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ABSTRACT

Three simple, rapid, accurate and precise spectrophotometric methods have
been developed for the simultaneous determination of telmisartan/
hydrochlorothiazide and bisoprolol fumarate/ hydrochlorothiazide binary
mixtures. Thefirstisanisosbestic method for determination of telmisartan/
hydrochlorothiazide mixture in a concentration range of 2-40 pg.ml*for
both drugs. The absorbance of the zero order spectraat 266 nm (i sosbestic
point) was corresponding to the total concentration, while telmisartan was
selectively determined from the amplitudes of the first derivative spectra
(DY) at 323 nm. The second is a ratio subtraction method for bisoprolol
fumarate determination in presence of hydrochlorothiazide by measuring
the absorbance at 224.4 nm where hydrochlorothiazide (10 pg.ml?) used as
a divisor. The linearity was achieved over concentration range of 2-30
pg.mlt. The third is a dual wavelength method for hydrochlorothiazide
determination in presence of bisoprolol fumarate without any interference
inaconcentration range of 1-20 ug.ml™. Thiswasperformed by measuring
the absorbancesdifference (AA) at 266 and 277.8 nm, where the absorbances
values of bisoprolol fumarate were the same. The proposed methods have
been validated as per ICH guideline and were found to bevalid and suitable
for the assay of the cited drugs in raw materials and combined dosage
forms. © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

Bisoprolol fumarate (BF), 1-[4-(2-
| sopropoxyethoxymethyl) phenoxy]-3-
isopropylaminopropan-2-ol fumarate (2:1) sdt, isase-
lective 1 adrenergic receptor blocker™. Itisgivenin
the management of hypertension and anginapectorig?
(Figure1a). Temisartan (TLEM) is47(1, 4’-Dimethyl-

2-propyl [2, 6’-bi-1H-benzimidazol]-1'-yl) methyl] [,
1’-biphenyl]-2-carboxylic acid, acts as an angiotensin
[l receptor blockers, used mainly for treatment of hy-
pertension'? (Figure 1b), while, hydrochl orothiazide
(HCTZ) is 6-Chloro-3, 4-dihydro-2H-1, 2, 4-
benzothi adiazine-7-sulphonamide 1, 1-dioxide, adrug
belonging to thiazidediureticsclassof antihypertensive
drugs. Itiseffectivein thetreatment of hypertension
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Figure1: Chemical structureof: (a) bisoprolol fumar ate, (b) telmisartan and (c) hydr ochlorothiazide.

(Figure1c).

Severa methods havebeen reported inliterature
for the determination of bisoprolol fumarateincluding
dectrochemica methodsa one® orincombinationwith
other B blockerd*9, high-performanceliquid chromato-
graphic methodsin pharmaceutica formulaionsaoneg®
or with other cardiovascular drugs as celiprolal,
oxprenolol™ and HCTZB9, inwastewater™?, inriver
water*and in human plasmaand urinealong™>* or in
combinationwithHCTZ 1617 and other cardiovascular
drugg®89. Alone or in combination with HCTZ,
telmisartan has been determined by derivative spectro-
photometric, spectrofluorimetric??, electrochemi-
ca®22 immunoassay'®, titrimetric®4, capillary zone
electrophoreticd®27, high performancethinlayer chro-
matographi ¢ and high performanceliquid chromato-
graphici?% methods.

Themain goal of thiswork isto establishsimple,
rapid, accurate, precise, and low cost spectrophoto-
metric methodsfor the simultaneous determination of
telmisartan/ hydrochl orothiazide and bisoprol ol fuma-
rate/ hydrochl orothiazidebinary mixtureswhich canbe
adopted for theroutine quality control analysis of the
investigated drugswithout prior separation inraw ma:
terial and pharmaceuticd preparations.

EXPERIMENTAL

I nstrumentation

Double-beam UV-Visible spectrophotometer
(Shimadzu, Japan) modd UV-1601 PCwithquartz cell
of 1 cm path length, connected to a computer fitted
with UV PC personal spectroscopy software version
3.7 (Shimadzu) was used. The spectral bandwidth was
0.2 nm and the wave ength scanning speed was 1000
nm.mint. The measurements were done at 25.0 °C,
using AA=4 nmand scaling factor of 10 for computing

first derivative (DY).
Materialsand reagents

TLEM waskindly supplied by Nationa Organiza
tionfor Drug Control and Research-Egypt and certi-
fied to contain 99.90% while, BF and HCTZ were
kindly provided by HikmaPharmaceutica s-Egypt and
certified to contain 99.70% and 99.75%, respectively.

