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Nowadays, various single-pill combinations are used as the best choice in hyper-
tension management. However, these pills made a high challenge to analysts
in terms of quality control assays. We have developed three sensitive, selec-
tive, fast, simple, green, accurate, precise, and robust isocratic high-performance
liquid chromatography methods for simultaneous determination of valsartan
and atenolol in dosage forms. To find the appropriate high-performance liq-
uid chromatography conditions for the separation of the examined drugs, vari-
ous columns, isocratic mobile phase systems were tried, and successful attempts
were performed. The used columns proved to be indispensably applicable and
gave a shorter analysis time and peak symmetries. This reduction in total run
time leads to low solvent consumption and makes all methods more economi-
cal. The linearity, accuracy, and precision remained within the acceptable lim-
its. Therefore, all developed methods are suitable for the routine quality control
analysis of any pharmaceutical preparation containing the two tested drugs with
the proposed chromatographic methods advantages for checking quality during
stability studies of their pharmaceutical preparations.

KEYWORDS
Atenolol, liquid chromatography, single-pill combinations, valsartan

1 INTRODUCTION

Hypertension is usually very difficult to be treated with
only a single medicine management. Therefore, a lot of
single-pill combinations are used to assure the manage-
ment of hypertension. That type of treatment makes it
more important to get suitable assay methods for the
simultaneous analysis of the co-administered drugs [1].

Article related abbreviations: CA, C8 chromatographic columns
LiChrospher R© 60 RP-select B (4 mm i.d. X 125 mm, 5 μm); CB,
LiChrospher R© 60 RP-select B (4 mm i.d. X 250 mm, 5 μm); MA, mobile
phase A; MB, mobile phase B; MC, mobile phase C; XDB, eXtra Dense
Bonding

The main aim of any antihypertensive therapy is to nor-
malize blood pressure without intolerable side effects [2].
This can be done by combining antihypertensive with var-
ious mechanisms of action. For such purposes, effective
and reliable methods for the analysis of the determination
of active pharmaceutical ingredients in bulk, model mix-
tures, drugs, and biological fluids should be developed. In
this study, valsartan and atenolol were chosen as represen-
tative examples.
Valsartan is an orally active nonpeptide triazole-

derived antagonist of angiotensin II with antihypertensive
properties. Several techniques have been reported in the
literature for the determination of valsartan individually
and in combination with other drugs other than atenolol

J Sep Sci 2021;44:565–575. © 2020 Wiley-VCH GmbH 565www.jss-journal.com
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[3–23] in pharmaceutical dosage forms or human serum
samples.
Atenolol is used as an antihypertensive and antiar-

rhythmic drug by acting as beta-blocker specific for beta-1
adrenergic receptors. Numerous analytical methods were
reported [24–35] for the determination of atenolol in bulk
and in combination with other drugs other than valsartan.
However, to the best of our knowledge, the only published
method [35] for the simultaneous analysis of valsartan and
atenolol was developed this year by our group in order to
introduce the in vitro dissolution profiles of their commer-
cial tablets. It is first and simple method and in moving
deeply in method development we found some new con-
cepts of columns, buffer choicen and composition, pH of
buffer, percentage of organic modifier, column oven tem-
perature, flow rate, and injection volumes. In previously
published articles, we worked on Zorbax XDB-C8 column,
which is quite different from RP Select B column, in car-
bon load, active surfaces, number of theoretical plates,
pore volumes, metal cation residuals, and column dimen-
sions. This two-column Zorbax XDB-C8 and RP Select B
showed differences in column efficiency and analytes peak
symmetries when flow rate was changed. In decreasing
flow rate, Zorbax XDB-C8 increases peak asymmetry with
decreasing resolution, while lower flow rate with the use
of RP Select B showed increased peak symmetries with
decreased tailing and increased resolution of analytes. In
this work, we demonstrated peak elution reverting due to
change of type of phosphate buffer, or dependence of the
type of phosphate buffer cation on the eluting profile of
the different molecules. This governing the elution pro-
file, might have great importance in method choice for
impurities, degradation products, or metabolite studies in
research of drugs related compounds, stability products,
and bioequivalence or pharmacokinetic studies.
Comparedwith that, in this article, we decided to choose

