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Hypertension is a key risk factor for cardiovascular diseases. Currently, around a
third of people with hypertension are undiagnosed, and of those diagnosed, around half
are not taking antihypertensive medications. The World Health Organization (WHO)
estimates that high blood pressure directly or indirectly causes deaths of at least nine
million people globally every year. In this literature review, we will introduce all reported
methods that have been developed for determination of certain antihypertensive drugs
such as irbesartan, losartan, candesartan, atenolol, bisoprolol and hydrochlorothiazide
in their pure form, combined form with other drugs, combined form with degradation
products, and in biological samples. We also will shed the light on the most important
combination of drugs that are used for treatment of hypertension.

Abbreviations: WHO: World Health Organization; PDAC: P-Dimethyl Amino
Cinnamaldehyde; PCR: Principal Component Regression; PLS: Partial Least Squares;
ANN: Artificial Neural Network

Irbesartan Scheme [1]

Scheme 1: Irbesartan
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a.  Chemical Name: 2-butyl-3-({4-[2-(2H-1,2,3,4-tetrazol-5-yl)phenyl]phenyl}methyl)-1,3-diazaspiro[4.4]non-1-en-4-one.

b. Molecular formula: C_H N O.

25~ 728" "6

@ Molecular weight: 428.5 g/mol.

d.  Physical properties: White or almost white, crystalline powder. Practically insoluble in water, sparingly soluble in
methanol, slightly soluble in methylene chloride.

e. Melting Point: 180-181 °C.
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Pharmacological Action

Irbesartan is an angiotensin II receptor blocker, it inhibits
the renin-angiotensin system which is responsible for effects
such as vasoconstriction, stimulation of synthesis and release of
aldosterone, and renal reabsorption of sodium. After binding with
receptor, itleads to multiple effects including vasodilation, reduction
in the production and secretion of aldosterone and the resulting
effect is a decreasing in blood pressure [2]. It is well absorbed, does
not need biotransformation to be converted to an active metabolite
to reduce blood pressure, and is used in decreasing blood and
kidney lipid but it has no effect on liver lipid [3]. Irbesartan is
found to be effective in decreasing blood pressure with lower
side effects as comparator antihypertensive drugs from different
classes, including atenolol, amlodipine, hydrochlorothiazide, and
enalapril [4] and it can improve the function of kidney of db/
db mice so is used in treatment for diabetic nephropathy [5]. In
addition, irbesartan protects heart in presence of renal failure
[6] and it is used in treatment of hepatitis B virus [7]. It inhibits
metabolism of arachidonic acid to epoxyeicosatrienoic acids (EETs)
that plays a vital role in cardio-protection so irbesartan can lead
to cardiovascular events [8] beside some anti-fibrotic activities [9].

Official Method of Determination

Irbesartan was official in B.P. 2013 [1] where a potentiometric
titration method with perchloric acid in anhydrous acetic acid
medium was described.

Literature Review

Methods:
method was developed for the determination of irbesartan and

Spectrophotometric Spectrophotometric
hydrochlorothiazide in two-component solid dosage form through
using simultaneous equation and absorbance ratio methods [10].
Eriochrome black-T was used as an analytical reagent for the
determination of irbesartan in bulk and pharmaceutical dosage
forms. The method involved the reaction of irbesartan with
eriochrome black-T in acidic buffer then extraction in chloroform.
The absorbance of the extract was measured at 481 nm [11].
Arshiya et al. [12] described a method for the spectrophotometric
determination of irbesartan. The method was based on formation
of charge transfer complex with 2, 3-dichloro-5,6-dicyano
p-benzoquinone (DDQ) and the absorbance was measured at
545 nm. Also, charge transfer complexes were formed between
irbesartan and DDQ and p-chloranilic acid and measured at A__
460, 520 nm, respectively [13]. Spectrophotometric method
was described for the determination of irbesartan in bulk and
dosage form based on using third and fourth order derivative
spectrophotometry at 224, 230 nm, respectively [14]. Irbesartan
was determined in its pure and pharmaceutical formulations
by ion pair methods. The procedures were based on the ion-pair

complexation reaction.

In these methods, irbesartan reacted with acidic dyes
Solochrome black T at )\max 520 nm and Solochrome black, blue at Amax

540nm [15]. Anupama, etal. [16] described UV- spectrophotometric
method for determination of irbesartan in pure and pharmaceutical
dosage forms. Solution of irbesartan in triple distilled water shows
maximum absorbance at 270 nm. Also, the solution of irbesartan
in methanol shows an absorbance at 263 nm [17]. Sodium
bicarbonate and urea (50:50, v/v) were used as hydrotropic agent
for the determination of irbesartan in bulk and dosage forms and
measuring absorbance at A 246 nm. This hydrotropic agent
increased the solubility of irbesartan more than 20 times in distilled
water [18]. Furthermore, ion-pair complexes were formed between
irbesartan and chloroformic solutions of either bromocresol purple
or cresol red to give the highly colored complex, measured at 415,
435 nm, respectively [19]. The quantitative analysis method had
been applied to the determination of irbesartan in bulk drug [20].
Lakshmi and Lakshmi [21] developed a novel-coupling reagent for
sensitive kinetic spectrophotometric determination of irbesartan

in pure or pharmaceutical formulations.

The method utilizes an oxidative coupling reaction based
on oxidation of 3-methyl-2-benzothiazolinone hydrazone
hydrochloride monohydrate (MBTH) with Ce(IV) in 2% sulfuric
acid medium, followed by coupling the produced electrophilic
intermediate (diazonium salt of the reagent) with irbesartan to
give greenish-blue colored product (1:1, stoichiometry) having
maximum absorption at 629 nm. Another method was developed
for estimation of irbesartan based on applying method called
absorbance correction H-point standard addition method (HPSAM).

It can get rid of any errors resulting from blank regeant [22].

Spectrofluorimetric Methods: Spectrofluorimetric method
was adopted for analysis of irbesartan in human plasma. For this
aim, a negative strong fluorescence was produced after dissolving
of irbesartan in various solvents such as hydrochloric acid, sodium
hydroxide, methanol, and distilled water. Excitation (A ) and
emission (A ) were 224 nm and 390 nm respectively in this method
[23]. Irbesartan was also determined spectroflourimetrically
through measuring fluorescence upon dissolving drug in 0.1 N
H,S0,. The relative fluorescence intensity was measured at A 785
nm after excitation at 250 nm [24]. In addition, spectroflourimetric
method was utilized for the determination of irbesartan depending
on its reaction with 7-Chloro-4-nitrobenzen-2-oxa-1, 3-diazole
(NBD-CI) reagent. The resulting product exhibited fluorescence at
A,,, 534 nm when excited at 465 nm [25].

