i{{® MedCrave

Step into the Wonld of Research

Journal of Analytical & Pharmaceutical Research

Research Article

a Open Access

Simultaneous spectrophotometric estimation
of bisoprolol fumarate and hydrochlorothiazide
in tablet formulation using partial least—squares,
principal component regression multivariate
calibrations and rp—hplc methods

Abstract

The UV spectrophotometric analysis of a binary mixture containing bisoprolol fumarate
(BS) and hydrochlorothiazide (HZ) by using multivariate calibration methods, such as
principal component regression (PCR) and partial least—squares regression (PLS-1); and
a graphical spectrophotometric method such as second derivative of the ratio spectra 2DD
was described. A calibration set of 22 reference samples was used to develop the models
for PCR and PLS—1. The calibration models optimization was achieved through the proper
wavelength ranges selection, and excluding any information about the interfering excipients.
In addition, a High Performance Liquid Chromatography (HPLC) was developed to analyze
the same mixture. The chromatographic separation was achieved on a reversed phase, RP
18 column with mobile phase consisting of acetonitrile-0.01 M KH2PO4 (40:60, v/v, and
pH 3.5). Quantitation was achieved with UV detection at 232 nm based on peak area. The
proposed methods were validated and successfully used for the analysis of laboratory—
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Introduction

Bisoprolol fumarate (BS) is a cardioselective b—blocker used in
management of hypertension and angina pectoris.! It is dispensed
with hydrochlorothiazide (HZ). They are formulated in the form of
tablets used in treatment of arterial hypertension. This work presents
PLS-1, PCR, HPLC and? DD methods for determination of BS as
a weakly absorbing component in a combination containing HZ
as a strongly absorbing component. Moreover, BS is formulated at
a lower concentration than HZ. Therefore the strongly absorbing
component HZ interferes seriously in the absorption spectra of the
other component. Therefore, their simultancous determination is
hard by using conventional spectrophotometric techniques. Several
methods have been reported for the analysis of BS or HZ alone
or in combination with other drugs.*'* and in their binary mixture
using HPLC.!¢> Both BS and HZ are official in The United States
Pharmacopeia.?* and British Pharmacopeia.”

UV-Vis—spectrophotometry is a well established technique for the
green fastand direct determination of analytes without prior separation.
The main problem that might arise is the highly overlapped spectra
as the case with the analytes of most pharmaceutical formulations.
Ratio spectra have been used to eliminate such interference between

different analytes. It was first developed by Blanco et al.?® However
in case of strong spectral overlap, ratio spectra might not work
properly. Multivariate calibration such as partial least squares may
be the method of choice to solve this strong spectral overlap. Such
methods have been reported to be a valid alternative to HPLC for the
analysis of different analytes in pharmaceutical preparations.?”’” PCR
and PLS are multivariate regression methods which allow to establish
a relationship between matrices of chemical data.?® The basic concept
of PLS regression was originally developed by Wold.” Readers
interested in more mathematical principles of the PLS algorithms are
encouraged to refer to the book by Vinzi et al.*

PCR compresses two steps; component analysis step that is
followed by a regression step. Spectral decomposition is performed
in both PLS and PCR but in different ways. In PCR, the spectral
decomposition is based mainly on the variance of spectral data only,
however in PLS, spectral data and concentration data are used in
model development.’! The application of such techniques on spectral
data may allow the development of green, fast, simple, specific and
sensitive methods for determination of BS and HZ in pharmaceutical
tablets.

Several chemometric—assisted spectrophotometric  methods
for the determination of HZ or BS with different drugs have been
published.’?35 Multivariate curve resolution in combination with
alternating least squares (MCR—ALS) has been used to study the
dissolution profile of BS and HZ in binary mixture in tablets.’® To
the best of our knowledge, PLS and PCR have not been used for the
simultaneous determination of BS and HZ. The aim of this work is to
develop and validate multivariate calibration models able to quantify
two components mixture of BS as relatively weakly absorbing
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component, formulated at a lower concentration and HZ as a strongly
absorbing component. Validation of the methods was performed using
internal, cross and external validation. The methods were eventually
applied to commercial tablets, without any preliminary separation
steps.

In addition, HPLC and *DD methods were developed for the assay
of the components of the studied mixture. The proposed methods
are simple, sensitive, reduced the duration of the analysis, precise
and suitable for routine determination of the titled components in
pharmaceutical dosage forms. The proposed HPLC method uses
RP 18 column, which is available in many laboratories. However
some of the published HPLC methods used cyano column.' and/or
ultra pressure liquid Chromatography (UPLC).*' which might not be
available at some laboratories.

Experimental
Instrumentation

Shimadzu double — beam (Japan) UV- Visible spectrophotometer,
model UV- 1601 PC and connected to an IBM compatible computer
was used. UVPC personal spectroscopy software version 3.7
(Shimadzu) was used. The spectral bandwidth was 2nm and the
wavelength scanning speed was 2800nm min—1. PLS-Toolbox
software version 2.1-PC for use with MATLAB 5 was used for PLS—1
and PCR analysis.

Shimadzu HPLC ( Kyoto, Japan) instrument was equipped with
a model series LC—10 ADVP pump, SCL-10 AVP system controller,
DGU-12 A degasser, Rheodyne 77251 injector with a 20ul loop and a
SPD-10 AVP UV-VIS detector, analysis was made on a 250x4.6mm
(i.d.) Shim—pack RP18 column (Sum particle size), at A 232nm. Data
acquisition was performed on class—VP software.

