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INTRODUCTION
Amlodipine besylate is an oral long-acting calcium channel blocker (dihydropyridine class)
used as anti-hypertensive and in the treatment of angina. Its literature reveals various methods

for the determination of amlodipine in dosage forms including spectrophotometry™™,
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spectrofluorimetry™, high performance liquid chromatography®® and differential-pulse
voltammetry.®! In biological fluids, amlodipine detection was carried out by

electrophoresisi'®, liquid chromatography™°!, high performance liquid chromatography®*

241 and gas chromatography.®!

Tamsulosin hydrochloride is an alpha-adrenergic blocking agent taken orally to treat signs
and symptoms of benign prostatic hyperplasia (BPH). Upon literature screening of
tamsulosin, its determination in pharmaceuticals was done including only two methods:
electrophoresis?® and high performance liquid chromatography.*”! In biological fluids,

tamsulosin determination was performed using performance liquid chromatography!?®2%

liquid chromatography-electron spray ionization-mass spectroscopy®*®%, and liquid

chromatography-mass spectroscopy.33#

In this study, amlodipine besylate and tamsulosin hydrochloride were determined
spctrophotometry and spectrofluorimetry. These methods depend on the coupling reaction
between 4-chloro-7-nitrobenzofurazan [4-chloro-7-nitro-2,1,3-benzoxadiazole] (NBD-CI)
with amlodipine besylate and tamsulosin hydrochloride, respectively, resulting in stable

colored products which can be measured spectrophotometrically and spectrofluorimetrically.

NBD-CI is a reagent widely used for the derivatization of aliphatic thiols, primary and
secondary aliphatic amines!® as well as several amino acids as cysteine, cystine!®®, histidine,
tyrosine, phenyl alanine and tryptophan.®”! Several pharmaceutical drugst®®*” have been

determined through this approach.

NBD-CI is non-fluorescent until it reacts with amino groups such as amines, amino acids,
peptides, and proteins to form highly fluorescent compounds. NBD-CI also reacts with thiol

group to form fluorescent adducts.

EXPERIMENTAL

Apparatus

Spectrophotometric measurements were carried out on a JascoV-530 double beam UV-Vis
spectrophotometer with 1-cm quartz cells, connected to a computer loaded with Jasco UVPC
software and supported with Jasco Spectra Manager software for GULLIVER Ver. 1.53, and
HP Deskjet 5652 printer.
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MATERIALS AND REAGENTS
Pharmaceutical grades of amlodipine besylate and tamsulosin hydrochloride were kindly
supplied by (Pharco Pharmaceuticals, Alexandria, ARE) and certified to contain 99.98 and

99.99%, respectively. All the chemicals were of analytical reagent grade.

Reagents

e NBD-CI solution (0.01 M): Prepared by dissolving 200 mg in 100 ml methanol.

e Borate Buffer (Clark and Lub’s Borate)!*!!

o pH 8.8: Prepared by mixing 50 ml of a mixture of 6.2 g boric acid and 7.46 g KCI per
liter with 16.3 ml of 0.1 M NaOH then diluted to 100 ml with distilled water.

o pH 9.4: Prepared by mixing 50 ml of a mixture of 6.2 g boric acid and 7.46 g KCI per
liter with 32 ml of 0.1 M NaOH then diluted to 100 ml with distilled water.

e 2 M Hydrochloric acid

Standard Solutions

e Amlodipine besylate standard solution: Prepared to contain 0.3 mg/ml methanol and
stored refrigerated at 4°C for at least 4 days.

e Tamsulosin hydrochloride standard solution: Prepared to contain 0.6 mg/ml methanol and

stored refrigerated at 4°C for at least 4 days.