Chromatographic Methods: Aniruddha, et al. [26] described
RP-HPLC-PDA method where the separation was achieved on Waters
Symmetry C,,; column (250 mm x 4.6 mm, 5.0 u) with mobile phase
consisting of mixture of methanol: Tetrahydrofuran : acetate buffer
(60:10:30 v/v/v) and pH 5.5. The eluted compound was detected
at 271 nm. Chromatographic method had been widely applied for
determination of irbesartan in bulk and tablet forms. The method
was performed on Zorbax SB Phenyl column using 0.1 mol/L sodium
acetate (pH 5.5) : acetonitrile : methanol in a ratio of (15:6:4 v/v/v)
for irbesartan, as the mobile phase with detection wavelength at
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230nm [27]. High performance thin layer chromatography (HPTLC)
method was used for simultaneous determination of irbesartan
and hydrochlorothiazide in pharmaceutical preparations. The
separation was performed on precoated silica gel 60 F254 layers
using acetonitrile : ethyl acetate (8:2, v/v) as a mobile phase with
UV detection at 260 nm [28]. RP-HPLC method was developed and
validated for simultaneous estimation of irbesartan. The method
was performed on Hypersil BDS (250 mm x 4.6 mm, 5 pum) column
using mobile phase composed of 0.05 M sodium dihydrogen
phosphate buffer and acetonitrile (30:70, v/v) using UV detector
at 220 nm [29].

Another RP-HPLC method was developed for determination
of irbesartan in pharmaceutical dosage form. This method was
performed using a mixture of sodium acetate buffer : acetonitrile
(45:55, v/v) as a mobile phase and pH was adjusted to 3.0 with
ortho phosphoric acid. Detection was carried out at wavelength
260 nm [30].

Hany, et al. [31] developed RP-HPLC method for determination
of irbesartan in tablet form, the mobile phase was composed of
a mixture of 0.025 M potassium dihydrogen phosphate (pH 6.0):
acetonitrile (65:35, v/v). The separation was achieved on an ACE
C,; column (250 mm x 4.6 mm, 5 pm). Additionally, RP-HPLC
method was developed for the determination of irbesartan and
hydrochlorothiazide in bulk and Pharmaceutical dosage forms. The
chromatographic analysis was achieved by using a Phenomex Luna
C,, column and mobile phase of 0.02M potassium dehydrogenate
orthophosphate: acetonitrile (60:40, v/v) adjusted to pH 3.4 using
diluted ortho phosphoric acid. The detection was carried out at
wavelength 224 nm [32]. Micro emulsion liquid chromatographic
method was developed for simultaneous estimation of irbesartan
in pharmaceutical preparations and spiked human plasma. The
method was performed on a column packed with cyano bonded
stationary phase using microemulsion mobile phase composed of
0.2 M sodium dodecyl sulphate, 1 % octanol, 10% n-propanol and
0.3% triethylamine in 0.02 M phosphoric acid, (pH 7.0) [33].

Mahmoud Sebaiy, et al. [34] described a gradient HPLC method
for rapid simultaneous separation and determination of eight drugs
of sartan and statin classes in their pure and dosage forms within 15
minutes: irbesartan, losartan, valsartan, olmesartan, rosuvastatin,
atorvastatin, lovastatin and simvastatin. Separation was carried out
on a Kinetex C,;, 100A column (2.60 m, 4.60 mm x 100 mm) using
a gradient binary mobile phase of 0.05M potassium dihydrogen
phosphate buffer (pH 3.50 adjusted by ortho-phosphoric acid)
and acetonitrile at room temperature. The flow rate was 1.00
mL/min and maximum absorption was measured using a DAD
detector at 280 nm. Also, RP-HPLC method was described for
simultaneous separation and determination of irbesartan in bulk
and pharmaceutical Formulation. The separation was accomplished
on a reverse phase C, column using a mobile phase consisting of
acetonitrile : 25mM phosphate potassium buffer (pH 3.65) (40:60,
v/v).The elute was monitored at 254 nm [35]. Ultra-performance

liquid chromatography-tandem mass spectrometry (UPLC-MS/
MS) was used for estimation of irbesartan and hydrochlorothiazide
in human plasma. The chromatographic separation was performed
on Acquity UPLC BEH™ C 10 mM

ammonium acetate : formic acid (85:15:0.1 %, v/v/v) as a mobile

column using acetonitrile :

phase and detected by tandem mass spectrometry with negative
ion mode [36].

Stability-indicatingmethod was described for the determination
of irbesartan and atorvastatin using RP-HPLC method. The sample
was analyzed by Inertsil C,, ODS column as stationary phase and
acetonitrile : potassium dihydrogen phosphate (70:30, v/v) as a
mobile phase and pH 4.5 was adjusted by orthophosphoric acid

with UV detection at 254 nm [37].

Miscellaneous Methods: Voltammetric method was described
for the determination of irbesartan in pharmaceuticals. The
best voltammetric response was reached in Britton-Robinson
buffer solution of pH range 2.0-12.0 [38]. A differential pulse
adsorptive cathodic voltammetric method was also described for
the determination of irbesartan in pharmaceutical formulations
and human blood at a hanging mercury drop electrode through
reduction of C=N double bond saturation of tetrazolyl in the drug
[39]. Shrikant and Minakshi, [40] described titrimetric method
for determination of commonly used angiotensin-Il-receptor
antagonists. The direct acid base titration of eprosartan mesylate,
irbesartan, telmisartan and valsartan, was carried out in the
mixture of ethanol: water (1:1) as solvent using standardized
sodium hydroxide aqueous solution as titrant, either visually
using phenolphthalein as an indicator or potentiometrically using

combined pH electrode.
Losartan Potassium Scheme [2]

Pharmacological Action

Losartan is used in the treatment of hypertension and heart
failure by inhibiting the rennin-angiotensin system [41]. It's used
to prevent occurring stroke in patients with hypertension [42] and
it decreases an aortic-root enlargement so it’s better than atenolol
and is considered a standard therapy to aortic-root dissection
which is the main cause of death in Marfan’s syndrome [43].