and test quite different C8 octylsilane based column, RP
Select B with two dimensions of 125 and 250 mm, with
5 μm particles. In short comparison features, Zorbax XDB-
C8 with 5um particles is a matrix with lower carbon load
of 7.6%, with the lower active surface of 180m2/g, double
end-capped, base deactivatedmetal cations, with pH range
2–9, and 80Angstrom pore size and with about 100.000
number of theoretical plates per meter for toluene, while
RP Select B (C8) is a matrix is an older generation of sin-
gle end-capped particles with 60Angstrom pore sizes, with
almost twice higher carbon load of 12.6% and 360 m2/g,
but with halved number of theoretical plates to 55.000,
and pH usable range 2–8, without base deactivation of
metal cations in silica gel. All these tremendous differ-
ences in chromatographic matrixes prompted us to check
the usability and applicability of older, cost-effective col-

umnRP Select Bwhich can be purchased in cartridge type.
We expected quite a different situation in chromatogram
profile in comparison between Zorbax XDB-C8 and RP
Select B. Our target in comparing with previous our paper
is chromatographic column 4 mm id × 250 mm, 5 μm that
can provide better chromatogramwith better peak symme-
tries, double more number of theoretical plates, because
the column is twicemore loaded with chromatematrix. As
will be shown below, with this column, we do not need to
work with a lower flow rate of 0.5–0.6 mL used for 125 mm
columns, since peaks are well balanced due to the doubled
column filling matrix.
Atenolol and valsartan due to their chemical structure

have quite different solubilities in water and organics, Log
P = 0.16 and Log P = 1.499, respectively. This variation
complicates creating a rapid successful and robust chro-
matographic method for their simultaneous determina-
tion. Their official pharmacopoeial assay methods were
using quite different percentages of organic modifiers in
the mobile phase, which suggests the inevitable use of gra-
dient elution for their simultaneous determination. Uses
of ion-pairing reagents do not promise a lot, long-lasting
equilibrations with expensive chemicals and dedicating
columns, without warranty of successful reasonable chro-
matogram.
Therefore, new analytical methods for their separation

and quantification in pharmaceutical formulations were
needed for their quality control assays especially in a com-
bined mixture.
The aim of our work was to develop new simple and

faster, isocratic HPLC methods for the determination of
valsartan and atenolol. The main target for our newly
developed methods was classical, routine quality control
assay in all types of pharmaceutical quality control labo-
ratories worldwide, with less sophisticated equipment and
budgets.

2 MATERIALS ANDMETHODS

2.1 Chemicals and reagents

Valsartan (purity 99.9%) was purchased from Jubilant
Generics (India), atenolol (purity 98.9%) was purchased
from Sigma-Aldrich (Switzerland). 40 mg valsartan (stan-
dard sample) and 50 mg atenolol (standard sample) were
put in 100mLmeasuring flasks and dissolved in 50mL 50%
v/v methanol, ultrasound crushed and treated for 2 min,
and shaken for 15minwith an orbital shaker. The final con-
centrations were 0.5 mg/mL for atenolol and 0.4 mg/mL
for valsartan. Samples were filtered through RC 0.45 μm
syringe filters and injected.
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Methanol used in experimentswasHPLC gradient grade
and potassium dihydrogen phosphate and potassium dihy-
drogen phosphate were of Ph. Eur. reagent grade and pur-
chased from Merck Darmstdat, Germany. Analytical Bal-
ance Mettler Toledo MPC227, pH–meter Metrohm 827,
deionized water from TKA Micro system, with final con-
ductivity <0.05 μS/cm. IKA orbital shaker KS4000i was
used for sample agitation. The nylon and regenerated cel-
lulose RC 0.45 μm syringe filters were purchased fromAgi-
lent Technologies.

