International Journal of Medicine and Medical Research
2020, Volume 6, Issue 2, p. 52-58
copyright © 2020, TNMU, All Rights Reserved

DOI 10.11603/IJ]MMR.2413-6077.2020.2.12013

QUALITY CONTROL MEASUREMENT AND IN VITRO BIOEQUIVALENCE
OF VALSARTAN AND ATENOLOL TABLETS MARKETED IN UKRAINE

K.Y. Peleshok
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. The urgent issue of hypertension is determined by its high population incidence, significant
burden of the disease, risk of disability and impact on life expectancy. Rational combinations of drugs of different
pharmacological groups in case of ineffectiveness of monotherapy to achieve the clinical effect of pharmacotherapy
are clearly recommended in the world and national recommendations for diagnosis and treatment of hypertension.
Therefore, innovative pharmaceutical development of a combination of antihypertensive drugs and creation of
domestic drugs with antihypertensive action is an urgent task of contemporary pharmacy.

Objective. The aim of this study was to perform the quality control measurements and evaluation of
dissolution tests for different brands of valsartan and atenolol tablets available in Ukraine.

Methods. The concentrations of valsartan and atenolol in samples (drug content and dissolution studly)
were determined by the proposed HPLC method.

Results. The results of the tests conducted for evaluation of the tablets were found to be in acceptable limits
for all the selected brands. The correlation coefficient (R?) was 0.9991 and the regression equation was
y=61.39x+0.3117. It has been established that the equivalence of dissolution profiles for all recommended
dissolution media is observed (pH 1.2, 4.5, and 6.8) for the studied drugs. In all three dissolution media, the
release rates of valsartan and atenolol of all dosage forms are more than 85% in 15 min. The dissolution profile
of all the selected brands was within the standard limits and was acceptable.

Conclusions. Analytical method development is an integral part of the quality control measurements and
evaluation of dissolution tests. Our previously developed HPLC method is essential for quality control of a large
number of samples in short time intervals. Therefore, the method developed by our group is suitable for a routine
quality control analysis of any pharmaceutical preparation containing two tested drugs with the suggested
chromatographic method advantages for checking quality during dissolution studies of their dosage forms.

KEYWORDS: hypertension; valsartan; atenolol; high-performance liquid chromatography; in vitro
bioequivalence; dissolution.
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Introduction

Valsartan (Fig. 1) is chemically described as
(25)-3-methyl-2-[pentanoyl-[[4-[2-(2H-tetrazol-
5-yl)phenyl]lphenyl]lmethyllamino]butanoic
acid. Valsartan is an orally active nonpeptide
triazole-derived antagonist of angiotensin (AT)
IT with antihypertensive properties. Valsartan
selectively and competitively blocks the binding
of angiotensin II to the AT1 subtype receptor
in vascular smooth muscle and the adrenal
gland, preventing AT II-mediated vasocons-
triction, aldosterone synthesis and secretion,
and renal reabsorption of sodium, and results
in vasodilation, increased excretion of so-
dium and water, reduction of plasma volume,
and reduction of blood pressure. Therefore,
analytical methods for their separation and
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quantification in pharmaceutical formulations
and inhuman plasma are needed for quality
control and therapeutic drug monitoring,
respectively. Several techniques have been
reported in the literature for determination of
valsartan individually and combination with
other drug other than atenolol [1-16] in
pharmaceutical dosage forms or human serum
samples.

Fig. 1. Chemical structure of valsartan.
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Atenolol (Fig.2)is a syntheticisopropylamino-
propanol derivative used as an antihypertensive,
hypotensive and antiarrhythmic. Atenolol is
chemically known as 2-[4-[2-hydroxy-3-(propan-
2-ylamino)propoxy]phenyl]acetamide. Atenolol
acts as a peripheral, cardioselective beta
blocker specific for beta-1 adrenergic receptors,
without intrinsic sympathomimetic effects. It
reduces exercise heart rates and delays atrio-
ventricular conduction, with overall oxygen
requirements decrease. Numerous analytical
methods were reported [17-27] for deter-
mination of atenolol in bulk and combination
with other drugs other than valsartan.

OH

H
O\/I\/N CH,
LT
H
HoN :

Fig. 2. Chemical structure of atenolol.

