
INTRODUCTION

Dendrimer represents a novel type of polymeric material.

It is also known as starburst1 or cascade2 or molecular trees3 or

arborols, or polymers. They attract the increasing attention of

pharmaceutical researchers because of their unique structure,

high degree of control over molecular weight and the shape

that has led to the synthesis of unimolecular micelles4,5. 5G

EDA-PPI dendrimers were synthesized by reported method6,7.

The chemical formula of valsartan is N-(1-oxopentyl)-

N-[[2-(1H-tetrazol-5-yl) [1,1-biphenyl]-4-yl]methyl]-l-valine

(Fig. 1). Valsartan is a potent, highly selective, and orally active

antagonist at the angiotensin II AT1-receptor that is used for

the treatment of hypertension. Few methods appeared in the

literature for the determination of valsartan individually based

on high-performance liquid chromatography8-10. Sampath

et al.11 described identification and characterization of potential

impurities of valsartan AT1 receptor antagonist. There has been

some of estimation of assays of analyte in human plasma

including the use of liquid chromatography12-15, a gas chroma-

tographic, mass spectroscopic16 and some combination with

other drugs using high pressure liquid chromatography and

derivative spectroscopy17-22.

Fenofibrate (Fig. 2), isopropyl 2-[4-(4-chlorobenzoyl)

phenoxy]-2-methylpropionate, is fibric acid derivative, used

for regulating plasma lipids and treatment of hyperlipopro-
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teinaemias23. The literature survey reveals that fenofibrate was

analyzed in environmental water samples using solid phase

extraction followed by GC-MS24,25 or HPLC electrospray

ionization MS-MS24. HPLC was used for determination of

fenofibrate26-28, its metabolites29-33 and related impurities34,35.

Other HPLC methods for assay and purity of fenofibrate and

an NMR method for related compounds in fenofibrate raw

materials were reported36. There are no simultaneous method

for the determination of valsartan and fenofibrate. This study

aimed to develop a simultaneous method for the estimation of

both the drugs by RP-HPLC method.
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Fig. 1. Structure of valsartan
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Fig. 2. Structure of fenofibrate

EXPERIMENTAL

Shimadzu LC-2010 HT with liquid chromatograph,

Metller Toledo electronic analytical balance, transsonic digital

S (Sonicator), Chromatographic software-CLASS-VP and

Nucleosil 100, 5 µm, C8, 250 × 4.0 mm column was used as a

stationary phase, Perkin-Elmer IR spectroscope and Bruker

DRX, USA.

Valsartan and fenofibrate were supplied by Microlabs

limited, Bangalore. Ethylenediamine, acrylonitrile, Raney

nickel, HPLC grades methanol, AR grade ortho phosphoric

acid, hydrochloric acid, sodium hydroxide, hydrogen peroxide

were procured from E. Merck.

Synthesis of 5G EDA-PPI dendrimers: 5G EDA-PPI

dendrimers were synthesized by reported method23,24. In brief,

ethylenediamine was used as initiator core and acrylonitrile

was added to it in a double Michael addition reaction method

to produce half generation (-CN terminated), followed by

heterogeneous hydrogenation using Raney nickel as catalyst

to produce full generation (-NH2) dendrimers. The reaction

sequence was repeated cyclically to produce PPI dendrimers

up to fifth generation (PPI-5G) as shown in Fig. 1 (Scheme-I).

Sysnthesiszed dendrimers were characterized by IR (Perkin-

Elmer IR spectroscope) and NMR spectroscopy (Bruker DRX,

USA).

Drug loading in formulations: The known molar concen-

trations of EDA-PPI dendrimer-(NH2)64 and valsartan conju-

gated 5.0G EDA-PPI dendrimers were dissolved separately in

methanol and mixed with methanolic solution of fenofibrate

(100 mol). The mixed solutions were incubated with slow

magnetic stirring (50 rpm) using Teflon beads for 24 h. These

solutions were twice dialyzed in cellulose dialysis bag (MWCO

1000 Da Sigma, Germany) against double distilled water under

sink conditions for 10 min to remove free drug from the formu-

lations, which was then estimated spectrophotometrically (λmax

475 nm) to determine indirectly the amount of drug loaded

within the system. The dialyzed formulations were lyophilized

and used for further characterization.

Preparation of standard stock solution: About 20 mg

of standard Valsartan and fenofibrate were weighed accurately

and transferred to a separate 100 mL volumetric flask with

mobile phase and sonicated for 10 min and made up to gradu-

ation with mobile phase. The final concentration was prepared

by diluting suitable aliquates.

Selection and preparation of mobile phase: Pure drug

of valsartan and fenofibrate were injected into the HPLC system

and run in different solvent systems. It was found that methanol:

1 % ortho phosphoric acid: acetonitrile gives satisfactory

results as compared to other mobile phases. Finally, the optimal

composition of the mobile phase employed was 45:30:25 and

UV detection at 247 nm. The prepared mobile phase was

ultrasonicated for 20 mins.

