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Abstract

A combination of candesartan cilexetil and hydrochlorothiazide in the tablet dosage form is developed by Takeda and recently
approved by the United States Food and Drug Administration (USFDA) for the treatment of hypertension. The main objective
of the current work was to optimize and develop a novel and robust stability-indicating reversed-phase ultra-performance
liquid chromatography (RP-UPLC) method for simultaneous quantification of candesartan cilexetil and hydrochlorothiazide
and their impurities in various tablet dosage forms and application to content uniformity and dissolution studies. The chroma-
tographic condition is accomplished using a mobile-phase gradient system consisting of purified water—acetonitrile—glacial
acetic acid (95:5:0.1, v/v) as mobile phase A and purified water—acetonitrile—glacial acetic acid (5:95:0.1, v/v) as mobile
phase B at flow rate 0.4 ml/minute, wavelength 265 nm, injection volume 1.0 uL, column oven temperature 30 °C, sample
cooler temperature 15 °C, and ZORBAX Eclipse Plus RRHD C18 column (5 cm X 2.6 mm, 1.8 um). Calibration curves
are achieved in the linearity range (1-240 pg/mL) and (3-225 ug/mL) with a correlation coefficient>0.9999 and a mean
recovery percentage of 100.07 +0.89 and 100.62 +0.70 for candesartan cilexetil and hydrochlorothiazide, respectively. The
suggested method is found to be selective as no overlapping showed from either solvent or placebo with the studied drugs
and also purity threshold is greater than the purity angle under all forced degradation conditions. The current research of
the developed UPLC method is validated as per the International Council for Harmonisation (ICH) guidelines and can be
facilely applied in quality control or bioequivalence studies.

Keywords Candesartan cilexetil - Hydrochlorothiazide - Content uniformity - Dissolution - Impurities - Stability-indicating
RP-UPLC

Introduction

USFDA approved Atacand Plus and Blopress Plus drugs
which are manufactured by AstraZeneca and Takeda phar-
maceutical companies, respectively, and these drugs contain
a combination of candesartan cilexetil and hydrochlorothi-
azide for treating hypertension. Candesartan cilexetil is
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an “angiotensin II receptor,” which means that it prevents
the function of a hormone in the body called angiotensin
II. Angiotensin II is a strong vascular strait. By inhibiting
receptors with which angiotensin II is usually associated,
candesartan stops the hormone effect, allowing blood ves-
sels to expand and lower blood pressure. Another sort of
hypertension medication is hydrochlorothiazide, which is
a diuretic. It works by boosting urine production, lower-
ing blood pressure, and decreasing fluid in the blood. The
combination of both drugs works together to reduce blood
pressure more effectively than either drug alone [1].
Candesartan cilexetil (CNC), angiotensin II (AT1)
receptor antagonist, is chemically characterized as (1RS)-
1-[[(cyclohexyloxy)carbonyl] oxy] ethyl 2-ethoxy-1-[[2'-
(1H-tetrazol-5-yl) biphenyl-4-yl] methyl]-1H-benzimida-
zole-7-carboxylate with physical properties, white or almost
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white powder, practically insoluble in water, freely soluble
in methylene chloride, and slightly soluble in anhydrous eth-
anol. Its chemical formula is C;3H;,N¢Og, and its structural
formula is shown in Fig. 1a [2].

Hydrochlorothiazide (HCT) (Fig. 1b), thiazide diuretic, is
chemically characterized as 6-chloro-3,4-dihydro-2H-1,2,4-
benzothiadiazine-7-sulfonamide 1,1-dioxide with physical
properties: white or almost white crystalline powder, low
water solubility, soluble in acetone, and low ethanol sol-
ubility (96%). It dissolves in diluted solutions of alkaline
hydroxides. Its chemical formula is C;HgCIN;0,S, [2].

CNC and HCT are officially reported in British Pharma-
copeia (BP) and the United States Pharmacopeia (USP) [2,
3]. The literature review showed various analytical methods
have been published for the identification and estimation
of CNC and HCT drugs by high-performance liquid chro-
matography (HPLC) methods [4-16], HPTLC methods [17,
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18], LC-MS methods [19-21], spectroscopic methods [22,
23], and UPLC methods [24, 25].