Micardisplus®tablets (Boehringer Ingelheim Phar-
meaceutical Company) containing40mg TELM and 12.5
mg HCTZ per tablet. Concor plus® tablets (Serono
Pharmaceutica Company) containing5mgBFand 12.5
mgHCTZ per tablet.

All chemicd sand reagents used through thiswork
areof spectroscopic andyticd grade. Methanol (Sigma:
Aldrich, Germany) and Sodium hydroxide (BDR)
(Prolabo), aqueous 0.1M were used.

Sandard solutionsand labor atory prepared mix-
tures

Sock standard solutions

Stock standard solutionsof TELM, BFandHCTZ,
each having concentration of 1.0 mg.ml, were pre-
pared by dissolving 100.0 mg of each druginsufficient
amount of 0.1 M NaOH and methanol for TELM/
HCTZ and BF/HCTZ mixtures, respectively. Thevol-
umeswere completed to 100-ml volumetric flask with
thesamesolvent.

Working standar d solutions

5ml of esch TELM, BF and HCTZ standard stock
solution (1.0 mg mi) wastransferred separately into
100 ml volumetric flask and the volumewas compl eted
tothemark with 0.1 M NaOH and methanol for TELM/
HCTZ and BF/HCTZ mixtures, respectively to obtain
50.0 pg ml*working solution each.
L aboratory prepared mixtures

Mixturescontaining different concentrationsof each
—  Analytical CHEMISTRY
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drug working solution (50.0 ug ml™) were prepared
using 0.1 M NaOH and methanol for TELM/HCTZ
and BF/HCTZ mixtures, respectively asdiluents.

PROCEDURES

Construction of calibr ation curves
| soshestic method

Accurately measured volumes (0.4 — 8.0 ml) of
eechof TELM andHCTZ workingsolution (50.0 pg.ml
1) were transferred separately into a series of 10-ml
volumetric flasks, diluted to the volume with 0.1M
NaOH. Thezero order absorption spectraof each so-
lution wererecorded against 0.1M NaOH and stored,;
then the absorbance at theisosbestic point (A ) was
measured at 266 nm for both drugs. Two calibration
curveswere constructed rel ating the absorbance at the
sel ected wavel ength to the corresponding drug con-
centration. Whilefor TELM, theamplitudeof first de-
rivative spectrum (DY) at 323 nm wererecorded using
A\ =4nm and scaling factor of 10 and plotted against
their corresponding concentrations. The regression
equationswerethen computed.

Ratio subtraction method

Accurately measured volumes (0.4— 6.0 ml) of BF
working solution (50.0 ug.ml?) weretransferredintoa
seriesof 10-ml volumetricflasks, diluted to thevolume
with methanol. Thecalibration curve, representing the
rel ationshi p between the absorbance of zero order spec-
traat A = 224.4 nm for BF and the corresponding
concentration, was plotted and the linear regression
equation was computed.

Dual wavelength method

Accurately measured volumes (0.2 — 4.0 ml) of
HCTZ working standard solution (50.0 ug.ml™) were
transferred into aseriesof 10-ml volumetric flasks, di-
luted to the volumewith methanol. Thezero order ab-
sorption spectrawerethen recorded using methanol as
ablank. Thecalibration curve, representing therela
tionship between the difference in the absorbance of
zero order spectra of HCTZ at A= 266 nm and A=
277.8 nm and the corresponding concentration, was
plotted and the linear regression equation was com-
puted.

Hnalytical CHEMISTRY o

Application tophar maceutical formulations

An accurately weighed portion equivaent to one
tablet of the mixed contents of twenty Micardisplus®
and Concor plus® tablets was separately transferred
into a50-ml volumetricflask using about 25ml 0.1 M
NaOH (in Micardis plus®) and methanol (in Concor
plus®), shaking for 15 minutes and completed to vol-
umewith the same solvent. The contentsof theflask
weremixedwdl andfiltered. Aliquotsof thefiltratewere
diluted to obtain final concentration withinthelinear
ranges mentioned in TABLE 1 and then assayed using
the proposed methods.