CONSTRUCTION OF CALIBRATION CURVES

For Amlodipine Besylate

A. Spectrophotometric Measurements

Accurately measured volumes (0.2 - 1 ml) of the methanolic standard solution of amlodipine
besylate were transferred into a set of 10-ml volumetric flasks and the volumes were adjusted
to 1 ml with methanol. Each flask was treated with 2 ml borate buffer pH 8.8, followed by 2
ml NBD-CI reagent and mixed well. The flasks were heated in a thermostatically controlled
water bath maintained at 70°C for 40 minutes. The reaction was quenched by cooling under
tap water; 1 ml of 2 M hydrochloric acid was added and the solutions were diluted to volume
with methanol. The absorbance, D; and D, values of each of the resulted colored solutions
were measured at 471 nm, 500.6 nm, and 495/510 nm against a similarly prepared blank for

A, D; and D,, respectively, and the calibration curves were constructed (Fig. 1-3).
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Figure 1: Absorption spectra of the reaction products of NBD-CI with 6, 12, 18, 24 and
30 pg/ml amlodipine besylate.
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Figure 2: First derivative spectra of the reaction products of NBD-CI with 6, 12, 18, 24
and 30 pg/ml amlodipine besylate.
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Figure 3: Second derivative spectra of the reaction products of NBD-CI with 6, 12, 18,
24 and 30 pg/ml amlodipine besylate.

B. Spectrofluorimetric Measurements

An accurately measured 1 ml of the colored solutions prepared for the spectrophotometric
measurements were transferred into a set of 10-ml volumetric flasks and the volumes were
completed with methanol. The fluorescence intensity of the resulting solutions was measured
at the excitation and emission wavelengths (Aex/Aem) 467/533 nm against reagent similarly
prepared blanks (Fig. 4), then the first derivative spectra (D;) were recorded and the peak

amplitudes were measured at 502 nm (Fig. 5).
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Figure 4: Fluorescence spectra of the reaction products with NBD-CI with 0.6, 1.2, 1.8,
2.4 and 3 pg/ml amlodipine besylate.
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Figure 5: First derivative of fluorescence spectra of the reaction products of NBD-CI

with 0.6, 1.2, 1.8, 2.4 and 3 pg/ml amlodipine besylate.

C. Assay of Amlodipine Besylate in Lowrac® Capsules

The powder of a total of 15 capsules were emptied and mixed well. An accurately weighed
amount of powder containing an equivalent amount of 15 mg amlodipine besylate, was
transferred into a 50-ml volumetric flask mixed with about 30 ml methanol and stirred for 30
minutes, completed to volume with methanol and then filtered. Aliquot volumes of this

solution were treated as under “Amlodipine Besylate”.

For Tamsulosin Hydrochloride

A. Spectrophotometric Measurements

Appropriate volumes (0.2 — 1 ml) of the methanolic standard solution of tamsulosin
hydrochloride were transferred into a set of 10-ml volumetric flasks and the volumes were
adjusted to 1 ml with methanol. Each flask was treated with 2 ml buffer solution pH 9.4,
followed by 2.5 ml NBD-CI reagent and mixed well. The flasks were heated in a
thermostatically controlled water bath maintained at 70°C for 30 minutes, then cooled under
tap water. Each flask was completed to volume with methanol. The absorbance, D; and D,

values of each of the resulted colored solutions were recorded at 513 nm, 507.6 nm and 512.2
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for A, D; and D, respectively, against a similarly prepared blank, and calibration curves were
constructed (Fig. 6-8).
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Figure 6: Absorption spectra of the reaction products of NBD-Cl with 12, 24, 36, 48 and
60 pg/ml tamsulosin hydrochloride.
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Figure 7: First derivative spectra of the reaction products of NBD-CI with 12, 24, 36, 48

and 60 pg/ml tamsulosin hydrochloride.
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Figure 8: Second derivative spectra of the reaction products of NBD-CI with 12, 24, 36,
48 and 60 pg/ml tamsulosin hydrochloride.

B. Assay of Tamsulosin Hydrochloride in Omnic Ocas® tablets
A total of 15 tablets was mashed and finely powdered. An accurately weighed amount of the
powder containing the equivalent amount of 3 mg tamsulosin hydrochloride, was transferred

into a 50-ml volumetric flask mixed with about 30 ml methanol and stirred for 30 minutes,

WWW.Wjpr.net Vol 7, Issue 17, 2018. 72




Shdeed et al. World Journal of Pharmaceutical Research

completed to volume with methanol and then filtered. Aliquot volumes of this solution were

treated as under “Tamsulosin Hydrochloride”.

