Open Access @

(Pustin Publishing crou

Austin Journal of Analytical and

Pharmaceutical Chemistry

Research Article

New Spectrophotometric Determination of Nebivolol
In Pharmaceutical Formulation via Charge Transfer
Complex

Nabil AF Alhemiary!2?*

!Department of Chemistry, College of Science and Arts —
Sharurah, Najran University, Sharurah, Saudi Arabia
2Department of Chemistry, College of Science, Ibb
University, Ibb, Yemen

Abstract

New simple, sensitive, selective and rapid spectrophotometric methods
were developed for the determination of Nebivolol (NBV) in pharmaceutical
formulation. The methods are based on charge transfer complexation reaction
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(DDQ), 2,4-dinitrophenol (DNP) and 2,4,6-trinitrophenol (picric acid; PA)
as m-acceptors to give highly colored radical anion species. The colored
products were quantified spectrophotometrically at 620nm with DDQ (method
A), at 525nm with both DNP (method B) and at 500nm with PA (method C).
Under the optimized experimental conditions, Beer’s law was obeyed over the

Published: May 18, 2017 concentration ranges 4.0-40, 2-25 and 1.0-35 pg/mL with correlation coefficient

0.9983, 9945 and 0.9985 for methods A, B and C respectively. Other method
validation parameters, such as precision, accuracy, robustness, ruggedness
and selectivity, were satisfactory. The proposed methods were successfully
applied to the determination of NBV in commercial tablets. No interference was
observed from common tablet adjuvants. Statistical comparison of the results
with the reference method showed excellent agreement and indicated no
significant difference in accuracy and precision.
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Introduction
OH H OH

Nebivolol (NBV) is chemically 1-(6-flourochroman-2-yl)-{[2-
(6-fluorochroman-2-yl)-2-hydroxy-ethyl] amino} ethanol or 2,
2'-azanediylbis (1-(6-flourochroman-2-yl) ethanol (Figure 1) [1,2],
a new antihypertensive drug, is a racemate of two enantiomers E
with four chiral centres. The mechanism action of nebivolol is a F
competitive and highly selective _1- receptor antagonist and does not Figure 1: Structure of Nebivolol.
show an intrinsic sympathomimetic activity. Nebivolol is endowed
with peripheral vasodilating properties mediated by the modulation
of the endogenous production of nitric oxide and thus lowers
peripheral resistance. The SRRR- enantiomer (d-nebivolol) is a potent
and cardioselective _I-adrenergic blocker. The RSSS- enantiomer

selective and sensitive spectrophotometric methods were developed
for the determination of NBV. The cited m-acceptors have earlier been
employed for the assay of several drug substances [20-22] based on
similar reaction.

Materials and Methods

Apparatus

A GENESYS 10S UV-Vis double beam spectrophotometer
(ThermoSpectronic, USA) with a fixed slit width (1.8nm) connected
to an IBM computer loaded with ThermoSpectronic VISION Lite
version 4 software and 1cm quartz cell were used for the registration
and treatment of absorption spectra.

(I-nebivolol) has a favourable hemodynamic profile, in that normal
energy supply during exercise is nor affected [3].

Literature survey reveals that few analytical methods were
reported which include liquid-chromatography with tandem mass
spectrometry [4], RP-HPLC and HPTLC methods [5] and derivative
spectrometric determination [6,7], liquid chromatography coupled
with electro spray ionization tandem mass spectrometry [8],
Stability indicating RP-HPLC estimation [9,10], LC-MS [11,12], UV

spectrophotometry [13-16] and visible spectrophotometry [17-19]
techniques were reported.

In the present study, NBV was found to react with three
n-acceptors, namely, 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ), 2,4-dinitrophenol (DNP) and 2,4,6-trinitrophenol (picric
acid; PA) to form C-T complexes, based on which three simple, rapid,

Materials and reagents

All Chemicals used were of analytical reagent grad unless
otherwise is mentioned, Nebivolol hydrochloride (Sigma- Aldirch,
USA) was obtained and used as received; its purity was > 98%.

Nebilet® tablets (Unipharma, Syria) and Bivol® (Al-Nahdi
International Medical Co., Ltd, Yemen) were labeled to contain 5 mg
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Figure 2: A: Absorption spectra of reagent blank solution, B: Absorption
spectra of NBV-DDQ complex (15pg/mL NBV).
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Figure 3: A: Absorption spectra of reagent blank solution, B: Absorption
spectra of NBV-DNP complex (12ug/mL NBV).

NBYV per tablet.