Stability-indicating UPLC method is in high demand to
assure the purity and efficacy of the pharmaceutical formula-
tion through all stages and their long term. Furthermore, the
separation of the degraded products is required to guarantee
the safety and quality of the product and to estimate the
degradation pathways [26-39].

Few UPLC methods had been published for concurrent
quantification of CNC and HCT in tablet dosage form, and
the comparison of the suggested method and the reported
one is displayed in Table 1. The uniqueness of the proposed
method is to establish fully validated stability-indicating
UPLC method with high selectivity and sensitivity after
exposing the studied drugs in pure and tablet dosage form
to a wide range of exertion conditions, but the published
UPLC methods were appropriated only for estimation of
the examined drugs without broaching the forced degrada-
tion conditions. Moreover, the second goal of the current
research work is the application of content uniformity and
dissolution studies.

Materials and methods
Chemicals and reagents

UPLC grade acetonitrile and methanol and analytical grade
polysorbate 20, hydrochloric acid, sodium hydroxide, gla-
cial acetic acid, and hydrogen peroxide were purchased from
Scharlau, Spain. Ultra-purified water was prepared with a
Milli-Q water purification system (Millipore, USA). Work-
ing standard of CNC and HCT and finish products of Blo-
press® Plus 8/12.5 and 16/12.5 mg tablet were provided by
Hikma Pharmaceutical Company (Amman, Jordan).

UPLC instrumentation

ACQUITY UPLC H-Class (Waters, Milford, MA, USA) com-
plies with the Code of Federal Regulations (CFR) part 11 for
data integrity and is equipped with the photodiode array (PDA)
detector, binary solvent, sample, and column manager. Data
analysis and processing supported with Empower 3 software.

Chromatographic conditions

Mobile phase contained purified water—acetonitrile—gla-
cial acetic acid (95:5:0.1, v/v) as solution A and purified
water—acetonitrile—glacial acetic acid (5:95:0.1, v/v) as solu-
tion B with gradient scheme (i) 01 min: 100% (A), 0% (B);
(i1) 1-2.7 min: 5% (A), 95% (B), (iii) 2.7-2.8 min: 100% (A),
0% (B), and (iv) 2.8-4.5 min: 100% (A), 0% (B). Inject 1.0
uL of each solvent, standard, and sample using the following
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Table 1 Comparison of accuracy and recovery results of both the proposed and the reported methods for determination of CNC and HCT

Method Application Mobile phase

Flow rate  Run time Waste®

CNC (%) HCT (%)

UPLC (The pro- Degradation products, content
posed method)  uniformity and dissolution
studies

purified water—acetonitrile—
glacial acetic acid (95:5:0.1,
v/v) as mobile phase A and

0.4 mL/min 4.5min 1.8 g/sample 100.1 100.6

purified water—acetonitrile—
glacial acetic acid (5:95:0.1,
v/v) as mobile phase B

UPLC*

Continuous wavelet transforms methanol and Britton—Robin-

0.3 mL/min 7 min 2.1 g/sample  99.9 98.4

son (B—R) buffer (pH=2.0)

(81:19, v/v)
UPLC-MS/MS?  Quality by Design

Mobile phase was prepared

0.8 mL/min 2 min 1.6 g/sample  97.4 97.2

by adding buffer solution A
and solution B in the ratio
of 80:20 (v/v). Solution A
(5 mM ammonium acetate),
methanol: acetonitrile in the
ratio of 15:85 v/v (Solution

B)

*Waste = (run time X flow rate) for HPLC methods

conditions: ZORBAX Eclipse Plus RRHD C18 column
(5 cm X 2.6 mm, 1.8 um), flow rate 0.4 ml/minute, wavelength
265 nm, column oven temperature 30 °C, and sample cooler
temperature 15 °C. Perform the washing method before and
after running the sequence about 15 min with mobile phase,
40 min with weak wash (10-20% organic:80-90% H,0), and
30 min with strong wash (70% organic:30% H,0).