2.2 Instrumental and conditions

The chromatography equipment used was a product of
Varian, model Varian Pro Star PDA 330 with Varian Star
software version 6.81 and Varian LC 920 PDA controlled
by Galaxy software version 1.98. Three mobile phases were
examined. Mobile phase A (MA) composed of potassium
dihydrogen phosphate (25 mM, pH 7.3) and methanol
(50:50, v/v);mobile phase B (MB) composed of ammonium
dihydrogen phosphate (50 mM, pH 7.25) and methanol
(50:50, v/v). Both A and B were pumped at 0.5 mL/min.
Peak elution is reverting depending of type and molarity
of phosphate buffer. The temperature of column oven was
set at 40◦C. The UV detector was adjusted at 225 nmwave-
length; andmobile phase C (MB) composed of ammonium
dihydrogen phosphate (50 mM, adjusted pH to 7.2 with
33% NH4OH) and methanol (45:55, v/v), pumped with
1.0 mL/min at 42◦C set temperature of column oven,
with UV detector set to 225 nm and 237 nm wavelength.
Analysis performed on CA: C8 chromatographic columns
LiChrospher R© 60 RP-select B (4 mm i.d. X 125 mm,
5 μm) and CB: LiChrospher R© 60 RP-select B (4 mm i.d. X
250 mm, 5 μm). The injection volume was 5uL.
The used columns LiChrospher R© 60 RP-select B (4 mm

i.d. x 125 mm, 5 μm) and LiChrospher R© 60 RP-select B
(4 mm i.d. x 250 mm, 5 μm), purchased fromMerck Darm-
stdat, Germany.

2.3 Sample preparation

Twelve tablets of each preparation were studied to obtain
statistically significant results. The tablets with declared
contents of 80 mg valsartan and 100 mg of atenolol were
purchased from a local drug store, pharmacy. The tablets
were put in 100 mL measuring flasks and dissolved in
50 mL 50% v/v methanol, ultrasound crushed and treated
for 2 min, and shaked 15 min with an orbital shaker. After
that measuring flasks were filled to mark for 100 mL,
the final concentrations were 0.5 mg/mL for atenolol and
0.4 mg/mL for valsartan. Samples were filtered by RC

Agilent 0.45uM syringe filters and injected. These con-
centrations were used in analysis using CA, while in
experiments performed on CB, the working concentra-
tionswere reduced twicewith addingmobile phase in ratio
1:1, and achieving working concentration of 0.25 mg/mL
atenolol and 0.2 mg/ml valsartan. After filtration through
the above filters, 5 μL were injected on the working
column.

3 RESULTS

The emerging of new pharmaceutical formulations pro-
vokes the necessity for simple, accurate, economical, green
and fast analytical techniques to be applied in quality
control laboratories where time and cost are critical [36].
Moreover, minimizing toxicity with retaining method effi-
cacy may be one of the challenging aspects in developing
a safer methodology. To find the appropriate HPLC con-
ditions for the separation of the examined drug, various
columns, isocratic mobile phase systems were tried, and
successful attempts were performed using a CA and CB
is a versatile reversed-phase sorbent optimized for HPLC
separations of basic compounds. Based on spherical sil-
ica particles, the sorbent prevents secondary interactions
with basic substances and ensures that they are eluted as
highly symmetrical peaks. Besides offering excellent sepa-
ration properties for basic compounds, LiChrospher R© 60
RP-Select B is also suitable for the determination of neu-
tral and acidic substances. Method development was initi-
ated by trying several mobile phases with various composi-
tions to attain optimum separation and resolution. In this
study, the combination of MA, MB, and MC provided the
most suitable results. The selected flow rates of 0.5mL/min
and 1.0 mL/min provided optimum resolution. The UV–
VIS detector and column oven were set at 225 nm and 40
and 42◦C, respectively. Conversely, relatively longer wave-
lengths, i.e., 237 and 273 nmwere tried by us for peak detec-
tion. The applicability of the mobile phase concept was
tested on chromatographic systems and columns with dif-
ferent performances, and the obtained chromatograms are
shown in Figures 1–3.
Chromatograms were obtained with satisfactory reten-

tion factors and very good peaks symmetry of both ana-
lyte peaks (tailing factors according to USP of around 1.2–
1.4), with resolution better than required (R > 7). This was
accomplished under the following chromatographic con-
ditions: HPLC columnwas CA, column temperature 40◦C,
flow rate 0.5 mL/min, MA or MB and eluent monitored at
225 nm; HPLC columnwas CB, column temperature 42◦C,
flow rate 1.0 mL/min, MC and eluent monitored at 225 nm
and 237 nm. The chromatograms showed that there is no
interference between the principal peaks of valsartan and