Official Method of Determination

Losartan is an official in B.P. 2013 [1] where a potentiometric
titration with perchloric acid in anhydrous-acetic acid medium is
described.

Literature Review

Spectrophotometric Methods: Comparison of UV, second
derivative spectrophotometric and HPLC methods were used for
the determination of losartan in tablets [44] and also there was
a comparison between first derivative spectrophotometry and
HPLC methods that was used for the determination of losartan
potassium in tablets [45]. Different colored charge-transfer
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complexes were formed as a result of reaction between losartan
and TCQ, TNB, DDQ, p.chloranilic acid, TCE, TBQ, TCQ and TNE
These complexes were examined by UV-Vis, IR, 1H NMR techniques,
and computational molecular modeling [46]. Alkaline potassium
permanganate was used for oxidation of losartan potassium in
pharmaceutical formulation and this reaction was measured
spectrophotometrically at A___ 603 [47]. In addition, bromothymol
blue was used as chromogen for spectrophotometric determination
of losartan potassium at A___ 620 nm [48]. DDQ reacted with

@ OH

K

Cl N

Scheme 2: Losartan Potassium

losartan potassium to give charge transfer complexat A 460 nm
[49]. Chandra, et al. [50] described UV method for a comparative
study of three brands of losartan potassium tablets. The detection
was carried out at wavelength 205 nm and water: methanol was
used as a solvent for the determination of losartan atA__ 275 nm
[51]. Extractive spectrophotometric determination of losartan was
developed using reagents; ferroin solution and methyl orange as
ion-pairing agents (pH 7). The ion pair complex formed, which was
extracted with chloroform, was measured atA 571 nm [52].

a.  Chemical Name: Potassium (2-butyl-4-chloro-1-{[2’-(1H-tetrazol-5-yl) biphenyl-4-yl] methyl}-1H-imidazol-5-yl)

methanol.
b. Molecular Formula: C,H,.CIKN,O.
c¢.  Molecular Weight: 461 g/mol.

d.  Physical Properties: White or almost white, crystalline powder, hygroscopic. Freely soluble in water and methanol and

slightly soluble in acetonitrile.
e. Melting Point: 183.5-184.5 °C.

Sandeep and Marina [53] applied the Vierordt's simultaneous
equation method for the determination oflosartan potassiumin bulk
and pharmaceutical dosage forms. Different spectrophotometric
methods were developed for the determination of losartan
potassium in combined dosage forms through dual wavelength and
measurement of area under curve [54]. Two spectrophotometric
methods were developed for the determination of losartan in
tablet dosage form through Q-value analysis and simultaneous
equation [55,56]. Spectrophotometric method was described for
the determination of losartan in bulk and tablet dosage form by
using sodium hydroxide [57] or methanol [58] as a solvent. The
absorbance was measured at A_, 228 nm or 202 nm, respectively.
On the other hand, ratio spectra derivative method was used for
the estimation of losartan in combined dosage form. It showed
maximum absorbance at 249 nm for losartan [59]. The first order
UV-derivative spectrophotometry; applying zero-crossing method
was developed for the determination of losartan in pharmaceutical
formulations and wavelength of detection was set at 267 nm [60-
62]. The second order UV-derivative spectrophotometric method
was described for the estimation of losartan in pharmaceutical
forms and measuring absorbance at A 234 nm [63,64].

UV  Spectrophotometric method was applied for the
determination of losartan in tablet dosage forms. The method
was based on an observation that the aqueous solution of
losartan potassium exhibits an absorbance maximum at 205nm
[65]. Spectrophotometric method had been developed for the
quantitative estimation of losartan potassium in pharmaceutical
formulation. The method depended on using double distilled water

as a dissolving agent and measuring absorbance atA 205 nm [66].

Spectroflourimetric Methods: Spectrofluorimetric method
was adopted for analysis of losartan in rabbit plasma. For this aim,
a negative strong fluorescence was produced after dissolving of
losartan in sulfurous acid solution. The mixture was measured at
Aem 410 nm using an excitation wavelength of Aexc 248 nm [67].
Further, moreover spectroflourometric method was described for
the determination of losartan in tablet dosage form by measuring a
negative fluorescence of it upon dissolving drug in acidic medium.
This fluorescence was measured at Aeem 400 nm using an excitation
wavelength of Aexc 247 nm [68].

Methods: HPLC-UV  method was

developed and validated for the simultaneous determination of

Chromatographic
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hydrochlorothiazide and losartan in bulk and pharmaceutical
formulation. The method was optimized selecting chromatographic
water, ACE3-C18 column (250
mm x 4.6 mm, 5 um), 20 pl injection volume, flow rate of 1 ml/

conditions of 60: 40 acetonitrile :

min at ambient temperature, and 226 nm detection wavelength
[69]. Simultaneous determination of losartan was performed by
Kirtawade, et al. [70] on a RP C18 column using a mobile phase of
acetonitrile : methanol : 25 Mm phosphate buffer (35:35:30, v/v/v)
where pH was adjusted to 3.0 with phosphoric acid. The detection
was set at 225 nm. Additionally, RP-HPLC method was developed
for determination of losartan in pharmaceutical dosage form. The
analysis was carried out using a Nucleodur 100 C , column with
UV detection at 210 nm. The mobile phase consisted of potassium
dihydrogen phosphate buffer (pH 3.0) using diluted ortho
phosphoric acid and acetonitrile (50:50, v/v) [71]. Vijayalakshmi
and Dhanaraju [72] described RP-HPLC method with application
of UV spectrophotometry (first-derivative, ratio-spectra first
and second derivative) for determination of losartan potassium
and hydrochlorothiazide in their binary mixtures. Methanol and
phosphate buffer (pH 6.7) in the ratio of (80:20, v/v) were used
as a mobile phase. Separation was performed on phenomenex C
column with detection wavelength at 225 nm.

