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A novel stability-indicating Reverse Phase High Pressure Liquid Chromatography (RP-HPLC-PDA) method 

was developed and validated for quantitative determination of Camptothecin (CPT) in bulk, formulation and in 

dissolution samples using Inertsil-C18 (250mm x 4.6mm, 5μm) column with mobile phase combination of 

15mM Ammonium acetate and acetonitrile (60:40) at a flow rate of 1mL/min. Eluents were monitored at a 

wavelength of 254 nm with an injection volume of 20µL. CPT was completely degraded in oxidative and base 

hydrolysis conditions and around 37% in acidic conditions and no degradation of CPT was observed with 

thermal, thermal/humidity and photo conditions. CPT showed linearity over a concentration range of 2 -10μg/mL 

with a regression coefficient (R
2
) of 0.994 and correlation coefficient (R) of 0.999. The limit of detection (LOD) 

and limit of quantification (LOQ) values for CPT were 0.025μg/mL and 0.077μg/mL respectively. The 

developed method was validated as per ICH guidelines. The method was also successfully applied to dissolution 

testing of controlled release formulation. 
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INTRODUCTION 
 

Stability indicating methods have become an important 

aspect of analytical method validation and a part of US FDA 

requirements. CPT was discovered by Wall ME and Wani MC in 

1966 by systematic screening of natural products for anticancer 

drugs (Wall and Wani, 1996; Wall et al., 1966). CPT
 
being 

cytotoxic quinoline alkaloid inhibits DNA enzyme topoisomerase 

I showed remarkable anticancer activity against gastric 

carcinoma, hepatoma, leukemia and tumor of head and neck 

(Qing et al., 2006). Chemically, CPT  (Fig. 1) is (S)-4-ethyl-4-

hydroxy-1H-pyrano[3',4':6,7]indolizino[1,2-b] quinoline-3,14-

(4H,12H)-dione.But therapeutic application of unmodified CPT 

is hindered by very low solubility in aqueous media, high 

toxicity, and rapid inactivation through lactone ring hydrolysis           
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at physiological pH. Lactone hydrolysis, which  is   reversible   in 

acidic media, leads to a water-soluble carboxylate, inactive for 

cellular uptake (Chen et al., 2002). Several analytical methods 

were reported for the analysis of CPT and its analogues based on 

HPLC, mass spectroscopy, high pressure thin layer 

chromatography (HPTLC), thin layer chromatography (TLC), UV-

Visible Spectroscopy, UV-Resonance Raman Spectroscopy and 

Fluorescence Spectroscopy
 
techniques in biological samples and 

also in some formulation works (Feofanov et al., 1996 ; Igor et al ., 

1998; Indramohan et al., 2010; Jeffrey et al., 1991 ; Kruszewski et 

al., 2010; Marques FF et al., 2010; Namdeo et al., 2012 ; Paulo M 

et al., 2010; Qing et al., 2006 ; Sanna N et al., 2009 ; Srimany et 

al., 2011 ; Susan et al., 2012 ; Tsakalozou  et al., 2010 ; Underberg 

et al., 1990; Venkateshwarlu et al., 2012; Vidya et al., 2007; Yong 

et al., 2006).  

However, there is no stability indicating HPLC-PDA 

method published for the estimation of CPT in bulk, dosage form 

and in dissolution samples so far whereas stability indicating 

HPLC-PDA method (gradient) was reported for 10-Hydroxy 

Camptothecin (Venkateshwarlu et al., 2012).  

http://creativecommons.org/licenses/by-nc-sa/3.0/
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Hence, in this investigation an attempt was made to 

develop a simple, accurate stability indicating RP-HPLC isocratic 

method for the analysis of CPT in bulk, formulation and 

dissolution samples. The method was validated as per ICH 

guidelines (ICH, 2005). 

 

 

 

 
Fig. 1: Molecular structure of CPT 

 

 

 

MATERIALS AND METHODS 
 

Reagents and chemicals 

CPT was supplied by Gamma Technology Development 

Co Ltd (Shenzhen, China). Water, Methanol, Acetonitrile, 

Ammonium acetate, Hydrochloric acid, Hydrogen peroxide are 

HPLC grade and Sodium hydroxide, Potassium chloride are of AR 

grade. All the solvents and reagents were purchased from E. 

