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An isocratic reversed phase HPLC method for the simultaneous determination of doxorubicine (DOX) and 
celecoxib (CXB) out of a nanoparticulate fixed dose combination (NanoFDC) was developed and validated. 
Linearity of the results was demonstrated from 1-11 μg/mL for both components. Lower limits of detection were 
determined as 7 ng/mL for DOX and 13 ng/mL for CXB. Total run time was approximately 15 min.

1. Introduction
Doxorubicin (DOX) is a potent cytotoxic drug, indicated for various 
cancers; but it also shows important side effects. To overcome these 
side effects, many different approaches were studied (Ramanlal 
Chaudhari et al. 2012; Swami et al. 2014). On the other hand most 
of the preclinical studies and clinical trials showed that non-steroidal 
anti-inflammatory drugs (NSAID) and specifically cyclooxygenase-2 
(COX-2) enzyme inhibitors such as celecoxib (CXB) increase the 
effect of chemotherapeutic drugs (Chan 2002). In ongoing studies, 
it was demonstrated that CXB has synergistic activity with DOX 
against cancer but usage of these combination is limited due to 
cardiotoxic side effects of these drugs (Groen et al. 2011). 
Nanoparticulate drug delivery systems provide many opportuni-
ties such as targeting drug delivery and encapsulating more than 
one drug into a nanocarrier particle (Allen 2002). This combined 
drug delivery approach recently named as Nanoparticulate Fixed 
Dosage Combinations (NanoFDC) (Arora et al. 2015). Improved 
chemotherapy and decreased side effects could be possible by 
targeted NanoFDC formulations. Although there are numerous 
studies for the combination effect of these molecules, there is 
not any combined dosage form or combined analytical method, 
published in the literature yet. Both of two molecules have its 
monograph in the United States Pharmacopeia (USP) and Euro-
pean Pharmacopeia (EP). Besides the analytical methods for DOX 
and CXB suggested by major pharmacopoeias, there are also 
many other methods for the analysis of both molecules separately. 
For DOX analysis, these include fluorescence spectrophotometry 
(Subedi et al. 2009), UV–visible spectrophotometry (Tewes et al. 
2007), HPLC with fluorescence detection (Alhareth et al. 2012; 
Reddy et al. 2005), and HPLC with UV detection (Dharmalingam 
et al. 2014). For CXB analysis, spectrofluorometry (Damiani et 
al. 2003), HPLC-UV (Saha et al. 2002; Rose et al. 2000) and 
HPLC-mass (Dongari et al. 2014) and UV spectrometry methods 
are published. These methods are suitable for dosage forms with a 
single active pharmaceutical ingredient. In this study, an isocratic 
reversed phase HPLC method for the simultaneous determination 
of DOX and CXB was developed and validated using fluorescent 
detector at gradient excitation and emission wavelengths according 
to the European Pharmacopoeia and International Conference on 
Harmonization (ICH) requirements. 

2. Investigations and results
A RP-HPLC system was selected to analyze two compounds 
with an efficient separation and acceptable peak symmetries. 

The experiments were performed with a C18 column by trying 
various mobile phase conditions systematically. After the initial 
experiments, the optimum conditions were found to be the 
mobile phase of acetic acid solution (pH 3.0, 1 %): acetonitrile 
(40:60 v/v) mixture pumped at 1 mL min/min flow rate. Under the 
optimum conditions, due to distinct differences of polarity of two 
compounds, DOX and CXB were eluted at 2.0 min and 12.9 min, 
respectively. 
After the suitability test applied to the chromatograms, the system 
was found suitable. Resolution was more than 2 and column 
efficiency was more than 2000 for both compounds. The relative 
standard deviations of the repeatability of peak areas for both 
compounds were less than 1 %. The peak symmetries measured at a 
point 5 % of the peak height from the baseline for both compounds 
were less than 1.1, whereas the capacity factors were more than 
2.0. The total run time was 15 min. 
The specificity of the method was confirmed by absence of 
any interfering peaks with DOX and CXB peak in the obtained 
chromatograms. Neither solution of PLGA nanoparticles, nor 
dilution solvent (mobile phase) have a fluorophore group and do 
not generate florescent signal. The method was found specific for 
DOX and CXB analyses and linear in the concentration range of 
1.0-11.0 μg/mL for DOX and CXB analysis. A sample chromato-
gram of doxorubicin and celecoxib analysed from PLGA nanopar-
ticles is presented in the Fig.. 
According to the DOX linear regression analyses results, the coef-
ficient of determination of the regression line (R2) was 0.9996, the 
% y-intercept values were less than 2.0 % for all points except 
1 ppm. The regression equation was y = 77214 x + 2072.2, where y 
is the observed peak area and x is the concentration of the solution. 
Considering the linearity of CXB, coefficient of determination of 
the regression line (R2) was found to be 0.9998, the % y-intercept 
values were less than 2.0 % for all points except 1 ppm. The calcu-
lated linear regression equation was y = 57855x + 2190. Detailed 
linearity statistics are presented in Table 1. 