568 PELESHOK et al.

F IGURE 1 Chromatogram obtained using Varian Pro Star 330 HPLC system andmobile phase potassium dihydrogen phosphate (25 mM,
pH 7.3) and methanol (50:50, v/v), C8 chromatographic column LiChrospher R© 60 RP-select B (4 mm id × 125 mm, 5 μm) (MA, CA). Top view
presents chromatogram of analytes at 3selected wavelengths. Down part illustrates full 3D UV-contour diagram extracted from eluted peak
analytes with their recognizing UV spectra at the bottom

atenolol with the components of the placebo and the used
solvent, and also good resolution. The results of linearity
showed that a phenomenal relationship between obtained
peak areas and used concentrations of the tested drugs
and also indicated high sensitivity of the proposed HPLC
methods.
All proposed methods were validated according to The

International Conference on Harmonisation guideline for

the Validation of analytical procedures. The specificity
of the proposed methods was determined with an eval-
uation of the obtained chromatograms of the blank,
placebo solutions, test solutions, and standard solutions.
For comparison purposes, the chromatogram of solvent
was added, which should be almost identical to placebo,
which confirms selectivity of the proposed methods
(Figures 1–3). In triplicate run from which the linear
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F IGURE 2 Chromatogram obtained using Varian Pro Star PDA 330 HPLC system and mobile phase ammonium dihydrogen phosphate
(50 mM, pH 7.25) and methanol (50:50, v/v), C8 chromatographic column LiChrospher R© 60 RP-select B (4 mm id × 125 mm, 5 μm) (MB, CA).
The top view presents chromatogram of analytes at 3 selected wavelengths. Down part illustrates full 3D UV-contour diagram extracted from
eluted peak analytes with their recognizing UV spectra at the bottom, appearing in reverted appearing from the column compared with the
previous situation

regression equations were calculated. Linearity was exam-
ined and proven at different concentration levels in
the range of working concentration of valsartan (0.1-
0.7 mg/mL) and atenolol (0.1-0.7 mg/mL) under all chro-
matographic conditions used. Varian Pro Star 330 PDA, CA
andMAorMB, flow rate 0.5mL/min, column temperature

40◦C, and signal monitoring at a wavelength of 225 nm.
Linearity was examined and proven at different concen-
tration levels in the range of working concentration of val-
sartan (0.08–0.48 mg/mL) and atenolol (0.1−0.6 mg/mL)
under both chromatographic conditions Varian LC 920
HPLC system, CB and MC, flow rate 1.0 mL/min, column
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F IGURE 3 Elution profiles obtained for test samples prepared of valsartan (80 mg) and atenolol (100) mg using mobile phase potassium
dihydrogen phosphate (50 mM, adjusted pH to 7.2 with 33% NH4OH) and methanol (45:55, v/v). Chromatographic conditions: Varian LC 920
HPLC system, C8 chromatographic column LiChrospher R© 60 RP-select B (4 mm id × 250 mm, 5 μm) (MC, CB), flow rate 1.0 mL/min, column
temperature 42◦C, upper at UV = 237 nm, bottom at UV = 225 nm

temperature 42◦C, and signal monitoring at wavelengths
of 225 and 237 nm.
Under chromatographic conditions with MA and elu-

ent monitored at 225 nm, flow rate 0.5 mL/min, col-
umn temperature 40◦C, chromatographic columnCA.Val-
sartan linearity regression equation y = 152.5x – 0.8429
and an obtained correlation coefficient of R2 = 0.9998,
atenolol linearity regression equation y = 243.36x – 10.243
and an obtained correlation coefficient of R2 = 0.9993;
signal monitoring at a wavelength of 237 nm, flow rate
0.5 mL/min, column temperature 40◦C, chromatographic

