib and 

Letrozole in diluents (mobile phase 

composition) was recorded by scanning in the 

range of 200nm to 400nm. From the UV 

spectrum wavelength selected as 227. At this 

wavelength both the drugs show good 

absorbance. 

3.2 Optimization of Column: 
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Waters C18 (4.6 x 250mm, 5.0µm) was found 

to be ideal as it gave good peak shape and 

resolution at 1.2 ml/min flow. 

3.4 Optimized Chromatographic 

Conditions: 

Instrument used: High performance liquid 

chromatography equipped with Auto         

Sampler and PDA or UV detector.   

Temperature: Ambient 

Column: Waters C 18 (4.6 x 250mm, 5.0m) 

Buffer: 0.1% ortho phosphoric acid buffer 

Mobile phase: 25% buffer: 75% Methanol 

Flow rate: 1.0 ml per min 

Wavelength: 227 nm 

Injection volume: 20 l 

Run time: 10min. 

3.5 Preparation of Buffer and Mobile 

Phase: 

3.5.1 Preparation of 0.1% Ortho 

phosphoric acid buffer: 

Pipetted 1 ml of ortho phosphoric acid in 100 

ml HPLC water. 

3.5.2 Preparation of mobile phase: 

Mix a mixture of above buffer 250 ml (25%) 

and 750 ml Methanol HPLC (75%) and degas 

in ultrasonic water bath for 5 minutes. Filter 

through 045 µ filter under vacuum filtration. 

Diluent Preparation: 

Use the Mobile phase as Diluents. 

3.6 Validation Parameters [6, 7]: 

3.6.1 Assay [8, 9]: 

Standard Solution Preparation: 

Accurately weigh and transfer 200 mg of 

Ribociclib and 2.5 mg of Letrozole working 

standard into a 100ml clean dry volumetric 

flask add Diluents and sonicate to dissolve it 

completely and make volume up to the mark 

with the same solvent. (Stock solution.) 

Further pipette 1.5 ml of Ribociclib and 

Letrozole of the above stock solution into a 

10ml volumetric flask and dilute up to the 

mark with Diluents. 

Sample Solution Preparation: 

Accurately weigh and transfer equivalent to 

200 mg of Ribociclib and 2.5 mg Letrozole 

equivalent weight of the sample into a 100ml 

clean dry volumetric flask add about 70ml of 

Diluents and sonicate to dissolve it completely 

and make volume up to the mark with the 

same solvent. (Stock solution). Further pipette 

1.5 ml of Ribociclib & Letrozole of the above 

stock solution into a 10ml volumetric flask 

and dilute up to the mark with Diluents. 

Procedure: 

Inject 20 L of the standard, sample into the 

chromatographic system and measure the 

areas for the Ribociclib and Letrozole peaks 

and calculate the %Assay by using the 

formulae. 

3.6.2 Linearity [10, 11]:  

Preparation of Level – I (100 ppm & 

1.25ppm of Ribociclib & Letrozole):  
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0.5 ml of stock solution has taken in 10ml of 

volumetric flask dilute up to the mark with 

Diluents.  

Preparation of Level – II (200 ppm 

&2.5ppm of Ribociclib & Letrozole): 

1 ml of stock solution has taken in 10ml of 

volumetric flask dilute up to the mark with 

Diluents. 

Preparation of Level – III (300 ppm & 

3.75ppm of Ribociclib & Letrozole):  

1.5 ml of stock solution has taken in 10ml of 

volumetric flask dilute up to the mark with 

Diluents. 

Preparation of Level – IV (400 ppm & 5 

ppm of Ribociclib & Letrozole): 

2ml of stock solution has taken in 10ml of 

volumetric flask dilute up to the mark with 

Diluents.  

Preparation of Level – V (500 ppm & 

6.25ppm of Ribociclib & Letrozole): 

2.5ml of stock solution has taken in 10ml of 

volumetric flask dilute up to the mark with 

Diluents. 