Table 1: Linearity data of the developed method (n=6)

DOX CXB

Regression equation y = 77214x + 2072.2 y = 57855x + 2190

Standard error of intercept 4579.8 2378.1

Standard error of slope 711.5 369.5

Coefficient of determination 0.9996 0.9998
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The RSD% values were less than 2 % and the recovery value 
percentages were 98-102 % for three of the concentrations for 
both compounds as presented in detail in Table 2. The LODs were 
7 ng/ mL for doxorubicin and 13 ng/mL for celecoxib. The quan-
titation limits were 14 ng/mL for doxorubicin and 19 ng/mL for 
celecoxib.

3. Experimental

3.1. Chemicals
Celecoxib was purchased from Santa Cruz Biotech (Santa Cruz, USA) and Doxo-
rubicin HCl manufactured by Hisun Pharmaceuticals (Zhejiang, China) was kindly 
gifted by Deva (Istanbul, Turkey) Pharmaceuticals. Acetonitrile, glacial acetic 
acid was HPLC grade, triethylamine (TEA) was synthesis grade and they were all 
purchased from Sigma-Aldrich. PLGA RG502H, acetone and poly (vinyl alcohol) 
(PVA) (87–90% hydrolyzed, average molecular weight 30,000–70,000) that were 
used for nanoparticle preparation were obtained from Sigma-Aldrich. Water was 
used for the preparation of buffers and aqueous solutions as obtained by a Millipore 
Simplicity® UV system (Bedford, USA) (18.2 Ω.cm).

3.2. Sample preparation and solutions
Stock solutions of DOX and CXB were prepared by dissolving 5.0 mg of doxorubicin 
HCl and 5.0 mg of celecoxib in 100 mL of mobile phase in amber colored volu-
metric flask separately. Standard solutions used for the calibration were prepared by 
an appropriate dilution process using mobile phase. Acetic acid solution (1 %) was 
prepared by addition of 10 mL glacial acetic acid into deionized water and completed 
to a volume of 1 L and pH was adjusted to 3.0 with triethylamine. Blank PLGA 
nanoparticles were prepared with nanoprecipitation as described previously (Sahin 
et al. 2017). Matrix effect was evaluated according to the literature (Yerlikaya et al. 
2010). Lyophilised dried nanoparticles were dissolved in mobile phase and mixed 
with DOX and CXB standard and vortexed for 1 min.

3.3. Instrumentation
The HPLC system, was a modular Shimadzu Prominence Series consisted of a 
degasser (DGU 20A), a quaternary pump (LC 20AT), an auto-sampler (SIL 20A), a 

thermostated column compartment (CTO 10AS) and a fluorescent detector (RF-20A) 
was used for separation and quantification of two molecules. The column was a GL 
Sciences Inertsil ODS-3 C

18 
HPLC column (250 mm x 4.6 mm, 5 μm) (Japan) ther-

mostated at 25 °C. The mobile phase was composed of 1% acetic acid solution (pH 
3.0) and acetonitrile (60:40, v:v). The flow rate of mobile phase was set to 1 mL/min 
and injection volume was 20 μL. Detector was set with a gradient program; first 5 min 
excitation at 480 nm and emission at 590 nm; after then excitation was set at 240 nm 
and emission at 380 nm.

3.4. System suitability
A system suitability test was performed to check chromatographic parameters suitable 
with the directions of European Pharmacopeia using 5.0 μg/mL of DOX and CXB 
standard solution. 

3.5. Analytical method validation
The parameters stated in recommendation of ICH Guideline Q2(R1) were investigated 
(ICH 2005). Dissolved PLGA, mobile phase and standard solution of DOX and CXB 
were injected and the chromatograms were visually compared to assess the specificity 
of the analytical method. A linearity study was performed to show the linearity of the 
capability of the analysis in the range of 1.0-11.0 μg/mL. For this, a regression anal-
ysis was performed and evaluated (n = 3). Standard solutions were prepared in three 
concentrations (1.0, 5.0 and 11.0 μg/mL) triplicate for the accuracy and repeatability 
studies. Intermediate precision of the method was evaluated by repeating the same 
analysis in two consecutive days. The intermediate precision (inter-day) was shown 
by repeating the same procedure for two consecutive days. Recovery percentage was 
used to point out the accuracy and RSD% to point out the precision. The detection 
and quantitation limits (LOQ, LOD) are not a requirement for assay studies, thus this 
parameters were calculated using signal to noise ratio (S/N) method to represent the 
sensitivity of the method.
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