Another RP-HPLC method was developed for the determination
of losartan potassium and perindopril erbumine in combined tablet
dosage forms. The analysis was performed on a HiQSil-C18 W ODS
column through a gradient elution system using acetonitrile : water
in proportion of (50:50, v/v), pH 3.2. Drugs were detected at 210
nm [73]. RP-HPLC methods were developed for the determination

of losartan and other drugs in their solid dosage form and in tablet

Candesartan Scheme [3]

QOYOTE/E[

Scheme 3: Candesartan

dosage forms [74-79]. Chromatographic methods have been widely
applied for determination of losartan potassium in pure form and
in pharmaceutical formulations. These methods include RP-HPLC
for the determination of losartan in tablets. As a column of BDS
Hypersil C,, (250 x 4.6mm, 5um) was used and acetonitrile : 0.2M
phosphate buffer (pH: 3) at a proportion of (50:50, v/v) was the
selected mobile phase. The detection of wavelength was set at 230

m [80]. HPLC method was developed for the determination of
losartan. Using a mixture of acetonitrile : 0.2M phosphate buffer
(pH 3.0) (50:50, v/v) as mobile phase, a BDS Hypersil C
and UV detection at 230 nm [81]. HPTLC method was developed for
the determination of losartan in pharmaceutical dosage form. The

column

mobile phase was composed of a mixture of n-butanol : acetic acid
: water (15: 5: 1, v/v/v) and the measurement was set at A 232

m [82]. Losartan was assayed in its pharmaceutical formulations
by RP-HPLC using a spherical monomeric C18 column. The mobile
phase consisted of 0.01 M ammonium acetate buffer (pH 5.5) :

acetonitrile (45:55, v/v) with detection wavelength at 240 nm [83].

HPLC method was developed for the determination of losartan
potassium and amlodipine besilate in the presence of their
acid, alkali, hydrolysis, photolysis, and oxidizing agent-induced
degradation products. The chromatographic analysis was achieved
by using Inertsil ODS-3 and buffer : acetonitrile (75:25, v/v) as a
mobile phase [84].

Miscellaneous Methods: The cathodic stripping voltammetric
behavior was studied on hanging mercury drop electrode to
optimize an analytical method for determination of losartan in bulk
and pharmaceutical dosage forms. The reaction was carried out in
britton-robinson buffer solution at pH 7.0 [85].

oany

o\

N“‘N

a.  Chemical Name: (1RS)-1-[[(Cyclohexyloxy) carbonyl] oxy] ethyl 2-ethoxy-1-[[2-(1 H-tetrazol-yl) biphenyl-4-y1] methyl]-

1H-benzimidazole.
b. Molecular Formula: C33H34N606.
@ Molecular Weight: 611.0 gm/mol.

d.  Physical Properties: White or almost white powder, practically insoluble in water, freely soluble in methylene chloride

and slightly soluble in anhydrous ethanol.
e. Melting Point: 183- 185 °C.

Copyright@ Mahmoud M Sebaiy | Biomed ] Sci & Tech Res | BJSTR. MS.ID.005513.

26515


http://dx.doi.org/10.26717/BJSTR.2021.34.005513

Volume 34- Issue 2

DOI: 10.26717/BJSTR.2021.34.005513

Pharmacological Action

Candesartan is an angiotensin II receptor blocker type 1 and
used in treatment of various disorders like hypertension, heart
failure, myocardial infarction, and diabetic nephropathy [86].

Official Method of Determination

Candesartan is official in B.P. 2013 [1] where it is determined by
a potentiometric titration with 0.1 M perchloric acid in anhydrous-
acetic acid medium.

Literature Review

Methods:

assay method for

Spectrophotometric Stability-indicating

spectrophotometric determination of
candesartan cilexetil in presence of its alkaline degradation
product. This method depended on using second derivative
spectrophotometry at 291 nm [87]. The UV spectrophotometric
method was used for the determination of candesartan; performed
at A 212 nm by using methanol as a solvent [88]. The stability-
indicating spectrophotometric method was described for the
determination of candesartan in bulk and pharmaceutical dosage
form by using of first derivative spectrophotometry at 268 nm
[89]. Five different hydrotropic agents like, potassium acetate,
potassium citrate, sodium acetate, sodium citrate and urea were
used for spectrophotometric determination of candesartan at
A,.. 280 nm [90]. Eglal, et al. [91] applied two dual wavelengths
(method I) and mean centering of ratio spectra (MCR) (method II)
for spectrophotometric determination of two combinations. The
first combination consisted of hydrochlorothiazide and benazepril
hydrochloride and the second consisted of hydrochlorothiazide
and candesartan cilexetil in their bulk powder and tablets. PCR
and PLS were used for determination of candesartan cilexetil and

hydrochlorothiazide in their pharmaceutical preparations [92].

Candesartan cilexetil and atenolol were estimated in pure
form and in pharmaceutical tablets where different blanks for
methanol : distilled water (8:2) and
0.1M hydrochloric acid HCI were applied and scanned at specific

each drug composed of

wavelengths of 254 nm and of 224 nm for candesartan cilexetil
and atenolol, respectively [93]. Candesartan reacted with DCQC
and NQS in alcoholic medium forming colored complexes. These
complexes were measured at A_ 550 nm and 480 nm, respectively
[94]. The colored ion-pair complex was formed upon the reaction
of BCG or BCP with candesartan in phosphate buffered solution.
These complexes were measured at A 415, 405 nm with BCG,
BCP, respectively [95].

Methods:

determination of candesartan was reported by direct measurement

Spectrofluorimetric Spectroflourimetric

of fluorescence intensity. The emission and excitation wavelength

were measured at 381 nm and 260 nm, respectively [96].

Methods: RP-HPLC
described for determination of candesartan cilexetil in bulk and

Chromatographic method was

pharmaceutical dosage forms. Chromatographic separation was
performed on Hypersil ODS C,, column. The mobile phase was a
mixture of acetonitrile : 0.05 M KH,PO, buffer in the ratio of (65:35,
v/v) with detection wavelength at 256 nm [97]. Kamalakkannan, et
al. [98] developed RP-HPLC method for the simultaneous estimation
of candesartan cilexetil in bulk and in pharmaceutical dosage forms.
Chromatographic separation was achieved on an Octa Decyl Silyl
column with a mixture of phosphate buffer (pH 2.5) : acetonitrile
(20:80, v/v) as mobile phase with detection wavelength at 215
nm. Revathi, et al. [99] described RP-HPLC method for validation
of dissolution test for the quality control of candesartan cilexetil
tablets by using 0.02M mono potassium phosphate : acetonitrile :
triethylamine in the ratio of (40:60:0.2, v/v/v) asthe mobile phase
where pH was adjusted to 6 with phosphoric acid. RP-HPLC method
was developed for the quantitative determination of candesartan.
The chromatographic analysis was achieved by using a stainless-
steel column-Zorbax SB-CN. A mixture of 40 volumes of 10 Mm of
sodium dihydrogen orthophosphate and 60 volumes acetonitrile
was used as the mobile phase with detection wavelength at 210 nm
[100]. Another RP-HPLC method was developed for quantification

of candesartan.

