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For determination of aliskiren in commercial samples, an analytical UV spectrophotometric method was developed and validate
according to ICH guideline. The method was linear in the range between 40 and 100 ug mL™"! (> = 0.9997, n = 7) and exhibited
suitable specificity, accuracy, precision, and robustness. It is simple, it has low cost, and it has low use polluting reagents. Therefore,
the proposed method was successfully applied for the assay and dissolution studies of aliskiren in tablet dosage forms, and the results

were compared to a validated RP-LC method, showing non-significant difference (P > 0.05).
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INTRODUCTION

Hypertension is a common chronic disease that leads to significant
cardiovascular morbidity and mortality worldwide. Blood pressure
control is important for the management or prevention of cardio-
vascular diseases and their complications.! New antihypertensive
agents with a different mechanism of action may play an important
role in the optimal management of hypertension. The key factor in
the development of any new antihypertensive agent is its potential
to effectively control blood pressure.>

Aliskiren, (2(5),4(5),5(S),7(S)-N- (2-carbamoyl-2-methylpropyl)-
5-amino-4-hydroxy-2,7-diisopropyl-8-[4-methoxy-3-(3-methoxypro-
poxy)phenyl]-octanamide hemifumarate) (Figure 1), the first oral
direct renin inhibitor approved for clinical use, exhibits a novel and
advantageous pharmacokinetic and pharmacodynamic profile for
the long-term treatment of hypertension. Aliskiren blocks the renin
system at its rate-limiting step by directly inhibiting the catalytic
activity of renin, thereby reducing generation of angiotensin I and
angiotensin I1.3*

Figure 1. Chemical structure of aliskiren (free base)

The UV-Vis method is very useful in quality control of phar-
maceutical products due to the potential of the great majority of the
drugs to absorb energy in these wavelengths. The absorption of UV-
visible radiation occurs through the excitation of electrons within the
molecular structure to a higher energy state. Although the selectivity
depends on the chromophore of the drug, the method presents a series
of applications: quantification of drugs in formulations where there is
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no interference from excipients, pKa determination, release of drugs
from formulations with time in dissolution testing, monitoring of
the reaction kinetics of drug degradation, and identification of drugs
starting from UV spectrum.>®

Recently, a stability-indicating reversed-phase liquid chromato-
graphic method (RP-LC) method was developed and validated for the
determination of aliskiren in tablet dosage forms, using acetonitrile
and phosphoric acid solution as mobile phase.” In order to obtain a
simpler, cheaper, faster, and less environmental toxic method for the
determination of aliskiren in tablet dosage forms, an UV spectropho-
tometric method was fully validated in this study, employing mainly
distilled water, as solvent. The validation procedure was carried out
according to the International Conference on Harmonization (ICH)
guideline by determination of the following parameters: specificity,
linearity, range, precision, accuracy, and robustness.® The validated
UV method was applied to quantitative analysis of aliskiren in tablets
and in vitro dissolution studies, comparing the results with the RP-
LC method;” moreover contribute to establish new alternatives with
advantages for the quality control of the pharmaceutical formulations
and assuring the therapeutic efficacy.

EXPERIMENTAL
Chemicals and reagents

Aliskiren was extracted from commercial tablets (Rasilez™ 300
mg) with ultrapurified water (pH 7.0), filtered and then submitted to a
SpeedVac concentrator (Model SPD 1010, Thermo Electron Corpo-
ration, Milford, MA, USA) until dryness. The obtained powder was
analyzed for purity by the proposed method, RP-LC and by liquid
chromatography-mass spectrometry (LC-MS) methods. To confirm
the identity, additional techniques such as diffuse reflectance infra-
red Fourier transform spectroscopy (DRIFT) and nuclear magnetic
resonance (NMR) were carried out (data not shown). Nonaqueous
titration of weak bases was also performed to determine the degree of
purity of the drug according to US Pharmacopeia (USP 32).° A total
of six batches of Rasilez™ (Novartis, Sao Paulo, SP, Brazil) tablets,
containing 150 and 300 mg of aliskiren were obtained from com-
mercial sources within their shelf-life period. For all of the analyses,
the reagents and solvents used were analytical grade. Ultrapure water
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was used (Labconco, Kansas City, MO, USA). Aliskiren dosage form
was labeled to contain the following excipients: magnesiun stearate,
macrogol, crospovidone, povidone, microcrystalline cellulose, talc,
hypromellose, anhydrous colloidal silica, E171 titanium dioxide,
E172 red iron oxide, E172 black iron oxide.

