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ABSTRACT 
A novel, selective, precise, and accurate RP-HPLC method was developed and validated for simultaneous 
estimation of Etoposide and Picroside-II in bulk and the patented pharmaceutical formulation. The 
chromatographic analysis was performed on Agilent 1260 Infinity HPLC instrument using a Kromasil C-8 
column (150 × 4.6 mm, particle size-5 um) and a mobile phase comprising 0.5% acetic acid in water: actonitrile 
(75:25 v/v). Flow rate of mobile phase was kept at 0.8 ml/min and the column eluent was monitored at 254 
nm. The total run time was 15 min and the average retention time of Etoposide and Picroside-II was found to be 
13.68 min and 3.62 min respectively. The calibration curves of Etoposide and Picroside-II were linear over the 
range of 1-10 ng/mL with R2 = 0.999. Average percentage recoveries of Etoposide and Picroside-II were 
100.27±0.49 and 100.39±0.23 % respectively. The LOQ values of Etoposide and Picroside-II were 7.52 and 9.11 
ng/mL respectively. Proposed method was found to be precise and reproducible as the RSD values of intra-day 
and inter-day precision studies were below 2%. Proposed method was successfully used for the quantitative 
analysis of Etoposide and Picroside-II in patented pharmaceutical formulation wherein the assay content of 
Etoposide and Picroside-II was found to be 100.27 and 99.92% respectively. 
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INTRODUCTION 

Etoposide (ETOPO) [Fig.1] chemically designated as 40-

demethylepipod- ophyllotoxin-9-(4,6-O-ethylidene)-b-D-

glucopyranoside, is an important antineoplastic agent 

currently in use extensively for the treatment of small cell 

lung cancer, testicular cancer and lymphomas [1, 2]. Low 

and erratic oral absorption of ETOPO has been attributed 

to drug precipitation in the gastrointestinal lumen due to 

poor aqueous solubility, pH-related degradation and 

efflux byp-glycoprotein transporter [3-6]. ETOPO when 

administered orally shows poor and variable 

bioavailability which ranges from 25 to 75% [4-6]. 

Several attempts are being made by the researchers across 

the globe to achieve consistent and improvised oral 

bioavailability of the ETOPO [7-15]. Recently, a plant 

based oral bioavailability enhancer has been developed 

for the ETOPO by the Department of Chemical 

Technology, Dr. Babasaheb Ambedkar Marathwada 

University, Aurangabad. Briefly, Picroside-II (PK-II) 

[Fig. 2] a phytochemical from rhizomes of Picrorrhiza 

kurroa [16, 17], when administered with ETOPO, is 

found to enhance oral bioavailability of ETOPO 

consistently by 35%. Based on the significant finding of 

ETOPO bioenhancement by PK-II, an Indian patent has 

been field & published for the prospective commercial 

use [18]. Simultaneously a pharmacological composition 

comprising ETOPO & PK-II was developed using QbD 

approach. Considering therapeutic and commercial 

importance of combination of ETOPO and PK-II, it was 

envisaged that development of HPLC method for 

simultaneous estimation of ETOPO and PK-II will be 

worth. It would be in routine analysis of ETOPO & PK-II 
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composition in near future. 

 
Figure 1: Chemical structure of Etoposide 

 
           Figure 2: Chemical structure of Picroside-II 

 

MATERIALS AND METHODS 

Chemicals and Reagent 

ETOPO was obtained from TCI chemicals (India) Pvt. 

Ltd & PK-II (purity 98% by HPLC) was obtained as gift 

sample from Natural Products Chemistry Division of 

Indian Institute of Integrative Medicine (CSIR), Jammu. 

All chemicals and reagents used were of analytical grade. 

HPLC grade Acetonitrile (ACN) and water were used for 

the purposed study. 

Instruments 

Chromatographic analysis was performed using an 

Agilent HPLC system that consisted of a model G1311C 

quaternary HPLC pump (Agilent Technologies, Palo 

Alto, CA), G1329B auto sampler system (Agilent 

Technologies) and G1315F variable wavelength detector 

(Agilent Technologies). HPLC grade water was obtained 

from “Extrapure Water Purification System (Lablink). 

Mobile phase was degassed by using ultrasonicator (PCI 

Analytics). For weighing purpose, Vibra HT analytical 

balance (Essae) was used. 

