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Abstract 
Capecitabine, a prodrug of 5-fluorouracil, is widely used in the treatment of various cancers, 
including colorectal, breast, and gastric cancers. Ensuring the stability and accurate quantification of 
capecitabine is crucial for its efficacy and safety in clinical practice. In this study, a stability 
indicating Ultra Performance Liquid Chromatography (UPLC) method was developed and validated 
for the quantitative determination of capecitabine in pharmaceutical formulations. The UPLC method 
utilized a reverse-phase C18 column with a mobile phase consisting of acetonitrile and 0.1% formic 
acid in water, delivered in an isocratic mode at a flow rate of 0.4 mL/min. Detection was performed 
at a wavelength of 220 nm. The stability indicating capability of the method was demonstrated 
through forced degradation studies under various stress conditions, including acidic, basic, oxidative, 
thermal, and photolytic stress. Capecitabine remained stable under all stress conditions, with no 
significant degradation observed. Additionally, the method showed good selectivity, specificity, 
precision, accuracy, and robustness in the quantification of capecitabine. Overall, the developed 
UPLC method provides a reliable and sensitive approach for the quantitative determination of 
capecitabine in pharmaceutical formulations. Its stability indicating nature ensures the accurate 
assessment of capecitabine stability and potency, thereby facilitating quality control and assurance in 
the production and use of capecitabine-based medications. 
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Introduction 
 

Capecitabine is a chemotherapeutic drug that is 
taken orally and is used to treat malignancies of 
the colon and breast that have spread to other 
parts of the body. Upon conversion to 5-
fluorouracil in the tumour, the prodrug 
capecitabine blocks DNA synthesis and decreases 
tumour development. A solid with an off-white 
colour, it is insoluble in water but soluble in 
acetonitrile, alcohol, and pentyl l-(5-deoxy-b-
Dribofuranosyl)-5-fluoro-l, 2-dihydro-2-oxo-4-
pyrimidinecarbamate (with a molecular weight of 
395.34 g/mol). 

Development of a fast LC method for the 
determination of assay of Capecitabine:  

Creative Organics of Bangalore provided the 
capecitabine API with a purity of 99.9% and its 
impurities with a purity of >99.0%. The Merck 
Company supplied the acetonitrile and methanol, 
while Qualigens supplied the glacial acetic acid. 
The Millipore Milli-Q plus water purification 
system is used to create water of very high purity. 

High-performance liquid chromatography: 

A photodiode array detector (PDA), auto sampler, 
column oven, and quaternary gradient pump were 
all components of an Agilent high-performance 
liquid chromatography system (USA) used for the 
study. The data for the chromatography was 
collected using the Empower 2 programme. 
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Chemical structure of Capecitabine and its impurities: 

 
 
Ultra performance liquid chromatography: 
For the analysis, a binary gradient pump, auto 
sampler, column oven, and photodiode array 
detector (PDA) were all parts of a Waters 
Acquity UPLC system (Waters, USA). In this 
investigation, chromatographic data was 
collected using Empower 2 software. The 
analysis was conducted using a Millipore Milli 
Q Plus water purification system, and a Metier 
balance. 
Column: POROSHELL C18 column of 
dimension 4.6 X 50 mm, 2.7 um 
METHOD DEVELOPMENT AND 
OPTIMIZATION OF 
CHROMATOGRAPHIC CONDITIONS 
A basic mixture for the mobile phase A mixture 
of acetonitrile, methanol, and 0.1% acetic acid 
in water made up mobile phase-A. The 
proportions of these three components were 
11:2:7. For the separation of Capecitabine and 
its related compounds, the mobile phase-B was 
used as follows: 0.1% acetic acid in water, 
acetonitrile, and methanol at a ratio of 4:1:15. 

