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ABSTRACT

Simple, rapid, accurate and precise spectrophotometric methods have been
developed and subsequently validated for simultaneous determination of
telmisartan (1) and bisoprolol fumarate (11), separately, in binary mixtures
with hydrochlorothiazide (HCTZ). | sosbestic point technique was the first
method adopted for determination of (1) and (HCTZ) mixture, by utilizing
zero-order and first derivative spectra (DY) at 266.0 and 323.0 nmfor the total
concentration and (1), respectively. The second method was ratio subtrac-
tion technique used for determination of bisoprolol fumarate in presence of
hydrochlorothiazide at 224.4 nm, using hydrochlorothiazide (10 pg.ml?) as
a divisor. Dual wavelength technique was the third way used for hydro-
chlorothiazide determination in presence of bisoprolol fumarate, by using
the absorbance difference at 266.0 and 277.8 nm. The proposed methods
have been validated according to International Conference Harmonization
(ICH) guidelines and were found to be valid and suitable for the assay of
the cited drugs in raw materials and in combined dosage forms. All the
obtained results for the mentioned drugs were statistically compared with
those of reference and United State Pharmacopeiafor [(1) and (HCTZ)] and
[(11) and (HCTZ)] and no significant differences were found.
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INTRODUCTION selective B1 adrenergic receptor blocker 2.1t isgiven

inthe management of hypertension and angina pecto-

Telmisartan (1) is47[(1, 4’-Dimethyl-2'-propyl [2,
6’-bi-1H-benzimidazol]-1'-yl) methyl] [ 1, 1’-biphenyl]-
2-carboxylic acid, acts asan angiotensin |1 receptor
blockers, used mainly for treetment of hypertensionl*
(Figure 1a), Bisoprolol fumarate (1), 1-[4-(2-
| sopropoxyethoxymethyl) phenoxy]-3-
isopropylaminopropan-2-ol fumarate (2:1) salt, isa

rig¥ ((Figure 1b) and hydrochlorothiazide (HCTZ) is
6-Chloro-3, 4-dihydro-2H-1, 2, 4-benzothiadiazine-
7-sulphonamide 1, 1-dioxide, adrug belonging to thi-
azidediureticsclass of antihypertensivedrugs. Itisef-
fectivein thetreatment of hypertension? ((Figure 1¢).

Aloneor incombinationwithHCTZ, (1) hasbeen
determined by derivative spectrophotometrict®,
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spectrofluorimetric®, el ectrochemical™®, immunoas-
say'd, titrimetricl”, capillary zone el ectrophoretici®9,
high performancethinlayer chromatogrgphic® and high
performanceliquid chromatographi c*9 methods.

Inliteratures, Severa methodswerereported for
determination of (I1) including € ectrochemica meth-
odsaon€' or in combinationwith other 3 blockerg'819,
high-performanceliquid chromatographic methodsin
pharmaceutica formulationg?! with other cardiovas-
cular drugs®! and HCTZ%223, Also, (I1) could be de-
termined inwastewater®, inriver water’, in human
plasma, inurineaoneg®? orincombinationwithHCTZ
(3034 and other cardiovascul ar drugg®>%.
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—— Fyll Peper

Themain goa of thiswork isto establishsmple,
rapid, accurate, precise, and low cost spectrophoto-
metric methodsfor the simultaneous determination of
() and (11), separately, in binary mixtureswithHCTZ,
which can be adopted for the routine quality control
anayssof theinvestigated drugswithout prior separa
tioninraw materid andin pharmaceuticd preparations.
Ratio subtraction technique was the second
adopted method havingthefollowingtheory:

A mixtureof two drugs X andY with overlapping
spectracan beresolved by ratio subtraction, if the spec-
trum of onedrug, say (Y) isextended morethan the
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Figurel: Chemical structureof (1), (II) and (HCTZ).

other, say (X) can be determined by dividing the spec-
trum of themixture by acertain concentration of Y asa
divisor (Y). The division will give a new curve that is
represented by:

X 1Y’ + Constant

If the constant is subtracted, then the new curve
obtainedismultiplied by Y, the original curve of X is
obtained.

Thiscan besummarized inthefollowing equations:
X+Y)/Y’=(X/Y’)+(Y/Y’)=X/Y’+ Constant
X 1Y’ + Constant - Constant=X /Y’
X1Y’xY’=X

The constant can be determined directly fromthe
curve (X+Y)/Y’ by the straight line that is parallel to
thewavelength axisintheregionwhereY isextended.