Preparation of Mobile Phase 

0.5% Acetic acid in water was prepared by dissolving 5 

mL of acetic acid in 1000 mL of water. The prepared 

mobile phase was filtered through 0.22µm filter and 

degassed by ultrasonication for 5 min. HPLC grade ACN 

was used in combination with 0.5% acetic acid as a 

mobile phase.  

Preparation of standard stock solution 

Stock solutions (1 mg/mL) of ETOPO and PK-II were 

separately prepared in HPLC grade ACN and filtered 

through 0.45 µm nylon membrane syringe filter. 

Preparation of standard calibration curve  

Calibration curve was prepared by diluting the stock-I 

solution to achieve the seven different calibration 

standards representing 1, 2, 3, 5, 7, 8, 10 ng/mL strength 

of ETOPO and PK-II. All these solutions were injected 

into HPLC column and the peak area of each solution was 

measured. The standard calibration curves of peak area 

Vs concentration (ng) were plotted. 

Method Validation 

The validation of pre-optimized chromatographic method 

was performed according to the Q2 (R1) guidelines of 

International Conference on Harmonization (ICH). 

Various analytical method validation parameters like 

system suitability, linearity, range, LOD, LOQ, accuracy, 

precision and stability were assessed [19, 20]. 

System Suitability  

Before performing the main analysis, the system 

suitability test was carried out using freshly prepared 

standard working solutions of 1 ng/mL of ETOPO and 

PK-II. Standard working solution was repeatedly 

analyzed by using proposed HPLC conditions. During 

analysis, various parameters viz. retention time, peak 

area, and the number of theoretical plate were measured. 

Acceptable upper limit of % RSD for peak area and 

retention time was set at 2 whereas acceptable lower limit 

of number of theoretical plates was set at 2000. System 

was considered to be suitable only when obtained values 

were within the set limits.    

Linearity & Range 

Linearity of the proposed method was calculated by using 

seven different calibration standards of ETOPO and PK-

II. The calibration curves were constructed using the 

Calibration Standards representing 1, 2, 3, 5, 7, 8, 10 

ng/mL strength of ETOPO and PK-II. Concentration vs. 

peak areas were plotted, subjected to linear regression 

analysis and linearity in terms of R-squared values and 

respective range were reported. 

Accuracy (% Recovery):  

Accuracy of pre-optimized HPLC method was assessed 

using recovery studies by standard addition method. To 

the solutions with predefined amount of ETOPO and PK-

II (4, 5 and 6 ng/mL), its 80, 100 and 120 % amount was 
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added externally and the % recovery of both the drugs 

was calculated.  

Precision 

The precision of the developed method was evaluated by 

performing Intra-day and Inter-day studies. Intra-day 

precision study was carried out by analyzing five 

replicates of three different concentrations (1, 5 and 10 

ng/mL of ETOPO and PK-II) at morning, afternoon and 

evening time of the same day. Similarly, inter-day 

precision study was carried out by analyzing the samples 

on three consecutive days. Intra- and inter-day precision 

results were expressed in terms of % RSD.  

Robustness 

Robustness of the proposed HPLC method was evaluated 

by making slight, deliberate change in chromatographic 

parameters viz. column temperature, flow rate of mobile 

phase and the mobile phase composition. Modified 

chromatographic conditions for the assessment of 

robustness were ±1oC deviation in column temperature, 

±0.05 ml/min deviation in flow rate of mobile phase and 

±1 unit deviation in volume of ACN. For the robustness 

study, a solution (5 ng/mL) was repeatedly (n=5) 

analyzed for retention time and peak area of ETOPO and 

PK-II using above-mentioned modified chromatographic 

conditions. Results of the robustness study were 

expressed in terms of % RSD. Proposed method was 

considered to be robust only when the % RSD values for 

both retention time and peak areas were below 2.  

Limit of detection (LOD) and Limit of quantification 

(LOQ) 

LOD is the lowest concentration in a sample that can be 

detected, but not necessarily quantified under the stated 

experimental conditions. LOQ is the lowest concentration 

of analyte that can be determined with acceptable 

accuracy and precision. LOD and LOQ were calculated 

using following formula: 

LOD = 3.3 × SD/S  

LOQ = 10 × SD/S 

where SD = standard deviation of response (peak area) 

and S = slope of the calibration curve. 