Materials and reagents

Pure BS and HZ were used and certified to contain 99.8 and
99.9%, respectively. HPLC grade acetonitrile and methanol used were
(BDH, Poole, UK). Potassium dihydrogen phosphate, hydrochloric
and phosphoric acids were analytical grade. Concor plus® tablets
(AMOUN, EL-Obour City, Cairo, Egypt) labeled to contain Smg BS
and 12.5mg HZ were used.

HPLC conditions

The elution was carried out with mobile phase consisting of
acetonitrile and 0.01M KH2PO4 in a ratio of 40:60v/v. The apparent
pH was adjusted to 3.5. The flow rate was ImL min—1. The injection
volume was 20ul at ambient temperature.

Standard solutions and calibration

a. Stock BS standard solution: 50mg BS dissolved in 100mL
methanol.

b. Stock HZ standard solution: 125mg HZ dissolved in 100
methanol.

c. Working BS and HZ solutions: were prepared by dilution of
the stock standard solutions with 0.1M hydrochloric acid (for
spectrophotometric methods) or mobile phase (for HPLC
method) within the concentration rang of 1-7 and 2.5-17.5ug
mL—1 for BS and HZ, respectively.

PLS-1 and PCR methods

A calibration matrix of 22 synthetic mixtures with different
concentrations of each component was prepared in 0.1M hydrochloric
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acid in rang of 1-7ug mL-1 for BS and 2.5-17.5 ug mL-1 for
HZ within concentration ratio from 1 : 0.2 to 1 : 18 for BS :HZ,
respectively. The zero—order absorption spectra were recorded over
the range 230-285nm. The data points of the spectra were collected
at every 1.0nm. PLS-Toolbox software version 2.1 was used for data
manipulation. PCR and PLS—1 models were developed using 3 latent
variables for BS and 2 latent variables for HZ (PLS—1 model). Three
principal components were used for PCR model of both components.

HPLC method

20ul of each working standard solution was injected in triplicate
injections under the specified chromatographic conditions described
previously. The peak area values were plotted against corresponding
concentrations. Linear relationship was obtained.

For 2DD method

For determination of BS: The zero—order absorption spectra of
standard solutions of BS were divided by a normalized spectrum of
HZ.a spectrum of unit concentration. The second derivative of the
obtained ratio spectra was calculated with DI = 4nm. Then smoothing
with 8 experimental points and scaling factor of 20 was performed. The
amplitudes at 228.4nm were measured and found to be proportional to
the concentration of BS.

For determination of HZ: The zero—order absorption spectra of HZ
were divided by a normalized spectrum of BS. The second derivative
of the obtained ratio spectra was calculated with DI = 4nm. Then
smoothing with 8 experimental points and scaling factor of 20 was
performed. The amplitudes at 283nm were measured and found to be
proportional to the concentration of HZ.

Sample preparation

Twenty tablets were weighted and finely powdered. A portion of
the powder equivalent to Smg of BS and 12.5mg of HZ was dissolved
in 100mL methanol. The solution was filtered, and diluted with 0.1M
hydrochloric acid (for spectrophotometric methods) or mobile phase
(for HPLC method). The procedures for PCR, PLS-1,?DD and HPLC
methods described under calibration were followed.

Results and discussion

PCR and PLS-1 methods

Figure 1 shows the zero—order absorption spectra of BS and HZ at
their nominal concentrations in tablets. As can be seen, BS contributes
very little to overall absorption of the sample; also the absorption band
of HZ is extensively overlapped with BS spectrum. Conventional UV
methods for the determination of BS is susceptible to interference
from HZ. PLS—1 or PCR calibration methods can be used to overcome
this problem. However, the UV spectrum of HZ is not strongly
affected by the presence of BS. This is a favourable condition and
conventional zero—order or direct derivative methods could be applied
for determination of HZ in the studied binary mixture.

The wavelength range selection has a high impact on the quality of
the developed multi—-component model.”’ In this work, PLS—1 and PCR
models were developed using the wavelength range of 230-285nm
with 1 nm skip point. Wavelengths less than 230nm were rejected due
to the high contribution of HZ relative to BS. Wavelengths more than
285nm were not used because BS has no absorption in this region,
therefore this region will introduce a significant amount of noise in the
calibration matrix, thus decreasing the precision.
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Figure | UV absorption spectra of 4pg mL"' of BS ( ) and 10pg mL"' of
HZ (------ ) in 0.IM hydrochloric acid.

For best prediction PCR and PLS models, the optimum number
of principal components or factors must be selected. These factors
should account as much as possible for the experimental data without
over fitting. Various methods have been developed to select the
optimum number.*’ Leaving—one—out cross— validation methods have
been employed.*** A calibration matrix of 22 calibration spectra was
used. PLS—1 and PCR calibration was performed using 21 calibration
spectra then the model was used to predict the sample left out during
the calibration process. This process was repeated 22 times until each
calibration sample had been left out once. The root mean squares error
of cross validation (RMSECV) was calculated for each run as follows:

RMSECV =~NPRESS / n

Where n is the number of calibration samples and PRESS is the
predicted residual error sum of squares. It can be calculated as follows:

PRESS =% (Y

pred - the )

Where Ypred and Ytrue are predicted and true concentrations in
mg mL, respectively.

The RMSECYV provides a good measure on how well the calibration
model performs. It is an indicator of the precision and accuracy of
predictions. It was recalculated upon addition of each new factor to
the PLS—1 and PCR models. Thus the optimum number of factors
was selected. The selected model was that with the fewest number of
factor such that its RMSECV was not significantly greater than that
for the model which yielded the lowest RMSECV. Figures 2 & 3 show
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the variation of the RMSECYV as a function of the number of factors
for PLS—1 and PCR models. A number of factors of 2 was found to be
optimum for HZ (PLS-1 model), however 3 factors were optimum for
BS (PLS—1 model) and BS and HZ (PCR model).

