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ABSTRACT
Objective: A new, simple, selective, and reproducible stability indicating reversed - phase high performance liquid chromatography method for the
simultaneous estimation of Aliskiren (ALN) Hemifumarate and Valsartan (VLN) in bulk drug, and tablet dosage form was developed and validated as
per ICH guidelines.

Methods: The chromatographic separation was performed using a nucleosil C - 18 column and the analytes were detected by a malondialdehyde - 2010
photodiode array detector. The mobile phase composed of methanol: potassium dihydrogen ortho phosphate buffer (adjusted to pH 3 with
orthophosphoric acid). The flow rate was set at 1 ml/minutes, and the detection was carried out at 225 nm.
Results: ALN Hemifumarate and VLN showed a retention time of 3.84 and 5.96 minutes, respectively. The linear dynamic range was found to be
5-50 mcg/ml and 5-30 mcg/ml with a co-relation co-efficient of 0.992 and 0.985 for ALN and VLN, respectively, with mean percentage recoveries of
99.95% and 99.25%. The results were validated and were found to successfully obey the parameters as per ICH guidelines.

Conclusion: Hence, the method can be successfully applied for routine quality control analysis and stability studies for both ALN Hemifumarate and
VLN in bulk and tablet dosage form as per regulatory requirements.
Keywords: Aliskiren Hemifumarate, Valsartan, Reversed-phase high performance liquid chromatography, Stress degradation study, ICH guidelines.
INTRODUCTION
As per FDA guidelines, a stability indicating method is defined as a
validated analytical procedure that accurately and precisely measure
active ingredients free from process impurities, excipients, and
degradation products [1].

According to FDA and ICH guidelines, stress degradation studies are
to be conducted to determine the strength of the analytical method
developed. The following method is an attempt toward developing a
new stability indicating analytical method using reverse-phase high
performance liquid chromatography (RP-HPLC) for the determination
of Aliskiren (ALN) Hemifumarate and Valsartan (VLN) along with their
stress degradation products.

ALN Hemifumarate is chemically, (2S, 4S, 5S, 7S) N-(2-carbamoylmethylpropyl)-5-amino-4hydroxy-2,
7-diisopropyl-8-[4-methoxy-3(3-methoxypropoxy) phenyl]-octanamide Hemifumarate [2], as shown
in Fig. 1, is a Rennin inhibitor, i.e. it belongs to a group of drugs used
primarily in the treatment of essential hypertension also non-peptide
in nature. It blocks the rennin system at its rate limiting step by
directly inhibiting the catalytic activity of rennin thereby reducing the
generation of Angiotensin I and Angiotensinogen II [3].

VLN, chemically known as (S)-3-methyl-2-(N-{[2’- (2H-1, 2, 3, 4-tetrazol5-yl) biphenyl-4-yl] methyl}pentanamido) butanoic acid [2] as shown
in Fig. 2, is an Angiotensin II receptor antagonist that primarily alter
the Renin – Angiotensin – Aldosterone hormonal system that regulates
blood pressure and fluid balance, therefore, used in the treatment
of high blood pressure, congestive heart failure, or post-myocardial
infarction. It is official in United State Pharmacopoeia and the British
Pharmacoepia [4].

The combined dosage form of ALN and VLN is primarily aimed at
treating hypertension. An in depth literature survey has revealed that
several analytical methods employing spectrofluorimetry [5] for ALN
only, ultraviolet-visible (UV-VIS) spectroscopy [6] for the combination of
ALN and VLN, RP-HPLC for determination of ALN with other drugs [7,8],
but very few have reported analytical methods in combination for ALN
with VLN using RP-HPLC [9-11], and none have reported any stability
indicating method for both the drugs in combination and the range
for linearity can also be re-evaluated. Hence, the present method aims
at developing and validating a stability indicating RP-HPLC method
for simultaneous estimation of ALN Hemifumarate and VLN in bulk
and tablet dosage form, according to the International conference on
harmonization (ICH) guidelines [12-16].
EXPERIMENTAL

Reagents and chemicals
ALN Hemifumarate and VLN were obtained as gift samples from
Nishka Labs, Hyderabad. Valturna was obtained from the local market.
HPLC grade water, HPLC grade methanol was obtained from Merck
distributors and all other chemicals required for the analytical method
was of analytical reagent grade procured from Merck India Pvt ltd.

