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ABSTRACT  

People are focusing their attention on personal health in the current situation. Medicine has an 

important function to play in maintaining our health. Researchers developed various compounds to cure 

important health issues such as cancer, diabetes, and tuberculosis, among others. We are focusing on 

Carfilzomib, an anti-cancer drug supplement. The present work discusses the development and 

validation of the UV Spectrophotometric method for carfilzomib. Simple, specific, and economic 

purposes UV spectrophotometric method has been developed using the methanol as a diluent to the 

estimation of carfilzomib in vial formulation. The max of carfilzomib was found to be 203 nm. The 

linearity in the concentration range 4-16 g/ml was founded to have a good correlation coefficient (R2 

= 0.9952). The accuracy was between (99.4-101.2%), The LOD and LOQ are 0.00156 g/ml and 

0.00472 g/ml respectively. 
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1.  INTRODUCTION 

 

Cancer is the uncontrolled growth of cells, is a major cause of death all over the world[1]. 

The total number of deaths by cancer is second only to that from cardiovascular disease. 

According to the global database, an estimated 19.3 million new cancer cases (18.1 million 

excluding nonmelanoma skin cancer) and almost 10.0 million cancer deaths (9.9 million 

excluding nonmelanoma skin cancer) occurred in 2020. Female breast cancer has surpassed 

lung cancer as the most commonly diagnosed cancer, with an estimated 2.3 million new cases 

(11.7%), followed by lung (11.4%), colorectal (10.0 %), prostate (7.3%), and stomach (5.6%) 

cancers. Lung cancer remained the leading cause of cancer death, with an estimated 1.8 million 

deaths (18%), followed by colorectal (9.4%), liver (8.3%), stomach (7.7%), and female breast 

(6.9%) cancers[2]. Due to circumstances including global population growth, an aging populace, 

and advances in social and economic development, cancer cases and deaths are on the rise, and 

cancer is set to soon overtake cardiovascular disease as the leading cause of death worldwide[3].  

The most commonly employed oncology treatments include in the clinical situation, 

many cancer patients exhibit a poor response to conventional chemotherapy due to the 

development of resistance[4]. Currently, with the less efficacy and considerable toxicity of many 

current chemotherapeutics, there is a clear and urgent need for novel, effective, and nontoxic 

(NT) drugs for the treatment of cancer. In current times scientific communities developed many 

molecules to treat various types of cancer without surgery, carfilzomib is one of them, it is sold 

under the brand name Kyprolis. Carfilzomib (CFZ) is a second-generation proteasome inhibitor 

that is Food and Drug Administration and European Commission approved for the treatment of 

relapsed or refractory multiple myeloma[5]. 

 

 
 

Figure 1. Chemical structure of carfilzomib 

 

 

Carfilzomib injection is used alone to treat relapsed (cancer that has come back) or 

refractory (cancer that did not respond to treatment) multiple myeloma (a type of bone marrow 

cancer) in patients who have received one or more previous treatments, it is also used together 

with other medicines (e.g., dexamethasone, daratumumab and dexamethasone, lenalidomide 

and dexamethasone, and daratumumab and hyaluronidase-fihj and dexamethasone) to treat 
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relapsed or refractory multiple myeloma in patients who have received 1 to 3 previous 

treatments[6]. Carfilzomib is an antineoplastic agent (cancer medicine). It interferes with the 

growth of cancer cells, which are eventually destroyed by the body. 

Herein we are focused on the simple, rapid, efficient, precise, and accurate absorbance 

ratio method that has been developed for the estimation of carfilzomib and method development 

and method validation by using UV-spectrophotometric method (UV-Vis.) in bulk and its tablet 

formulation. In this development, we were used different solvents, different pH ranges, and 

different parameters for accomplished this experiment. In this experiment, we are also focused 

on the method validation, limit of detection, the limit of quantitation, linearity, accuracy, 

prisons, intra-prison, robustness, solution stability for better upliftment. 

Several methods have been reported for the analysis of carfilzomib using A rapid and 

simple LC-MS/MS assay for carfilzomib, A stability-indicating UHPLC-UV method for assay 

of carfilzomib validated[7], Reverse phase high performance liquid chromatographic (RP-

HPLC)[8], HRMS/NMR of carfilzomib, interaction of two peptide drugs with bio 

macromolecules analysed by molecular docking and multi-spectroscopic methods[9]. 

Only a few pieces of literature are reported for dissolution study by UV 

spectrophotometric method although UV spectrophotometric method is a faster, more accurate, 

economical, and viable technique. In the present study, we report the UV spectrophotometric 

method for the qualitative and quantitative estimation of carfilzomib in API as well as vial 

forms. 