The prediction performance of the developed models was performed
by plotting the known concentrations against the predicted ones. The
results are shown in Table 1. Satisfactory correlation coefficient (r)
value was obtained for each compound in the calibration matrix
by PLS-1 and PCR optimized models indicating good predictive
abilities of the models. The RMSECV obtained by optimizing the
calibration matrix of the absorption spectra for the PLS—-1 and PCR
methods are shown in Table 1 indicating good accuracy and precision.
The concentration residuals were plotted against the predicted
concentrations (Figure 4 & 5). The random distribution around zero is
another diagnostic tool indicating the adequate models’ performance.

Table 1 RMSECV and statistical parameter values for simultaneous
determination of BS and HZ using PLS—| and PCR methods

Compound
Item Method
BS HZ
PLS-I 5.28x 1072 9.98x102
RMSECV
PCR 5.28x 1072 10.2x1072
PLS-I 3.01x10°® 2.38x10°
Intercept
PCR 3.01x10°® 2.32x10°
PLS-I 0.9994 0.9998
Slope
PCR 0.9994 0.9998
PLS-I 0.9997 0.9999
Correlation coefficient (r)
PCR 0.9997 0.9999
PLS-I 2.83%072 3.90x102
S.E of intercept
PCR 5.68x107 3.87x107
PLS-I 3.52x10° 3.50x107
S.E of slope
PCR 3.22x107® 3.47x107
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Figure 2 RMSECYV plot of a calibration set prediction using cross- validation
of PLS-1 model for BS and HZ.
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HPLC method

The developed HPLC method has been applied for simultaneous
determination of BS and HZ. The mobile phase composition and pH
were studied and optimized. A satisfactory resolution was obtained
with isocratic mobile phase containing acetonitrile and 0.01M
KH,PO, (40:60, v/v) and flow rate of ImL min"' and detection
wavelength of 232nm. Increasing acetonitrile concentration to more
than 70% led to inadequate separation of the two drugs. Decreasing
acetonitrile concentration (<20%), BS peak showed excessive
tailing. Optimization of apparent pH of the mobile phase resulted in
maximum capacity factor (K) value at apparent pH 6.0, with loss of
peak symmetry for BS. Resolution of both analytes was improved at
apparent pH 3.0-4.0. However at apparent pH 3.5 optimum resolution
with reasonable retention time was observed. The chromatogram
in Figure 6 shows the complete separation of the two components
indicating the method specificity. BS and HZ were eluted at 3.38+0.04
and 4.03+0.02 min, respectively, for ten replicates.

Method linearity was measured by plotting peak areas of
calibration standard solution versus concentration of each drug. Linear
correlation was obtained. Characteristic parameters for regression
equations of the HPLC method and correlation coefficient obtained
by least squares treatment of the results were given in Table 2.

Table 2 Characteristic parameters of the calibration equations for the
proposed 2DD and HPLC methods for simultaneous determination of BS
and HZ

HZ using PLS-I.
= 0.1
H
Ed .
= 0.05 4 . +
3 ¢ M
3
3 o3
& 2 . 4 * 6
] -0.05 ¢ .
[
£ 01 BS .
g
g 15
Predicted Concentration (ug ml*)
= 02
E 015 4 .
ES 011 ' t .,
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Figure 5 Concentration residuals versus predicted concentration of BS and
HZ using PCR.

DD HPLC
Parameters
BS HZ BS HZ
Calbrationrange(bg | 7 55475 17 25-17.5
ml™)
Decection limit (g 169x | (3 102 0.026 0017
mi-) 10
Qtjlantltatlon limit (ug 56{3 X 560x 102 0087 0.057
mi-") 10
Regression equation(Y) 222 x
2 Slope (b) Ii)’z 504 x 102 129x10° 3.26x I0°
Standard deviation of  1.89 x S 3 3
the slope (5,) 10+ 426 x 10 1.67 x 10 2.85x 10
Relative standard
deviation of the slope 0.85 0.85 1.29 0.88
(%)
222 x 127
Confidence limit of the 102—  50.01 x 1072 _x.l 051,30 323x 10°—
slope® 224x  50.83x 10 s 3.28x 10°
02 x 10
{9286 x " , \
Intercept (a) 10) 1.75x 10 - 1.04x 10 -1.86x 10
Standard deviation of 8.44 x " 3 "
the mtercept (S) o 475x 102 749x10°  3.19x [0
101
Confidence limit of the x 10— (-2.86 x 107%) (-8.31 x10%)— (—4.96 x10?)
intercept® 535x  -637x 102 6.24xI10° —1.24x 10*
10
(Cr;’”e'a“" coefficient (9999 09999 0.9999 0.9999
Sandard errorof - 3.78x 5 15, 102 335x10° 143 10¢
estimation 10

*Y = a+bC ,where C is the concentration of drug in pg ml~ andY is the DD
amplitude or peak area for 2DD or HPLC methods, respectively.

95% confidence limit.
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Figure 6 HPLC chromatogram of 20yl injection of tablet sample containing
4pg mL!' of BS and 10pg mL™' of HZ

For 2DD method

For the developed DD method, the divisor standard concentration,
the Al and smoothing function were all studied and optimized.
Normalized spectrum was used as the divisor as it showed the best
results in terms of sensitivity, signal to noise ratio and reliability. AA=
4nm was selected as the optimum value. A smoothing function has
been applied due to the extent of the noise levels on the ratio spectra,
and 8 experimental points were considered as suitable.