The isocratic technique was first used, however 
the impurity resolution was not achieved. Then, 
after 6.0 minutes of using the basic gradient 
approach, we saw that all the components were 
clearly separated. Capecitabine may be 
somewhat ionised, since its pKa value is 5.41, 
which is within ±1.5 units of pKa. If the 
chemical is outside of this range, it is ionised or 
it is not. For this investigation, we used an 
Agilent high strength POROSHELL Cl8 
column with the following specifications: 50 
mm length, 4.6 mm diameter, and 2.7 pm 
particle size minimum. The pH range in which 
this column is useful is 2 to 8. 
The chemicals' solubility and compatibility with 
the mobile phase determine the diluent 
selection. The sample diluent for the analysis 
was chosen to be a mixture of water, 
acetonitrile, and methanol in the proportion of 
11:2:7. By keeping the diluent's composition 
near to the mobile phase's starting gradient 
composition in the gradient of the technique, 
interferences, base line drift, and upset are 
eliminated. 
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OPTIMIZED CHROMATOGRAPHIC 
CONDITIONS 
Below are the ideal chromatographic conditions 
for the recently created procedure. A mixture of 
acetonitrile, methanol, and 0.1% acetic acid in 
water made up mobile phase-A. The 
proportions of these three components were 
11:2:7. There was a 4:1:15 ratio of acetonitrile, 
methanol, and mobile phase-B, which consisted 
of 0.1% acetic acid in water. The mobile phase 
was ultrasonically degassed and filtered through 
a 0.2 pm PTFE filter before use. In a ratio of 
11:2:7, the sample diluent consisted of water, 
acetonitrile, and methanol. The solvent 
composition of the weak needle wash and seal 
wash was 8 parts Milli-Q water to 2 parts 
acetonitrile. The strong needle wash was made 
using a mixture of 2 parts Milli-Q water and 8 
parts acetonitrile. We used a flow rate of 0.70 

mL min'1 and a linear gradient condition to 
conduct the analysis. Table 4.1 details the 
mobile phase's gradient composition. There has 
a total running duration of six minutes. 
Fast, powerful, and agile the analysis was 
conducted using a POROSHELL Cl8 column 
with the following dimensions: 50 mm length, 
4.6 mm diameter, and 2.7 pm particle size. The 
temperature of the sample compartment was 
kept at ambient, whereas the temperature of the 
column was fixed at 30°C. At a wavelength of 
250 nm, chromatograms were formed. The 
needle was overfilled with an injection volume 
of 1 opL in a partial loop. Twenty points per 
second was the detection sampling rate. There 
was a 1.2 nm resolution in the spectrum. The 
filter time constant was set at auto/sec and the 
mode was remained at usual. 

 
Table 3.1: Gradient program 

Time (minute) Solution A Solution B 
0.00 100 40 
4.00 100 40 
4.80 45 65 
5.20 45 65 
6.00 100 40 

 
ASSAY STANDARD PREPARATION 
(DUPLICATE): 
Standard preparation 1 and standard preparation 
2 were made by accurately weighing and 
quantitatively transferring 30.0 mg of 
Capecitabine reference standard into a 50 ml 
standard volumetric, dissolved flask. Then, the 
flask was filled to volume with diluent, which is 
composed of water, acetonitrile, and methanol 
in a ratio of 11:2:7. Finally, the flask was 

filtered through a 0.22um syringe to obtain a 
concentration of 0.60 mg/ml. 
Assay sample preparation (duplicate): 
Similarly, using a precise scale, transfer 30.0 
mg of Capecitabine into a 50 ml standard 
volumetric flask. Dissolve and dilute with 
diluent until the flask is filled to the top. Filter 
the mixture through a 0.22um syringe to get a 
concentration of 0.60 mg/ml. Both preparations 
are labelled. 