EXPERIMENTAL

I nstrumentation

Double-beam UV-Visible spectrophotometer
(Shimadzu, Japan) modd UV-1601 PCwith quartz cell
of 1 cm path length, connected to acomputer fitted
with UV PC personal spectroscopy software version
3.7 (Shimadzu) was used. The spectral bandwidth was
0.2 nm and the wavel ength scanning speed was 1000
nm.mint. The measurements were done at 25.0 °C,

usingAX=4 nm and scaling factor of 10 for computing
first derivative (DY).

Materialsand reagents

(1) waskindly supplied by Nationd Organizationfor
Drug Control and Research-Egypt and certified to con-
tain 99.90%. Micardis plus® tablets: batch No.
(203232A) manufactured by Boehringer Ingehem Phar-
maceutical Company. Eachtablet waslabdedto contain
40 mg (1) and 12.5 mg HCTZ. (II) and HCTZ were
kindly provided by HikmaPharmaceutical s-Egypt and
certified to contain 99.70% and 99.75%, respectively.
Concor plus® tablets batch No. (130781) manufactured
by Serono Pharmaceutical Company. Each tablet was
labeledtocontain5mg (1) and 12.5mgHCTZ.

Methanol (Sigmar Aldrich, Germany) and Sodium
hydroxide (BDR) (Prolabo), aqueous0.1M wereused.
All chemica sand reagents used through thiswork are
of spectroscopicanaytica grade.

Sandard solutionsand laboratory prepared mix-
tures:
Sock standard solutions:

For (1)/HCTZ mixtures, two stock standard solu-
tionseach having aconcentration 1.00 mgml* werepre-
paredin0.1M NaOH andfor (I1)/HCTZ mixtures, two
stock standard sol utions each having aconcentration
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1.00 mgml=* were prepared in methanol, respectively.
Working standard solutions

Aliquotsof (1), () standard stock solutionswere
transferred separately into 100 ml volumetricflasksand
the volumeswere completed to themark with 0.1 M
NaOH and methanol, respectively to obtain 50.0 pg
ml-t used asworking sol ution each. Also, working so-
lutionsof HCTZ were prepared by the sameway, once
with 0.1 M NaOH and the other with methanol, to ob-
tain thelast mentioned concentration.

Procedures

| soshestic method

From (1) and (HCTZ) working solutions, accurately
measured volumesweretransferred separately intoa
seriesof 10-ml volumetric flasks, diluted tothevolume
with 0.1M NaOH. Thezero order absorption spectra
of each solution were recorded versus diluent and
stored; thenthe absorbance at theisosbestic point (A )
was measured at 266.0 nm for both drugs. Two cali-
bration curveswere constructed rel ating the absorbance
at the sel ected wavel ength to the corresponding drug
concentration. Whilefor (1), theamplitudeof first de-
rivative spectrum (D?) at 323.0 nm wererecorded, us-
ing AL =4 nm and scaling factor of 10, plotted against
the corresponding concentrationsand then theregres-
S on equationswere computed.

Ratio subtraction method

Theoverlgpping spectraof abinary mixture, (1) with
hydrochlorothiazide (HCTZ) wereresolved by adopting
theratio subtraction technique. Thespectraof (11) work-
ing standard sol utionswere scanned from 200400 nm
and stored in the computer. The spectraof thelabora-
tory-prepared mixturesweredivided (absorbanceat each
wavelength) by the spectrum of 10.0 ug ml* of (HCTZ).
Theabsorbancein the plateau regionwas subtracted at
wavel ength above 305 nm (the constant). The obtained
curvesweremulltiplied (absorbance a eachwave ength)
by the spectrum of 10.0 ug ml* of (HCTZ). Theabsor-
bance of theratio subtraction was computed at 224.4
nm, plotted versus concentrations, and theregression
equationwasthen computed.

Dual wavelength method
Also, the overlapping between (1) and (HCTZ)
Hnalytical CHEMISTRY o

spectrawasresolved by adopting thedua wavel ength
technique, wheretheabsorbance difference of the spec-
tra(AA) corresponding to (HCTZ) was recorded at
A=266.0 and 277.8 without any interference of (I1).
The calibration curve was constructed and the linear
regress on equation was then computed.

Application tophar maceutical formulations

Twenty tablets from each Micardis plus® and
Concor plus® tabletswereindividualy weighed to get
theaverageweght of thetablets, respectively. A sample
of the powdered tablets, equivalent to onetabl et of the
mixed contentswas separately transferred into a50-ml
volumetric flask using about 25 ml 0.1 M NaOH (in
Micardisplus®) and methanol (in Concor plus®), shak-
ing for 15 minutesand completed to volumewith the
samesolvent. Thecontentsof theflask weremixed well
andfiltered. Aliquotsof filtratewerefurther diluted with
the same mentioned sol vents and then proceeds asde-
scribed under (3-1.1. - 3.1.3.).