RESULTS AND DISCUSSION

Each of amlodipine besylate and tamsulosin hydrochloride reacted with NBD-CI in a
slightly alkaline borate buffer solution to form a yellow colored product with maximum
absorbance at 471 nm and 513 nm, respectively (Fig. 1&6). Only amlodipine besylate
product exhibited fluorescence emission in methanol at 533 nm (Fig. 3). The colored
product of tamsulosin hydrochloride showed no fluorescence, this may be attributed to
the inhibiting effect of the sulfur dioxide group present within the molecule.

The first derivative of the fluorescence spectra of amlodipine besylate colored product
was also measured at 502 nm (Fig. 5).

The first and the second derivatives of the absorption spectra of the produced colored
products of the selected drugs were recorded. The D; and D, amplitudes for amlodipine
besylate colored product were measured at 500.6 nm and 495/510 nm, respectively (Fig.
2&3). For tamsulosin hydrochloride the D; and D, amplitudes were measured at 512.2

nm and 507.6 nm, respectively (Fig. 7&8).

Optimum Reaction Conditions

Different experimental parameters affecting the development of the produced colored

products and their stability were carefully studied and optimized. Each parameter was

changed individually while keeping the others constant.

A. Buffer pH and its Volume

The dependence of the reaction on pH was studied using borate buffer in the pH range
7.8-10.4. Below pH 7.8, no color was formed in both drug treatments, while upon
increasing the pH, higher absorbance values were observed with maximum absorbance at
pH 8.8 for amlodipine besylate and pH 9.4 for tamsulosin hydrochloride (Fig. 9). At
higher pH values, a net decrease in the absorbance of the resulted colored products of
both drug solutions was observed. Other buffers with the same pH values, such as
phosphate buffer and 0.1 M sodium bicarbonate, were tried and compared with the borate
buffer. It was found that the borate buffer is the most suitable, since it resulted in more

stable colored solutions.
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Figure 9: Effect of pH on absorbance values of 0.3 mg/ml amlodipine besylate () and

1 mg/ml tamsulosin hydrochloride (-=-).

e The effect of the volume of the borate buffer was also studied and it was observed that 2

ml resulted in the highest color intensity for amlodipine besylate and tamsulosin
hydrochloride (Fig. 10).
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Figure 10: Effect of volume of buffer solution on absorbance values of 0.3 mg/mi

amlodipine besylate (-+-) and 1 mg/ml tamsulosin hydrochloride (-=--).

e For amlodipine besylate, the absorbance of the hydrolysis product of NBD-CI was
quenched by decreasing the pH of the reaction medium to a pH<1.? Therefore,
acidification of the reaction mixtures was essential before the absorbance measurements.
This resulted in a remarkable decrease in the reagent blank color intensity due to the
destruction of NBD-OH without affecting the drug reagent adduct, hence the sensitivity
was increased. This step was accomplished by the addition of 1 ml of 2 M hydrochloric
acid solution to the reaction with amlodipine besylate. While for tamsulosin
hydrochloride the decrease in pH resulted in destructing of the drug reagent adduct, thus

no acidification was carried out.
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B. Reagent Volume
The volume effect of 0.01 M NBD-CI reagent was also studied and was revealed that

increasing the volume of reagent increases the color intensity until it reaches 2 ml and 2.5 ml
for amlodipine besylate and tamsulosin hydrochloride treatment, respectively, above which a

decline in intensity was detected (Fig. 11).
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Figure 11: Effect of reagent volume on the absorbance values of 0.3 mg/ml amlodipine

besylate (-#-) and 1 mg/ml tamsulosin hydochloride (-=--).

C. Temperature and Heating Time

Preliminary studies reported that the reaction rate was very slow at room temperature. In this
study, the derivatization reaction was performed at different temperatures and at various
periods. As it was found that the reaction was completed at 70°C within 40 minutes for
amlodipine beylate and 30 minutes for tamsulosin hydrochloride (Fig. 12). Increasing the

temperature to 80 C resulted in an apparent decrease in the reaction rate (Fig. 13).
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Figure 12: Effect of heating time on absorbance values of 0.3 mg/ml amlodipine besylate

(~+) and 1 mg/ml tamsulosin hydrochloride (-#=--)
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Figure 13: Effect of temperature on the absorbance values of 0.3 mg/ml amlodipine

besylate (~+) and 1 mg/ml tamsulosin hydrochloride (-=--).