Standard solution preparation (for LC 8/12.5
and 16/12.5)

Weigh accurately about the equivalent to 9.6 mg of CNC and
15 mg of HCT working standard, transfer completely into a
100-mL volumetric flask with the aid of 75 ml of solvent, soni-
cate for about 15 min, complete up to volume using solvent
and mix well, and then filter through a syringe membrane filter.

Sample solution preparation for assay and content
uniformity (for LC 8/12.5 and 16/12.5)

Weigh 20 tablets and calculate the average weight per tablet,
weigh accurately about the equivalent to 9.6 mg of CNC and
15 mg of HCT from the sample being examined, transfer com-
pletely into a 100-mL volumetric flask with the aid of 75 ml
of solvent, sonicate for about 20 min with handshaking (shake
for 10 s every 2 min), complete up to volume using solvent and
mix well, and then filter through a syringe membrane filter.
HPLC chromatograms are displayed in Fig. 2.

Solvent for assay, content uniformity, and impurity
tests

Ultra-purified water and methanol (10:90) were used as
solvents.

Standard solution for dissolution test

Weigh accurately about the equivalent of 8 mg of CNC
and 12.5 mg of HCT working standard, transfer completely
into a 100-mL volumetric flask with the aid of 50 ml of
acetonitrile, sonicate for about 5 min, and complete up to
volume with acetonitrile and mix well. Dilute 2 ml of the
resulting solution into a 200-mL volumetric flask, com-
plete up to volume with dissolution medium and mix well,
and then filter through a syringe membrane filter.

Dissolution conditions

Operate the system at the following parameters: dissolution
medium 1.0% (w/v) polysorbate 20 adjusted with 1.0 N
NaOH at pH 6.8, volume 900 mL, apparatus: USP type II
(paddle), speed 50 rpm, time interval 45 min, and tempera-
ture 37°C+0.5 °C.

Calibration curves construction

Different concentrations of CNC and HCT were obtained by
diluting aliquots of standard solution in a series of 10-ml vol-
umetric flasks to get concentrations equivalent to (1-240 pg/
mL) and (3-225 pg/mL) of CNC and HCT, respectively. The
sequence of injection was performed as follows: one injec-
tion of standard solution # 01 (system setup), five replicate
injections of standard solution # 01 (system suitability), two
replicate injections of standard solution # 02 (standard check
recovery), one injection of diluent (wash), one injection of
diluent (blank), two replicate injections of standard solution
#02 (two-point calibration #01), two replicate injections of
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Fig.2 a Standard solution of CNC and HCT, b assay test of Blopress Plus tablet, and ¢ placebo

test solution # 01, two replicate injections of test solution
# 02, and two replicate injections of standard solution #02
(two-point calibration #02). The maximum number of sam-
ple injections between two consecutive two-point calibration
sets was 12 (for all type of testing). In the sequence, the two-
point calibrations must be injected from the same standard
vial all over the sequence.