Merck, Mumbai, India.  

 

Equipment 
 

Analysis was performed on Shimadzu Prominence HPLC 

system provided with DGU-20A3 degasser, LC-20AD binary 

pumps, SIL-20AHT auto sampler, and SPD-M20A PDA detector.  

Data acquisition was carried out using LC solutions software.  The 

chromatographic separation was performed on Inertsil-ODS-C18 

(250mm x 4.6mm, 5μm) Column. 

 

Chromatographic Conditions 

Mobile phase consisting of 15mM ammonium acetate 

(pH 6.5): acetonitrile (60:40) was used in isocratic mode and the 

mobile phase was filtered through nylon disc filter of 0.45µm 

(Millipore) and sonicated for 3 min before use.  The flow rate was 

1 mL/min and the injection volume was 20 µL.  PDA detection 

was performed at 254 nm and the separation was achieved at 

ambient temperature. 

 

Preparation of Stock Solution 

An accurately weighed quantity of 10 mg of CPT was 

transferred to 10 mL volumetric flask and dissolved in and made 

up to volume with DMSO (Dimethyl sulfoxide) to give 1000 

μg/mL concentration. 

 

Validation 

Validation of the stability indicating method was carried   

out as per guidelines of ICH (ICH, 2005). 

 

System Suitability 

The system suitability of the method is determined by 

increasing the injection volume from 10 to 50µL. The percentage 

relative standard deviation (%RSD) of retention time and tailing 

factor are calculated. 

 

Specificity 

Acid Hydrolysis 

100µL of CPT stock solution (1000µg/mL) was added to 

900µL of 1N HCl and kept at 70ºC for one week. This was further 

diluted with methanol (diluent) to get a final concentration of 

10µg/mL.  

 

Base Hydrolysis 

100µL of CPT stock solution (1000µg/mL) was added to 

900µL of 1N NaOH and kept at 70ºC for one week. This was 

further diluted with methanol (diluent) to get a final concentration 

of 10µg/mL.  

 

Oxidation 

100µL of CPT stock solution (1000µg/mL) was added to 

900µL of 3%H2O2 and was kept at 70ºC for one week. This was 

further diluted with methanol (diluent) to get a final concentration 

of 10µg/mL.  

 

Thermal Degradation 

About 5mg of CPT was weighed accurately and kept at 

70ºC for one week. Then solution was prepared with DMSO            

and diluted with methanol to achieve a final concentration of 

10µg/mL.  

 

Thermal and Humidity 

An accurately weighed quantity of CPT kept for 1week 

at 70ºC in a desiccator filled with saturated potassium chloride 

solution that gives 75% relative humidity. Then solution was 

prepared with DMSO and diluted with methanol to achieve a final 

concentration of 10µg/mL.  

 

Photo degradation 

An accurately weighed quantity of CPT was exposed to 

UV light for one week. Then solution was prepared with DMSO 

and diluted with methanol to achieve a final concentration of 

10µg/mL.  

 
Linearity 

The linearity of CPT responses was determined by 

preparing and injecting standard solutions in the concentration 

range of 2-10µg/mL.   
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Precision 

Precision was measured in terms of repeatability of 

application and measurement and this study was carried out by 

injecting six replicates of the same standard (system precision) at a 

concentration of 10µg/mL.  

 

Accuracy 

Accuracy (recovery) of the method was tested by spiking 

75, 100 and 125% of CPT at 4μg/mL concentration.  The accuracy 

of the analytical method was established in triplicate across its 

range according to the assay procedure.  

 

Robustness 

By introducing small but deliberate changes in flow rate 

(± 5.0 %), mobile phase composition and wave length, robustness 

of the described method was studied. The robustness of the 

method was assessed for 10µg/mL concentration.  

 

LOD and LOQ 

The sensitivity of the method was determined with 

respect to LOD and LOQ. The LOD and LOQ were separately 

determined based on the standard calibration curve. LOD and 

LOQ were calculated by using following formulae: LOD = (3.3 

×σ)/m; LOQ= (10.0×σ)/m (Where,  is the standard deviation of 

the responses and m is mean of the slopes of the calibration 

curves). 