Instrumentation and chromatographic conditions
The HPLC analysis was carried out on JASCO HPLC system model PU
2080 Plus Pump with a MD – 2010 photodiode array detector. An
analytical Nucleosil C-18 (250 × 4.6 mm, 5 µm) column was used.
UV-VIS spectrophotometer Shimadzu UV-2600 with bandwidth of
10 mm matched quartz cell was used for all spectral studies. Weighing
was done on Shimadzu balance model AY-120. A Hamilton injection
of volume 10 µl was used, the column was maintained at ambient
temperature.
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Chromatographic conditions
Separation and analysis were carried out on a Nucleosil C-18 (250 ×
4.6 mm, 5 µm) column. The Optimized mobile phase consisted of
potassium dihydrogen phosphate buffer: Methanol in the ratio of
70:30 with PH 3 adjusted using O-phosphoric acid at a flow rate of
1.0 ml/minutes, and the detection was carried out at 225 nm (Fig. 3).
The column was maintained at ambient temperature.
Preparation of potassium dihydrogen phosphate buffer
Accurately, weighed 1.360 g of potassium dihydrogen phosphate was
dissolved in sufficient water to produce 1000 ml with pH 3 adjusted by
orthophosphoric acid.

Preparation of mobile phase
Methanol and 0.01 M pot. Dihydrogen phosphate buffer were filtered
separately through 0.45 µ membrane filters. The filtered solvents
were mixed in the ratio of 70:30 (% V/V) and degassed by placing on
a sonicator for 15 minutes. The resultant solution was used as mobile
phase.
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METHOD DEVELOPMENT
Preparation of standard solution
Standard stock solution of ALN Hemifumarate and VLN were prepared
separately by dissolving 10 mg of drug in 10 ml of methanol to get
concentration of 1000 µg/ml (A). From the respective standard stock
solution, working standard solution was prepared containing 100 µg/ml
of ALN Hemifumarate and VLN in mobile phase separately (B). From
this, further dilution was made in mobile phase to get final solution of
ALN Hemifumarate (10 µg/ml) and VLN (10 µg/ml) separately.
Preparation of sample solution
20 tablets, each containing 150 mg of ALN and 160 mg of VLN, were
weighed and powdered. Powder equivalent to 10 mg of ALN (10.66 mg
of VLN) was transferred to 10 ml volumetric flask and was diluted
with methanol and volume made to 10 ml (1000 µg/ml of ALN and
1066 µg/ml of VLN) with methanol. Solution was filtered and further
dilutions were made with mobile phase to get the final concentration of
10 µg/ml of ALN and 10.66 µg/ml of VLN.
METHOD OPTIMIZATION

Several trials were conducted as per the literature survey available,
and finally trials were done by altering the proportion of mobile phase
composition of methanol: phosphate buffer (v/v) and optimizing the
analytical method. The optimized analytical method indicates that
the prescribed system suitability parameters were obtained with the
mobile phase composition of methanol: phosphate buffer (pH 3) in the
ratio of 70: 30% v/v at a wavelength of 225 nm.
METHOD VALIDATION
Fig. 1: Aliskiren

System suitability
The system suitability was carried out by injecting standard solutions
5 times into the chromatographic system. The system suitability
parameters were then evaluated for number of theoretical plates,
tailing factor, and resolution of standard chromatogram.

Linearity
The linearity of the analytical method is required to be carried out to
check its ability to elicit test results which are required to be directly or
by means of a well-defined mathematical equation proportional to the
concentration of the analytes under study and are within a given range.