2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (Sigma -
Aldrich Co); 0.1 %( w/v) solution was prepared by dissolving 0.01 g
of the DDQ in 5ml of acetonitrile and then the solution was diluted to
a final volume 10 ml with acetonitrile. Working solutions were freshly
prepared by subsequent dilutions. This solution is prepared daily
using red- glass volumetric flask because it is a light sensitive reagent.

Dinitrophenol (DNP) (0.05%) Prepared by dissolving 0.05g of
dinitrophenol (Sigma —Aldrich Co) in 100mL of dichloromethane.

Picric acid (PA) (0.1%) Prepared by dissolving 0.1g of picric acid
(Sigma —Aldrich Co) in 100mL of dichloromethane.

Preparation of standard stock solution

The stock standard solution of NBV was prepared in methanol to
a concentration of 100pg/mL and kept stored at -20°C in dark glass
flasks. Working standard solutions were prepared from the stock
standard solutions.

Pharmaceutical formulations

Twenty tablets were weighed accurately and ground into a fine
powder. The powder equivalent to 10mg of NBV was dissolved in
methanol and shaken well for proper mixing. This solution was allowed
to stand for 30min and then sonicated for complete solubilization of
drugs. Then the contents were filtered using Whatman No. 42 filter
paper to separate the insoluble excipients and volume was completed
with same solvent to get the final concentration of 100pug/mL. The
procedure was continued as described under the procedure for pure
NBV.

Procedure for calibration curves

Method A: Varying aliquots (0.4- 4.0 mL) of a standard NBV
solution 100ug/mL were accurately transferred into a series of 10mL
calibrated flasks using a micro burette and the total volume in each
flask was brought to 4mL by adding adequate quantity of acetonitrile.
To each flask, ImL of 0.1% DDQ solution was added, the content
was mixed well and the absorbance was measured at 620nm against a
reagent blank similarly prepared without adding NBV solution.

Method B: Different aliquots (0.2- 2.5mL) of standard NBV
solution 100ug/mL were accurately transferred into a series of
10mL calibration flasks as described above. One milliliter of 0.1%
DNP solution was added to each flask and diluted to volume with
dichloromethane. The content was mixed well and the absorbance
was measured at 525nm against a reagent blank.

Method C: Aliquots (0.1 - 3.5 mL) of a standard NBV 100pg/mL
solution were accurately transferred into a series of 10mL calibration
flasks and the total volume was brought to 1.5mL by adding
acetonitrile. To each flask, ImL of 0.05% PA solution was added
and the solution made up to volume with dichloromethane. The
content was mixed well and the absorbance was measured at 500nm
against a reagent blank. Standard graph was prepared by plotting the
absorbance versus NBV concentration, and the concentration of the
unknown was read from the calibration graph or computed from the
respective regression equation.

Procedure for the analysis of placebo blank and synthetic
mixture

A placebo blank containing starch (40mg), lactose (35mg), sodium
citrate (35mg), hydroxyl cellulose (35mg), magnesium stearate
(35mg), talc (35mg) and sodium chloride (35mg) was prepared by
mixing all the components into a homogeneous mixture. A 10mg
of the placebo blank was accurately weighed and its solution was
prepared as described under ‘tablets’, and then subjected to analysis
by following the general procedures. An accurately weighed quantity
of NBV was added to 200mg of placebo blank and homogenized. An
amount of synthetic mixture equivalent containing 10.0mg NBV
was accurately weighed and transferred into a 100mL volumetric
flask and the extract equivalent to 100pg/mL NBV was prepared as
described under the general procedure for pure drug and further
diluted to the required concentration and used for the assay in all the
three methods.

Results and Discussion

Absorption spectra

The reaction of NBV as n-electron donor and the m-acceptors
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Figure 4: A: Absorption spectra of reagent blank solution, B: Absorption
spectra of NBV-PA complex, (10pug/mL NBV).
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Figure 5: Effect of reagent concentration on the formation of NBV-DDQ
complex, (15ug/mL NBV), NBV-DNP complex, (12ug/mL NBV) and NBV-PA
complex, (10pg/mL NBV).

such as DDQ, DNP and PA results in the formation of charge transfer
complexes. The absorption spectra of NBV-DDQ charge transfer
complex resulted in the formation of an intense which exhibited three
maxima at 620, 525and 400 nm. These bands can be attributed to the
formation of DDQ radical anions arising from the complete transfer
of n-electrons from donor to acceptor moieties in acetonitrile. The
absorption band at 620nm was selected as analytical wavelength
keeping in view the sensitivity of the reaction product and blank
absorbance (Figure 2). Similarly, the reaction of NBV with DNP or
PA results in the formation of an intense red product which exhibits
absorption maxima at 525nm and 500nm (Figure 3) and (Figure 4),
respectively.