The analysis was carried out using C_, intersil column with UV
detection at 228 nm. The mobile phase consisted of acetonitrile :
methanol (40:60 %, v/v, pH 6) [101]. Candesartan was determined
in presence related impurities through HPLC method using
Kromasil C,, reversed phase HPLC column and 0.01 M of ammonium
acetate buffer 45% (pH 4.5) and 55% acetonitrile as a mobile
phase. The detection was measured at 257 nm [102]. UPLC method
was used for determination of candesartan cilexetil in bulk active
pharmaceutical ingredient using a C18 stationary phase column
and simple mobile phase combination in a gradient mode at 210
nm [103]. Candesartan was determined by RP-HPLC usinga 0.02 M
mono basic potassium phosphate buffer : actonitrile : triethylamine
(40:60:0.2, v/v/v) as a mobile phase and pH was adjusted to 6.0
with orthophosphoric acid. The absorbance was measured at 254
nm [104]. Veeranjaneyulu, etal.[105] applied RP-HPLC method for
the determination of candesartan cilexetil and hydrochlorothiazide
in pharmaceutical dosage forms on hypersil BDS C column using
phosphate buffer : acetonitrile (55:45, v/v) as a mobile phase (pH
4.6). The detection was carried out at wavelength 244 nm. Another
RP-HPLC method was developed for determination of candesartan

and amlodipine in pure form and combined solid dosage forms.

The analysis which was based on using a reversed-phase column

Phenomenex Luna, C,,, (150 x 4.6 mm, 5 um) with a mobile phase

18’
consisting of 0.1% orthophosphoric acid (pH 3.0) and acetonitrile
in gradient programme. The UV detector was operated at 230 nm
[106]. Another RP-HPLC method was developed for determination

of candesartan in pure and pharmaceutical dosage forms.

The mobile phase consisted of a mixture of buffer (0.5%
triethylamine) and methanol (50:50, v/v) and adjust the pH to 4.5
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by using glacial acetic acid pumped through an Inertsil ODS-3V
C,y 5 um columns. Peak was monitored by UV absorbance at 210
nm [107]. RP-HPLC method was developed for the determination
of candesartan in bulk and tablet dosage forms. The analysis was
performed on a Hypersill BDS-C, (150 x 4.6mm, 5um) using a
degassed mixture of buffer and acetonitrile (40:60, v/v) as a mobile
phase. Drug was detected at 210 nm [108]. Madhavi, et al. [109]
developed HPLC method for the determination of candesartan
cilexetil and hydrochlorothiazide. The chromatographic separation
was performed on Silanol BDS C, column (250 x 4.6 mm, 5

Atenolol Scheme [4]

H,N

Scheme 4: Atenolol

um), a mobile phase consisting of water (pH adjusted to 2.8 with
orthophosphoric acid) : acetonitrile (30:70 % v/v), with a flow rate
1 ml/min and the detection wavelength of 210 nm using photodiode
array (PDA) detector.

Miscellaneous Methods: Electrochemical method was used
for the determination of candesartan cilexetil on a glassy carbon
electrode using a new sensor and continuous coulometric fast
fourier transformation cyclic voltammetry. The new sensor
designed was based on silicon carbide nanoparticles and graphene
nanosheets hybrid mixed with ionic liquid [110].

OH .

N_ _CHs

CHj

a.  Chemical Name: 2-{4-[(2RS)-2-Hydroxy-3-[(1-methylethyl) amino] propoxy] phenyl} acetamide.

b. Molecular Formula: C_H _N. O

1477220 27730

c¢.  Molecular Weight: 266.3 gm/mol.

d.  Physical Properties: White or almost white powder, sparingly soluble in water, soluble in anhydrous ethanol, slightly

soluble in methylene chloride, freely soluble in methanol.
e.  Melting Point: 146 - 148 °C.

Pharmacological Action

Atenolol is b-blocker [111] used for the treatment of

hypertension without compelling indications [112].

Official Method of Determination

Atenolol is official in B.P. 2013 [1] which describes a
potentiometric titration with perchloric acid in anhydrous-acetic

acid medium.

Literature Review

Spectrophotometric Methods: Pawar, et al. [113] described
UV spectrophotometric method for the determination of atenolol
and indapamide in a binary mixture. In this method, the signals
were measured at 225 nm and 240 nm, respectively after dissolving
atenolol and indapamide in methanol. In addition, two methods
were used for the determination of atenolol in combined tablet
dosage form. The first method was based on absorbance ratio at

232 nm (iso-absorptive point) whereas, the second method was
depending on the first order derivative spectroscopy using 214 nm
(zero cross for atenolol) [114]. Atenolol and chlorthalidone were
dissolved in methanol followed by further dilutions with methanol
then absorbance maxima were found to be 225 nm and 284 nm,
respectively [115]. Another UV spectrophotometric method was
used for determination of atenolol and atorvastatin in tablet dosage
forms. The method was based upon dissolving drugs in methanol
then determination of )\max of both drugs at 225 nm and 241 nm,
respectively [116]. Edebi, et al. [117] described titrimetric and UV
spectrophotometric methods for the qualitative and quantitative
determination of atenolol in tablet form. The titrimetric method
was based on the use of non-aqueous acetous perchlorate while
the spectrophotometric method was based on evaluation in organic

solvent medium of binary A___of 275 nm and 282 nm.