D. Absorbance Stability
Measuring the absorbance of the colored products produced at different time intervals

revealed their stability for more than 30 minutes.

Spectrofluorimetric Method

e Several solvents were tried as diluents for the color formed between the investigated drug
and NBD-CI prior to the spectrofluorimetric measurements.

e Methanol was found to be the most suitable and solutions showed the highest
fluorescence intensities.

e Water was found unsuitable as a diluent since the aqueous solutions showed the least
fluorescence intensity. This possibly could be due to the loss of excited state energy

through the hydrogen bonding with water molecules.®®

Mechanism of the Reaction
The reaction mechanism could be considered as nucleophilic substitution™ in which one
molecule of NBD-CI condenses with one molecule of drug through the primary aliphatic

amino group as illustrated in the following scheme:

QyN— - CL

NBD-CL

Scheme 1: The condensation of primary aliphatic amine molecule with NBD-CI.
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The first and the second derivatives of the absorption spectra of the produced colored
products with each of amlodipine besylate and tamsulosin hydrochloride were recorded. The
absolute values were measured at 500.6 nm and 495/510 nm, for D; and D, respectively, for
amlodipine besylate colored product (Fig. 2&3); and at 507.6 nm and 512.2 nm, for D; and
Dy, respectively, for tamsulosin hydrochloride colored product (Fig. 6&7).

Under the optimum reaction conditions, the absorbance and the relative fluorescence intensity
were linearly correlated to amlodipine besylate concentration over the range of 6-30 pg/ml
and 0.6-3 pg/ml, respectively; while only the absorbance intensity for tamsulosin
hydrochloride was linear over the concentration range of 12-60 pg/ml. Data recorded in

tables 1 and 2 summarizes the characteristics of the calibration graphs.

Table 1: Assay parameters for the determination of amlodipine besylate using NBD-CI

reagent by spectrophotometric and spectrofluorimetric methods.

Spectrophotometric Methods Spectrofluorimetric Methods
Parameters A D, D, Relative D,
Fluorescence
A (nm) 471 500.6 495/510 533 502
Conc (pg/ml) 6.0-30.0 6.0-30.0 6.0-30.0 0.6-3.0 0.6-3.0
a -213x107 | -1.12x10° | -6.7x10> | -4.98 x 10* -0.117
b 1.0734 3.15x10% | 2.85x10° | 5.83x10° 0.222
r 0.9999 0.9997 0.9999 0.9993 0.9929
Sa 3.78x10° | 2.75x 10" 1.7 x 10~ 4.38 x 10 0.144
S 5.69 x 10° | 4.15x10" | 257x10” | 1.25x 10" 1.53 x 10*
(Sp)° 324x10° | 1.72x107 | 6.60x10™ | 1.56 x 10° 2.34 x 10"
F 35502.6 5749.36 12294.72 2162.02 210.89
Sig-F 3.3x 10" 5.06 x 10° | 1.62x10° | 2.19 x 10” 7.08 x 10

Table 2: Assay parameters for the determination of tamsulosin hydrochloride using

NBD-CI reagent by spectrophotometric methods.

WWW.Wjpr.net

Parameters Spectrophotometric Methods
A D D>
A (nm) 513 512.2 507.6
Conc (ug/ml) | 12.0-60.0 | 12.0-60.0 | 12.0-60.0
a -3.64x10° | -2.95 x 10™ | -6.4 x 10”
b 0.935 0.117 2.36 x 107
r 0.9995 0.9993 0.9993
Sa 1.26 x 10* | 1.70 x 10° | 3.44 x 10™
Sp 1.77 x 10° | 2.57 x 10° | 5.18 x 10™
(Sp)° 3.13x 10" | 6.60 x 10° | 2.68 x 10’
F 2782.08 2070.53 2071.34
Sig-F 1.5 x 10 | 2.34 x 10 | 2.34 x 10”
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VALIDATION OF THE PROPOSED METHODS