Reaction scheme

The chemistry used in method A is based on the reaction of
the basic nitrogen of NBV as n-donor with DDQ as m-acceptor to
form charge transfer complex, which subsequently dissociates into
radical anions depending on the polarity of the solvent used [20]. In
polar solvents, such as acetonitrile, complete electron transfer from
the donor to the acceptor moiety takes place with the formation of
intensely colored radical anions (Figure 5) [22], according to the
following equation:
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Scheme 1: Probable mechanism for the formation of NBV-DDQ charge
transfer complex.
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Scheme 2: Probable mechanism for the formation of NBV-NDP and NBV-PA
charge transfer complex.
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When an aromatic amine is combined with a polynitrophenol,
one type of force field produces an acid base interaction, and the
other, an electron donor acceptor interaction. Probable mechanism
for the formation of NBV-DDQ charge transfer complex (Scheme 1).
Probable mechanism for the formation of NBV-DNP and NBV-PA
charge transfer complexes the formation of true phenolate by proton-
transfer, and the latter, to a true molecular compound by charge-
transfer [23]. Based on this, the mechanism for method B and method
C can be discussed in terms of transfer of electronic charge from the
benzene ring of NBV, an electron-rich molecule (a Lewis-base donor),
to the ring of DNP or PA, an electron-deficient molecule (a Lewis-
acid acceptor), and at the same time the proton of the hydroxyl group
of DNP or PA will transfer to the secondary amine of NBV (Scheme
2). The explanation for the produced color in method B and method
C lies in the formation of complexes between the pairs of molecules
NBV-DNP and NBV-PA, and this complex formation leads to the
production of two new molecular orbitals and, consequently, to a new
electronic transition [24].

Stoichiometry of the reaction

The composition of the charge transfer complex was established
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Table 1: Optimum conditions and analytical parameters.

mL NBV), NBV-DNP complex, (12ug/mL NBV) and NBV-PA complex, (10ug/
mL NBV).

by Job’s method of continuous variations [25] using equimolar
concentrations of the drug (base form) and reagents 2x10“mol/L.
The results indicated that 1:1 (drug/reagent) complex is formed in
all the methods. Five solutions containing NBV and the reagents
DDQ, DNP or PA in various molar ratios, with a total volume of
10mL in all the methods were prepared. The absorbance of solutions
was subsequently measured at 620nm in method A, 525 in method
B and 500nm in method C. The graphs of the results obtained gave
a maximum at a molar ratio of Xmax =0.5 in all the methods which
indicated the formation of a 1:1 charge transfer complex between
NBV and reagent DDQ, DNP or PA. This finding was anticipated
by the presence of more basic or electron donating center (-NH) in
the NBV.

Effect of reagent concentration

The optimum concentration of the reagent required to achieve
maximum sensitivity for the color developed in each method was
ascertained by adding different amounts of the reagent DDQ, DNP
or PA to a fixed concentration of NBV. The results showed that 1.0mL
each of 0.1% DDQ, 0.1% DNP and 0.05% PA solution was optimum
for the production of maximum and reproducible color intensity
(Figure 5).

Effect of solvent

In order to select a suitable solvent for preparation of the reagent
solutions used in the study, the reagents were prepared separately
in different solvents such as 1,4-dioxane, chloroform, acetonitrile,
acetone, t-butanol, 2-propanol and dichloromethane, and the
reaction of NBV with DDQ, DNP or PA was followed. In method
A, as shown in Figure 6, acetonitrile was best suited for preparation
of DDQ solution. The dichloromethane solvent was found to be the
ideal solvent for preparation of both DNP and PA for method B and
method C, respectively (Figure 4). Similarly, the effect of the diluting
solvent was studied for all methods and the results showed that the
ideal diluting solvent to achieve maximum sensitivity was acetonitrile
in method A and dichloromethane in method B and method C.

Effect of reaction time and stability of the charge transfer
complexes

The optimum reaction times were determined by measuring
the absorbance of the complex formed upon the addition of reagent

06 Parameters NBV-DDQ NBV-DNP complex ZAF-PA complex
complex
05 Amax (nm) 620 525 500
304 Linearity range ug/mL 4-40 2.0-25 1.0-35
% —&— NBV-DDQ Complex .
£03 —a— DDQ blank Molar absorptivity L /mol 1.48 X10° 1.76X10* 1.21X10°
§0 2 —#— NBV-NDP Complex .Cm
’ —s— NDP-blank Regression equation, Y*
0.1 —e— NBV-PA Complex
P ——— Slope (b) 0.0379 0.0509 0.0292
~—&— PA-blank
0 < £ o o = o < Intercept (a) 0.0120 0.0524 0.0077
¢ ¢ § 5 E 3 , .
g 5 g < 3 g Eo Correlation coefficient 0.9983 0. 9945 0.9990
8 5 £ - e -
Solvents 3 LOD pg/mL 0.85 0.27 0.21
LO /mL 2.59 0.82 0.65
Figure 6: Effect of solvents on the formation of NBV-DDQ complex, (15ug/ QHg