column LiChrospher R© 60 RP-select B (4 mm id × 125 mm,
5 μm) valsartan linearity regression equation y = 259.46x –
6 and an obtained correlation coefficient of R2 = 0.9996,
atenolol linearity regression equation y = 64.75x + 0.2714
and an obtained correlation coefficient of R2 = 0.9995. The
values of LOD were 0.6 μg/mL, LOQ was 3 μg/mL for
atenolol, and LOD was 0.8 μg/mL and LOQ was 4 μg/mL
for valsartan.
Under chromatographic conditions with MB and elu-

ent monitored at 225 nm, flow rate 0.5 mL/min, column
temperature 40◦C, chromatographic columnCA. valsartan
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linearity regression equation y = 136x – 3 and an obtained
correlation coefficient of R2 = 0.9998, atenolol linearity
regression equation y= 1181.8x – 43 and an obtained corre-
lation coefficient of R2 = 0.9989; and eluent monitored at
237 nm, flow rate 0.5 mL/min, column temperature 40◦C,
chromatographic column LiChrospher R© 60 RP-select B
(4 mm id × 125 mm, 5 μm) valsartan linearity regres-
sion equation y = 171.11x-5.9714 and an obtained correla-
tion coefficient of R2 = 0.9997, atenolol linearity regression
equation y = 134.57x – 2.2857 and an obtained correlation
coefficient of R2 = 0.9996. LOD was 0.6 μg/mL and LOQ
was 3 μg/mL for atenolol, and LOD was 0.8 μg/mL and
LOQ was 4 μg/mL for valsartan.
Under chromatographic conditions with MC and elu-

ent monitored at 225 nm, flow rate 1.0 mL/min, column
temperature 42◦C, chromatographic column CB. Valsar-
tan linearity regression equation y = 53.064x – 8.7429 and
an obtained correlation coefficient of R2 = 0.9975, atenolol
linearity regression equation y = 48.936x – 10.357 and an
obtained correlation coefficient of R2 = 0.9952; and eluent
monitored at 237 nm, flow rate 1.0 mL/min, column tem-
perature 42◦C, chromatographic column LiChrospher R©

60 RP-select B (4 mm id × 250 mm, 5 μm) valsartan
linearity regression equation y = 30.5x – 0.8429 and an
obtained correlation coefficient of R2 = 0.9998, atenolol
linearity regression equation y = 12.95x + 0.4 and an
obtained correlation coefficient of R2 = 0.9994. LOD
was 0.3 μg/mL and LOQ was 1 μg/mL for atenolol,
and LOD was 0.4 μg/mL and LOQ was 1.3 μg/mL for
valsartan.
Intraday and interday%RSD values<2% clearly assuring

that this method was found to be fairly precise and repro-
ducible (Table 1). Regarding accuracy, a known amount of
the standard drug was added to the fixed amount of pre-
analyzed sample solution. %Recovery was calculated by
comparing the area before and after addition of the stan-
dard drug. The high value of recoveries obtained for valsar-
tan and atenolol indicated that the proposedmethodswere
found to be accurate. The linearity, accuracy, and precision
remained within the acceptable limits. The robustness of
the developed methods was evaluated by small deliberate
changes in method parameters such as flow rate and tem-
perature of the column. The results of the robustness study
results are shown in Table 2. The %RSD values of robust-
ness which was <2 % revealed that the proposed methods
are robust. Furthermore, any small changes in the exam-
ined conditions did not significantly affect the retention
times of valsartan and atenolol. Since we could not find
on themarket tabletswith incorporated both antihyperten-
sive drugs, we checked the method on binary mixtures of
two tablets in testing solutions. Table 3 presents the deter-
mination of analytes in different vendors with the three
described methods.