The second derivative of the ratio spectra was preferred than
the first derivative for a better resolution of the spectra and more
accurate and precise results. Amplitudes at 228.4 and 283nm were
measured and found to be proportional to the concentration of BS
and HZ, respectively (Figure 7 & 8). The characteristic parameters for
regression equations for the DD method and correlation coefficient
were given in Table 2.
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Figure 7 Second derivative of ratio spectra for different concentrations (1, 2,
3,4,5,6,7ug mL"') of BS, using normalized spectrum of HZ as divisor.
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Analysis of pharmaceutical tablets

The proposed PLS—1, PCR, DD and HPLC methods were
applied for the determination of BS and HZ in commercial tablets.
Five replicates determination were made. Satisfactory results were
obtained for each compound (Table 3). The results of the proposed
methods were compared with a published HPLC method.!” and there
were no significant differences between the proposed methods and the
reported one (Table 3).

Table 3 Determination of BS and HZ in synthetic mixtures and commercial
tablets using the proposed methods

Mean found * S.D?

Published

PLS-1 PCR 2DD HPLC method[2]
Synthetic
Mixtures
For BS 100.6+£0.87 100.6+0.87 100.1+0.62 100.1+0.33
For HZ 100.6£0.85 100.5+0.75 100.0+1.08 99.9+0.38
Commercial
Tablets
For BS 99.5+0.74 99.5+0.77 98.7+0.80 99.4+0.51 98.9+0.63
t 1.38 1.35 0.44 1.40 2.31°
F 1.40 1.49 1.6l 1.53 6.39°
For HZ 99.1£0.75 99.1+0.75 99.1£0.80 99.4+0.47 99.3+0.65
t 0.45 0.45 0.43 0.29 231°
F 1.33 1.33 1.52 1.91 6.39°
Recovery*
For BS 100.0£0.47 100.0+£0.47 100.3+0.90 99.8+0.42
For HZ 99.9+0.85 100.0+0.90 99.6£0.98 99.9+0.58

*Mean and S.D., percentage recovery from the label claim amount.

*Theoretical values for t and F at p = 0.05

For standard addition of 50% of the nominal content.
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Validation of the methods

Linearity: The linearity of the HPLC and DD methods was evaluated
according to the International Conference on Harmonization (ICH)
recommendations. Eight concentrations were used, ranging between
1-7 and 2.5-17.5pg mL-1 for BS and HZ, respectively. Each
concentration was repeated three times. The results showed high
correlation coeffecient and the intercept value was not statistically
(p<0.05) different from zero. The linearity parameters were provided
in Table 2.

Selectivity

Selectivity was assessed by analysis of 6 laboratory—prepared
mixtures of the studied components at various concentrations within
the linearity range for the proposed methods. Satisfactory results were
obtained (Table 3), indicating the high selectivity of the proposed
methods.

Accuracy

Accuracy was assessed by standard addition techniques and
excellent recoveries were obtained (Table 3) indicating the good
accuracy of the proposed methods.

Precision

Repeatability and intermediate precision were performed at three
concentration levels for each compound and the data was evaluated
by one— way ANOVA. A 8 days X 2 replicates design was performed.
Three univariate analyses of variance for each concentration level
were made. Since the P— value of the F— test is always greater than
0.05, there is no statistically significant difference between the
mean results obtained from one level of day to another at the 95 %
confidence level.

Detection and quantitation limits

The following equation was applied to calculate the detection
limit:

t
5
b 0 n—1

where, n is the number of standards, t_is the Student’s coefficient at
the selected level of significance, b is the slope of the regression line,
and Sj is the variance which can be calculated using the following
relationship:

) Z(y—ycalc)2
S
Where y is the experimental value on the ordinate and ycalc is the
value calculated from the regression equation. The theoretical values
were assessed practically and given in Table 2.

Robustness

The robustness of a method is its ability to remain unaffected by
small change in parameters. Variation of pH of the mobile phase by
+0.2 and its organic strength by £3 % did not have significant effect
on chromatographic resolution in HPLC method. Variation of strength
of hydrochloric acid by +0.02M did not have significant effect on
spectrophotometric methods.

Analytical solution sability

The studied solutions of both analytes in mobile phase or 0.1M
hydrochloric acid exhibited no chromatographic or absorbance
changes for 24 hours when kept at room temperature, and for 5 days
when stored refrigerated at 5°C.
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Conclusion

The application of multivariate calibration to zero—order spectra
is an effective technique for the quality control of pharmaceutical
preparations. Two chemometric models, PLS-1 and PCR were
proposed in this work for the simultaneous determination of BS and
HZ in their binary mixture and in commercial tablets. The results
obtained were compared with the published HPLC method and good
coincidence was observed. The two chemometric methods are green,
fast, simple, precise and accurate. In addition, they require no sample
preparation or chromatographic separation. Overall, PLS—1 and PCR
have proved to be a valid alternative to, HPLC and *DD.

Acknowledgment

None.

Conflict of Interest

None.

References

1. Bayer G. Martindale: The Complete Drug Reference. (38th edn),
Pharmaceutical press, Australia, 2015;38(2):59-59.

2. Carlucci G, L Di Federico, Iuliani P. HPLC-DAD method for the
simultaneous determination of zofenopril and hydrochlorothiazide in oral
pharmaceutical formulations. J Sep Sci 2010;33(12):1717-1722.