The urgent issue of hypertension is deter-
mined by its high population incidence, sig-
nificant burden of the disease, risk of disability
and impact on life expectancy. Rational com-
binations of drugs of different pharmacological
groupsin case of ineffectiveness of monotherapy
to achieve the clinical effect of pharmacotherapy
are clearly recommended in the world and
national recommendations for diagnosis and
treatment of hypertension. Therefore, inno-
vative pharmaceutical development of a
combination of antihypertensive drugs and
creation of domestic drugs with antihypertensive
action is an urgent task of contemporary
pharmacy. In the last few decades, the cost of
medications is increasing a lot and it is quite
challenging to afford lifelong medications for
hypertension treatment. Different strategies
have been planned by the healthcare systems
to reduce the medication costs, improve
treatment efficacy and safety and patient
compliance with pharmacotherapy [28]. The
results of quality control testing, such as
friability, weight variation, hardness, percentage
purity, and disintegration, suggests the level
up to which the GMP guidelines had been
followed during the manufacturing of these
generic products. When the generic and the
innovator brand would have comparable
dissolution profile then the in vivo bioequivalence
test of the generics can be waived. It was
reported that fewer generics in the market were
counterfeit and of inferior quality than the
innovators. So, identifying these fake and

suspicious generics is the prime challenge to
our health department and quality control
units. This research assists highlighting the
pharmaceutical products which are found to be
spurious, of inferior quality and dangerous to
the users.

The objective of the research was to
perform the quality control measurements and
evaluate dissolution tests of different brands
of valsartan and atenolol tablets available in
Ukraine.

Methods

Valsartan (purity 99.9%) was purchased
from Jubilant Generics Limited (India); atenolol
(purity 98.9%) was purchased from Sigma-
Aldrich (Switzerland). The methanol and
acetonitrile used in experiments was HPLC
gradient grade and ammonium acetate and
tetramethylammonium hydroxide were of
Ph.Eur.reagent grade and was purchased from
Merck Darmstdat, Germany. Analytical Balance
Mettler Toledo MPC227, pH-metter Metrohm
827, demineralized water by TKA Micro system,
with final conductivity less than 0.05uS/cm,
were used. IKA orbital shaker KS4000i was used
for sample agitation. The nylon and regenerated
cellulose RC 0.45um syringe filters were
purchased from Agilent Technologies.

Dionex Ultimate 3000 UHPLC system cont-
rolled by Chromeleon version 6,80, composed
of quaternary LPG pump ultimate 3000, auto-
sampler ultimate 3000, ultimate 3000 column
compartment, four channel UV-Vis detector
ultimate 3000 RS. Shimadzu Nexera XR UPLC
system with LPG Quaternary Pump LC-20AD
with degasser DGU-20A5R, Autosempler
SIL-20AC, PDA detector M20-A, Column Oven
and Controller CBM-20A controlled by Lab
Solutions version 5,97. The column Discovery
C18 (4.6 mm i.d.x150 mm, 5 pm), purchased
from Sigma-Aldrich Supelco, was used.

Sample preparation

Twelve tablets of each preparation were
studied to obtain statistically significant results.
The tablets of different pharmaceutical manu-
facters with declared contents of 80 mg val-
sartan and 100 mg of atenolol were purchased
from 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 minutes and shake
15 minutes with orbital shaker. After that
measuring flasks were filled to mark of 100 mL,
the final concentrations were 1mg/mL for ate-
nololand 0.8 mg/mL for valsartan. The samples
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were filtered with RC 0.45um syringe filters and
injected.

In vitro dissolution of twelve tablets con-
taining valsartan and atenolol was performed
using buffer solutions (pH 1.2; 4.5; 6.8) as the
dissolution media at 50 rpm by the USP Appa-
ratus II. The dissolution was studied in a 900 mL
volume of buffer solution at 37 °C (+0.5) using
the paddle method. One mL of sample was
withdrawn and replaced with fresh dissolution
medium at the time intervals of 5, 15, 30, 45
minutes [29-32].

The concentrations of valsartan and ate-
nolol in the samples (drug content and disso-
lution investigation) were determined by the
suggested HPLC method.

Results

Previously, we have made method develop-
ment of valsartan and atenolol in dosage forms.
The optimum mobile phase composition was
composed of 20% acetonitrile, 80% of 0.16%
ammonium acetate and 0.2% of 1.5 M tetra-
methylammonium hydroxide (V/V), pumped
with 1.0 mL/min at 30 °C set temperature of
column oven, with UV detector set to 225 nm
and 237 nm wavelength. Analyses were per-
formed by means of the column Discovery C18
(4.6 mm i.d.x150 mm, 5 um) (Fig. 3).

The results of percentage purity of all the
brands are shown in Table 1. The drug content
was determined to be highest for Valsartan-1
and Atenolol-4. The drug content was assessed
once and compared with the calibration curve.
The correlation coefficient (R?) was 0.9991 and
the regression equation wasy =61.39x+0.3117.

Table 1. Drug content of different brands
of valsartan and atenolol tablets

Brand code Drug c::ztgnt (%)
Valsartan-1 (Innovator) 99.82+2.24
Valsartan-2 98.12+3.65
Valsartan-3 99.11+2.74
Valsartan-4 98.01+3.64
Atenolol-1 (Innovator) 99.11+1.89
Atenolol-2 97.62+3.67
Atenolol-3 98.55+1.95
Atenolol-4 99.92+2.73

Dissolution test is used to determine the
quality of the drug. Comparative dissolution
kinetics test is used at all stages of the drugs
life cycle. In the development of dosage form
for comparative dissolution kinetics test allows
assessing the technological correctness of
techniques, and thereby increase the probability
of positive results for future studies of bio-
equivalence. In addition to routine quality
control tests, comparative dissolution tests are
used to waive bioequivalence requirements
(biowaivers) for lower strengths of a dosage
form. Dissolution study is an important para-
meter used to predict the bioavailability and
in vivo drug release performance. Dissolution
study is very significant in determining the
release of drug from different dosage forms
including tablets. The active absorption of oral
dosage forms depend on adequate release of
drug. Comparative dissolution profiles are
shown in Table 2.