Results and discussion
Methods development and optimization

Many items were addressed and investigated during the opti-
mization a new RP-UPLC method for simultaneous deter-
mination of CNC and HCT in their tablet, and the obtained
results are displayed in Table S1 for mobile phase, flow
rate, columns, and wavelengths. Initially, more than one
method was tried with different compositions of the mobile
phase, such as methanol/water (50:50, v/v), methanol/water
(70:30, v/v), methanol:/water (80:20, v/v), and methanol/
water (95:5, v/v), but no peak was found; 0.05 M phosphate
buffer, pH 3.0/acetonitrile (50:50, v/v), 0.05 M phosphate
buffer, pH 5.5/acetonitrile (70:30, v/v), but only peak of
HCT was observed; and acetonitrile/water (50:50, v/v), ace-
tonitrile/water (55:45, v/v), acetonitrile/water/glacial acetic
acid (55:45:1, v/v), the peak of CNC was observed, and so,
gradient system was established to achieve the best separa-
tion for CNC and HCT. Mobile phase A consists of purified
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water—acetonitrile—glacial acetic acid (95:5:0.1, v/v), and
mobile phase B including purified water—acetonitrile—glacial
acetic acid (5:95:0.1, v/v) with gradient profile (i) 0—1 min:
100% (A), 0% (B); (ii) 1-2.7 min: 5% (A), 95% (B), (iii)
2.7-2.8 min: 100% (A), 0% (B), and (iv) 2.8—4.5 min: 100%
(A), 0% (B), showed the best development system for the
separation of both drugs CNC and HCT, respectively. Scan-
ning of the wavelengths in the range (200400 nm) shows
the best detector with a high resolution at 265 nm. Flow rates
were tried from 0.1 to 1.0 mL/min, which showed the best
one was 0.4 mL/min. Different types of stationary phases
with different suppliers were addressed as Hypersil Gold
C18 column (5 cmXx 2.1 mm, 1.9 um), ZORBAX Eclipse
Plus RRHD C18 column (5 cm X 2.6 mm, 1.8 pm), and Ace
Excel 2 C18 (§ cmx 2.1 mm, 2 um), showing ZORBAX
Eclipse Plus RRHD C18 column (5 cm X 2.6 mm, 1.8 um)
the higher-definition column with a rapid resolution. Also,
the column oven temperature was maintained at 30 °C with
a sampler cooler temperature of 15 °C. The final optimi-
zation system consists of a mobile phase containing puri-
fied water—acetonitrile—glacial acetic acid (95:5:0.1, v/v)
as solution A and purified water—acetonitrile—glacial acetic
acid (5:95:0.1, v/v) as solution B with gradient program (i)
0-1 min: 100% (A), 0% (B); (ii) 1-2.7 min: 5% (A), 95% (B),
(iii) 2.7-2.8 min: 100% (A), 0% (B), and (iv) 2.8—4.5 min:
100% (A), 0% (B), injection volume 1.0 pL,, ZORBAX
Eclipse Plus RRHD C18 column (5 cm X 2.6 mm, 1.8 um),
flow rate 0.4 ml/minute, wavelength 265 nm, column oven
temperature 30 °C, and sample cooler temperature 15 °C.
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Table 2 Linearity results of CNC and HCT in the proposed UPLC
method

Parameter UPLC method

CNC HCT
Linear
Range (ug/mL) 1-240 3-225
Slope 38.405 86.159
Intercept 0.061 0.214
Intercept/level 100% response 1.6 1.6
Correlation coefficient 0.9999 0.9999
Repeatability 0.06 0.94
LOD? (ug/mL) 0.20 0.62
LOQ?* (ug/mL) 0.61 1.82

*Limit of detection (3.3 X o /slope) and limit of quantitation (10X /
slope)

Method validation

The current UPLC method was developed and adjusted fol-
lowing the ICH Q2(R1) guidelines concerning the validation
of the analytical method [40].

Linearity and range

A series of different concentrations were prepared for 1-240
and 3-225 pg/mL for CNC and HCT, respectively, to evaluate
the linearity of the UPLC method procedure. After chroma-
tographing each preparation in triplicate, a linear regression
analysis was performed on the average peak areas versus the
concentration of the level studied. The displayed result showed
the method is linear over the concentration ranges with a cor-
relation coefficient equal to 0.9999 as demonstrated in Table 2.

Detection and quantitation limit

The limit of detection and quantitation of the proposed
UPLC method was computed using the validation of an

Table 4 Ruggedness and robustness of the proposed UPLC method

Parameter UPLC Limit %
CNC HCT

Day to day 1.49 153 RSD<2.0%

Analyst to analyst 0.88 0.95

Column to column 1.14  1.52

Flow rate change (+0.1 mL/min) 147 1.23

pH changes of mobile phase (+0.2) 1.18 1.45

Wavelength change (230 +2.0 nm) 149 133

Column temperature change (30,25 °C) 133 1.24

excel sheet for the linearity range, using the equation for-
mula (3.38/slope) and (108/slope), respectively, as men-
tioned in Table 2.