Procedure:  

Inject each level into the chromatographic 

system and measure the peak area. Plot a 

graph of peak area versus concentration (on 

X-axis concentration and on Y-axis Peak area) 

and calculate the correlation coefficient. 

3.6.3 Precision [12, 13]: 

Preparation of stock Solution: 

Accurately weigh and transfer 200 mg of 

Ribociclib and 2.5 mg of Letrozole working 

standard into a 100ml clean dry volumetric 

flask add about 70ml of Diluents and sonicate 

to dissolve it completely and make volume up 

to the mark with the same solvent. (Stock 

solution). Further pipette 1.5 ml of Ribociclib 

and Letrozole the above stock solution into a 

10ml volumetric flask and dilute up to the 

mark with Diluents. 

Procedure: 

The standard solution was injected for six 

times and measured the area for all five 

injections in HPLC. The mean and percentage 

relative standard deviation were calculated 

from the peak areas. 

3.6.4 Intermediate Precision [14]: 

To evaluate the intermediate precision (also 

known as Ruggedness) of the method, 

Precision was performed on different day 

within the laboratory.  Pipette 1.5 ml of 

Ribociclib & Letrozole the above stock 

solution into a 10ml volumetric flask and 

dilute up to the mark with Diluents. 

Procedure: 

The standard solution was injected for five 

times and measured the area for all six 

injections in HPLC. The %RSD for the area of 

five replicate injections were calculated. 

3.6.5 Accuracy [15]: 
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For accuracy determination, three different 

concentrations were prepared separately i.e. 

50%, 100% and 150% for the analyte and 

chromatograms are recorded for the same. 

Pipette 1.5 ml of Ribociclib and Letrozole the 

above stock solution into a 10ml volumetric 

flask and dilute up to the mark with Diluents. 

Preparation Sample solutions: 

For preparation of 50% solution (With 

respect to target Assay concentration): 

Accurately weigh and transfer 100 mg of 

Ribociclib and 1.25 mg of Letrozole working 

standard into a 100ml clean dry volumetric 

flask add about 70 ml of Diluents and sonicate 

to dissolve it completely and make volume up 

to the mark with the same solvent. (Stock 

solution). Further pipette 1.5 ml of Ribociclib 

and Letrozole the above stock solution into a 

10ml volumetric flask and dilute up to the 

mark with Diluents 

For preparation of 100% solution (With 

respect to target Assay concentration): 

Accurately weigh and transfer 200 mg of 

Ribociclib and 2.5 mg of Letrozole working 

standard into a into a 100ml clean dry 

volumetric flask add about 70ml of Diluents 

and sonicate to dissolve it completely and 

make volume up to the mark with the same 

solvent. (Stock solution). Further pipette 1.5 

ml of Ribociclib & Letrozole the above stock 

solution into a 10ml volumetric flask and 

dilute up to the mark with Diluents.         

For preparation of 150% solution (With 

respect to target Assay concentration): 

Accurately weigh and transfer 300 mg of 

Ribociclib and 3.75 mg of Letrozole 

equivalent weight of tablet powder into a 

100ml clean dry volumetric flask add about 

7ml of Diluents and sonicate to dissolve it 

completely and make volume up to the mark 

with the same solvent. (Stock solution). 

Further pipette 1.5 ml of Ribociclib and 

Letrozole the above stock solution into a 10ml 

volumetric flask and dilute up to the mark 

with Diluents 

Procedure: 

Inject the standard solution, Accuracy -50%, 

Accuracy -100% and Accuracy -150% 

solutions. Calculate the Amount found and 

Amount added for Ribociclib and Letrozole 

and calculate the individual recovery and 

mean recovery values. 