Selection of analytical wavelength: By appropriate

dilution of standard stock solution with mobile phase, various

concentrations of Valsartan and fenofibrate were prepared

separately. The solutions were scanned using the double beam

UV visible spectrophotometer in the spectrum mode between

the wavelength ranges of 400 nm to 200 nm and 247 nm

which was selected as the analytical wavelength for further

analysis.

RESULTS AND DISCUSSION

System suitability: System suitability parameters were

calculated at the start of study of each validation parameter.

The values of system suitability results obtained during the

entire study are recorded in Table-1.

Linearity: Linearity was determined at five levels over

the range of 10-50 µg/mL for Valsartan and 3-15 µg/mL for

fenofibrate of test concentration. Each linearity solution was

injected in triplicate. The mean area at each level is calculated

and a graph of mean area versus concentration is plotted. The

correlation co-efficient (r), Y-intercept, slope of regression line,

residual sum of squares are calculated and recorded in Table-

1. The plot of peak area response against concentration is
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TABLE-1 
VALIDATION DATA FOR VAL AND FB 

a) Regression characteristics of the proposed HPLC method 

Linearity experiment (n=5) VAL FB 

Range (µg/mL) 10-50 3-15 

Mean ‘r’ value 0.999 0.999 

Slope 4394.9 33755 

Intercept 671.43 3739.3 

b) Results of accuracy using proposed method 

VAL FB 
Accuracy (n = 3) 

% recovery % recovery 

Level 1 98.87 101.09 

Level 2 98.24 98.68 

Level 3 98.92 101.44 

Mean % recovery (n=9) 98.68 100.40 

% R.S.D 0.3841 1.4966 

c) Results of precision and intermediate precision for VAL and FB 

VAL FB  

Mean assay (%) 
/(%) RSD 

Mean assay (%)/ 
(%) RSD 

Precision (n=6) 100.25 / 0.8762 99.65 / 1.2634 

Intermediate precision (n=6) 100.87 / 0.7856 99.88  1.1452 

d) Results of solution stability for VAL and FB 

VAL (% recovery) FB (% recovery)  

Room 
temp. 

4 ºC 
Room 
temp. 

4 ºC 

Initial 100.11 100.25 99.97 99.87 

After 4 h 99.95 99.87 99.91 99.12 

After 8 h 98.98 99.98 99.12 99.25 

After 12 h 98.89 98.92 98.56 98.76 

After 24 h 99.85 99.67 98.17 98.12 

VAL = Valsartan; FB = Fenofibrate. 

 
presented in Figs. 4 and 5. The Beer Lambert's law was obeyed

in the concentration range 10-50 µg/mL for Valsartan and 3-

15 µg/mL for fenofibrate. The linearity of calibration graphs

and adherence of the system to Beer's law was validated by

high value of correlation coefficient.

Specificity: The specificity of the HPLC method was

determined by complete separation of both valsartan and

fenofibrate in the presence of its degradation products. There

were no interference from sample and its degraded products

the peak purity of both Valsartan and fenofibrate were 0.9991

and 0.9998. It shows that developed analytical method is

specific for the analysis of both Valsartan and fenofibrate.

Precision: The precision of the method was established

by carrying out the analysis of the analyte (n = 6) using the

proposed method. The chromatogram for standard was given

in Fig. 3. The value of standard deviation shows that the method

is precise. The results obtained are presented in Table-1.

Recovery studies: To check the accuracy of the proposed

method, recovery studies were carried out at 50, 100 and 150 %

of the test concentration as per ICH guidelines. The recovery

study was performed three times at each level.

Robustness of method: The robustness of the developed

method was studied by making small deliberate variations in

the method parameters such as the small components in the

mobile phase, flow rate, wavelength and the column tempe-

rature. The results of the robustness study are within the critical

value.

Ruggedness: Ruggedness test was determined between

two different analysts, instruments and columns. The value of

Fig 3. Typical chromatogram of valsartan and fenofibrate

Fig 4: Linearity of valsartan

Fig. 5. Linearity of fenofibrate

percentage RSD was below 2.0 %, exhibits the ruggedness of

developed analytical method.

Solution stability studies: The sample solution was pre-

pared at test concentration and initial assay was determined.

Solution was stored up to 24 h at room temperature and about

4 ºC and assay was determined at 4, 8, 12 and 24 h against

freshly prepared standard and also analyzed about 4 ºC at 24 h.

The assay obtained at different time intervals was compared

with the initial assay value and recorded. The relative standard

deviation was found below 2 %. It proves that both standard

and sample solutions are stable up to 24 h at room temperature

and at 4 ºC and results are given in Table-1.
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