Accuracy and recovery

The objective of this study was to determine whether any
inert ingredient in the finished product interferes with CNC
and HCT peaks, so the placebo was prepared and spiked
with the three different concentrations (50%, 100%, and
150%) to evaluate the recovery study. The results met the
acceptance limit (98-102%), as given in Table S2.

Assay of dosage form

Test preparation was performed to evaluate the assay of CNC
and HCT in dosage form with different strengths. Each sam-
ple was injected in duplicate, and the results were calculated
using the average responses of two injections. The assay of
the dosage form meets the acceptance limit (90- 110%) of
the labeled amount as reported in Table 3.

Content uniformity test

Calculation of the acceptance value was done for the assay
of 10 samples of dosage unit individually using the equation

Table 3 Results of assay test for CNC and HCT in Blopress® Plus 8/12.5 and 16/12.5 mg tablet

Parameter Blopress® Plus Blopress® Plus Blopress® Plus Blopress® Plus Reference value
8/12.5 mg Tablet (CNC)  16/12.5 mg Tablet (CNC) 8/12.5 mg Tablet (HCT) 16/12.5 mg Tablet (HCT)

T1 100.90 101.80 101.50 100.33 90-110%

T2 101.70 99.90 102.40 101.28

T3 101.50 100.45 102.20 101.78

T4 101.50 102.45 101.70 101.35

T5 101.60 101.67 101.90 100.45

T6 101.90 100.84 102.00 101.65

Average 101.50 101.19 102.00 101.14

RSD % 0.33 0.94 0.32 0.60

@ Springer



768

Journal of the Iranian Chemical Society (2023) 20:763-773

formula: acceptance value = | M-X | +KS, showing the
acceptance value within the limit of stage I in USP NMT
15% as listed in Table S3.

Precision
System precision

The objective of this item was to find the degree of agree-
ment between the separate test results when the method is
utilized repeatedly for multiple injections of the same homo-
geneous samples as listed in Table 2.

Intermediate precision (Ruggedness)

The ruggedness of the analytical method may be shown by
running composite samples on each of the two days by the
second analysts. The first analyst analyzed the test prepara-
tions of the composite sample on the first day. A second
analyst used different equipment and repeated the analysis
on a second day. The assay method is rugged, and RSD is
less than 2.0% between the assay results through all change
stages as shown in Table 4.

Robustness

The robustness of the UPLC method is addressed to eval-
uate the minor changes in the proposed method as pH of
mobile phase, flow rate, wavelength, and column oven tem-
perature changes. The obtained result showed UPLC method
is a robust with relative standard deviation less than 2.0%
between the assay results through all change stages as dis-
played in Table 4.

Stability of the analytical solution

This study intends to check the stability of active ingredi-
ents by analyzing the standard and sample preparations after
two days in the fridge and at room temperature. The assay
results showed within +2.0% of the actual amount, as given
in Table S4.

Filter compatibility
The purpose of this study was to determine the effect
of the filtration procedure on the standard and sample

solution using two types of filters (Micro Solv cellulose
and PTFE syringe membrane filter 25 mm and 0.2 pm,
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respectively). Standard and sample solutions were filtered
and two portions of filtrate of each first four milliliters and
first eight milliliters and analyzed in duplicate correspond-
ing to unfiltered standard and sample. The assay results
showed within the limit (98-102%), and the two types of
filters are suitable after discarding the first three millilit-
ers, as given in Table S4.

Application of dissolution test

Operate the system at the parameters specified. At the
specified time, withdraw 10 ml from each dissolution ves-
sel. Filter through a syringe membrane filter and inject
the test preparation after transferring vials to the HPLC
system to evaluate the dissolution rate of CNC and HCT
in dosage form with different strengths. The dissolution
results of dosage form meet the acceptance limit NLT 80%
of the labeled amount of CNC and HCT dissolved with
RSD NMT 10% as shown in Table S5.

Specificity
Selectivity

The objective of the selectivity test is to make sure that the
proposed method is selective to the targeted dosage form.
The selectivity test was established by injecting all materi-
als than the active ingredient as solvent and placebo, and
the figures show no interference from solvent and placebo
in the CNC and HCT retention time.