Stability of Analytical Solutions 

Stability of analytical solutions was evaluated by using 

proposed HPLC method. For the stability study, standard 

solutions of ETOPO and PK-II (5 ng/mL) were stored at 

two different temperatures viz. 4 and 25oC and the 

solutions were analyzed using proposed HPLC method 

for the ETOPO and PK-II contents after 24 hrs. of 

storage. Results were expressed in terms of % contents 

and %RSD. 

Estimation of ETOPO and PK-II content in 

pharmaceutical formulation 

In-house pharmaceutical formulation of ETOPO & PK-II 

was formulated using pharmaceutically accepted 

excipients. About 20 mg ETOPO was dissolved in 0.1 ml 

dimethyl sulfoxide (Solution-A). Accurately weighed 

0.5gm Polyethylene glycol 4000 was dissolved in 4.5 mL 

water and 0.5 ml propylene glycol was added into it 

(Solution-B). Solution-A was added to Solution-B and 

mixed well using vortex mixer to obtain an oral solution 

as comparative example in table 2. Similarly, about 20 mg 

ETOPO was dissolved in 0.1 mL dimethyl sulfoxide 

(Solution-C). Accurately weighed 0.5 gm Polyethylene 

glycol 4000 was dissolved in 4.5 ml water. 10 mg PK-II 

and 0.5 mL propylene glycol was added into water 

containing polyethylene glycol (Solution-D). Solution-C 

was added into Solution-D and mixed well using vortex 

mixer to obtain oral compositions. The solution was 

filtered using 0.45 µm filter. From the filtrate, 1 μL was 

injected in to the column under above-mentioned 

chromatographic conditions. Each sample solution was 

injected in triplicate. Content of ETOPO and PK-II in 

formulation was calculated by comparing mean peak area 

of sample with that of the standard.  

RESULTS AND DISCUSSION 

Optimization of RP-HPLC Method 

While developing HPLC method for simultaneous 

estimation of ETOPO and PK-II, various mobile phase 

combinations and the stationary phases were tried. 

Selection of mobile phase composition and stationary 

phases was based on the solubility behavior, pKa values 

and the relative retention of ETOPO and PK-II.  

ETOPO and PK-II was optimally resolved (Figure 3) over 

C-8 HPLC column using combination of 0.5% acetic acid 

in water and ACN (75:25v/v) as a mobile phase. The 

details of optimized chromatographic conditions are 

shown in Table 1.  

Table 1: The optimized chromatographic conditions. 

Separation variable Optimized conditions 

Chromatography Agilent HPLC system 

Column C-8, 150 x 4.6, 5 um (Kromasil, Grace) 

Mobile phase 0.5% Acetic acid in water: ACN (75:25 v/v) 

Flow rate 0.8 mL/min 

Total Run Time 15 Min 
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Pressure 56-57 bars 

Temperature 400C 

Detection wavelength 254nm 

Retention time ETOPO 13.68 min 

Retention time PK-II 3.62 min 

 

 
Figure 3: A typical RP-HPLC chromatogram of ETOPO and PK-II.

System suitability 

System suitability test is carried out to ensure that 

resolution and reproducibility of the chromatographic 

system is adequate for the analysis to be performed. 

System suitability test when carried out using proposed 

HPLC method showed that %RSD for retention time and 

peak area was less than 2 whereas numbers of theoretical 

plates were more than 2000 for both the analytes. On the 

basis of obtained results, it was found that system is 

suitable for the analysis. The details of system suitability 

results are summarized in Table 2. 

Table 2: System suitability parameters for ETOPO and PK-II. 

Sr.No. Parameter Acceptance criteria 
Result 

ETOPO %RSD PK-II %RSD 

1 Retention Time %RSD ≤ 2% 13.6868 0.0573 3.6266 0.0314 

2 Area %RSD ≤ 2% 23475 0.8152 27500 0.0747 

3 Theoretical plates ≥ 2000 2702 0.9253 3027 0.9780 

 

Method validation 

Linearity and Range  

Linearity and range are the important parameters of 

analytical method that demonstrates the limit within 

which the intended method is to be used for its optimum 

performance. Considering the prime importance of 

linearity and the range, seven-point calibration curve of 

ETOPO (1-10 ng/mL) and PK-II (1-10 ng/ mL) were 

constructed. Concentrations and the respective peak areas 

of both ETOPO and PK-II are depicted in Table 3. 