 

 

2.  EXPERIMENTAL SECTION 

2. 1. Materials and Methods 

All The required chemicals and solvents were purchased from Sigma-Aldrich, Merck, 

and Spectrochem.Carfilzomib was obtained as a generous gift sample from Zydus 

Pharmaceuticals, Ahmedabad India. Carfilzomib vial was purchased from the local market. 

0.45 µm Millipore membrane filter and syringe filter were purchased from Rankem. The 

pharmaceutical dosage form used in the study was carfilzomib vials containing 60 mg of 

carfilzomib.  

UV-Visible double beam spectrophotometer with matched quartz cells (1 cm), Model: 

PharmaSpec1700, Make Shimadzu, Kyoto, Japan. 

 

2. 2. Preparation of standard stock solution:  

A carfilzomib standard stock solution containing 100 μg/ml was prepared in a 100 ml 

volumetric flask by dissolving 10.00 mg of carfilzomib in methanol and then adding 50 ml 

methanol as diluents and sonicated for a minimum of 30 minutes with intermittent shaking. 

Then content was brought back to room temperature and the volume was made up to the mark 

with the diluent. The sample was filtered through a 0.45 μm nylon syringe filter. Further 1 ml 

of this stock solution in 10 ml volumetric flask and make up to mark with diluents (Final 

concentration of the standard solution is 10 μg/ml) 

 

2. 3. Preparation of working test solutions 

Carfilzomib powder in vial was weighed and the average weight of powder was 

determined. From these, vail was weighed and transferred into a 100 ml volumetric flask. About 
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50 ml of diluent was added and sonicated for a minimum of 30 minutes with intermittent 

shaking. Then content was brought back to room temperature and the volume was made up to 

the mark with the diluent.  

The sample was filtered through a 0.45 μm nylon syringe filter. The concentration 

obtained was 100 μg/ml of carfilzomib, afterward, take 10 mL of filtrate stock solution was 

pipetted out into 100 mL volumetric flask and diluted up to mark with diluent. The 

concentration obtained was 10 μg/ml of carfilzomib. 

 

2. 4. Selection of analytical wavelength 

Working standard solutions of carfilzomib (10 µg/ml) were scanned in the range of 200-

800 nm against the blank and the spectra were recorded. The choice of the analytical 

wavelengths for analysis was made using the concept of absorbance corrected for interference. 

 

2. 5. Selection of Wavelength for experiments 

Scan standard and sample solution in UV spectrophotometer between 200 nm to 400 nm 

on spectrum mode, using diluents as a blank.  

The spectrums are shown as under: 

 

 
 

Figure 2. UV spectrum of a diluent (blank) solution. 

 

 

Carfilzomib shows λ max at 203 nm. The proposed analytical method is simple, accurate, 

and reproducible. 
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Figure 3. UV spectrum of carfilzomib in standard solution 

 

 

Figure 4. UV spectrum of carfilzomib in the sample solution 
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3.  METHOD VALIDATION 

 

Method validation is the process of establishing that the method's performance parameters 

fulfill the requirements for the specific applications through documented evidence. Validation 

is required for all analytical procedures that are used to analyze any sample. All test techniques 

should be thoroughly validated and documented in their applicability under actual conditions 

of use. In this experiment, we have focused eight-parameters i.e. specificity,  Linearity, LOD & 

LOQ, precision, accuracy, solution stability study, robustness, and system suitability. 

 

 

4.  RESULTS AND DISCUSSION 

4. 1. Specificity 

The method's specificity was determined by examining the placebo's interference with 

the analyte. There was no interference is observed. Show in Table 1. 

 

Table 1. Evaluation data of specificity study. 

 

Replicate Absorbance 

1 0.457 

2 0.453 

Mean test absorbance 0.455 

Mean standard absorbance 0.448 

% Assay 101.56 

 

 

4. 2. Linearity 

Seven points calibration curve was obtained in a concentration range from 4-16 μg/ml for 

carfilzomib. The response of the drug was found to be linear in the investigation concentration 

range and the linear regression equation was y = 35.518x + 0.1411 with a correlation coefficient 

(R2 = 0.9952) show in Figure 5, Table 2. 

 

4. 3. LOD and LOQ 

The limit of detection and limit of quantification were evaluated by serial dilutions of the 

carfilzomib stock solution to obtain a signal-to-noise ratio of 3:1 for LOD and 10:1 for LOQ 

show in Table 3. Limit of detection (LOD) and Limit of quantitation (LOQ) for the assay was 

calculated using the following formula: 

 

𝐿𝑂𝐷 =  3.3 × ( 
standard deviation of y intercept of the regression line

Average slope of the calibration curve
) 
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𝐿𝑂𝑄 = 10 × ( 
standard deviation of y intercept of the regression line

Average slope of the calibration curve
) 

 

 
 

Figure 5. Linearity curve for carfilzomib 

 

 

Figure 6. Linearity study spectrum of carfilzomib 
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Table 2. Evaluation data of linearity study. 
 