To check thevalidity of the proposed methods, the
standard addition technique was applied and the pro-
cedures mentioned under (3.1.1. — 3.1.3.) were
adopted.

RESULTSAND DISCUSSION

Spectrophotometric char acteristics

The zero order spectraof the selected drug mix-
turesshown in (Figure 2 and 3) exhibit high degree of
spectra overlgoping whichinterfered withtheir smul-
taneousdetermination. Thisspectral overlappingissuf-
ficient to demonstrate the resol ving power of the pro-
posed spectrophotometric methodswhich can resolve
bands overlapping, without prior separation.

| soshestic method

Isosbestic point isthewavelength at which the ab-
sorbance of two or more speciesisthe same. At this
point, the mixture of drugsactsasasingle component
and gives the same absorbance value as of the pure
one. The zero order spectraof (1), (HCTZ) and their
mixtureshowed threeisosbestic points (Figure2), where
theabsorbancevaue (A, ) corresponding to the mix-
turecould berecorded at 266.0 nm. While(l) could be
detected at 323.0 nm, without interference from
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(HCTZ) by adopting first derivative spectrophotomet-
ric technigue (D) as shown in (Figure 4). Finally,

(HCTZ) concentration could be cal culated by subtrac-
tion.

124
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Figure2: Zeroorder spectrafor (1) (—), (HCTZ) (---) (16.00

pg.ml?, each) and their mixture(....) (8.00 pg.ml?, each) usng
0.1M NaOH asablank.
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technique, where 224.4 nm was sel ected as optimum
workingwavdength for thedeterminationof (1) inpres-

enceof (HCTZ) without any interference, asshownin
(Figure5-7).
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Figure5: Zeroorder absor ption spectrafor different mix-

turesof (11) and (HCTZ), using (10 pg.ml?) (HCTZ) asadivi-
sor.
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Figure3: Zeroorder spectrafor (I1) (---),(HCTZ) (—) (10.0
png.ml?, each) using methanol asablank
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Figure4: Firg order derivativespectrafor (1) (—), (HCTZ) (-

--) (16.00 pg.ml?, each) and their mixture(....) (8.00 pg.ml,
each).

Ratio subtraction method:

The spectrum of (HCTZ) isextended morethan
that of (11) which permitsthe use of ratio subtraction
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Figure6: Zeroorder absor ption spectrafor different mix-

turesof (11) and (HCTZ), using (10 pg.ml) (HCTZ) asadivi-
sor, after subtraction of constant.
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Figure 7: Zeroorder absorption spectrafor different mixtures
of (I1)and (HCTZ), using (10 pg.ml*) (HCTZ) asadivisor, after
subtraction of constant and multiplying with the divisor.
Careful choiceof thedivisor isof great importance,
asvariable concentrationsof (HCTZ) weretried and
thebest chosen onewas 10.00 ug.ml?, which yielded

best compromisein sensitivity, repeatability and signal
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Dual wavelength method

The absorbance values of (I1) were the same at
266.0 and 277.8 nm, so the absorbance difference
between thesetwo wave engthswill givethevauerep-
resenting (HCTZ) concentration without interference,
asshownin (Figure3).

M ethod validation

ICH-guidelinesfor method of validation werefol-
lowed, whereall thevalidation parametersare shown
in(TABLE 1).

Linearity

A linear correlation was obtai ned between the ab-
sorbanceand the concentration of theinvestigated drugs
(D, (11) and (HCTZ). The statistical parameters and
regression equations caculated areshownin (TABLE
1). Theresults obtained showed that linearity of the
calibration graphsand the compliancewith Beer’s law
werevalidated, asillustrated by the high values of cor-
rel ation coefficientsof regresson equationsandthesmall
vauesof intercepts.

L imitsof detection and quantification

In accordancewith theformulae given by Millert®¥,
thelimit of detection, LOD = 3.3 S/b and thelimit of
guantification, LOQ =10 S/b, where Sisthe standard

deviation of responseand bisthed opeof thecalibra
tion graph. Thedetection and quantificationlimitswere
caculated and presentedin (TABLE 1).

Accuracy

Theaccuracy of the proposed methodswastested
by analyzing freshly prepared sol utions of the studied
drugsintriplicate. Therecovery percent and standard
deviationsshowed in (TABLE 1), revealed an excel-
lent accuracy.

Precision

Theintra- andinter-assay precisonswereestimated
by analyzing three-level QC samplestriplicateonthe
sameand on three consecutive days, respectively. The
results showed good precision expressed as percent-

agereativestandard deviation, asshowed in (TABLE
1).
Selectivity

Thiswasassessed through analysisof different syn-
thetic mixtures, containing ‘(T) and (HCTZ)’ and ‘(1I)
and (HCTZ)’ with different ratios by the proposed men-
tioned methods. The concentration of each drug was
cd culated from the corresponding regression equation
and then the mean recovery percentagesandtherela

tivestandard deviationswere calculated. Theresults
showed good selectivity asshownin (TABLE 1).