4 DISCUSSION

The concept of method mobile phase composition was
developed on shorter CA for reducing run time analyses
during numerous experimental variables in compositions.
Salt buffer choice and composition, pH of the buffer, per-
centage of organic modifier, column oven temperature,
flow rate, and injection volumes were optimum for the
tested drugs analysis. Summary conclusions were success-
fully applied on twice longer column 250 mm × 4mm
5um (CB) (Figure 3) with identical column matrix with
the increased power of separation, stronger retentionswith
doubling number of theoretical places, and better peak
shapes at almost identical run time.
According to all results presented above, we can con-

clude that switch to testing from the previous Zorbax XDB-
C8 column to RP Select B, provided us with an abundance
of new interesting experimental results, facts, and benefits,
in method development approach for our tandem of inter-
esting analytes valsartan and atenolol. In direct compari-
son, Zorbax XDB-C8 yielded sharper peaks due to better
matrix chemistry with twice higher theoretical plates per
meter, which achieves non-essential resolution between
atenolol and valsartan about 7.2. This column showed
higher peak asymmetry with a reducing flow rate. With
the use of RP Select B reducing the flow rate was ben-
eficial to peak symmetry by reducing their tailings. Use
of shorter 125 mm Select B column was better choice in
numerous experimentswith changes ofmobile phase com-
positions and other experimental variables, temperature,
flow rate, injection volumes, and showed resolution value
about 3, and a number of theoretical plates about 2000.
Exactly with shorter 125 mm RP Select B column, revert-
ing of elution profile of atenolol and valsartanwas notified,
after unexpectedly “insignificant” changes in the type of
phosphate buffer used inmobile phases. After establishing
a good direction of selecting optimal mobile phase com-
position, sample preparation, and other mentioned vari-
ables, the final conclusion summary set of variables was
applied and tested to 250 × 4 mm column RP Select B,
which enablesmuchbetter instant visible peak symmetries
almost regardless of flow rate, a higher resolution between
peaks about 4, and double theoretical plates for peaks
(4100-4440), whichmight be essential in some cases where
better resolution and improved selection would appear to
be necessary.

5 CONCLUSION

The main target of the work was to conduct and compare
the different chromatographic methods for the analysis
of valsartan and atenolol binary mixture in bulk and in
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TABLE 1 Intra-and Inter-day accuracy and precision results for valsartan and atenolol

Chromatographic
conditions Analyte Intra-day precisiona Inter-day precisionb

Mean (%) RSD (%) Mean (%) RSD (%)
MA, CA, 225 nm
wavelength

Valsartan 99.76 0.429 100.81 0.379

98.95 0.593 99.94 0.335
100.11 0.319 100.23 0.615

Atenolol 99.95 0.384 100.28 0.348
100.83 0.517 99.49 0.364
100.91 0.391 100.93 0.493

MB, CA, 225 nm
wavelength

Valsartan 98.76 0.429 99.81 0.379

100.95 0.593 99.94 0.335
100.11 0.319 100.23 0.615

Atenolol 99.94 0.384 100.35 0.428
101.16 0.693 98.84 0.338
100.94 0.237 100.93 0.619

MC, CB, 225 nm
wavelength

Valsartan 99.84 0.165 100.81 0.138

100.27 0.203 99.47 0.184
100.35 0.195 100.29 0.139

Atenolol 99.59 0.139 100.35 0.149
100.19 0.138 99.17 0.106
99.98 0.104 100.36 0.113

MC, CB, 237 nm
wavelength

Valsartan 100.01 0.124 100.04 0.108

100.14 0.186 99.67 0.125
100.34 0.147 100.29 0.145

Atenolol 99.84 0.134 100.21 0.111
100.49 0.197 99.94 0.110
100.47 0.135 100.34 0.159

an = 6.
bn = 18.