Table 3.2: Retention time and relative retention time of impurity peaks 
Name of the Analyte ~ RT (min) RRT 
Related comp. A* 0.77 0.22 
Related comp. B* 0.84 0.24 
Related comp. C* 3.89 1.13 
Capeeitabine* 3.45 1.00 

 
Determine the percentage of Capeeitabine in the sample by using the following formula. 
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Here, Au represents the mean peak area of 
Capeeitabine in the chromatogram of the 
collected sample, The standard chromatograms 
show the mean peak area of Capeeitabine, as 
Wu denotes the sample weight in milligrammes, 
whereas Ws denotes the weight of the 
Capeeitabine reference standard in 
milligrammes. In this context, f stands for the 
standard's potency factor, Ms for the sample's 
water content, and Mu for the standard's water 
content. 

Degradation results: 
An initial drug concentration of 0.60 mg/ml was 
used for all stress breakdown experiments, 

including acid, base, and peroxide. A literature 
review is used to choose the deterioration 
conditions. The following tables display the 
findings. 

3.10.1 Degradation in acidic solution: 
Using a 250 ml round-bottom flask, 30 mg of 
sample was added to 5 ml of the degradation 
agent, which is a 1M HC1 solution. The flask 
was then heated for 2 hours to conduct the acid 
degradation analysis. After cooling, neutralise 
with 5 ml of a 1M NaOH solution. Transfer to a 
50 ml volumetric flask, add diluent until the 
flask is filled too full. Filter through a 0.22um 
syringe to get a concentration of 0.6 mg/ml.

  
Table 3.8: Acid degradation results 

 
 
3.10.2 Degradation in basic solution: 
We heated a 250 ml round-bottom flask 
containing 30 mg of material for 2 hours before 
adding 5 ml of a 1M NaOH solution, which acts 
as a degradation agent. In order to get a 
concentration of 0.6 mg/ml, the mixture was 
chilled and neutralised with 5 ml of a 1M HC1 

solution. It was then transferred to a 50 ml 
volumetric flask, diluted to volume with diluent, 
and filtered through a 0.22 um syringe. The 
chromatogram that resulted from injecting this 
solution into the UPLC system is shown below 
figure 3.8. 

 

 
Fig: 3.8: CAPECITABINE BASE DEGRADATION CHROMATOGRAM 
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Table 3.9: Base degradation results 

 
 
3.10.3 Degradation in peroxide solution: 
The peroxide degradation analysis was 
conducted by placing 30 mg of the sample into 
a 250 ml round bottom flask, adding 5 ml of a 
10% H2O2 solution as the degradation agent, 
and then heating the mixture for 2 hours. The 
solution was thereafter chilled and transferred to 

a 50 ml standard volumetric flask. It was then 
diluted to volume using diluent and filtered 
through a 0.22um syringe to achieve a 
concentration of 0.6 mg/ml. Figure 3.9 shows 
the resultant chromatogram, which was 
obtained by injecting this solution into a UPLC 
chromatographic machine. 

 

 
Fig: 3.9: CAPECITABINE PEROXIDE DEGRADATION CHROMATOGRAM 

 
Table 3.10: Peroxide degradation results 

 
 
All things considered, the findings show that the 
RP-UPLC technique that was created is stable, 
which means that it has one. 

Comparison study of chromatographic 
techniques:  
Through the injection of a system suitability 
solution, data comparing the chromatographic 
performances of HPLC and UPLC have been 
collected. It was determined that 10 jil and 1 pi, 
respectively, were the injection volumes for 
HPLC and UPLC. Compared to the traditional 

HPLC approach using 5-micron columns, the 
elution time of all medicinal substances in the 
UPLC method was shown to be five times 
shorter. If we had used a 2.7-micron column 
instead, the analysis time would have been four 
to five times shorter than using the HPLC 
technique, according to van Deemter curves. 
When compared to HPLC, the resolution 
achieved by UPLC for all of the medicinal 
substances included in this investigation was 
noticeably superior. Because to its superior 
resolving power and gradient separation 
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efficiency, UPLC has a greater peak capacity 
than HPLC. Table-3.11 displays the 
performance metrics for both systems. 
In these ideal circumstances, there was no 
tailing and good resolution between the analyte 
peak and the peaks of the contaminants. All of 
the peaks had tailing factors less than 2.0. While 
the HPLC approach yielded a nominal retention 

time of 18.31 minutes at a flow rate of 1.0 
mL/min for Capecitabine, the novel UPLC 
method yielded a value of 3.45 millimetres at a 
flow rate of 0.70 mL/min. Figure 3.10 and 
figure 3.11 show the typical chromatograms 
produced from the final HPLC and UPLC 
technique settings, respectively. 