3. Oniscu C, CV Vlase, GG Peste. A new high performance liquid
chromatographic method for determination of Bisoprolol in plasma
samples. Romanian Biotechnological Letters 2007;12(1):3079-3084.

4. Panainte AD, Agoroaei L, Bibire N, et al. A HPLC Method for the
Determination of Bisoprolol in Tablets and its Application to a
Bioequivalence Study. Revista De Chimie. 2015;66(11):1791-1795.

5. Mahu SC, Spac AF, Ciobanu C, et al. Quantitative Determination of
Bisoprolol Fumarate by HPLC 1. Method validation. Revista De Chimie.
2016;67(3):414-417.

6. Patil V, Devdhe S, Kale S, et al. Development and validation of new RP—
HPLC method for the estimation of Amlodipine besylate and Bisoprolol
fumarate in bulk and tablet dosage form. Journal of the Indian Chemical
Society. 2014;91(3):373-379.

7. Vora DN, Kadav AA. Development and Validation of a Simultaneous
HPLC Method for Estimation of Bisoprolol Fumarate and Amlodipine
Besylate from Tablets. Indian Journal of Pharmaceutical Sciences.
2008;70(4):542-546.

8. Hefnawy MM, Sultan MAA, Al-Shehri MM. Enantioanalysis of
bisoprolol in human plasma with a macrocyclic antibiotic HPLC chiral
column using fluorescence detection and solid phase extraction. Chem
Pharm Bull. 2007;55(2):227-230.

9. Hefnawy MM, Sultan MA, Al-Shehri MM. Development of an HPLC
method for the quantitation of bisoprolol enantiomers in pharmaceutical
products using a teicoplanin chiral stationary phase and fluorescence
detection. Journal of Liquid Chromatography & Related Technologies.
2006;29(20):2901-2914.

10. Rolim CMB, Brum L, Fronza M, et al. Development and validation
of an RP-HPLC method for the dissolution studies of bisoprolol in
pharmaceutical dosage forms. Journal of Liquid Chromatography &
Related Technologies. 2005;28(3):477-486.

11. Kalyani K, Anuradha V, Vidyadhara S, et al. A Stability Indicating
RP-HPLC for the Simultaneous Estimation of Hydrochlorothiazide,
Amlodipine Besylate and Telemisartan in Bulk and Pharmaceutical
Dosage Form. Oriental Journal of Chemistry. 2016;32(3):1631-1637.

Citation: Mostafa A, El Gindy A, Emara S. Simultaneous spectrophotometric estimation of bisoprolol fumarate and hydrochlorothiazide in tablet formulation
using partial least—squares, principal component regression multivariate calibrations and rp—hplc methods. | Anal Pharm Res. 2017;4(6):179—185.

DOI: 10.15406/japlr.2017.04.00124


https://doi.org/10.15406/japlr.2017.04.00124
http://www.pharmpress.com/product/MC_MART/martindale-the-complete-drug-reference
http://www.pharmpress.com/product/MC_MART/martindale-the-complete-drug-reference
https://www.ncbi.nlm.nih.gov/pubmed/20437414
https://www.ncbi.nlm.nih.gov/pubmed/20437414
https://www.ncbi.nlm.nih.gov/pubmed/20437414
http://www.rombio.eu/lucr_6_oniscu BT.htm
http://www.rombio.eu/lucr_6_oniscu BT.htm
http://www.rombio.eu/lucr_6_oniscu BT.htm
http://www.ijpsonline.com/articles/development-and-validation-of-a-simultaneous-hplc-method-for-estimation-of-bisoprolol-fumarate-and-amlodipine-besylate-f.pdf
http://www.ijpsonline.com/articles/development-and-validation-of-a-simultaneous-hplc-method-for-estimation-of-bisoprolol-fumarate-and-amlodipine-besylate-f.pdf
http://www.ijpsonline.com/articles/development-and-validation-of-a-simultaneous-hplc-method-for-estimation-of-bisoprolol-fumarate-and-amlodipine-besylate-f.pdf
http://www.ijpsonline.com/articles/development-and-validation-of-a-simultaneous-hplc-method-for-estimation-of-bisoprolol-fumarate-and-amlodipine-besylate-f.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17268093
https://www.ncbi.nlm.nih.gov/pubmed/17268093
https://www.ncbi.nlm.nih.gov/pubmed/17268093
https://www.ncbi.nlm.nih.gov/pubmed/17268093
http://www.tandfonline.com/doi/abs/10.1080/10826070600978302
http://www.tandfonline.com/doi/abs/10.1080/10826070600978302
http://www.tandfonline.com/doi/abs/10.1080/10826070600978302
http://www.tandfonline.com/doi/abs/10.1080/10826070600978302
http://www.tandfonline.com/doi/abs/10.1080/10826070600978302
http://www.tandfonline.com/doi/abs/10.1081/JLC-200044531?journalCode=ljlc20
http://www.tandfonline.com/doi/abs/10.1081/JLC-200044531?journalCode=ljlc20
http://www.tandfonline.com/doi/abs/10.1081/JLC-200044531?journalCode=ljlc20
http://www.tandfonline.com/doi/abs/10.1081/JLC-200044531?journalCode=ljlc20
http://www.orientjchem.org/vol32no3/a-stability-indicating-rp-hplc-for-the-simultaneous-estimation-of-hydrochlorothiazide-amlodipine-besylate-and-telemisartan-in-bulk-and-pharmaceutical-dosage-form/
http://www.orientjchem.org/vol32no3/a-stability-indicating-rp-hplc-for-the-simultaneous-estimation-of-hydrochlorothiazide-amlodipine-besylate-and-telemisartan-in-bulk-and-pharmaceutical-dosage-form/
http://www.orientjchem.org/vol32no3/a-stability-indicating-rp-hplc-for-the-simultaneous-estimation-of-hydrochlorothiazide-amlodipine-besylate-and-telemisartan-in-bulk-and-pharmaceutical-dosage-form/
http://www.orientjchem.org/vol32no3/a-stability-indicating-rp-hplc-for-the-simultaneous-estimation-of-hydrochlorothiazide-amlodipine-besylate-and-telemisartan-in-bulk-and-pharmaceutical-dosage-form/