Calibration curve when subjected to least square 

regression analysis yielded an equation; y = 27567x + 153 

for ETOPO and y = 23214x + 367.5 for PK-II with 

correlation coefficient 0.9999 (Fig. 4 and 5). From the 

linearity study, it was revealed that, there is a linear 

relationship between response (peak area) and amount of 

drug within the range 1-10 ng/mL for ETOPO and 1-10 

ng/mL for PK-II. 

 

Table 3: Linearity of ETOPO and PK-II. 

Sr. No. 
ETOPO PK-II 

Conc. (ng/mL) Peak Area Conc. (ng/mL) Peak Area 

1 1 27490 1 23340 

2 2 54400 2 47651 

3 3 83700 3 69884 

4 5 138950 5 116529 

5 7 193186 7 161529 
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6 8 219831 8 186187 

7 10 275940 10 233308 

8 Slope 27567 Slope 23214 

9 y-intercept 153 y-intercept 367.5 

10 R2 0.9999 R2 0.9998 

 

 
Figure 4: Linearity curve of ETOPO. 

 
Figure 5: Linearity curve of PK-II. 

 

Accuracy (percentage Recovery) 

Accuracy is the closeness of test results to the true value 

obtained by proposed method. The accuracy of an 

analytical method should be established over its 

calibration range so that at any point of determination, 

results obtained would be accurate. For ETOPO and PK-

II, accuracy was determined using recovery studies. At 

80, 100 and 120 % standard addition, mean recovery of 

ETOPO and PK-II was found to be 100.15 and 100.55 % 

respectively. The relative standard deviation (% RSD) 

was found to be less than 2 (Table 4). From the results of 

accuracy studies, it was concluded that the proposed 

method is accurate. 

 

Table 4: Recovery studies of ETOPO and PK-II. 

Sr. 

No. 
Sample 

Spiked 

level 

Theoretical 

Concentration (ng/mL) 

Practical  

Concentration (ng/mL) 

% 

Recovery 

Mean % 

Recovery 
% RSD 

1 ETOPO 

80% 4 4.032 100.81 

100.27±0.49 0.6365±0.19 100% 5 4.99 99.83 

120% 6 6.01 100.19 

2 PK-II 

80% 4 4.01 100.30 

100.39±0.23 0.1953±0.08 100% 5 5.03 100.1 

120% 6 6.01 100.27 
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Precision 

Precision is the degree of repeatability of an analytical 

method under normal operational conditions. Precision of 

the method was established by performing an intra- and 

inter-day studies. 

Intra-day precision 

Intra-day precision of proposed method was established 

by analyzing three different standard solutions (1, 5 and 

10 ng/mL of ETOPO and PK-II) on three different time 

intervals of the same day. It was found that % RSD values 

of estimated concentrations were less than 2. Results of 

intra-day precision studies are shown in Table 5.

 

Table 5: Intra-day precision data for ETOPO and PK-II. 

Sr. 

No. 

ETOPO PK-II 

Nominal Conc. 

(ng/mL) 

Estimated Conc. 

(ng/mL) 
% Assay % RSD 

Nominal Con. 

(ng/mL) 

Estimated Conc. 

(ng/mL) 
% Assay 

% 

RSD 

1 1 1.0202 101.62 1.16 1 0.6609 100.01 0.22 

2 5 5.0076 99.55 0.15 5 5.0261 99.92 0.16 

3 10 10.040 100.35 0.06 10 10.011 100.06 0.20 

Mean 100.50 0.4566 Mean 99.99 0.19 

 

Inter-day precision 

Intra-day precision studies were repeated on three 

consecutive days and the obtained data was used for 

estimation of inter-day precision of proposed method. The 

% RSD values were well below the upper limit of 

acceptance. Results of inter-day precision studies are 

shown in Table 6. 

 

Table 6: Inter-day precision data for ETOPO and PK-II. 

Sr. 

No. 

ETOPO PK-II 

Nominal Conc. 

(ng/mL) 

Estimated Conc. 

(ng/mL) 
% Assay % RSD 

Nominal Conc. 