Linearity

Under the studied experimental conditions, the absorbance and the fluorescence intensity
values were found to be proportional to drug concentrations over the ranges stated in tables
27 and 28. The values of the correlation coefficients and the variances indicate the good
linearity of the calibration graphs. The values of the intercepts did not differ significantly
from the theoretical value, zero. Statistical parameters such as standard deviation of the
intercept (S,), the standard deviation of the slope (Sy), F-values and sig-F values, are also

given in the tables 1 and 2.

Precision and Accuracy

Five replicate determinations at different concentrations of amlodipine besylate and
tamsulosin hydrochloride were carried out to test precision and accuracy of the proposed
methods. As shown in tables 3 & 4, Rec %, RSD % and Er % values indicate good
repeatability and accuracy of the proposed methods. The ruggedness of the methods was
studied by the inter-day and intra-day precision by the analysis of five replicates a day for
three consecutive days at the concentration levels presented in tables 5 & 6. The intra-day and

inter-day percentages of relative standard deviations were satisfactory.

Analysis of Dosage Forms

The applicability of the proposed methods was tested by the determination of each drug in its
commercial dosage form. The good recovery results obtained and the low RDS % values
indicate high accuracy and precision of the proposed methods for the analysis of these
compounds in dosage forms (Tables 7&8). The results show that the developed methods are
unaffected by the inactive materials in the dosage forms. Therefore, the proposed methods

can be used successfully for the routine analysis of these drugs in quality control laboratories.

Table 3: Accuracy for the determination of amlodipine besylate by NBD-CI reagent.

Method Taken (ug/ml) | Found £ SD* | Recovery %* | RSD % | Error %
A 12.0 11.94 +0.32 99.46 0.32 -0.53
471 nm 18.0 18.10 £ 0.27 100.53 0.27 0.53
24.0 24.09 +0.23 100.37 0.23 0.38
D 12.0 12.01+ 0.29 100.12 0.29 0.12
560.6 am 18.0 18.08 £+ 0.33 100.44 0.33 0.44
24.0 24.06 + 0.36 100.25 0.36 0.24
D; 12.0 11.98 + 0.24 99.87 0.24 -0.23
495/510 nm 18.0 18.04 £ 0.21 100.23 0.21 0.23
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24.0 24.02 £ 0.35 100.09 0.35 0.1
Intensity 1.2 1.19 + 0.94 99.17 0.95 -0.83
£33 nm 1.8 1.83 +1.18 101.67 1.16 1.67
2.4 2.42 + 151 100.83 1.5 0.83
5 1.2 1.22+1.71 101.67 1.68 1.67
5012 am 1.8 1.79 +1.22 99.44 1.23 -0.56
2.4 2.38 +0.97 99.17 0.98 -0.83

*Each result is the mean of five determinations

Table 4: Accuracy for the determination of tamsulosin hydrochloride by NBD-CI

reagent.

Method | Taken (pg/ml) | Found £ SD* | Recovery %* | RSD % | Error %

A 24.0 24.11 £ 0.56 100.45 0.56 0.55

513 nm 36.0 36.08 + 0.62 100.21 0.62 0.21

48.0 47.94 +0.34 99.88 0.34 -0,12

D: 24.0 23.99 +0.42 99.99 0.42 -0.01

512.2 nm 36.0 36.10 £ 0.54 100.28 0.54 0.28

48.0 48.07 £ 0.29 100.14 0.29 0.15

D 24.0 24.06 +0.48 100.24 0.48 0.24

5027 & nm 36.0 36.10 +0.41 100.27 0.41 0.27

' 48.0 47.92 +0.37 99.83 0.37 -0.17

*Each result is the mean of five determinations

Table 5: Precision of the proposed methods for the determination of amlodipine

besylate using NBD-CI reagent.