Preparation of aliskiren reference solutions

UV method

The stock solution of aliskiren reference substance was prepa-
red by weighing accurately, 11.23 mg of aliskiren hemifumarate
(98.32%), transferred to 10 mL volumetric flask and diluted to volume
with methanol, obtaining a concentration of 1 mg mL"! of aliskiren
base. Three hundred and fifty microliters of stock solution was trans-
ferred to 5 mL volumetric flask and diluted to volume with water
in order to obtain the work solution at concentration of 70 ug mL™".

RP-LC method

The stock solution of aliskiren reference substance at concentra-
tion of 1 mg mL"! (in methanol) of aliskiren base was prepared. The
stock solution was stored at 2-8 °C, protected from light and daily
diluted to an appropriate concentration in water.

Preparation of sample solutions

UV method

To prepare the sample solutions, twenty tablets containing 150
and 300 mg of aliskiren were accurately weighed and crushed to a
fine powder to obtain the average weight, respectively. Amounts of
powdered tablets equivalent to 100 mg of aliskiren was transferred to
a 100 mL volumetric flask. After addition of 70 mL water, the flasks
were shaken ultrasonically (5 min). The samples were made up to
volume with water and centrifuged (10 min). Aliquots (equivalent
to 350 pg) of the clear supernatant liquid were transferred to 5 mL
volumetric flasks and diluted with water to give a final concentration
of 70 ug mL".

RP-LC method

An appropriated amount of powdered tablets was transferred
into an individual 50 mL volumetric flask and diluted to volume with
water. Then the mixture was vortex mixed for 1 min and centrifuged
for 10 min. The final concentration of 100 ug mL™"' of the aliskiren
was stored at 2-8 °C, protected from light, daily filtered through a
0.45 um membrane filter (Millipore, Bedford, MA, USA), injected
and the amount of the drug calculated against the reference solution.

Methods

UV spectrophotometry analysis

A double-beam Shimadzu UV-Vis spectrophotometer (Kyoto,
Japan) model UV 1601 PC, with a fixed slit width (2 nm) using
1.0 cm quartz cells was used for all absorbance measurements. The
absorbance was measured at 279 nm.

RP-LC analysis

The RP-LC method was performed on a LC system (Shimadzu)
equipped with an SCL-10A, , system controller, aLC-10 AD,, pump, a
DGU-14A degasser, a SIL-10AD, , autosampler, and an SPD-M10A, ,
photodiode array (PDA) detector.” The peak areas were integrated
automatically by computer using a Shimadzu Class VP (v 6.14)
software program. The experiments were performed on a reversed
phase Waters (Milford, MA, USA) XBridge C , column (150 x 4.6
mm i.d., with a particle size of 5 um). A security guard holder was
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used to protect the analytical column. The Shimadzu LC system was
operated isocratically at ambient controlled temperature (25 °C) using
a mobile phase of acetonitrile:water (95:5, v/v)/phosphoric acid (25
mmol L', pH 3) (40:60, v/v), run at a flow rate of 1.0 mL min’', and
using PDA detection at 229 nm. The injection volume was 30 pL.

UV spectrophotometric method validation

Analytical method development and validation play a major role
in the discovery, development, and manufacture of pharmaceuticals.'
The UV spectrophotometric method was validated using samples of
tablet dosage forms with the label claim of 300 mg by determination
of the following parameters: specificity, linearity, precision, accuracy,
limit of detection (LoD), limit of quantitation (LoQ), and robustness
following the ICH guideline.?

Specificity

Specificity was evaluated by analyzing solutions containing all
the components of the aliskiren tablets, excepting the drug. In house
mixture of the excipients was prepared in according to the Handbook of
Pharmaceutical Excipients."" The system response was examined for the
presence of interference or overlaps with aliskiren responses at 279 nm.

Linearity

The analytical curves were obtained with 7 concentrations of
reference solution in the range of 40-100 pg mL"! (40, 50, 60, 70,
80, 90, and 100 pg mL"). Each solution was prepared in triplicate.
The linearity was evaluated by linear regression analysis by the least-
square regression method, which was used to calculate the correlation
coefficient, y-intercept and slope of the regression line. The curves
were validated by means of the analysis of variance (ANOVA).