 

Assay  

Twenty tablets were weighed individually and finely 

powdered. The powder equivalent to 10mg of CPT was accurately 

weighed and transferred to a 10 mL volumetric flask and 5 mL of 

DMSO was added to the same.  The flask was sonicated for 5 min 

and volume was made up to the mark with DMSO.  The above 

solution was filtered using nylon disposable syringe filter (13 mm, 

0.45 µm) and the 100 µL of the filtrate was diluted to 10 mL with 

diluent.  The amount present in the each tablet was calculated by 

comparing the area of standard CPT with that of the tablet sample. 

 

Filter Compatibility Study  

Dissolution samples were checked for compatibility with 

both the nylon filter (0.45µm) and Polyvinylidene Difluoride 

(PVDF) filters (0.45µm). CPT standard in dissolution medium was 

prepared and the solution was filtered through the both                

filters. Both the filtered and unfiltered standard samples were 

injected.  

 

Dissolution Sample Analysis 

Dissolution of CPT controlled release tablets (prepared in 

house) was performed using USP type-2 (paddle) dissolution test 

apparatus. Tablets were placed in sinkers and dropped in to the 

dissolution vessel containing 900mL of 0.1N HCl with 3%SLS as 

dissolution medium. The temperature of the medium at 37 ± 0.5ºC 

and 100 rpm was maintained. Samples were withdrawn at 

predetermined time intervals.  Samples were filtered (0.45µm 

nylon disc filter) and were suitably diluted with methanol and 

subjected to HPLC analysis. 

 

RESULTS AND DISCUSSION 
 

CPT is an oral anti neoplastic drug used to treat cancer. 

Literature survey reveals that there is no stability indicating HPLC 

method reported so far for the analysis of CPT in bulk, formulation 

and dissolution sample analysis. Keeping this point into 

consideration, an attempt was made to develop a simple and 

accurate RP-HPLC isocratic method to determine CPT in the 

presence of its degradation products. Initial trail was carried out 

with phenomenex C18 column(150×4.6mm, 5µ) using a mobile 

phase of Formic acid (0.05%v/v): acetonitrile (70:30) at a flow 

rate of 1mL/min which produced an asymmetric peak with 

retention time (Rt) of 6.91.  

In trail 2, mobile phase composition of Formic acid 

(0.05%v/v): methanol (30:70) is used, a symmetric peak with more 

band width and Rt of 4.83 was observed. Therefore, in trail-3 

mobile phase composition was changed to Formic acid 

(0.05%v/v): acetonitrile (25:75), peak eluted at 2.42 min but peak 

shape and symmetry were not good. In the next trail mobile phase 

composition used was Formic acid (0.05%v/v): acetonitrile (50:50) 

but peak shape and symmetry were not good and CPT peak eluted 

at 4.25 min along with solvent peak. In order to improve the peak 

resolution and symmetry the next trail was performed by 

increasing the flow rate to 1.2mL/min and changing the mobile 

phase composition to Formic acid (0.05%v/v): acetonitrile (60:40). 

Under these conditions, CPT eluted at 2.83min, the peak shape and 

symmetry were better but not suitable for stability indicating 

method as resolution may not be obtained in the presence of 

hydrophilic degradants.  

Further trails were performed using mobile phase 

composition of 15mM Ammonium acetate: acetonitrile (60:40), 

column used was Inertsil C18 (250×4.6mm, 5µ), and acetonitrile as 

diluent. In this trail peak eluted at 6.68 and symmetry is good but 

still band width is more. In the next trail methanol was used as 

diluent keeping the other entire parameters similar to above trail. 

This produced a peak with good shape and symmetry (tailing 

factor 1.14) and retention time of 6.8min at a flow rate of 1 

mL/min with UV detector at 254 nm. The run time was set at 10 

min and ambient temperatures for the HPLC system and was 

found to be the best for the analysis. The chromatogram of 

standard CPT is shown in the Fig. 2 along with peak purity index 

and UV spectrum. The peak purity index was found to be greater 

than 0.9999 indicating peak purity of the CPT samples used in the 

analysis.  