Frequency Method of Used | Found* %0 o Error
of Analysis Analysis (ug/ml) | (ug/ml) Found™ %+ SD | RSD % %
A 12.0 11.99 99.92 +0.12 0.12 -0.08
D, 18.0 18.02 100.11 +0.20 0.20 0.11
D, 24.0 24.01 100.06 + 0.09 0.09 0.06
Intra-day Relative
1.8.0 1.81 100.56 + 0.92 0.92 0.56
Fluorescence
D, 2.4.0 2.42 100.83 £ 0.75 0.75 0.83
A 12.0 12.01 100.10 + 0.29 0.29 0.10
D, 18.0 17.99 99.93 + 0.25 0.25 -0.07
D; 24.0 24.04 100.18 +0.13 0.13 0.18
Inter-day Relative
1.8 1.79 99.44 +0.97 0.98 -0.56
Fluorescence
D, 2.4 2.39 99.56 + 1.12 1.12 -0.44

*Each result is the mean of five determinations
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Table 6: Precision of the proposed methods for the determination of tamsulosin

hydrochloride using NBD-CI reagent.

Freque_ncy of Method_of Used | Found* Found* % + SD | RSD % | Er %
Analysis Analysis | (ug/ml) | (ug/ml)
A 24.0 23.97 99.86 + 0.45 045 | -0.15
Intra-day D, 36.0 36.08 100.22 + 0.57 0.57 0.22
D; 48.0 48.03 100.07 £ 0.23 0.23 0.08
A 24.0 24.03 100.13 + 0.29 0.29 0.13
Inter-day D, 36.0 36.06 100.17 £ 0.31 0.31 0.17
D, 48.0 47.92 99.83 +0.13 0.13 | -0.18

*Each result is the mean of five determinations

Table 7: Assay results for the determination of amlodipine besylate in Lowrac® by the

proposed methods.

Method Conc. Added pg/ml Conc. Found pg/mi % Rec
6.0 6.10 101.67
A 12.0 12.11 100.92
471 nm 18.0 17.94 99.67
24.0 23.88 99.50
30.0 30.15 100.50
Mean + RSD % 100.45 +£0.90
6.0 6.08 101.33
D, 12.0 12.12 101.00
500.6 nm 18.0 18.05 100.28
24.0 23.91 99.63
30.0 30.18 100.60
Mean + RSD % 100.57 £ 0.66
6.0 5.95 99.17
D; 180 1808 100,44
495/510 nm 24.0 24.04 100.17
30.0 30.12 100.40
Mean + RSD % 100.27 £0.72
0.6 0.59 98.17
Relative Fluorescence 1.2 1.2l 101.10
467/533 nm 1.8 1.82 101.17
2.4 2.39 99.58
3.0 3.02 100.67
Mean + RSD % 100.42 £ 1.27
0.6 0.59 98.50
D, 1.2 1.21 101.17
502 nm 1.8 1.82 100.94
2.4 2.39 99.45
3.0 3.02 100.77
Mean + RSD % 100.16 £ 1.15
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Table 8: Assay results for the determination of tamsulosin hydrochloride in Omnic
Ocas® by the proposed methods.

Method Conc Added pg/ml | Conc. Found pg/mi % Rec
12.0 12.19 101.58
A 24.0 23.86 99.42
513 nm 36.0 36.09 100.25
48.0 48.12 100.25
60.0 59.91 99.85

Mean + RSD % 100.27 +0.81
12.0 12.14 101.17
D, 24.0 23.78 99.08
507.6 nm 36.0 36.15 100.42
48.0 48.13 100.27
60.0 59.87 99.78

Mean + RSD % 100.14 +£0.78
12.0 12.13 101.08
D, 24.0 24.11 100.56
5122 nm 36.0 36.19 100.53
48.0 48.17 100.35
60.0 60.09 100.14

Mean + RSD % 100.53 + 0.35

CONCLUSION

Simple, sensitive, selective and inexpensive spectrophotometric and spectrofluorimetric
methods were developed for the analysis of amlodipine besylate and tamsulosin
hydrochloride in commercial drug capsules and tablets, respectively. The applicability of the
developed methods was evaluated through the determination of both drugs in pharmaceutical
formulations with good accuracy and precision. Thus it can be readily applied for the routine

quality control testing and drug stability monitoring.
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