Precision

The precision was determined by repeatability (intra-day) and in-
termediate precision (inter-day). Repeatability was evaluated assaying
6 determinations at the same concentration (70 pg mL™), during the
same day, under the same experimental conditions. Intermediate
precision was analyzed comparing the assays in 3 determinations at
the same concentration (70 ug mL™") during 3 different days. Precision
(repeatability and intermediate precision) was expressed as relative
standard deviation (RSD).

Accuracy

The accuracy was evaluated applying the proposed method to
the analysis of the in house mixture of the excipients with known
amounts of the drug, to obtain solutions at concentrations of 56, 70,
and 84 pg mL", equivalent to 80, 100, and 120% of the nominal
analytical concentration, respectively. The accuracy was calculated
as the percentage of the drug recovered from the formulation matrix.

LoD and LoQ

LoD/LoQ parameters are not a requirement for drug assay; ho-
wever, it is always useful to demonstrate that the analyses are being
conducted in a region which is above the LoQ value. The LoD and
LoQ were calculated based on the standard deviation of the response
(y-intercepts of regression lines) and the slope using three independent
analytical curves, as defined by ICH. LoD and LoQ were calculated
as 3.3 and 100/S, respectively, where G is the standard deviation of
the response and S is the slope of the calibration curve.

Robustness and stability
Robustness of the proposed method was determined by the analysis
of samples and standard solutions (70 pg mL™") at different waveleng-
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ths (+ 5 nm), at different solution temperatures (4 and 25 °C), and at
different solution compositions (water; methanol; 0.1 mol L' HCI).

To assess the stability of aliskiren, the stability study was perfor-
med maintaining the aliskiren working solution in water for 48 h at
2-8 °C, protected from light, looking for the decrease of absorbance
compared with those of freshly prepared solutions.

Tablet properties

The average weight, friability, hardness, disintegration time,
and content uniformity tests of the coated tablets used in the study
(Rasilez™ 150 and 300 mg) were carried out according to Brazilian
Pharmacopoeia.'? Sample sizes of 20 and 10 tablets were used for
determination of weight and hardness, respectively. Friability was
determined by using a Pharma Test friabilator (Hainburg, Germany)
using 20 tablets for 5 min (100 revolutions). The disintegration time
was determined using 6 tablets in a disintegration apparatus (Nova
Etica, Sdo Paulo, Brazil) without discs at 37 °C, in water.

In vitro dissolution studies

The dissolution rate studies of aliskiren from tablets were perfor-
med on a paddle-stirrer type of apparatus by a Nova Etica dissolution
test system (Sdo Paulo, Brazil). Drug release tests were carried out
according to conventional dissolution procedures recommended for
single-entity products in 900 mL of different media of 0.1 mol L
HCI (50 and 75 rpm), phosphate solution pH 4.5 (50 and 75 rpm),
phosphate solution pH 6.8 (50 and 75 rpm), and distilled water (50
and 75 rpm), for 45 min."*!* The temperature of the cell was main-
tained at 37 + 0.5 °C by using a thermostatic bath. At each sample
time interval, an exact volume of the sample was withdrawn from
each flask and immediately replaced with an identical volume of
fresh medium to maintain a dissolution sink condition. A correction
factor was included in the calculations to account for the drug lost
in the sampling. At predetermined time intervals (0, 5, 10, 15, 20,
30, and 45 min) for the development of the methodology and for the
dissolution studies, the concentrations of aliskiren in the dissolution
medium were determined by the proposed UV spectrophotometric
method, that were diluted in according to the linearity of analytical
method. The cumulative percentage of drug released was plotted
against time, in order to obtain the release profile and to calculate the
in vitro dissolution data (n = 12) by the linear regression equation.'?

Analysis of aliskiren in pharmaceutical formulations

For the quantitation of aliskiren in the tablet dosage forms, the
respective stock solutions were diluted to appropriate concentration,
filtered, analyzed in triplicate and the percentage recoveries of the
drug calculated against the reference substance for UV spectropho-
tometric and RP-LC methods, respectively.