The colored complexes were formed between atenolol and
DDQ, DNP and TNP, were measured at Amax 590 nm, 420 nm and 420
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nm, respectively [118]. Kinetic spectrophotometric method for the
determination of atenolol in bulk form and tablet was described.
The method was based on measuring the decrease in absorbance
of cerium at A 360 nm [119]. DDQ was utilized for determination
of atenolol forming charge transfer complex with maximum
absorbance at A_ 405 nm [120]. Zero crossing method was used
for the simultaneous determination of atenolol in combined
dosage form. The absorbance was measured atA__ 275 nm [121].
UV-spectrophotometric method was applied for the estimation of
atenolol in its tablet dosage forms. The absorbance was measured
atA  273.2nminammonium acetate solution [122]. The marketed
combination of atenolol and amlodipine besylate was dissolved in
0.1N HCIL The spectra of amlodipine and atenolol exhibited A of
239 nm and 228 nm, respectively [123]. Second order UV derivative
spectrophotometric method for the determination of atenolol was
used for quantification at 245 nm [124]. Moreover, Kudige and
Nagaraju [125] described a spectrophotometric method for the
determination of atenolol in bulk drug and in tablets. Atenolol was
dissolved in 0.1N sodium hydroxide then measuring the absorbance
at 273 nm.

Afaf, et al. [126] described several methods for simultaneous
determination of atenolol and chlorthalidone. The first method
depended on first derivative of the ratio’s spectra by measurements
of the amplitudes at 235 nm for atenolol and (236, 249 nm) for
chlorthalidone. The second method depended on measuring
the absorbance at the isosbestic point at 283.5 nm for the
total concentration of both drugs where the concentration of
chlorthalidone was determined by direct spectrophotometric
method at A 250 nm in the presence of atenolol, while the
concentration of atenolol is calculated by subtraction. The third
method was factorized absorptivity method at which both drugs
are determined at more than one isosbestic point (265, 284 nm).

Spectroflourimetric Methods: Spectroflourometric method
was described for the determination of atenolol in tablet dosage
form by measuring its strong fluorescence upon dissolving drug in
0.1N sodium hydroxide in boiling water bath. The resulting product
exhibited fluorescence at A 302 nm when excited at A _ 278 nm
[127].

Chromatographic Methods: Bhaskara, et al. [128] described
HPLC method for determination of atenolol in pharmaceutical
formulation; using Atlantis C column, 20 mM ammonium acetate
: methanol (60:40, v/v) as mobile phase with UV detection at 225
nm. GC-MS was used for determination of atenolol in human urine.
Atenolol and metoprolol (as internal standard) were extracted
from human urine by liquid liquid extraction then derivatization
reaction occurred between these extracts and MSTFA (as a
chromagenic derivatization reagent) to increase sensitivity [129].
Walaa El-Alfy, et al. [130] developed a simple RP-HPLC-PDA method
for determination of atenolol and trimetazidine in human urine and

tablets. Analytes were separated on a Caltrex BI column (125x 4.0

mm, 5 pm) with 25mM potassium dihydrogen phosphate pH 3.3,
methanol, and acetonitrile mobile phases. The PDA detector was
operated at 210 nm for trimetazidine and 225 nm for atenolol and
the flow rate was 1.0 mL/ min. RP-HPLC method was developed
for the determination of atenolol and hydrochlorothiazide in tablet
form using Xterra ODS C,, column, water, and methanol (50:50,
v/v) as mobile phase and UV detector at 230nm [131].

HPTLC method was used for simultaneous determination
of atenolol and losartan potassium in tablet dosage form. The
separation was performed on precoated Silica Gel 60 F-254
aluminum sheets by using mobile phase consisting of ethyl acetate
: methanol : 1,4 dioxane : ammonia (10:2:1:2, v/v/v/v) with UV
detection at 225 nm [132]. Furthermore, another RP-HPLC and
UV spectroscopy were used for determination of atenolol and
lercanidipine hydrochloride in bulk and tablet dosage forms [133].
Ravi, et al. [134] described UPLC method for determination of
atenolol in tablet dosage forms. This method was performed on
Zorbax-C_, column using mobile phase consisting of buffer (sodium-
1-heptane sulfonate and anhydrous dibasic sodium phosphate) and
methanol in the ratio (70:30, v/v) with UV detection at 226 nm.

Miscellaneous Methods: An ion-selective electrode was used
for determination of atenolol in pharmaceutical preparation. This
electrode consisted of membrane containing atenolol-phospho
tungstate complex and di-octyl phthalate (as a plasticizer) [135].
Diffuse reflectance spectroscopy was used for the determination
of atenolol in pharmaceutical formulations. In this method, the
drug reacted with p-chloranil producing a colored compound
550 nm [136]. lontophoresis

method was used to raise transdermal permation of atenolol

with maximum absorption at A__
from films [137]. Prashanth, et al. [138] described non-aqueous
titrimetric method for the determination of atenolol in bulk and
pharmaceutical formulations. The method was based on the
titration of the drug in glacial acetic acid with acetous perchloric
acid to the visual end point using crystal violet as indicator or to
the potentiometric end point using a modified glass electrode-SCE
system. Oxidimetric reagents, like potassium bromate and acid
dyes, methyl orange and indigo carmine were used for titrimetric
and spectrophotometric determination of atenolol and propranolol
hydrochloride in pharmaceutical dosage form [139].

Determination of atenolol and propranolol in pharmaceutical
formulations using square-wave voltammetry and a cathodically
pretreated borondoped diamond electrode was described. These
electroanalytical determinations of propranolol or atenolol were
carried out in 0.1 mol L-1 H,SO, or 0.5 mol L-1 NaNO, (pH 1.0,
adjusted with concentrated HNO,), respectively [140].

Bisoprolol Fumarate Scheme [5]

Pharmacological Action

Bisoprolol is b-blocker and is used in treatment of hypertension
and heart failure [141,142].
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Scheme 5: Bisoprolol Fumarate

OH
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CO,H

CO,H

a.  Chemical Name: (2RS)-1-{4-[(2-(isopropoxyethoxy) methyl] phenoxy}-3-[isopropyl amino] propan -2-ol fumarate.

b. Molecular Formula: C, H N,O,,.

© Molecular Weight: 767 gm/mol.

d.  Physical Properties: White or almost white powder, slightly hygroscopic powder, very soluble in water, freely soluble

in methanol.
e. Melting Point: 100 °C.

Official Method of Determination

Bisoprolol is official in B.P. 2013 [1] which describes a
potentiometric titration with perchloric acid in anhydrous-acetic
acid medium.