Concentration Level % 
Final concentration  

(mg/ml) 
Mean absorbance 

40 0.004 0.280 

60 0.006 0.344 

80 0.008 0.442 

100 0.010 0.504 

120 0.012 0.564 

140 0.014 0.625 

160 0.016 0.715 

 

Correlation coefficient 0.9952 

Slope 35.518 

Intercept 0.1411 

 

 

Table 3. Evaluation data of LOD and LOQ study. 

 

  Intercept  Slop 

Linearity 1 0.1267 35.79 

Linearity 2 0.1083 33.19 

Linearity 3 0.1411 35.52 

Average 0.125 34.832 

Standard deviation 0.016 1.430 

  

LOD 0.00156   

LOQ 0.00472   
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4. 4. Precision 

The result of repeatability and intermediate precision study are shown in Table 4. The 

developed method was found to be precise as the % RSD values for the repeatability and 

intermediate precision studies were < 1.3 % and < 1.1%, respectively, which confirm that 

method was precise. 

 

Table 4. Evaluation data of precision study. 

 

Set Intraday (n = 6) Interday (n = 6) 

1 99.79 99.05 

2 101.01 100.26 

3 101.86 101.77 

4 99.05 99.26 

5 101.02 100.17 

6 98.39 101.48 

Mean 100.19 100.33 

Standard deviation 1.332 1.116 

% RSD 1.329 1.113 

 

 

4. 5. Accuracy 

The spectrophotometer absorbance responses for accuracy determination are depicted in 

Table 5. The result has shown that best recoveries (99.4-101.2%) of the spiked drug were 

obtained at each added concentration, indicating that the method was accurate. 

 

Table 5. Evaluation data of accuracy study. 

 

Level 

(%) 

Amount added 

concentration a 

(mg/ml) 

Amount found 

concentration a (mg/ml) 

% 

Recovery 
% RSD 

50 0.004998 0.005059 101.2 1.526 

100 0.010016 0.010099 100.8 0.919 

150 0.015020 0.014934 99.4 0.683 

*Each value corresponds to the mean of three determinations 
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4. 6. Solution stability study 

Table 6 shows the results obtain in the solution stability study at different time intervals 

for test preparation. It was concluded that the test preparation solution was found stable up to 

48 h at 2-5 °C and ambient temperature, as during this time the result was not decrease below 

the minimum percentage. 

 

Table 6. Evaluation data of solution stability study. 

 

Intervals 

% Assay for test 

preparation solution stored 

at 2-5 °C 

% Assay for test 

preparation solution stored 

at ambient temperature 

Initial 101.01 101.01 

12 h 99.64 99.64 

24 h 98.53 98.06 

36 h 99.92 99.44 

48 h 99.97 99.32 

 

 

4. 7. Robustness 

The result of robustness study of the developed assay method was established in Table 

7. The result shown that during all variance conditions, assay value of the test preparation 

solution was not affected and it was following that of the actual. System suitability parameters 

were also found satisfactory; hence the analytical method would be concluded as robust. 

 

Table 7. Evaluation data of robustness study. 

 

Robust conditions % Assay 

λ max 202.5 nm 100.35 

λ max 203.5 nm 100.11 

 

 

4. 8. System suitability 

A system suitability test of the spectrophotometric system was performed before each 

validation run. Five replicate readings of standard preparation were taken and %RSD of 

standard reading was taken for the same. Acceptance criteria for system suitability, %RSD of 

standard reading, not more than 2.0%, were fulfil during all validation parameters show in 

Table 8. 
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Table 8. Evaluation data of system suitability. 

 

Replicate Wavelength Absorbance 

Standard-1 203 0.454 

Standard-2 203 0.436 

Standard-3 203 0.451 

Standard-4 203 0.450 

Standard-5 203 0.449 

  

Average 0.448 

Standard deviation  0.007 

%RSD 1.555 

 

 

5.  CONCLUSIONS  

  

The acquired UV-Vis spectrophotometric method was found to be simple, precise, and 

accurate and validated as per ICH guidelines and rapid for the estimation of carfilzomib in bulk 

as well as in its dosage form. Sample recoveries in all formulations were in good agreement 

with their respective label claims without interference of excipients and additives. This method 

can be easily and conveniently adopted for routine analysis of carfilzomib in quality control 

laboratories and the method can also be extended for the routine assay of carfilzomib in 

formulations. 
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