RESULTS AND DISCUSSION
UV spectrophotometric method validation

Due to the high solubility of the drug in water, this was chosen as
diluting solution. Initially, an UV spectroscopic scanning run allowed
selecting the wavelength of 279 nm as the best for the detection of aliski-
ren in the reference solution as well as in sample solutions (Figure 2).

Specificity
In order to verify the absence of interferences of the excipients
on the analysis of aliskiren in tablets, we carried out the analysis of
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Figure 2. UV spectra of aliskiren solutions in distilled water: (A) reference
substance, (B) tablet dosage form and (C) in house mixture of the excipients

a sample prepared with all the excipients present in the tablets, but
without the drug (in house mixture of the excipients). Absorption
spectra did not show any potential interference of the tablet excipients
at 279 nm, also shown in Figure 2.

Linearity

A linear relationship was found between the absorbance and
the concentration of aliskiren in the range of 40 to 100 pg mL".
The correlation coefficient was 0.9997 indicating excellent linearity
(”* > 0.999). The representative linear equation was y = 0.0045x +
0.0163, calculated by the least squares method. The analytical data
were validate by means of ANOVA that demonstrated significant
linear regression (f calculated = 1172.64 > f critical = 4.6; P = 5%)
and no significant deviation from linearity (f calculated = 0.63 < f'
critical = 2.96; P = 5%).

Precision and accuracy

The intra-day and inter-day relative standard deviation (RSD) values
obtained by the proposed method were found to be lower than 2.0%.
The accuracy of the method expressed as recovery (%) was between
101.55 and 101.88%. Results are given in Tables 1 and 2, respectively.

Table 1. Intra-day and inter-day precision data of UV spectrophotometric
method for aliskiren in tablet dosage form

Experimental concentration ~ Recovery RSD®

Precision

(ug mL") (%) (%)
Intra-day (n = 6) 72.49 103.56 091
Inter-day
Day 1 (n=3) 73.90 105.57 0.74
Day 2 (n=3) 74.11 105.87 0.90
Day 3 (n=3) 72.52 103.60 0.81
Mean (n =9) 73.51 105.01 1.23

aRSD = Relative standard deviation.

LoD and LoQ
The values calculated for LoD and LoQ were 2.55 and 8.49 ug
mL!, respectively.

Robustness and stability
The reliability of the proposed method was also evaluated by
means of the robustness test. The selected variables evaluated in
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Table 2. Results from accuracy of the UV spectrophotometric method for aliskiren

Nominal concentration Mean concentration found* RSD"  Accuracy
(ng mL™Y) (ngmL™") (%) (%)
56 56.87 0.21 101.55
70 71.26 0.88 101.80
84 85.58 0.99 101.88
Mean recovery (%) 101.74

“Mean of three replicates. "RSD = Relative standard deviation.

the robustness testing are given in Table 3. No significant diffe-
rence could be observed in the results found out, thus demons-
trating that the method was robust. Moreover, the stability of the
analytical solution was analyzed and it was found to be stable up
to 48 h, showing non-significant change (< 2%) relative to freshly
prepared samples.

Table 3. Conditions investigated during robustness test

Absorbance
Variable .Cond?tions Reference solution* Sample solution® c]o)nrtlg ¢
investigated (70 pg mL") (70 pg mL") (%)
Wavelength 274 0.351 0.358 101.99
(nm) 279 0.307 0.312 101.63
284 0.312 0.314 100.64
Solution 4 0.310 0.311 100.32
temperature 25 0.311 0.313 100.64
4O
Solution water 0.314 0.311 99.04
composition  methanol 0.336 0.333 99.11
0.1 mol L' HCI 0.309 0.312 100.97
Solution 24 h 0.312° 0.315 100.96
stability 48 h 0.311° 0.315 101.29

“Mean of 3 replicates. *Freshly prepared solutions.

Tablet properties

According to the pharmacopeial requirements, the physicoche-
mical characteristics of the tablets were evaluated. Table 4 shows
the data from average weight, hardness, friability, disintegration
time, and content uniformity. A good degree of content unifor-
mity was achieved for the tablet formulations prepared, and the
percent deviation did not exceed 5%, indicating excellent content
uniformity. Hardness and friability tests evaluate the resistance of
tablets to crushing and to friction, respectively. According to the
Brazilian Pharmacopeia,'? tablets should have a minimal hardness
of 30 N and maximum friability of 1.5%. The tablet formulations
fulfilled the compendial requirement for disintegration time for
coated tablets (< 30 min). Therefore, the results presented showed
that the tablet dosage forms evaluated were in accordance to the
official specifications, and these can be suitable for application
in dissolution studies.