RESULTSAND DISCUSSION

Spectrophotometric char acteristics

The zero order spectraof the selected drug mix-
tures show high degree of spectral overlappingwhich
interfered with their smultaneousdetermination (Figure
2and Figure3). Thisspectral overlapping issufficient
to demonstrate the resolving power of the proposed
spectrophotometric methods which can resolve bands
overlapping, without prior separation.

| soshestic method

Anisosbestic point isthewavelength a whichthe
absorbances of two or more species arethe same. At
theisosbestic point, themixtureof drugsactsasasingle
component and gives the same absorbance value as
puredrug. Thezero order spectraof TELM and HCTZ

Abs.
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Figure 2 : Zero order spectra for telmisartan (—),
hydrochlorothiazide (——) (16.00 pg.ml* each) and their
mixture (....) (8.00 pg.ml* of each of telmisartan and

hydr ochlor othiazide) using 0.1M NaOH asablank.
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Figure3: Zeroorder spectrafor bisoprolol (——), hydro-
chlorothiazide (—) (10.00 pg.ml* each) using methanol asa
blank

showed three isosbestic points (Figure 2). Thus, by
measuring the absorbance value of themixture at the
chosen isosbestic point 266 nm (A ), thetotal con-
centration of both TELM and HCTZ could be calcu-
lated. Whilethefirst derivative (D) spectra(Figure4)
of TELM and HCTZ showed better resol ution that al -
lowed the determination of the concentration of TELM
inthemixture, without any interferencefrom HCTZ.
A\ was optimized to give awell resolved peak and
thus high selectivity was obtained. AL =4 nmwas se-
lected without smoothing and scaling factor was 10.

H 323 nm
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Figure4: Firs order derivative spectrafor telmisartan (—),
hydrochlorothiazide (——) (16.00 pg.ml?, each) and their
mixture (....) (8.00 pg.ml* of each of telmisartan and
hydrochlorothiazide).

TELM wasdetermined by measuring the values
of the D* amplitudes at 323 nm that correspondsto
zero crossing of HCTZ. And then the concentration
of HCTZ could be ca culated by subtraction, thusboth
drugswere measured S multaneoudly intheir mixtures.

Ratio subtraction method

—— Fuyl] Paper

The spectrum of HCTZ is extended more than
that of BF which permitsthe use of ratio subtraction
techniquefor the determination of BF without any in-
terferencefromHCTZ.

The determination of BF could be achieved by
scanning thezero order absorption spectraof the mix-
tures (Figure 3), then dividing them by acarefully cho-
sen concentration (10.0 pg.ml?) of HCTZ (12 = divi-
sor) to produce anew ratio spectrathat represents||i/
12 + constant, asshown in (Figure5); then, subtrac-
tion of the absorbance values of these constants (1/12
) inthe plateau as shown in (Figure 6) followed by
multiplication of the obtained spectraby the divisor
(12) asshownin (Figure7); finaly, theoriginal spec-
traof BF (I1), which were used for direct determina-
tion of BF (1) at 224.4 nm, could be obtained. This
can besummarized asfollows:

(+n/12=112 +11/12 =11/12 + constant
[1/12 + constant - constant = 11/12

= \—__—-—;-Hkh — —
I =
\-—._.// \\{\E\

Figure 5 : Zero order absorption spectra for different
mixtures of bisoprolol and hydrochlorothiazide using
hydrochlorothiazide (10 pg.ml™) asadivisor.
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Figure 6 : Zero order absorption spectra for different
mixtures of bisoprolol and hydrochlorothiazide using
hydr ochlor othiazide (10 pg.ml™) asadivisor after subtraction
of constant.
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Figure 7 : Zero order absorption spectra for different
mixtures of bisoprolol and hydrochlorothiazide using
hydr ochlor othiazide (10 pg.ml?) asadivisor after subtraction
of constant and multiplyingwith thedivisor.

112 *12 =1l

The constant can be determined directly fromthe
curve (11 +1)/12 (Figure5) by the straight linewhich
isparalel tothewave ength axisin theregion where
(1) isextended. Careful choiceof thedivisor (12) isof
great importance. So different concentrationsof HCTZ
weretried, the best onewas 10.00 pg.mlasit gave
the best compromise in terms of sensitivity, repeat-
ability and signal to noiseratio.