Precision
It is very important that the method developed be precise. Six replicates
from the standard and sample were injected and precision in terms
of Intraday and Interday was performed to check the repeatability of
retention times and peak response for both ALN and VLN.

Fig. 2: Valsartan

Accuracy
To determine the accuracy % recovery studies using the standard
addition method was performed across the concentration range
of 50-150%. These concentrations were injected 3 times into the
chromatographic system.

Specificity
The specificity of the method was assessed by comparing the
chromatograms of the standards and sample preparations. The
retention times of both the standards, and sample were found to be
similar without any interference from the formulation excipients.
Ruggedness
The ruggedness of the optimized method was validated by bringing
minute changes in flow rate, column temperature and mobile phase
composition. The analytical method was found to be rugged.
Fig. 3: Overlay ultraviolet-visible spectra of Aliskiren (10 µg/ml)
and Valsartan (10 µg/ml) at 225 nm

Stress degradation studies
To confirm the stability indicating nature of the analytical method
stress degradation of ALN and VLN was carried out under prescribed
224
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Fig. 4: Representative chromatogram of aliskiren - 10 µg /ml

Fig. 5: Representative chromatogram of Valsartan - 10 µg/ml
stress conditions as per ICH recommended test conditions [12]. Stress
degradation studies were carried under condition of acid, base, neutral
hydrolysis, oxidation, dry heat, and photolysis. For each study, three
samples were prepared. The blank subjected to stress in the same
manner as the drug solution. Dry heat and photolytic degradation were
carried out in solid state.
Alkaline hydrolysis
1 ml of working solution of ALN and VLN was mixed with 1 ml of 1 N
NaOH solution. This solution was refluxed at 80°C for 5 hrs.
Acidic hydrolysis
1 ml of working solution of ALN and VLN was mixed with 1 N HCl acid
and refluxed at 80°C for 5 hrs.
Neutral hydrolysis
1 ml of working solution of ALN and VLN was mixed with 9 ml water
and kept in dark place for 24 hrs.

Oxidation
1 ml of working solution of ALN and VLN was mixed with 1 ml of 30%
H2O2 and 8 ml of methanol. The solution was boiled at 80°C for 5 hrs.
Degradation under dry heat
Dry heat studies were performed by keeping drug sample separately
in hot air oven for a period of 24 hrs at a temp of 105°C. A sample
was withdrawn after 24 hrs dissolved in methanol to get a solution of
1000 µg/ml and further diluted to get a concentration of 10 µg/ml and
analyzed for chromatography.

Photo-degradation study
The photochemical stability of the drug was also studied by exposing
the sample solution to UV light for 7 days at up to 200 watt hrs/square
meter and subsequently to cool fluorescent light to achieve an
illumination of 1200 lux hrs.

Table 1: System suitability parameter
S. No

Drug

Theoretical
plates

Tailing
factor

Resolution

1
2

Aliskiren
Valsartan

4204
3835

1.025
1.036

‑
6.89

RESULTS AND DISCUSSION
Several trials were conducted by altering the mixture and proportion
of mobile phase composition of methanol:phosphate buffer (v/v) and
finally optimizing the analytical method. The optimized analytical
method indicates that the prescribed system suitability parameters were
obtained with the mobile phase composition of methanol:phosphate
buffer (pH 3) (70:30% v/v). The mobile phase eluted the drugs at the
retention time of 3.84±0.02 minutes and 5.96±0.09 minutes for both ALN
and VLN, respectively. The suitability parameters of % relative standard
deviation (RSD) for peak area of five replicate injections of standards
(% RSD NMT 2), theoretical plate count (NLT 2000), and tailing factor
(NMT 2.0) are well within limits, and the validation parameters have
been re-evaluated using previous methods as reference [9-11]. The
corresponding chromatogram was shown in Figs. 4 and 5.
Validation parameters
After establishing the chromatographic conditions, the method
was checked for compliance as per ICH guidelines [13]. The
following parameters were checked for validation. The Statement
“A Chromatographic representation of Aliskiren and Valsartan in
Formulation [Fig.6].
System suitability parameters
The optimized trial showed results in line with ICH validation
parameters, and subsequent tests were done for checking efficiency of
the column. The results are given in Table 1.
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Fig. 6: Representative chromatogram of Aliskiren and Valsartan - 10 µg /ml
Table 2: Regression characteristics of pure drug