Table 4. Quality control tests of commercial aliskiren tablets
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In vitro dissolution studies

Dissolution testing is one of the tests most used in the characte-
rization of drugs and in the quality control of dosage forms." It was
introduced in the 1960s and has evolved into a test that pharmaceutical
manufacturers hope will better predict the in vivo performance of
drug products. Dissolution testing is also a requirement for regulatory
approval for product marketing and is a vital component of the overall
quality control program.!®

The in vitro studies were performed using 8 different dissolution
conditions. According to USP 32.° dissolution medium may be water,
an aqueous solution (typically pH 4.0 to 8.0) or a dilute acid solution
(0.001 to 0.1 mol L' HCI). Due to the drug is a hydrophilic molecule
with high aqueous solubility,'” surfactants and electrolytes were not
added. As shown in Figure 3 the best dissolution rate profile was
achieved with 0.1 mol L' HCI as the medium with a paddle rotating
at 50 rpm. This medium showed better discrimination and is similar
to the physiological conditions, and was chosen to carry out the
dissolution tests of the batches of aliskiren containing 150 and 300
mg. The concentrations of aliskiren in the dissolution medium were
evaluated using the proposed UV spectrophotometric and RP-LC
methods giving non-significant difference (data not shown), and the
coefficients of variation at the earlier time points, up to 15 min, were
within 7.93-9.29% (acceptable < 20%) and the other time points
within 0.99-6.12% (acceptable < 10%) (n = 12).14

100
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3 Distilled water (50 rpm)
§ —a— 0.1 M HCI (50 rpm)
A —+— Solution pH 4.5 (50 rpm)
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Figure 3. Comparison of dissolution profiles of aliskiren tablets in different
dissolution media with paddles (Apparatus 2) using the proposed UV method

Average weight (mg)

Tablet dosage form Friability (%)

Hardness (N)

Disintegration time Content uniformity (%)

n=20 min (n=10)
(mg) (Wei;ht varizltion) (n =20) @=10) (51 = 6)) Lower Higher RSD (%)
150 355.86 (346.5 - 362.4) 0.08 121.16 13.3 96.62 97.47 0.27
300 710.10 (695.0 - 720.1) 0.08 208.31 20.0 91.94 101.14 3.33
Limits? Average weight + 5% Max. 1.5% Min. 30 N Max. 30 min 85-115% <6.00

“Ref. 12. "RSD = Relative standard deviation.
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Comparative determination of aliskiren in commercial samples
by the methods

The validated UV spectrophotometric method was applied for
the determination of aliskiren in tablet dosage forms and the results
compared to those obtained using the validated RP-LC method giving
mean values 0.28% higher, as shown in Table 5. The experimental
values of the two methods were compared statistically by ANOVA
showing non-significant difference (P > 0.05). The proposed method
can be useful for the determination of aliskiren without prior separa-
tion of the excipients of the formulation, with the advantage of low
use of polluting reagents and very short analysis time. This simpler
analytical technique was employed without losing performance,
compared to RP-LC method, which leads to an affordable method and
represents an improvement for the quality control of pharmaceuticals.

Table 5. Comparative determination of aliskiren in tablet dosage forms by
UV spectrophotometric and RP-LC methods

Theoretical amount Experimental amount*

Sample Dosage form UV method RP-LC method
RSD®? RSD®
(mg) (mg) % (%) (mg) % (%)

1 150 154.32 102.88 0.26

2 150 153.09 102.06 0.27

3 300 304.53 101.51  0.27 304.05 101.35 0.24

4 300 306.72 102.24 0.41 305.34 101.78 0.29
*Mean of 3 replicates. "RSD = Relative standard deviation.

153.31 102.21 0.15
153.26 102.17 0.21

CONCLUSIONS

The UV spectrophotometric method validated has non-significant
difference to RP-LC method and was adequately applied to the quan-
titative analysis of aliskiren in tablets and in vitro dissolution studies
without any interference from the excipients, widely used in routine
of quality control laboratories. The UV method is cheap, fast, and
produces very low levels of dangerous residues promoting benefits
to the public health and the environment.
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