Dual wavelength method

The absorbancesvalues of BF werethe same at
266 and 277.8 nm, so the absorbance difference at
these two wavel engthswas correspondingto HCTZ

METHOD VALIDATION

Linearity

Under the described experimentd conditions, stan-
dard calibration curveswere constructed for TELM,
BF and HCTZ in thetwo mixtures versus concentra-
tion. The statistical parametersand regression equa-
tionsca culated from the calibration graphsare shown
iINTABLE 1. Theresultsobta ned showed that linearity
of thecdibration graphsand thecompliancewith Beer’s
law werevalidated, asillustrated by the high vaues of
correl ation coefficients of regression equationsand the
smdl vauesof intercepts.

L imitsof detection and quantification

In accordancewith theformulaegivenby Millert4,
thelimit of detection, LOD = 3.3 §/b and thelimit of
guantification, LOQ =10 S/b, where Sisthe standard
deviation of intercept and bistheslopeof thecaibra
tion graph. Thedetection and quantificationlimitswere
calculated and presented in TABLE 1.

Accuracy

Themethodswererepeated for different concen-
trationsof pure samplesat thelow, medium and high
concentration levels, each repeated threetimes. The
concentrations were cal culated each from its corre-

TABLE 1: Regression equationsand statistical parameter sfor thedeter mination of thetwo mixturesin purepowder form

using the proposed spectr ophotometric methods

| sosbestic point Ratio subtraction Dual wavelength
Parameters TELM HCTZ
BF HCTZz
Aogs Aaz3 Aoes

Linearity range (ug/ml) 2-40 2-40 2-40 2-30 1-20
LOD (pg/ml) 0.42 0.25 0.32 0.15 0.13
LOQ (pg/ml) 1.26 0.77 0.97 0.46 0.39
Intercept (a) 0.0081 0.0028 0.0073 -0.0004 -0.0039
Slope (b) 0.0411 0.0135 0.0417 0.0425 0.0125
Correlation coefficient (r) 0.9998 0.9999 0.9999 0.9999 0.9999
S, 0.00517 0.001035 0.00405 0.00196 0.00049
S 0.000271  0.0000542  0.000199 0.000119 0.0000515

Regression equation: A = a + bc, where A is the absorbance, a is the intercept, b is the slope and c is the concentration; S;:

standard deviation of intercept; S;: standard deviation of slope.

concentration without any interference of BF (Fig-
ure 3).

sponding regression equation. Themean recovery per-
centagesand the standard deviationswerethen calcu-
lated and theresults show good accuracy aswere shown

Hnalytical CHEMISTRY o
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TABLE 2: Accuracy and precision for thedeter mination of TELM/HCTZ and BF/HCTZ mixturesusing the proposed
spectrophotometric methods

| sosbestic point Ratio subtraction = Dual wavelength
Parameters TELM HCTZ
BF HCTZz
Aogs A 323 hoes
Accuracy ® 99.76 + 0.83 99.99+0.44  99.74 +0.70 100.03+0.82 99.80 +0.52
Specificity ? 100.23+ 1.21 99.31+0.75 99.81 +0.79 99.62 + 0.89
Precision:

Repeatability © 100.43+£0.78 99.72+1.03  99.18+0.82 99.23+ 1.37 100.70 + 0.69

Intermediate precision 99.76 £ 1.12 10054+ 0.62 99.16+ 0.81 99.90+ 1.85 99.45+0.97
3 Mean + SD; ® Mean + RSD%.; ¢ Mean + RSD%
iINTABLE 2. centagerelative standard deviation (TABLE 2)
Precision Selectivity and specificity

To measure the degree of methods repeatability, Thiswasassessed through andysisof different syn-
three concentrationsof each drugineach mixturewere  theticmixturescontaining TELM withHCTZ or BFwith
andyzed using theprevioudy mentioned methodsthree  HCTZ with different ratios by the proposed methods.
timeswithinthesameday andinthreesuccessvedays.  The concentration of each drug was cal culated from
Theresults showed good precision expressed asper-  thecorresponding regress on equation and thenthemean

TABLE 3: Simultaneousdeter mination of telmisartan (TEL M) and hydrochlor othiazide (HCT Z) in phar maceutical for mu-
lation by isosbestic point method

| sosbestic point Standard addition technique
Product % Recovery* TELM HCTZ
0, 0,
TELM HCTZ (ﬁ(gj;jlﬁ(lj) Reco(jer y* (ﬁ(gj;jlﬁ(lj) Reco(jer y*
5 99.4 1 99.00
6 100.67 2 98.50
Micardis40 plus®  99.75+0.90 99.6+ 0.68 8 99.75 25 100.40
9 100.60 3 98.27
10 100.50 4 99.25
Mean + SD 100.18 £ 0.56 99.08+ 0.83
RSD% 0.56 0.84

" Average of three determinations.