 

Validation 

Validation of an analytical procedure is the process by 

which it is established, by laboratory studies, that the performance 

characteristics of the procedure meet the requirements for the 

intended analytical applications. 
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System Suitability 

System suitability studies were carried out by injecting a 

10g/mL standard of CPT at different injection volumes in the 

range of 10-50µL. The %RSD values for retention time and tailing 

factor were 0.131 and 0.53 respectively. 

 

Specificity 

Forced degradation studies 

Degradation was not observed in CPT stressed samples 

that were subjected to heat, light and heat/humidity. However, 

degradation was observed under acid hydrolysis, base hydrolysis 

and oxidative conditions. The CPT was completely degraded in 

oxidative and base hydrolysis. Acid hydrolysis resulted in 

degradation peaks with retention times (min) at 3.55, 5.63, 8.86, 

and 11.72. Base hydrolysis resulted in degradation peaks with 

retention times (min) at 5.20, 6.10, 7.40, and 11.31. Oxidative  

hydrolysis resulted in peaks with retention times (min) at 3.58,                
.             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8.16. No thermal, thermal/humidity and photo degradation of CPT 

was observed. The peak purity test results derived from PDA 

detection confirmed that the CPT peaks were pure in the acid 

hydrolysis, thermal, thermal/humidity and light degradation 

analyzed stress condition samples. These results indicate that the 

developed HPLC method was specific and stability-indicating. The 

stability data was given in the Table I and chromatograms were 

shown in the Fig. 3. 

 

Table I: Forced Degradation Studies Data. 
 

Degradation Condition 

% CPT 

Peak 

Area 

Peak 

Purity 

1N HCl at 70°C for 1Week 37.21 Pass 

1N NaOH at 70°C for 1Week - - 

3% H2O2 at 70°C for 1Week - - 

Thermal at 70°C for 1Week 100 Pass 

Thermal/Humidity at 70°C/75%RH for 1Week 100 Pass 

UV Light for 1Week 100 Pass 

 

 
 

 

 
Fig. 2: (A) CPT Standard chromatogram, (B) UV Spectrum, (C) Peak purity profile 
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Linearity 

A linear relationship was evaluated across a concentration 

range (2-10 µg/mL) for CPT of the analytical procedure in 

triplicate. The range of concentrations was selected   based on 80-

120 % of the test concentration (for assay). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Peak area and concentrations were subjected to least 

square regression analysis to calculate regression equation. The 

regression coefficient (R
2
) was found to be 0.994. The data of the 

calibration curve was given in Table II.  

 

 

 
Fig. 3: Chromatograms of (A) Acid treated, (B) Base treated, (C) Oxygen treated, (D) Thermal, (E) Thermal and humidity, (F) Photo degradation samples. 
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Precision 

The precision of an analytical method gives information 

on the random error. It expresses agreement between a series of 

measurements obtained from multiple sampling of the same 

homogeneous sample under prescribed conditions. The percentage 

RSD value for the precision study was found to be below 2 and 

fulfilled the ICH guidelines criteria (Table II). These results 

confirm good precision of the method. 

 

Accuracy  

Accuracy was examined by performing recovery studies 

using standard addition method as the exact impurities are 

unknown for CPT.  The recovery of the added standard to the drug 

product sample was calculated and it was found to be 99.07-

100.45 (Table II). These results indicate a good accuracy of the 

method to that of the labeled claim. 

 

Table II: Validation Data of CPT. 

 
 

Robustness 

As part of the robustness, deliberate changes in the flow 

rate, wavelength and mobile phase composition were made to 

evaluate the impact on the method. Retention times were 

significantly changed with change in the flow rate and mobile 

phase composition but no change was found with change in 

wavelength.  However, % assay values were within limits (%RSD 

< 2) and these results indicated minor changes in the flow rate and 

mobile phase composition didn’t affected the assay results.  The 

parameters like theoretical plate number, tailing factor & capacity 

factor were also found to be within the limits (Table III). 