Simultaneous spectrophotometric estimation of bisoprolol fumarate and hydrochlorothiazide in tablet
formulation using partial least—squares, principal component regression multivariate calibrations and

rp—hplc methods

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

Ali TA, Mohamed GG, Aglan AA, et al. RP—HPLC Stability—indicating
Method for Estimation of Irbesartan and Hydrochlorothiazide in Bulk and
Pharmaceutical Dosage Form. Chinese Journal of Analytical Chemistry.
2016;44(1):E1601-E1608.

Rudrapal M, Oduri MU, Samidala NR, et al. Development and Validation
of RP-HPLC Method for Simultaneous Estimation of Olmesartan

and Hydrochlorothiazide in Tablet Dosage Form. Oriental Journal of

Chemistry. 2015;31(2):921-926.

Joseph JJ, Sangeetha D. Development and validation of HPLC method
for simultaneous determination of Hydrochlorothiazide and Alfuzosin.
Journal of the Indian Chemical Society 2015;92(4):529-531.

Alghamdi AF. Quantitative Analysis of Hydrochlorothiazide and Its
Determination in a Pharmaceutical Preparation by HPLC. Pharmaceutical
Chemistry Journal. 2015;48(12):843-847.

Dobricic V, Vulovic-Tadic M, Jancic—Stojanovic B, et al. Desirability
Based Optimization and Validation of New RP-HPLC Method for
Simultaneous Determination of Bisoprolol Fumarate, Hydrochlorothiazide
and Their Impurities. Chromatographia. 2016;79(9—-10):571-579.

Joshi SJ, Karbhari PA, Bhoir SI, et al. RP-HPLC method for simultaneous
estimation of bisoprolol fumarate and hydrochlorothiazide in tablet
formulation. J Pharm Biomed Anal. 2010;52(3):362-371.

Shaikh S, Thusleem OA, Muneer MS, et al. A simple and rapid high—
performance liquid chromatographic method for the determination of
bisoprolol fumarate and hydrochlorothiazide in a tablet dosage form. J
Pharm Biomed Anal. 2008;48(3):1055-1057.

Bozal B, Gumustas M, Dogan—Topal B, et al. Fully Validated Simultaneous
Determination of Bisoprolol Fumarate and Hydrochlorothiazide in Their
Dosage Forms Using Different Voltammetric, Chromatographic, and
Spectrophotometric Analytical Methods. J AOAC Int 2013;96(1):42-51.

Dinc E, Ertekin ZC, Rouhani G. A New RP-UPLC Method for
Simultaneous Quantitative Estimation of Bisoprolol Hemifumarate
and Hydrochlorothiazide in Tablets Using Experimental Design
and Optimization. Journal of Liquid Chromatography <& Related
Technologies. 2015;38(9):970-976.

Kurbanoglu S, Miguel PRS, Uslu B, et al. Stability—Indicating
UPLC Method for the Determination of Bisoprolol Fumarate and
Hydrochlorothiazide: Application to Dosage Forms and Biological
Sample. Chromatographia. 2014;77(3—4):365-371.

Elzanfaly ES, Hassan SA, Salem MY, et al. Different signal processing
techniques of ratio spectra for spectrophotometric resolution of binary
mixture of bisoprolol and hydrochlorothiazide; a comparative study.
Spectrochimica Acta Part a—Molecular and Biomolecular Spectroscopy
.2015;140: 334-343.

Atul AS, Rajesh RT, Sanjay JS. Simultaneous Spectrophotometric
Estimation of Bisoprolol Fumarate and Hydrochlorothiazide in
Tablet Dosage Form. Pakistan Journal of Pharmaceutical Sciences.
2008;21(4):366-369.

http://www.usp.org/

https://www.gov.uk/government/organisations/medicines—and—
healthcare—products—regulatory—agency

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Copyright:

©2017 Mostafa et al. 185

Blanco M, Gene J, Iturriaga H, et al. Application of a Photodiode Array
Detector to Multicomponent Determination by Flow—Injection Analysis.
Analyst. 1987;112(5):619-622.

Blanco M, Coello J, Gonzalez F, et al. Spectrophotometric Determination
of Pharmaceutical Dosages by Partial Least—Squares Calibration. Journal
of Pharmaceutical and Biomedical Analysis. 1994;12(4):509-514.

Ragno G, loele G, Risoli A. Multivariate calibration techniques applied
to the spectrophotometric analysis of one—to—four component systems.
Analytica Chimica Acta. 2004;512(1):173—-180.

Wold H. Estimation of principal components and related models by
iterative least squares. In: Krishnaiaah PR (Eds.), Multivariate Analysis,
Academic Press, New York, USA, pp. 1996;391-420.

Esposito Vinzi V, Chin WW, Henseler J, et al. Handbook of Partial Least
Squares. Springer—Verlag Berlin Heidelberg, Germany, 2010;pp. 798.

Nevado JIB, Flores JR, Pefialvo GC. Simultaneous spectrophotometric
determination of ethinylestradiol and levonorgestrel by partial least
squares and principal component regression multivariate calibration.
Analytica Chimica Acta. 1997;340(1):257-265.