TABLE 1: Reaultsof assay validation obtained by the proposed spectrophotometric methods

| sosbestic point Ratio subtraction  Dual wavelength
Parameters ) (HCTZ2) an (HCTZ)
Aoes haz3 ho6s hog24 AA

Linearity range (ug.ml™) 2-40 2-40 2-40 2-30 1-20
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
Accuracy ® 99.76+ 0.83 99.99+ 0.44  99.74 +0.70 100.03 + 0.82 99.80 +0.52
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+ 1.12 100.54+0.62 99.16 + 0.81 99.90 + 1.85 99.45+0.97
Selectivity ° 100.23+ 1.21 99.31+0.75 99.81+0.79 99.62+ 0.89
S, 0.00517 0.001035 0.00405 0.00196 0.00049
S 0.000271 0.0000542 0.000199 0.000119 0.0000515
LOD (pg.ml™) 0.42 0.25 0.32 0.15 0.13
LOQ (ug.ml™) 1.26 0.77 0.97 0.46 0.39

Regression equation: A = a + bc, where A isthe absorbance, a istheintercept, b is the sope and c is the concentration.
S, standard deviation of intercept, S;: standard deviation of slope.; @ Mean + SD, * Mean + RSD%, ¢ Mean + RSD%.
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Assay of pharmaceutical preparationsand stan- good agreement with thelabeled amount. Moreover,
dard addition technique to check the validity of the adopted proposed meth-

The proposed methodswere applied for thedeter- 005, @standard addition method was applied by add-
mination of the studied drugsin the pharmaceutical N9 known amounts of the studied .drugs totheprevi-
preparations. The resultswere satisfactory andwith  Ously andlyzedteblets. Therecoverieswere cal culated

TABLE 2: Quantitativedeter mination of (1) and (HCTZ) in the phar maceutical preparation and application of standard
addition techniqueby theproposed method

| sosbestic point Standard addition technique
Phar maceutical % Recovery* (1) (HCTZ)
preparation 0 9
) (HCTZ) (ﬁ\gdﬂﬁdl) Recof/)ery* (ﬁ\gdgleldl) Reco(l/)er y*
5 99.4 1 99.00
6 100.67 2 98.50
Micardis 40 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 3: Quantitativedetermination of (11) and (HCTZ) in the phar maceutical preparation and application of standard
addition techniqueby the proposed methods.

Ratio subtraction Dual wavelength

Phar maceutical 0 Standard addition o Standard addition

preparation o Added % o Added %

Recovery* " 0 Recovery* ! 0

(ng.ml™) Recovery* (ng.ml™) Recovery*
4 101.20 5 99.71
100.18 +
o 5 99.40 6 98.52
Concor 5 plus® 98.20+ 0.28 0.75
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.

TABLE 4: Satistical comparison of theresultsobtained by the proposed methodsand thereported and USP methodsfor
determination of theexamined drugs.

) (HCTZ) (I (HCTZ)
Value | sosbestic point Referenge | sosbestic Referenge Ratio uUsP Dual usP
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 0.83 051 0.70 0.38 0.82 0.83 0.52 1.00
n 8 6 7 6 6 6 7 6
Variance 0.68 0.26 0.49 0.14 0.67 0.69 0.27 1.00
t—value 1.38(2.18) - 0.85(2.26) - 1.37 (2.23) - 0.52 (2.36) -
F-value 2.68 (4.88) - 3.42(4.95) - 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 acetonitrilein 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.
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by comparing the concentration obtained from the
spiked sampleswith that of each puredrug. Theresults
of the analysis are shown in (TABLE 2 and 3) sug-
gested that thereisnointerferencefromany excipients.

Comparison of the proposed methodswith there-
ported and phar macopeial methods

Theresultsobta ned by applying theproposed meth-
odswere compared statistically with those obtained
from areported method™ for (1) and (HCTZ) mixture
and united state pharmacopeid method?#% for (11) and
(HCTZ) mixture, whereeach of thecalculatedt and F
valueswerelessthan thosetabul ated ones, indicating
that thereisno significant difference between the pro-
posed and those reported and pharmacopeia meth-
ods, asshownin (TABLE 4).

CONCLUSION

Theproposed methods providenew, smple, rapid,
accurate and reproducible quantitative analysisfor de-
termination of ‘(T) and (HCTZ) in a binary mixture, (II)
inpresenceof (HCTZ) and (HCTZ) in presenceof (11),
without any interference from excipientsor prior sepa
retion.
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