3.6.6 Limit of Detection [16]: 

Preparation of Ribociclib solution:   

Accurately weigh and transfer 200 mg of 

Ribociclib working standard into a 100ml 

clean dry volumetric flask add about 70ml of 

Diluents and sonicate to dissolve it completely 

and make volume up to the mark with the 

same solvent. (Stock solution). Further pipette 

1.5 ml of Ribociclib the above stock solution 



P. Poojitha et al                                                                                                                                                 Research Article 
 

 
600 

IJBPAS, February, 2025, 14(2) 

into a 10ml volumetric flask and dilute up to 

the mark with Diluent. 

Preparation of 0.013µg/ml solution: 

Further pipette 0.5ml of the above stock 

solution into a 10ml volumetric flask and 

dilute up to the mark with Diluent. 

Further pipette 0.1 ml of the above stock 

solution into a 10ml volumetric flask and 

dilute up to the mark with Diluent. 

Preparation of Letrozole solution: 

Accurately weigh and transfer 2.5 mg of 

Letrozole working standard into a 100ml 

clean dry volumetric flask add about 70ml of 

Diluents and sonicate to dissolve it completely 

and make volume up to the mark with the 

same solvent. (Stock solution). Further pipette 

1.5 ml of Letrozole the above stock solution 

into a 10ml volumetric flask and dilute up to 

the mark with Diluent. 

Preparation 0.002µg/ml solution: 

Further pipette 0.1ml of the above stock 

solution into a 10ml volumetric flask and 

dilute up to the mark with Diluents. 

Further pipette 0.7ml of the above stock 

solution into a 10ml volumetric flask and 

dilute up to the mark with Diluents. 

3.6.7 Limit of Quantification: 

Preparation of Ribociclib solution:   

Preparation of 0.044µg/ml solution: 

Further pipette 1ml of the above stock solution 

into a 10ml volumetric flask and dilute up to 

the mark with Diluent. 

Further pipette 0.2ml of the above stock 

solution into a 10ml volumetric flask and 

dilute up to the mark with Diluent. 

Preparation of Letrozole solution:   

Preparation of 0.008µg/ml solution: 

Further pipette 1ml of the above stock solution 

into a 10ml volumetric flask and dilute up to 

the mark with Diluent. 

Further pipette 0.28of the above stock solution 

into a 10ml volumetric flask and dilute up to 

the mark with Diluent. 

3.6.8 Robustness: 

As part of the Robustness, deliberate change 

in the Flow rate, Mobile Phase composition, 

Temperature Variation was made to evaluate 

the impact on the method. 

a) The flow rate was varied at 0.9 ml/min to 

1.1ml/min. 

Standard solution 300 and 3.75 µg/ml of 

Ribociclib & Letrozole prepared and analysed 

using the varied flow rates along with method 

flow rate.  

b) The Organic composition in the Mobile 

phase was varied from 67.5% to 82.5%  

Standard solution 300 and 3.75 µg/ml of 

Ribociclib and Letrozole was prepared and 

analysed using the varied Mobile phase 
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composition along with the actual mobile 

phase composition in the method. 

4. RESULTS AND DISCUSSION 

4.1 System Suitability:  

 

 

 
Figure 2: Chromatogram for system suitability 

 
Table 1: Results of system suitability parameters 

S. No. Name RT (min) Area (µV 
sec) 

Height (µV) USP 
resolution 

USP 
tailing 

USP plate 
count 

1 Letrozole 2.043 181180 38253 - 1.02 6932.07 
2 Ribociclib 2.529 646973 102033 8.19 0.98 8618.83 

 

Acceptance criteria: 

Resolution between two drugs must be not 

less than 2. 

Theoretical plates must be not less than 2000. 

Tailing factor must be not more than 2. 

It was found from above data that all the 

system suitability parameters for developed 

method were within the limit. 

5. Validation Parameters: 

5.1 Assay:  

Standard and sample solution injected as 

described under methodology. The 

corresponding chromatograms and results are 

shown below. 

Table 2: Results of Assay for Letrozole and Ribociclib 
Drug Label Claim (mg) % Assay 

Letrozole 2.5 99.58 
Ribociclib 200 99.61 
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5.2 Linearity: 

The linearity range was found to lie from 100 

µg/ml to 500 µg/ml of Ribociclib, 1.25 µg/ml 

to 6.25µg/ml 0f Letrozole and chromatograms 

are shown below. 