Nagavalli D, Vaidhyalingam V, Santha A, et al. Simultaneous
spectrophotometric determination of losartan potassium, amlodipine
besilate and hydrochlorothiazide in pharmaceuticals by chemometric
methods. Acta Pharmaceutica. 2010;60(2):141-152.

Naguib IA, Abdelaleem EA, Draz ME, et al. Linear support vector
regression and partial least squares chemometric models for determination
of Hydrochlorothiazide and Benazepril hydrochloride in presence of
related impurities: A comparative study. Spectrochim Acta A Mol Biomol
Spectrosc. 2014;130:350-356.

Abdel Hameed EA, Abdel Salam RA, Hadad GM. Chemometric—
assisted spectrophotometric methods and high performance liquid
chromatography for simultaneous determination of seven p-blockers in
their pharmaceutical products: A comparative study. Spectrochim Acta A
Mol Biomol Spectrosc. 2015;141: 278-286.

Hegazy MA, Metwaly FH, Abdelkawy M, et al. Spectrophotometric and
chemometric determination of hydrochlorothiazide and spironolactone in
binary mixture in the presence of their impurities and degradants. Drug
Test Anal. 2010;2(5):243-251.

Maggio RM, Rivero MA, Kaufman TS. Simultaneous acquisition of the
dissolution curves of two active ingredients in a binary pharmaceutical
association, employing an on—line circulation system and chemometrics—
assistance. J Pharm Biomed Anal. 2013;72: 51-58.

Blanco M, Coello J, Gonzélez F, et al. Spectrophotometric Analysis of
a Pharmaceutical Preparation by Principal Component Regression. J
Pharm Sci. 1993;82(8):834-837.

El-Gindy A, Emara S, Mostafa A. UV partial least—squares calibration and
liquid chromatographic methods for direct quantitation of levofloxacin in
urine. Journal of AOAC International. 2007;90(5):1258-1265.

Martins JPA, Teofilo RF, Ferreira MMC. Computational performance and
cross—validation error precision of five PLS algorithms using designed
and real data sets. Journal of Chemometrics. 2010;24(5-6):320-332.

Citation: Mostafa A, El Gindy A, Emara S. Simultaneous spectrophotometric estimation of bisoprolol fumarate and hydrochlorothiazide in tablet formulation
using partial least—squares, principal component regression multivariate calibrations and rp—hplc methods. | Anal Pharm Res. 2017;4(6):179—185.
DOI: 10.15406/japlr.2017.04.00124