a pharmaceutical dosage form. New fast, simple, green,
selective, accurate, precise, and robust isocratic HPLC
methods were developed for simultaneous determination
of valsartan and atenolol in dosage forms. The devel-
oped methods were essential for the quality control of
a large number of samples in short time intervals. The
concept of the mobile phase’s composition was evaluated
and confirmed on different chromatographic systems.
Reliability was proved by examining different validation
parameters of the suggested methods and the successful
application to the pharmaceutical dosage form. The
main benefit of the suggested HPLC methods was the
short analysis time (chromatographic run time < 6 min),
better control of elution profile of analytes due to quite
different chromatographic characteristics of RP Select B

column 125–250 × 4 mm 5um, compared to column used
in our previous publication 150 × 4.6 mm Zorbax XDB-C8
5um. The lower overall resolution between atenolol and
valsartan gives an advantage to RP Select B column, since
this resolution is unnecessarily high in Zorbax XDB-C8
column. The octylsilane C8 columns proved to be indis-
pensably applicable and gave a shorter analysis time and
peak symmetries compared to C18. This reduction in total
run time, leads to low solvent consumption, and makes
all methods more economical. Therefore, all suggested
methods are suitable for the routine quality control analy-
sis of any pharmaceutical preparation containing the two
tested drugs with the proposed chromatographic methods
advantages for checking quality during stability studies of
their pharmaceutical preparations.



PELESHOK et al. 573

TABLE 2 Results of the study of robustness for valsartan and atenolol with system suitability parameters calculated for resolution and
peak symmetries

Chromatographic
conditions

Conditions of
analysis

Retention time of
valsartan, min

Retention
time of
atenolol,
min Resolution

Atenolol-
valsartan
(tailing at
5% of
height)

MA, CA, 225 nm
wavelength

flow rate
0.6 mL/min flow
rate 0.4 mL/min
temperature of
column 38◦ С
temperature of
column 42◦ С

3.32 4.17 3.40 1.61−1.23

2.80 3.49 3.07 1.68 – 1.28
3.95 4.93 3.51 1.58 – 1.24
3.37 4.21 3.30 1.63 – 1.24
3.21 4.08 3.41 1.69 – 1.25

MB, CA, 225 nm
wavelength

flow rate
0.6 mL/min flow
rate 0.4 mL/min
temperature of
column 38◦ С
temperature of
column 42◦ С

4.42 3.22 3.71 1.60 – 1.28

3.71 2.71 3.49 1.68 – 1.32
5.28 3.75 3.78 1.55 – 1.21
4.51 3.29 3.85 1.63 – 1.26
4.33 3.15 3.60 1.57 – 1.31

MC, CB, 225 nm
wavelength

flow rate 1.1 mL/min
flow rate
0.9 mL/min
temperature of
column 40◦ С
temperature of
column 44◦ С

3.39 2.71 3.64 1.18 – 1.08

3.09 2.51 3.59 1.19 – 1.09
3.71 2.97 3.71 1.14 – 1.09
3.48 2.81 3.66 1.17 – 1.08
3.19 2.63 3.57 1.19 – 1.09

MC, CB, 237 nm
wavelength

flow rate 1.1 mL/min
flow rate
0.9 mL/min
temperature of
column 40◦ С
temperature of
column 44◦ С

3.36 2.75 3.65 1.17 – 1.08

3.09 2.48 3.54 1.18 – 1.08
3.77 3.02 3.71 1.15 – 1.07
3.44 2.88 3.69 1.18 – 1.07
3.25 2.59 3.51 1.19 – 1.09
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TABLE 3 Determination of analytes in different vendors with the three described methods*

Content of analytes under chromatographic conditions, % (at 225 nm)
Tablet vendor MA, CA MB, CA MC, CB
1 97.97± 0.05 98.71± 0.04 98.52± 0.05
2 96.76± 0.09 96.23± 0.03 95.87± 0.04
3 102.11± 0.02 101.89± 0.09 101.46± 0.08
4 99.04± 0.05 99.42± 0.07 99.67± 0.04

Sa
m
pl
e
or
ig
in
10
0
m
g

de
cl
ar
ed

co
nt
en
to
f

at
en
ol
ol

5 99.28± 0.05 98.71± 0.09 98.52± 0.04
6 98.42± 0.07 97.81± 0.05 98.87± 0.03
7 100.64± 0.04 101.14± 0.04 100.85± 0.02
8 98.12± 0.09 98.96± 0.02 99.22± 0.06

Sa
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80

m
g
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to
f
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n

*n = 3.
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