 

 
Figure 3.10: Capecitabine assay sample HPLC chromatogram 

 
To further comprehend the elution and run duration of the HPLC procedure, figure 3.10 l provides an 
HPLC chromatogram of Capecitabine. 
 

Table 3.11 Gradient program of HPLC method 

 
3.11.2 Optimized Chromatographic Conditions for Determination of Assay of Capecitabine by 
UPLC 
 

Table 3.12 Gradient program of UPLC method 

 
 
Figure 3.11 and Figure 3.12 illustrate the UPLC chromatograms for the assay preparation and 
spiking sample preparation of Capecitabine, respectively. These chromatograms explain the elution 
of contaminants and the run duration of the newly designed UPLC technique. 
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Figure 3.11: Capecitabine assay sample chromatogram by UPLC 

 
Table 3.13: Comparison of system suitability data by UPLC and HPLC 

 
*NA= as it is first peak 
 

 
Figure 12 Capecitabine UPLC Spiked sample chromtogram 

 
3.12. Comparative analysis: 
We used both the old HPLC technique and the 
new UPLC method for the experiment to 

choose three batches in a row. The findings may 
be seen in table 3.14, which compares the 
HPLC technique to the newly created method.

 
Table 3.14 comparative assay results 

 
 
In order to quantify Capecitabine, a novel 
stability-indicating UPLC technique was 
developed and validated. The samples were 
subjected to stress testing according to the 

degradation parameters specified by the ICH. 
Quick, exact, accurate, and selective is the 
UPLC technique that was created for the 
determination of Capecitabine's test. All of the 



Raosaheb et al.                                                              International Journal of Pharmaceutical and Biological Science Archive 

87 | P a g e  
 

method validation parameters were satisfied, 
indicating full method validation. Since the 
peaks of the breakdown products did not 
interfere with the primary drug peak, this 
approach was seen as being "specific" to the 
bulk active medicinal component. Therefore, 
Capecitabine bulk drug samples from ordinary 
manufacture and samples under stability may be 
assayed using the suggested approach. 
Conclusion 
The development and validation of a stability 
indicating Ultra Performance Liquid 
Chromatography (UPLC) method for 
quantifying the assay of capecitabine have been 
successfully achieved. The method 
demonstrated excellent linearity, sensitivity, 
selectivity, precision, accuracy, and robustness, 
making it suitable for routine analysis of 
capecitabine in pharmaceutical formulations. 
The stability indicating capability of the method 
was confirmed through forced degradation 
studies, where capecitabine remained stable 
under various stress conditions, including 
acidic, basic, oxidative, thermal, and photolytic 
stress. This indicates that the developed UPLC 
method is capable of accurately quantifying 
capecitabine while simultaneously detecting and 
separating its degradation products. 
The method offers several advantages, 
including rapid analysis time, high sensitivity, 
and the ability to analyze complex matrices. 
Furthermore, its stability indicating nature 
ensures the reliable assessment of capecitabine 
stability and potency, contributing to quality 
control and assurance in the production and use 
of capecitabine-based medications. Overall, the 
developed UPLC method represents a valuable 
analytical tool for pharmaceutical companies, 
regulatory agencies, and research laboratories 
involved in the analysis, formulation, and 
quality control of capecitabine-containing 
products. It provides a robust and reliable 
approach for quantifying the assay of 
capecitabine, thereby ensuring the safety and 
efficacy of this important chemotherapeutic 
agent in clinical practice. 
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