*Y=a + bX, where Y is the absorbance, a is the intercept, b is the slope and X is
the concentration in pg/mL.

solution to NBV solution at room temperature. The reaction of NBV
with DDQ in method A and DNP in method B was instantaneous
while complete color development was attained after 5min with PA.
The absorbance of the resulting charge transfer complexes remained
stable for at least 45min for method A and for more than 24h for
methods B and C.

Method validation

The proposed methods were validated for linearity, sensitivity,
selectivity, accuracy, precision, robustness, ruggedness and recovery
according to the current ICH guidelines [26].

Linearity and sensitivity

At the established experimental conditions, standard calibration
curves for NBV with DDQ, DNP and PA were constructed by plotting
absorbance verses concentration. The linear regression curves were
obtained in the Beer’s law range of 4.0-40, 2-25 and 1.0-35ug/mL
with correlation coefficient 0.9983, 9945 and 0.9985 in each case
respectively. Regression characteristics including slope, intercept,
correlation coefficient and also the molar absorptivity values for each
proposed method are given in (Table 1). The detection limit (LOD)
and quantification limit (LOQ) were calculated by using the following
equations:

33xa

rop-2 _loxe
5 <

&LOQ

where, ois the standard deviation of seven replicate determinations
under the same conditions as for the sample in the absence of the
analyte and S is the slope of the calibration graph. The LOD values
were calculated to be 2.59, 0.82 and 0.65ug/mL respectively (Table 1).

Accuracy and precision

In order to determine the accuracy and precision of the proposed
methods, pure drug NBV solution at three different concentration
levels (within the working range) were prepared and analyzed in
seven replicates during the same day (intra-day precision) and on five
consecutive days (inter-day precision)and the results are presented
in (Table 2). The percentage relative error (RE%) was = 1.40 which
indicates that the accuracy of the methods is satisfactory. Percentage
relative standard deviation (RSD %) for intra-day was = 1.88 and for
inter-day it was < 1.72 indicating repeatability and usefulness of the
proposed methods in the routine analysis.
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Table 2: Evaluation of intra-day and inter-day precision and accuracy.

Table 4: Robustness and ruggedness.

Vethod NBV taken Intra-day (n=7) Inter-day (n=5)

ug/mL - Found® o pope oo rec FOUNA" orsD |96 RE
pg/mL pg/mL

10 10.052 1.5 0.52 10.002 1.49 0.02
Method A 20 20.062 1.48 0.31 20.040 1.30 0.20
30 29.822 0.79 0.59 | 30.134 0.66 0.45
5 4.942 0.02 1.16 4.996 1.72 0.08
Method B 10 9.974 1.34 0.26 | 10.010 1.14 0.10
15 15.082 1.00 0.55 | 15.090 @ 0.96 0.60
8 8.048 1.88 0.60 7.986 1.04 1.40
Method C 16 16.004 1.13 0.03 | 16.086 @ 0.90 0.54
24 24.102 0.70 0.43 | 24.020 @ 0.55 0.08

aMean value of five determinations; ® Relative standard deviation (%); °Relative
error (%).

Table 3: Analysis of NBV in presence of common excipients by the proposed
method.

Recovery%+RSD*
Excipients
Method A Method B Method C
Lactose 100.25+0.66 101.91+0.82 99.21+1.02
Hydroxy! cellulose 99.91+0.91 100.79+0.65 101.79+0.95
Talc 101.42+0.72 99.62+0.37 100.62+0.73
Starch 98.95+1.22 99.11+0.94 101.09+0.44
Magnesium stearate 99.63+0.36 102.01+1.03 100.89+1.13
Sodium Citrate 101.19+0.93 98.81+0.94 99.21+0.49
Sodium chloride 99.08+1.03 99.67+0.63 101.67+1.23

*Average of three determinations.

Selectivity

The assay results were in good agreement with the label claim.
Also, the effect of commonly found excipients was determined by
scanning the blank solution of NBV and the placebo solutions. The
percent recovery values given in Table 3 indicate that excipients of
tablet did not found to interfere during the assay.