TABLE 4: Determination of bisoprolol fumarate (BF) and hydrochlorothiazide (HCTZ) in phar maceutical for mulation by
theproposed methods.

BF by ratio subtraction HCTZ by dual wavelength
Product Standard addition Standard addition
% Recovery* % Recovery*
Added (ug/ml) % Recovery* Added (ug/ml) % Recovery*
4 101.20 5 99.71
® 5 99.40 6 98.52
Concor 5plus”  98.20+0.28 100.180.75
6 101.07 7 98.43
10 100.30 8 99.90
Mean + SD 100.49 +0.83 99.25+0.72
% RSD 0.83 0.73

" Average of three determinations.
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recovery percentages and therel ative standard devia-
tionswere cal culated. Theresults showed good speci-
ficity asshownin TABLE 2.

Sandard addition technique

Standard addition technique was applied to the
commercid tablets, by adding TELM and HCT (incase
of Micardisplus®tablets) or by adding BFand HCT (in
caseof Concor plus®tablets) to aknown concentration
of the studied drugs. The mean recovery percentages
and therel ative standard deviationsresults, presented

inTABLE 3and TABLE 4, showed the high reproduc-
ibility and accuracy of the proposed methods.

Comparison of the proposed methodswith there-
ported method

Theresultsobtained by gpplying theproposed meth-
odswere compared stati stically with those obtained
from areported method 9 for TELM/HCTZ mixture
and USP pharmacopeial method®3¢ for BF/HCTZ
mixture. Itisclear that thecaculated t and F valuesare
lessthan thetabul ated onesindicating that thereisno

TABLE5: Satistical comparison of theresultsobtained by applying the proposed methodsand ther efer ence methodsfor the

analysisof thepuredrugs.
TELM HCTZ BF HCTZ
Value | sosbestic point Reference Isosbestic  Reference Ratio usP Dual usP
P method” point method"  subtraction method wavelength method
Mean 99.76 99.27 99.74 99.48 100.03 100.68 99.80 99.57
SD 0.68 0.51 0.33 0.38 0.82 0.83 0.52 1.00
N 8 6 7 6 7 6 7 6
Variance 0.54 0.26 0.49 0.14 0.67 0.69 0.27 1.00
t —test 1.38(2.18) (g'gg) 1.37(2.23) 0.52 (2.36)
F value 2.68 (4.87) (j'gg) 1.02 (5.05) 3.62 (4.38)

Values in parenthesis are the theoretical values of t and F at P = 0.05; * Inertsil ODS-C18 (250mmX4.6mm) using (40: 60, v/v)
phosphate buffer of pH 3.0 and acetonitrile in an isocratic program with flow rate 1.0 ml/min and UV detection was performed
at 271 nm. The retention times observed were 5.79 min and 2.85 min for telmisartan and hydrochlorothiazide respectively.

sgnificant difference betweenthemethods(TABLED).

ASSAY OF PHARMACEUTICAL
PREPARATIONS

Theresultsobtained were sati sfactory andin good
agreement withthelabel clam (TABLE 3, TABLE 4).
Theresultsof anaysisof the pharmaceutical formula-
tions suggested that thereisno interference from any
excpients.

CONCLUSION

The proposed methods providesimple, rapid, ac-
curateand reproduci ble quantitative anaysisfor the de-
termination of HCTZ with TELM or BF asbinary mix-
turesin dosageforms, without any interference from
excipientsor prior separation. They ared so direct since
they estimate each drug independent of the other. In
addition, they offer the advantage of timeand cost sav-

ingaswedl assmplicity of reagentsand apparatus. The
methods arevalidated and found suitablefor quality
control laboratories, whereeconomy andtimearees-
sentid.
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