Fig. 7: Standard calibration curve of Aliskiren (5-50 mcg/ml)

Parameters

Aliskiren
Hemifumarate

Valsartan

Concentration range (µg/ml)
Correlation co‑efficient (r2)
Slope (m)
Intercept (b)
LOD (µg/ml)
LOQ (µg/ml)

5‑50 µg
0.992
17072
46194
0.730
2.214

5‑30 µg
0.985
32584
43111
0.477
1.446

LOQ: Limit of quantitation, LOD: Limit of detection

Table 3: System precision data of ALN and VLN

S. No.

Concentration µg/ml

ALN

VLN

1.
2.
3.
4.
5.
6.
% RSD

10
10
10
10
10
10
‑

212342.4
214236.4
216485
216294.5
215782.5
215484.8
0.93

374156
368333
368625
372285
371776
371819
0.69

ALN: Aliskiren, VLN: Valsartan, RSD: Relative standard deviation

Table 4: Result of intermediate precision

Precision
Fig. 8: Standard calibration curve of Valsartan (5-30 mcg/ml)
Linearity
Linearity was evaluated by preparing a calibration curve, across the
range of the analytical procedure. A series of six standard dilutions
were prepared from the standard stock solution in the concentration
range of 5-50 mcg/ml for ALN and 5-30 µg/ml for VLN. 10 µl of each
solution was injected into the chromatographic system. Linearity was
plotted as peak area versus analyte concentration. The graphs are
shown in Figs. 7 and 8.
The results show that an excellent correlation exists between the peak
area and concentration of drugs. Table 2 shows the linearity parameters
of the calibration curves for ALN and VLN.

Precision
The precision of an analytical method expresses the closeness of
agreement between a series of measurements obtained from multiple
sampling of the same homogeneous sample under prescribed
conditions. Six replicate injections of standard solutions were injected
into the HPLC system. The % RSD for six replicates was found to be

Interday precision
Intraday precision

% RSD
ALN Hemifumarate

VLN

0.76
0.93

0.98
0.96

% RSD of six determinations, ALN: Aliskiren, VLN: Valsartan, RSD: Relative
standard deviation

within limits. Statistical data for system precision has been recorded
in Table 3.

Intermediate precision
The intermediate precision of the method was checked by injecting
replicate injections 6 times with same concentrations on the same day
as Intraday precision and, on three different days with three different
concentrations as Interday Precision study of Aliskiren and VLN, and the
chromatogram was recorded and statistically calculated, and the precision
was well within the set parameters. The results are tabulated in Table 4.
Accuracy
The accuracy of the method was established using recovery technique,
i.e., external standard addition method. A known amount of standard
concentration is added to sample at three different levels, i.e., 50%,
226
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Table 5: Result for recovery studies
Drug

Spike
level
%

Amount
taken
µg/ml

Amount
found
µg/ml

Percentage
recovery
(% W/W)±% RSD*

ALN

50
100
150
50
100
150

5
10
15
5
10
15

4.97
9.98
15.21
4.97
9.98
14.72

100.20±0.59
100.28±0.27
100.31±0.98
99.75±1.002
99.84±0.9
99.28±0.04

VLN

Table 6: Result for robustness studies

pH

60:40 70:30 80:20 2.0
ALN
VLN

1.44
1.39

0.81
0.49

0.90
1.50

Flow rate/ml
3.0

4.0

0.8

The authors express a sincere thanks to Nishka Research Labs, Uppal,
Hyderabd for providing gift samples of drugs and permission to run
samples for research in their premises.
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