Table 3: Area of different concentration of Letrozole and Ribociclib 

S. No  

Letrozole Ribociclib 
Concentration (µg/ml) Area Concentration (µg/ml) Area 

1 1.25 55850 100 200485 
2 2.5 112430 200 434774 
3 3.75 171371 300 653981 
4 5 226421 400 854921 
5 6.25 285508 500 1086071 

 
 
 

Figure 3a: Calibration graph for Letrozole   Figure 3b: Calibration graph for Ribociclib 

 

Acceptance criteria: 

Correlation coefficient (R2) should not be less 

than 0.999 

Inference: The correlation coefficient 

obtained was 0.999 which is in the acceptance 

limit.  

5.3 Precision: 

Precision of the method was carried out for 

both sample solutions as described under 

experimental work. The corresponding 

chromatograms and results are shown below. 

Table 4: Results of Precision 
Injection Area of Letrozole Area of Ribociclib 

Injection-1 188313 651495 
Injection-2 186597 646216 
Injection-3 186341 656415 
Injection-4 186517 655243 
Injection-5 186785 656618 
Injection-6 186528 652235 

Average 186846.83 653037 
Standard Deviation 732.42 3966.05 

%RSD 0.39 0.61 
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Acceptance criteria: %RSD for sample 

should be NMT 2. 

Inference: The %RSD for the standard 

solution is below 1, which is within the limits 

hence method is precise. 

5.4 Intermediate Precision  

There was no significant change in assay 

content and system suitability parameters at 

different conditions of ruggedness like day to 

day and system to system variation. 

 Table 5: Results of Intermediate precision for Letrozole 

 

Acceptance criteria: %RSD of five different 

sample solutions should not more than 2 

Inference: The %RSD obtained is within the 

limit, hence the method is rugged. 

5.5 Accuracy: 

Sample solutions at different concentrations 

(50%, 100%, and 150%) were prepared and 

the % recovery was calculated. 

 
Table 6: Accuracy (recovery) data for Letrozole 

% Concentration 
(at specification Level) 

Area* 
Amount Added 

(mg) 
Amount Found 

(mg) 
% Recovery Mean Recovery 

50% 91538 1.25 1.248 99.92 
99.09 100% 182946 2.5 2.49 99.26 

150% 271357 3.75 3.69 98.09 
*Average of three determinations 

 
Table 7: Accuracy (recovery) data for Ribociclib 

% Concentration 
(at specification Level) 

Area* 
Amount Added 

(mg) 
Amount Found 

(mg) 
% Recovery Mean Recovery 

50% 325703 100 100.09 101.87 
100.73 100% 669000 200 199.95 99.51 

150% 978498 300 300.12 100.82 
*Average of three determinations 

 

Acceptance Criteria: The percentage 

recovery was found to be within the limit (97-

103%). 

Inference: The results obtained for recovery 

at 50%, 100%, 150% are within the limits. 

Hence method is accurate. 

5.6 Limit of Detection for Letrozole and 

Ribociclib 

The lowest concentration of the sample was 

prepared with respect to the base line noise 

and measured the signal to noise ratio. 

Injection Area of Letrozole Area of Ribociclib 
Injection-1 186307 658768 
Injection-2 187952 654831 
Injection-3 187181 649669 
Injection-4 186797 644577 
Injection-5 189558 654694 
Injection-6 187804 658902 

Average 187599.8 653573.5 
Standard Deviation 1139.4 5556.9 

%RSD 0.61 0.85 
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Table 8: Results of LOD 
Drug name Baseline noise(µV) Signal obtained (µV) S/N ratio 
Letrozole 58 173 2.98 
Ribociclib 58 171 2.95 

 

Acceptance criteria: Signal to noise ratio 

shall be 3 for LOD solution 

Inference: The result obtained is within the 

limit. 