Forced degradation

In order to establish stability-indicating capability method
for CNC and HCT in Blopress Plus tablet, CNC raw mate-
rial, HCT raw material, Placebo, and Blopress plus tab-
let were subjected separately to the following conditions:
acidic ( 5 mL of 1 N HCI for 60 min at 95 °C), basic (5 mL
of 1 N NaOH for 60 min at 95 °C), heat (30 min at 95 °C),
photolysis (sun test 765 w/m? at 35 °C for 3 h), and oxida-
tion (5 mL of 30% H,0, for 30 min at 95 °C). CNC and
HCT peaks were found to be pure under all forced degra-
dation conditions since the purity threshold is greater than
the purity angle and the purity flag value is none for the
active ingredients under all conditions, as shown in Figure
S1, Figs. 3 and 4, and Table 5.
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Fig.3 (continued)

System suitability

It is generally desirable to ascertain the suitability and
effectiveness of the operating system when employing
chromatographic methods such as pressurized liquid chro-
matography. It should be noted that the specification of the
effective parameter in the CNC and HCT assay procedures

does not preclude the use of other suitable operating con-
ditions. To obtain acceptable operations, chromatograms
may be required to ascertain the effectiveness of the final
operating system. The system suitability results for five
replicates in the standard of CNC and HCT are given in
Table 6 showing the system is suitable.

Table 5 Stability-indicating capability of CNC and HCT in RAW and tablet dosage form by the proposed UPLC method

API RAW Tablet
Condition Peak Area % Degradation Purity angle Purity threshold Peak area % Degradation Purity angle Purity threshold

CNC Normal 345,125 - 0.167 0.355 3,550,121 - 0.157 0.340
Heat 228,135 339 0.151 0.334 218,657 375 0.166 0.352
Acidic 305,133 11.6 0.161 0.345 296,899 152 0.160 0.342
Basic 0 100.0 0.150 0.330 216,865  38.1 0.153 0.338
Photolysis 320,315 7.2 0.168 0.364 322,820 7.8 0.149 0.322
Oxidative 180,552  47.7 0.165 0.350 333,339 438 0.147 0.318

HCT Normal 1,245,625 - 0.030 0.249 1,177,684 - 0.037 0.264
Heat 1,034,223 17.0 0.033 0.256 650,084 448 0.035 0.260
Acidic 1,132,470 9.1 0.031 0.251 947,461 19.5 0.031 0.254
Basic 760,577 389 0.035 0.259 1,120,425 49 0.034 0.258
Photolysis 695,734  44.1 0.032 0.254 659,357  44.0 0.032 0.251
Oxidative 1,207,358 3.1 0.028 0.245 661,151 439 0.030 0.247
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Fig.4 Chromatograms of impurity test of CNC and HCT under conditions: a normal condition, b heat, ¢ acid, d base, e sunlight, f oxidation
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Fig.4 (continued)

Table 6 System suitability testing parameters of the developed UPLC
method

Item UPLC Reference values
CNC HCT

Tailing factor 1.2 1.2 T<2
Injection precision 0.32 0.33 RSD<1%
Number of theoretical plates 18,994 9274 N>2000

N)
Retention time (Rt)) 0.28 0.24 RSD<1%
Conclusion

A novel and accurate stability-indicating RP-UPLC
method is developed and verified for the estimation of the
combination of CNC and HCT and their related substances
in Blopress® Plus 8/12.5 and 16/12.5 mg tablet dosage.
Application to content uniformity weight and dissolution
studies showed the results matching with the acceptance
criteria of stage I in USP. All items of test method valida-
tion matched with the acceptance criteria that set in ICH
guidelines. Stress degradation and selectivity were per-
formed, showing no interference between the placebo and
the studied drugs, and the active ingredient peaks are pure
under all stress degradation conditions. Relying on the
accepted results, the proposed UPLC method is confirmed

@ Springer
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and capable of indicating stability and can be used in qual-
ity control for release and stability studies.
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