Literature Review

Methods:
determination of bisoprolol fumarate and amlodipine besylate

Spectrophotometric Spectrophotometric
in 10% methanol was based on using simultaneous equation
method that had been carried out at two wavelengths 222 nm
and 365 nm, respectively [143]. Hydrotropy solubilization agents
were used for simultaneous spectrophotometric determination
of bisoprolol fumarate in tablets with maximum absorbance at
wavelength 271nm [144]. The formation of an ion pair complex
between bisoprolol and methyl orange in acid medium was used
as spectrophotometric method for determination of bisoprolol.
The produced complex was measured at 427 nm [145]. Two
spectrophotometric methods were used for the determination of
propafenone HCl, naftidrofuryl oxalate and bisoprolol hemifumarate
in pure form and pharmaceutical preparations. The first method
depended on formation of ion -pair complexes between the drugs
and two dyes namely tropeolin 000 or chromazurol S while the
second method depended on formation of ternary complex between
the drugs and the binary inorganic complex mo (v)-thiocyanate
then extraction with methylene chloride [146]. Fadel and Anas
[147] applied the bivariate calibration method for determination
of hydrochlorothiazide and bisoprolol fumarate in pharmaceutical

tablets at new A__ 273.5 nm and 293 nm, respectively.

Visible spectrophotometric method was developed for the
determination of bisoprolol based on the formation of blue colored

chromogen when drug reacted with ferric chloride and pottasium
ferricynide. This blue colored complex was measured at 770 nm
[148]. A very simple, accurate and rapid spectrophotometric
method was developed for estimation of bisoprolol fumarate and
levobunolol hydrochloride using excess cericammonium sulphate
in sulphuric acid medium as oxidant. The unreacted Ce+4 have been
determined using two different dyes indigo carmine and methyl
orange. The colored solutions of indigo carmine and methyl orange
have maximum absorbance at 610 nm and 504 nm respectively
[149].

Spectrofluorimetric Methods: Abd El-Kawy, et al. [150]
described spectrofluorimetric determination of bisoprolol fumarate
and valsartan in spiked plasma and tablets .The fluorescent product
was formed in 0.1N H,SO, with excitation wavelength at 227 nm
and emission wavelength at 298 nm.

Chromatographic Methods: Li, et al. [151] developed LC-
ESI-MS method for the determination of bisoprolol in human
plasma, using metoprolol as internal standard. After alkalization
with sodium hydroxide, the samples were extracted with ethyl
acetate then separated on ZORBAX SB-C,, column with a mobile
phase of 10 mM ammonium acetate buffer containing 0.1%
formic acid-methanol (32:68, v/v). Fluorescence HPLC method
was developed for determination of bisoprolol in human plasma,
based on derivatization with NBD-Cl in borate buffer at pH 9.5.
The resulting a fluorescent product was determined on a C18
reversed phase column by using mixture of methanol : water
(70:30, v/v) with fluorescence detector at A_ 458 nm /A__ 525 nm
[152]. Stability indicating liquid chromatography was performed
by Madhusudhanareddy, et al. [153] in which bisoprolol fumarate

was separated on a C,, column with ammonium dihydrogen
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orthophosphate (buffer) (pH 5.6) : acetonitrile (75:25, v/v) as
a mobile phase and detected using a diode array at 226 nm. A
simple, specific, and precise RP-HPLC method was developed and
validated for simultaneous determination of bisoprolol fumarate
and rosuvastatin calcium in new formulated tablets.

The developed RP-HPLC method depended on chromatographic
separation using C,; column (150 x 4.6 mm, 5 pm) with mobile
phase consisting of acetonitrile and 0.05 aqueous solution of
orthophosphoric acid at the ratio of 65:35 % (v:v) with a flow
rate of 1 mL/min and UV detection at 230 nm [154]. HPTLC
method was used for simultaneous determination of bisoprolol
and hydrochlorothiazide in pharmaceutical dosage forms. The
separation was performed on precoated Silica Gel 60 F-254
aluminum sheets by using mobile phase consisted of ethyl acetate :
methanol : ammonia (10:0.5:0.5, v/v/v) at 225nm [155].

Hydrochlorothiazide Scheme [6]

Cl
H->N _
§ d—’S\‘\
O O

Scheme 6: Hydrochlorothiazide

Miscellaneous Methods: Differential pulse voltammetric
method was described for the determination of bisoprolol in
pharmaceutical formulations at glassy carbon electrode. The
reaction was carried out in 0.5 M phosphate buffer solution at
pH 7.2 [156]. Jingwu, et al. [157] described CZE coupled with
tris (2, 2'-bipyridyl) ruthenium (II)-based end-column ECL for
determination of bisoprolol after separation from metoprolol and
other co-existed materials in tablets and urine samples. Deshmukh,
et al. [158] described direct compression method using sodium
starch glycolate, croscarmellose sodium and crospovidone as super
disintegrants in different concentrations for fast dissolving tablets
of bisoprolol fumarate. Direct compression and wet granulation
were used with different proportion and types of diluents and
different binder types for preparation of bisoprolol fumarate
tablets [159].

H

I{I\I
N
>S__H

o~ ~o

a.  Chemical Name: 6-Chloro-3, 4-dihydro-2H-1, 2, 4-benzothiadiazine -7-sulfonamide 1, 1-dioxide.

b.  Molecular Formula: C_H,CIN.O,S.
@ Molecular Weight: 297.7 gm/mol.

d.  Physical Properties: White or almost white, crystalline powder, very slightly soluble in water, soluble in acetone,
sparingly soluble in ethanol. It dissolves in dilute solutions of alkali hydroxides.

e.  Melting Point: 273-275 °C.

Pharmacological Action

Hydrochlorothiazide is a thiazide diuretic and is considered the
most commonly used as antihypertensive drug [160]. It decreases
blood pressure by direct arterial dilation [161]. It is used alone
or in a combination with other antihypertensive agents such as
b-blockers and rennin angiotensin system blockers [162].

Official Method of Determination

Hydrochlorothiazide is official in B.P. 2013 [1] where it was
determined by chromatographic system.
Literature Review

Spectrophotometric Methods: Spectrophotometric method
was based on using chlorpheniramine maleate as a hydrotropic
solubilizing agent to solubilize hydrochlorothiazide from tablets

then analysis was carried out at 317 nm [163]. Nikam, et al.