Robustness and ruggedness

To evaluate the robustness of the methods, two important
experimental variables volume of reagent and reaction time, were
slightly altered and the effect of this change on the absorbance of the
charge transfer complexes was studied. The results of this study are
presented in Table 4 and indicated that the proposed methods are
robust. Method ruggedness was evaluated by performing the analysis
following the recommended procedures by three different analysts
and on three different spectrophotometers by the same analyst. From
the %RSD values presented in (Table 4), one can conclude that the
proposed methods are rugged.

Applications to analysis of tablets

The proposed methods were successfully applied to the
determination of NBV in three brands of tablets and the results are
compiled in Table 5. The results obtained were statistically compared
with those obtained by the reference method [16] by applying the
student’s t-test for accuracy and F-test for precision at 95% confidence
level. As can be seen from (Table 5), the calculated t- and F- values

Method robustness
Method ruggedness
NBV Parameters altered
Method | taken Reagent volumes Reaction Inter- Inter-
pg/mL g”_ RsDY, | lime? analysts | cuvettes
(=3) ’ RSD%, RSD%, RSD%,
B (n=3) (n=3) (n=3)
10 0.94 0.68 1.35 1.06
MEtAhOd 20 111 1.26 1.02 0.93
30 0.69 1.39 1.67 1.40
5 1.31 1.02 0.95 0.67
MetBhOd 10 0.75 122 1.53 0.99
15 0.84 0.86 0.61 1.06
8 1.30 1.18 1.65 0.93
MetChOd 16 0.92 0.75 1.30 1.19
24 0.79 1.05 1.21 1.37

2ln both methods, the volume of reagent was 0.8, 1.0 and 1.2 mL. *The reaction
time was 4, 5 and 6 min.

Table 5: Results of analysis of tablets by the proposed methods.

Tablet Label g?l:())rtijm %Recover
brand Claim | Methods } g ’ y T-test* | F-test***
Estimated* +SD*
name (mg) .
(in mQg)
Method A 5.09 101.8+0.64 = 1.06 2.19
Method B 5.06 101.2+0.72 | 1.12 2.03
Nabilet® 5
Method C 4.98 99.6+1.02 0.72 5.58
Reference 544 | 100.8:0.66 - -
method
Method A 5.05 101.1+1.85  0.64 1.12
Method B 4.97 99.3+1.71 151 4.35
Bivol® 5
Method C 4.91 98.2+1.11 2.52 2.74
Reference g6 9921105 - -
method

*Mean value of five determinations.
**Tabulated t-value at the 95% confidence level is 2.78.
***Tabulated F-value at the 95% confidence level is 6.39.

at 95% confidence level did not exceed the tabulated values of 2.78
and 6.39, respectively, for four degrees of freedom. This indicates that
there are no significant differences between the proposed methods
and the reference method with respect to accuracy and precision.

Recovery study

The accuracy and validity of the proposed methods were further
ascertained by performing recovery studies. Pre-analyzed tablet
powder was spiked with pure NBV at three concentration levels (50,
100 and 150 % of that in tablet powder) and the total was analyzed
by the proposed methods. The results of this study are presented in
Table 6 and indicate that the excipients present in the tablets did not
interfere in the assay.

Conclusions

This paper presents three visible spectrophotometric methods
for the quantitative determination of Nebivolol (NBV) in pure drug
and tablets. The proposed methods are based on charge-transfer
complexation reaction, and have the advantages of simplicity, speed,
accuracy and precision. The methods are characterized by wide linear
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Table 6: Results of recovery study by standard addition method.

Method A Method B Method C
Tablets . . Pure . Pure
studied NBVin | Pure NBV Total %Recovery* NBV in NBY Total %Recovery* NBVin NBY Total 9%Recovery*
tablets | added pg/  found pg/ tablets found tablets found
/mL mL mL +SD mg/mL added /mL +SD mg/mL added /mL +SD
HY ¢} pg/mL Hg g pg/mL Hg
4 12.24 102.00 +1.02 3 9.11 101.22+0.67 5 9.94 99.40+0.81
Nabilet® 8 8 15.85 99.06+1.61 6 6 11.87 98.92+1.16 5 10 15.09 | 100.60+1.30
12 20.35 101.75+ 0.68 9 15.25 | 101.67+0.88 15 19.86 99.30+0.94
5 15.38 102.53+1.46 4 12.1 100.83+1.12 6 17.48 102.82+1.43
Bivol® 10 10 20.54 102.54+1.23 8 12 20.4 102.00+0.67 12 12 24.36 101.50+0.78
15 24.64 98.56+0.98 16 23.78 99.08+0.76 18 29.71 99.03+0.57
*Mean value of three determinations.
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