(ng/mL) 

Estimated 

Conc. (ng/mL) 
% Assay % RSD 

1 1 1.0230 101.49 1.77 1 0.8824 100.08 0.227 

2 5 5.0076 99.55 0.22 5 5.0257 99.91 0.188 

3 10 10.043 100.38 0.11 10 8.3552 100.16 0.514 

Mean 100.47 0.70 Mean 100.05 0.309 

 

From the results of intra- and inter-day precision studies, 

it was found that proposed method is precise and 

reproducible.  

Robustness 

An analytical method is considered to be robust when the 

small, internal changes in method parameters did not alter 

the final results significantly. Robustness of the proposed 

method was established by slightly changing the column 

temperature, mobile phase flow rate and mobile phase 

composition. It was found that, slight change in internal 

method parameters did not alter the final result (retention 

time and peak area) significantly. The % RSD values 

were found to be less than 2 (Table 7). Thus, proposed 

method was found to be robust. 

      

                         

Table 7: Robustness study for ETO and PK-II. 

Sr. Parameter Setting ETOPO PK-II 

   RT 
% 

RSD 
Peak Area 

% 

RSD 

RT 

 
% RSD Peak Area 

% 

RSD 

 

1 

Column 

temperature 

(°C) 

38 13.64 0.26 138950 1.67 3.68 0.95 116828 0.80 

40 13.68 0.01 138764 0.75 3.67 0.56 116582 0.59 

42 13.69 0.80 138490 1.01 3.74 1.22 116749 0.74 

 

2 

Mobile phase 

flow rate 

(ml/min) 

0.7 13.73 0.08 138901 0.58 3.92 0.76 116901 1.61 

0.8 13.68 0.03 138854 0.62 3.65 0.41 116895 0.59 

0.9 13.54 0.38 138987 0.71 3.64 0.79 116354 0.93 

 

3 

Mobile phase 

composition (%, 

v/v) 

74:26 13.66 0.25 138482 1.30 3.64 0.83 116602 1.41 

75:25 13.68 0.5 138943 0.40 3.67 0.56 116897 1.21 

76:24 13.92 0.85 138999 1.72 3.74 1.11 116994 1.01 

 LOD and LOQ 
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The LOD and LOQ of proposed method were determined 

from linearity curve method using slope and standard 

deviation of precision. The LOD and LOQ for ETOPO 

and PK-II are depicted in Table 8. 

 

Table 8: LOD, LOQ data of ETOPO and PK-II. 

Sr. No. Sample LOD LOQ 

1 ETOPO 2.48 ng/mL 9.11 ng/mL 

2 PK-II 3.98 ng/mL 7.52 ng/mL 

 

Stability of Analytical solutions 

Stability of analytical solutions and or samples is a major 

concern during the analysis. It is necessary that samples 

to be analyzed should be stable over the period of 

analysis. During validation of proposed method, stability 

of ETOPO and PK-II was assessed by analyzing the 

standard analytical solutions. After 24 hrs of storage, % 

recovery of ETOPO was found to be in the range of 99.80 

to 101.66 whereas that of PK-II was in the range of 99.80 

to 100.66 (Table 9). It was found that analytical solutions 

comprising ETOPO and PK-II were stable over the period 

of 24 hrs.     

 

Table 9: Stability data of ETOPO and PK-II Solutions. 

 

Estimation of ETOPO and PK-II content in 

pharmaceutical formulation 

Proposed validated analytical method was successfully 

applied for the determination of ETOPO and PK-II 

content in its liquid formulation. Figure 6 depicts HPLC 

chromatogram obtained after the analysis of liquid 

formulation by proposed method. By proposed HPLC 

method, average ETOPO and PK-II content of the 

pharmaceutical formulation was found to be 100.27 and 

99.92% respectively. Further, it was found that proposed 

HPLC method is specific for the ETOPO and PK-II. No 

interference of the excipients of pharmaceutical 

formulation was observed during the HPLC analysis.  

 

 
Figure 6: A typical RP-HPLC chromatogram of Sample. 

 

CONCLUSION 

An accurate, precise, sensitive yet robust RP-HPLC 

method was developed and validated for the simultaneous 

determination of ETOPO and PK-II in bulk and 

formulation. Proposed HPLC method was found to be 

specific for ETOPO and PK-II and was free from any 

interference of formulation excipients. Proposed HPLC 

method can be used for routine analysis of ETOPO and 

PK-II in bulk as well as formulation. 
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