5.7 Limit of Quantification for Letrozole 

and Ribociclib 

The lowest concentration of the sample was 

prepared with respect to the base line noise 

and measured the signal to noise ratio. 

 
Table 9: Results of LOQ 

Drug name Baseline noise(µV) Signal obtained (µV) S/N ratio 
Letrozole 58 577 9.95 
Ribociclib 58 579 9.98 

 

Acceptance criteria: Signal to noise ratio shall 

be 10 for LOQ solution 

Inference: The result obtained is within the 

limit. 

5.8 Robustness: 

The standard and samples of Letrozole and 

Ribociclib were injected by changing the 

conditions of chromatography. There was no 

significant change in the parameters like 

resolution, tailing factor, asymmetric factor, 

and plate count. 

 
Table 10: Results for variation in flow for Letrozole 

 
S. No. 

 
Flow Rate (ml/min) 

System Suitability Results 
USP Plate Count USP Tailing 

1 0.9 7608.51 1.00 

2 1.0 6932.07 1.02 
3 1.1 7384.51 1.02 

 
 

Table 11: Results for variation in flow for Ribociclib 
 

S. No. 
 

Flow Rate (ml/min) 
System Suitability Results 

USP Plate Count USP Tailing 
1 0.9 9343.22 0.96 
2 1.0 8618.83 0.98 
3 1.1 8679.82 0.98 

* Results for actual flow (1.0ml/min) have been considered from Assay standard. 
 

Table 12: Results for variation in mobile phase composition for Letrozole 

S. No. 
Change in Organic 

Composition in the Mobile 
Phase 

System Suitability Results 

USP Plate Count USP Tailing 

1 10% less 2071.65 1.78 
2 *Actual 2947.68 1.71 
3 10% more 2994.24 1.77 
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Table 13: Results for variation in mobile phase composition for Ribociclib 

S. No. 
Change in Organic 

Composition in the Mobile 
Phase 

System Suitability Results 

USP Plate Count USP Tailing 

1 10% less 3224.22 1.68 
2 *Actual 3826.77 1.61 
3 10% more 3824.86 1.61 

* Results for actual Mobile phase composition have been considered from Accuracy standard. 

 

Inference: The Retention time, USP plate 

count, USP tailing factor obtained for change 

of flow rate, variation in mobile phase was 

found to be within the acceptance criteria. 

Hence the method is robust. 

6. CONCLUSION: The estimation of 

Letrozole and Ribociclib was done by RP-

HPLC. The assay of Letrozole and Ribociclib 

was performed with tablets and the % assay 

was found to be 98.29 and 99.55 which shows 

that the method is useful for routine 

analysis.  The linearity of Letrozole and 

Ribociclib was found to be linear with a 

correlation coefficient of 0.998 and 0.999, 

which shows that the method is capable of 

producing good sensitivity. The acceptance 

criteria of precision is RSD should be not 

more than 2.0% and the method show 

precision 0.43 and 0.68 for Letrozole and 

Ribociclib which shows that the method is 

precise. The acceptance criteria of 

intermediate precision is RSD should be not 

more than 2.0% and the method show 

precision 0.61 and 0.85 for Letrozole and 

Ribociclib which shows that the method is 

repeatable when performed in different days 

also. The accuracy limit is the percentage 

recovery should be in the range of 97.0% - 

103.0%. The total recovery was found to be 

100.80% and 99.17% for Letrozole and 

Ribociclib. The validation of developed 

method shows that the accuracy is well within 

the limit, which shows that the method is 

capable of showing good accuracy and 

reproducibility. The acceptance criteria for 

LOD and LOQ is 3 and 10.The LOD and LOQ 

for Letrozole was found to be 2.98 and 9.95 

and LOD and LOQ for Ribociclib was found 

to be 2.95 and 9.98. The robustness limit for 

mobile phase variation and flow rate variation 

are well within the limit, which shows that the 

method is having good system suitability and 

precision under given set of conditions. 
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