[164] described first order derivative UV spectrophotometric
method for estimation of valsartan, amlodipine besylate and
hydrochlorothiazide in combined dosage form .The absorbance of
three drugs was measured at 245, 265 and 279 nm, respectively.
UV spectrophotometric method was used for the determination
of amlodipine besylate, valsartan and hydrochlorothiazide in bulk
and combined tablet form by dissolving three drugs in methanol
followed by the further dilutions. Absorbance was measured at
239 nm, 250 nm and 272 nm, respectively [165]. Patel, et al. [166]
described Q-absorbance equation spectrophotometric method for
determination of hydrochlorothiazide and candesartan cilexetil
in tablet dosage forms. UV-spectrophotometric and ion pair
chromatographicmethod had been used for determination valsartan
and hydrochlrothiazide in tablet dosage forms [167]. Continuous
wavelet transformation was developed for spectrophotometric
determination of hydrochlorothiazide in tablet dosage form. The
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experimental results obtained from this method were compared
with those obtained from derivative spectrophotometry [168].

Abd El kawy, et al. [169] described ratio subtraction method
for resolving the overlapping spectra of two binary mixtures:
moexipril hydrochloride with hydrochlorothiazide and fosinopril
with hydrochlorothiazide in pharmaceutical preparations. The
signals were measured at 205 nm and 209 nm respectively.
Simultaneous equation, absorption ratio and first order derivative
spectroscopy methods had been used for spectrophotometric
determination of amlodipine besylate and hydrochlorothiazide
in tablet form [170]. Simultaneous equation spectrophotometric
method was used for estimation of hydrochlorthiazide in bulk and
pharmaceutical formulations. The absorbance was measured at
A, of 271nm for hydrochlorothiazide after dissolving in methanol
[171]. First order derivative spectrophotometric method was
described for determination of nebivolol and hydrochlorothiazide
in tablets .The absorbance was measured at 270 nm and 282 nm for
nebivolol and hydrochlorothiazide, respectively [172]. Oxidation of
hydrochlorothiazide by ammonium metavanadate formed complex
which was measured spectrophotometrically atA 365 nm [173].

Another UV spectrophotometric method for determination
of hydrochlorothiazide and valsartan in solid dosage forms was
described. This method was based on dissolving drugs in methanol
then absorbance was measured at 271 nm for hydrochlorothiazide
[174]. Two spectrophotometric methods were presented for
estimation of atenolol and hydrochlorothiazide in combined
dosage form. The first method was area under curve and the
absorbance was measured between 221 to 231 nm and 265 to 275
nm for atenolol and hydrochlorothiazide, respectively. The second
method was second order derivative spectrophotometry, and the
absorbance was measured at 226 nm and 270 nm for atenolol and
hydrochlorothiazide, respectively [175].

Different solvents such as distilled water and 0.01 N NaOH
were used for the determination of hydrochlorothiazide in tablet
dosage form and measuring the absorbance at A 272 nm
and between 200 nm and 400 nm in case of distilled water and
0.01N NaOH, resbectively [176]. Two methods were described
for spectrophotometric determination of hydrochlorothiazide in
bulk and in pharmaceutical dosage forms through simultaneous
equation method and absorption correction method then the
absorbance was measured at 271.2 nm and 316.4 nm, respectively
[177].
developed for the determination of hydrochlorothiazide in bulk

Absorbance ratio spectrophotometric method was
and pharmaceutical formulations. Hydrochlorothiazide had shown

an isoabsorptive point at 287 nm in methanol [178].

UV spectrophotometric method was applied for estimation of
hydrochlorothiazide in bulk drug by using 6M urea and 10% citric
acid to achieve hydrotropic solubilization of drug in pharmaceutical
dosage forms. The absorbance was measured at 272 nm [179].

Chromatographic Methods: RP-HPLC was used for the
determination of enalapril maleate and hydrochlorothiazide
in tablet formulation. The separation was performed on a
Supelcosil LC8 column with a mobile phase consisting of 3.0
mM tetra butyl ammonium hydrogen sulfate in acetonitrile/
water/ triethylamine (14: 85.6: 6.4, v/v/v) adjusted to pH 4.1
by glacial acetic acid and detection was carried out at 220 nm
[180]. HPLC method was developed for the determination of
irbesartan and hydrochlorothiazide in combined dosage form. The
chromatographic analysis was achieved by using a supelcosil C ,
column and methanol : tetra hydrofuran : acetate buffer (47:10:43,
v/v/v) as a mobile phase adjusted to pH 6.5. The detection was
carried out at wavelength 271 nm [181]. Dhanalakshmi, et al. [182]
described RP-HPLC method for the determination of telmisartan
and hydrochlorothiazide in tablet formulation. The separation was
carried out on column C; with mixture of ammonium phosphate
buffer and acetonitrile (60:40, v/v) as a mobile phase. The detection
was carried at 270 nm. HPTLC method was used for simultaneous
determination of olmesartan medoxomil and hydrochrolothiazide
in pharmaceutical preparations. The separation was performed on
silica gel 60 F254 plates using toluene : methanol : ethylacetate :
acetone (2.5:1:0.5:2, v/v/v/v) as the mobile phase. The analysis

was carried out at 258 nm [183].

UPLC was developed for the determination of valsartan and hy-
drochorothiazide in combined dosage forms using kromasil eterni-
ty C,, column and triethylamine buffer (0.1 % v/v) (pH 3.0 adjust-
ed with o-phosphoric acid) and methanol (75:25, v/v) as a mobile
phase. The detection wavelength was measured at 225 nm [184].

RP-HPLC method for the determination of hydralazine and
hydrochlorothiazide in bulk and pharmaceutical dosage forms.
The separation was carried out on Inertsil ODS C,, using mixture
of 0.01M potassium dihydrogen orthophosphate buffer and
acetonitrile (60:40, v/v) as a mobile phase, pH was adjusted to 4.8
with orthophosphoric acid. Drugs were detected at 217 nm [185].

Miscellaneous Methods: Diffuse reflectance spectroscopy
was performed for the determination of hydrochlorothiazide
by the
hydrochlorothiazide and p-dimethyl
(PDAC) in acid medium to form colored compound [186]. The
electrochemical oxidation behavior of hydrochlorothiazide was

in pharmaceutical formulations reaction between

amino cinnamaldehyde

studied on a glassy carbon as a working electrode to optimize an
analytical method for the determination of hydrochlorothiazide in
pharmaceutical formulations and biological fluids. The reaction was
carried out in britton-robinson buffer solution at pH3 [187]. Three
chemometric calibrations; principal component regression (PCR),
partial least squares (PLS) and artificial neural network (ANN)
were used for determination telmisartan and hydrochlorotiazide in

the commercial pharmaceuticals [188].
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