 

LOD & LOQ 

LOD and LOQ were calculated from the average slope 

and standard deviation from the calibration curve. LOD and LOQ 

for CPT were found to be 0.022g/mL and 0.077 g/mL 

respectively. These results indicate that the method is sensitive 

enough to carry out the routine analysis of CPT dosage forms. 

 

Table III: Robustness data for CPT. 
 

Chromatographic 

parameters 

Retention 

time (min) 

Theoretical 

plates 

Capacity 

factor 

Tailing 

factor 
%Assay 

Flow rate (mL/min)     

0.95(-5%) 7.114 10540.65 1.57 1.13 101.45 

1 6.79 11349.39 1.56 1.13 99.88 

1.05(+5%) 6.41 11362.6 1.57 1.13 98.50 

Wavelength (nm)     

253(-1) 6.79 11349.34 1.56 1.13 101.35 

254 6.79 11349.39 1.56 1.13 99.88 

255(+) 6.79 11350.68 1.56 1.13 99.14 

Mobile phase     

62:38 7.54 11600.53 1.56 1.113 101.22 

60:40 6.79 11349.39 1.86 1.13 99.88 

58:32 6.16 10540.65 1.34 1.14 101.53 

 

 

Assay of Formulation  

Since, the CPT tablets were not commercially available; 

assay of CPT in controlled release tablets (containing 50 mg of 

CPT) that were prepared in the laboratory was performed.  20 

tablets were weighed individually and finely powdered.  A powder 

blend equivalent to 10 mg of CPT was transferred to a 10mL 

volumetric flask containing about 6mL of DMSO, sonicated and 

made up to the mark with the same.  

The resulting solution was filtered through 0.45μm nylon 

membrane filter to obtain a stock solution of 1mg/mL. It was 

further diluted with methanol to get the required concentration 

(10μg/mL). The solution was injected three times into the column. 

From the peak area obtained, the content of CPT in the tablets was 

calculated. The results were given in Table. II. The assay was 

found to be within the limits, indicating that the present LC 

conditions can be used for the assay of CPT in different 

formulations. 

 

Filter Compatibility Study  

Compatibility of 0.45µm nylon and PVDF                

disposable filters with dissolution samples was studied.  The 

variation in the assay values of the filtered samples when 

compared to unfiltered standard samples was found to                         

be 0.05% and 4.36% with nylon filters and PVDF filters 

respectively. Thus, it was found that nylon filters were suitable           

for filtration of dissolution samples and were employed in the 

study.  
 

 

Dissolution Sample Analysis 

Dissolution of CPT from in house developed controlled 

release tablets was performed using USP type-II apparatus 

(paddle) and samples were analysed using the proposed method. 

The dissolution profile of the tested formulation was shown in 

Figure 4.  

A controlled release of CPT over a period of 12 h was 

obtained with the formulation tested and the present method can be 

successfully used for the analysis of CPT dissolution samples. 

Validation Data of CPT 

Linearity (n=3) 

Range 2-10ug/mL 

y =69650x – 62690 

R = 0.999 

R
2 
= 0.994 

 

 

- 

 

 

- 

Accuracy (n=3) % Level of Addition 

Mean 

Percent 

Recovery 

% RSD
 

 75 99.5 1.01 

 100 100.45 0.56 

 125 99.07 0.64 

Precision (n=6) 
Average peak area of the 

standard sample (%RSD) 
  

System 

Precision 
8190372 (0.151)   

Percent Assay 

Mean  SD 

(n=3) 

99.64  0.661 - - 
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Fig. 4: In vitro dissolution profile of controlled release tablet formulation of 

CPT 

 

CONCLUSION 
 

The developed RP HPLC-PDA isocratic method for 

quantitative determination of CPT is rapid, precise, accurate and 

selective. The method was completely validated and the data for 

all method-validated parameters tested were within the limits. The 

developed method is also stability-indicating, as all degradants 

were well resolved and can be used for assessing the stability of 

CPT as a bulk drug and also in formulations.  Overall, the 

developed LC method can be conveniently used for the analysis of 

CPT in bulk drugs and pharmaceutical dosage forms in quality 

control department and also dissolution samples. 
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