https://doi.org/10.15406/japlr.2017.04.00124
http://www.orientjchem.org/vol31no2/development-and-validation-of-rp-hplc-method-for-simultaneous-estimation-of-olmesartan-and-hydrochlorothiazide-in-tablet-dosage-form/
http://www.orientjchem.org/vol31no2/development-and-validation-of-rp-hplc-method-for-simultaneous-estimation-of-olmesartan-and-hydrochlorothiazide-in-tablet-dosage-form/
http://www.orientjchem.org/vol31no2/development-and-validation-of-rp-hplc-method-for-simultaneous-estimation-of-olmesartan-and-hydrochlorothiazide-in-tablet-dosage-form/
http://www.orientjchem.org/vol31no2/development-and-validation-of-rp-hplc-method-for-simultaneous-estimation-of-olmesartan-and-hydrochlorothiazide-in-tablet-dosage-form/
https://link.springer.com/article/10.1007/s11094-015-1207-y
https://link.springer.com/article/10.1007/s11094-015-1207-y
https://link.springer.com/article/10.1007/s11094-015-1207-y
https://link.springer.com/article/10.1007/s10%3Csup%3E3%3C/sup%3E37-016-3065-5
https://link.springer.com/article/10.1007/s10%3Csup%3E3%3C/sup%3E37-016-3065-5
https://link.springer.com/article/10.1007/s10%3Csup%3E3%3C/sup%3E37-016-3065-5
https://link.springer.com/article/10.1007/s10%3Csup%3E3%3C/sup%3E37-016-3065-5
https://www.ncbi.nlm.nih.gov/pubmed/19926421
https://www.ncbi.nlm.nih.gov/pubmed/19926421
https://www.ncbi.nlm.nih.gov/pubmed/19926421
https://www.ncbi.nlm.nih.gov/pubmed/18814989
https://www.ncbi.nlm.nih.gov/pubmed/18814989
https://www.ncbi.nlm.nih.gov/pubmed/18814989
https://www.ncbi.nlm.nih.gov/pubmed/18814989
https://www.ncbi.nlm.nih.gov/pubmed/23513956
https://www.ncbi.nlm.nih.gov/pubmed/23513956
https://www.ncbi.nlm.nih.gov/pubmed/23513956
https://www.ncbi.nlm.nih.gov/pubmed/23513956
http://www.tandfonline.com/doi/abs/10.1080/10826076.2014.999200?journalCode=ljlc20
http://www.tandfonline.com/doi/abs/10.1080/10826076.2014.999200?journalCode=ljlc20
http://www.tandfonline.com/doi/abs/10.1080/10826076.2014.999200?journalCode=ljlc20
http://www.tandfonline.com/doi/abs/10.1080/10826076.2014.999200?journalCode=ljlc20
http://www.tandfonline.com/doi/abs/10.1080/10826076.2014.999200?journalCode=ljlc20
https://link.springer.com/article/10.1007/s10%3Csup%3E3%3C/sup%3E37-013-2606-4
https://link.springer.com/article/10.1007/s10%3Csup%3E3%3C/sup%3E37-013-2606-4
https://link.springer.com/article/10.1007/s10%3Csup%3E3%3C/sup%3E37-013-2606-4
https://link.springer.com/article/10.1007/s10%3Csup%3E3%3C/sup%3E37-013-2606-4
https://www.ncbi.nlm.nih.gov/pubmed/25615684
https://www.ncbi.nlm.nih.gov/pubmed/25615684
https://www.ncbi.nlm.nih.gov/pubmed/25615684
https://www.ncbi.nlm.nih.gov/pubmed/25615684
https://www.ncbi.nlm.nih.gov/pubmed/25615684
http://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=1011601X&AN=39342790&h=5FyztJIFpW3jup79z1GkvwQ0h8gnmiOwBGyaCPapOG14BEbyRaOFdiVUQkMpQrfe4CNRo%2fDVn%2fwjqNZ6pns5fA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=E
http://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=1011601X&AN=39342790&h=5FyztJIFpW3jup79z1GkvwQ0h8gnmiOwBGyaCPapOG14BEbyRaOFdiVUQkMpQrfe4CNRo%2fDVn%2fwjqNZ6pns5fA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=E
http://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=1011601X&AN=39342790&h=5FyztJIFpW3jup79z1GkvwQ0h8gnmiOwBGyaCPapOG14BEbyRaOFdiVUQkMpQrfe4CNRo%2fDVn%2fwjqNZ6pns5fA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=E
http://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=1011601X&AN=39342790&h=5FyztJIFpW3jup79z1GkvwQ0h8gnmiOwBGyaCPapOG14BEbyRaOFdiVUQkMpQrfe4CNRo%2fDVn%2fwjqNZ6pns5fA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=E
http://www.usp.org/
https://www.gov.uk/government/organisations/medicines-and-healthcare-products-regulatory-agency
https://www.gov.uk/government/organisations/medicines-and-healthcare-products-regulatory-agency
http://pubs.rsc.org/en/Content/ArticleLanding/1987/AN/AN9871200619#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/1987/AN/AN9871200619#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/1987/AN/AN9871200619#!divAbstract
http://www.springer.com/in/book/9783540328254
http://www.springer.com/in/book/9783540328254
http://docslide.net/documents/simultaneous-spectrophotometric-determination-of-ethinylestradiol-and-levonorgestrel.html
http://docslide.net/documents/simultaneous-spectrophotometric-determination-of-ethinylestradiol-and-levonorgestrel.html
http://docslide.net/documents/simultaneous-spectrophotometric-determination-of-ethinylestradiol-and-levonorgestrel.html
http://docslide.net/documents/simultaneous-spectrophotometric-determination-of-ethinylestradiol-and-levonorgestrel.html
https://www.ncbi.nlm.nih.gov/pubmed/21134851
https://www.ncbi.nlm.nih.gov/pubmed/21134851
https://www.ncbi.nlm.nih.gov/pubmed/21134851
https://www.ncbi.nlm.nih.gov/pubmed/21134851
https://www.ncbi.nlm.nih.gov/pubmed/24802720
https://www.ncbi.nlm.nih.gov/pubmed/24802720
https://www.ncbi.nlm.nih.gov/pubmed/24802720
https://www.ncbi.nlm.nih.gov/pubmed/24802720
https://www.ncbi.nlm.nih.gov/pubmed/24802720
https://www.ncbi.nlm.nih.gov/pubmed/25681811
https://www.ncbi.nlm.nih.gov/pubmed/25681811
https://www.ncbi.nlm.nih.gov/pubmed/25681811
https://www.ncbi.nlm.nih.gov/pubmed/25681811
https://www.ncbi.nlm.nih.gov/pubmed/25681811
https://www.ncbi.nlm.nih.gov/pubmed/20468012
https://www.ncbi.nlm.nih.gov/pubmed/20468012
https://www.ncbi.nlm.nih.gov/pubmed/20468012
https://www.ncbi.nlm.nih.gov/pubmed/20468012
https://www.ncbi.nlm.nih.gov/pubmed/23146226
https://www.ncbi.nlm.nih.gov/pubmed/23146226
https://www.ncbi.nlm.nih.gov/pubmed/23146226
https://www.ncbi.nlm.nih.gov/pubmed/23146226
https://www.ncbi.nlm.nih.gov/pubmed/8377123
https://www.ncbi.nlm.nih.gov/pubmed/8377123
https://www.ncbi.nlm.nih.gov/pubmed/8377123
http://www.ingentaconnect.com/content/aoac/jaoac/2007/00000090/00000005/art00008?crawler=true
http://www.ingentaconnect.com/content/aoac/jaoac/2007/00000090/00000005/art00008?crawler=true
http://www.ingentaconnect.com/content/aoac/jaoac/2007/00000090/00000005/art00008?crawler=true
http://onlinelibrary.wiley.com/doi/10.1002/cem.1309/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cem.1309/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cem.1309/abstract

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Experimental
	Instrumentation
	Materials and reagents 
	HPLC conditions 
	Standard solutions and calibration 
	PLS-1 and PCR methods 
	HPLC method 
	For 2DD method 
	Sample preparation 

	Results and discussion 
	PCR and PLS-1 methods 
	HPLC method 
	For 2DD method 
	Analysis of pharmaceutical tablets 
	Validation of the methods 
	Selectivity
	Accuracy
	Precision
	Detection and quantitation limits 
	Robustness
	Analytical solution sability 

	Conclusion
	Acknowledgment
	Conflict of Interest 
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Table 1
	Table 2
	Table 3