The point of 15 min is critical and decisive.
Medicine is considered very quick soluble when
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Fig. 3. Chromatogram obtained using Shimadzu Nexera XR UPLC system and mobile phase 20% acetonitrile,
80% of 0.16% ammonium acetate and 0.2% of 1.5 M tetramethylammonium hydroxide (V/V), column Dis-
covery C18 (4.6 mm i.d.x150 mm, 5 pm) at 2 wavelengths 225 nm and 237 nm.
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Table 2. Comparative dissolution data of
valsartan and atenolol in selected brands

Brand code | Medium | % dissolved | % dissolved
15 min 30 min
Valsartan-1 | pH 1.2 95.18 94.59
pH 4.5 93.84 93.02
pH 6.8 92.43 93.67
Valsartan-2 | pH 1.2 89.98 87.37
pH 4.5 87.38 89.84
pH 6.8 85.19 86.38
Valsartan-3 | pH 1.2 85.28 86.58
pH 4.5 87.68 90.01
pH 6.8 86.84 88.67
Valsartan-4 | pH 1.2 85.89 85.98
pH 4.5 85.96 85.78
pH 6.8 86.94 86.05
Atenolol-1 pH 1.2 93.96 95.95
pH 4.5 92.56 93.36
pH 6.8 90.93 92.58
Atenolol-2 pH 1.2 91.94 92.67
pH 4.5 89.49 93.06
pH 6.8 87.56 90.94
Atenolol-3 pH 1.2 91.82 93.37
pH 4.5 90.01 91.65
pH 6.8 86.05 89.95
Atenolol-4 pH1.2 95.96 96.03
pH 4.5 92.94 94.56
pH 6.8 91.46 93.14

at least 85% of the active substance dissolves
in 15 minutes, quickly soluble - when at least
85% of the active substance dissolves in 30
minutes. According to the obtained data, the
equivalence of dissolution profiles for all
recommended dissolution media has been
established (pH 1.2, 4.5, and 6.8) for the studied
drugs. In all three dissolution media, the
releases of valsartan and atenolol of all dosage
forms were more than 85% in 15 min (Table 2).
The dissolution profile of all the selected brands
was within the standard limits and was accep-
table.

Conclusions

Analytical method development is an
integral part of the quality control measurements
and evaluation of dissolution test. Our
previously developed HPLC method was
essential for quality control of a large number
of samples in short time intervals. Unavailability
and price of innovator brand urges patients to
go for alternate options including generic
brands. The selected brands were evaluated
and compared with those of reference or
innovator brand to assure the potential for cure
of the disease. Moreover, the results of dis-
solution studies of all the brands were within
the standard limits. This suggested that the
proper GMP guidelines were followed during
the manufacturing of these brands that proved
a good quality. Hence, these generics may be
considered to be a substitute for innovator
brand in case of unavailability. Thus, all the
brands selected for the study complied with the
standard specifications and the definite ob-
servations on similar efficacy of these generics
may be obtained after performing the in vivo
studies. Therefore, the method developed by
our group is suitable for the routine quality
control analysis of any pharmaceutical pre-
paration containing two tested drugs with the
suggested chromatographic method with ad-
vantages for checking quality during dissolution
studies of their pharmaceutical preparations.
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BHU3HAYEHHS KOHTPOJIXO SIKOCTI TA IN VITRO BIOEKBIBAJIEHTHOCTI
TABJIETOK BAJICAPTAHY TA ATEHOJIOJNIY PUHKY YKPAIHU

K. Menewok
TEPHOMLIbCbKUH HAL{IOHAﬂbHMM MEﬂl/l'—lHMﬁ YHIBEPCUTET IMEHI I. A. It OPEALIEBCbKO[ 0,
TEPHOIIL/b, YKPAIHA

Bctyn. AkmyassHicme npobaemu apmepiansHoi 2inepmeHsii 8USHOYAEMbLCA ii BUCOKOK honyAAYiliHOH
4acMomoto, 3HAYHUM MA2aPEM X80POOU, PU3UKOM iHEANIOU3AYii Ma 8n1UBOM HO MpPUBANICMb HUMMSA NOOUHU.
Y ceimosux i 8im4u3HAHUX peKoOMeHOaYifaX 3 0ia2HOCMUKU ma AiKy8aHHA apmepiansHoi 2inepmeH3ii yimko
pekomeHO08AHO payioHANLHI KOMBIHAYIT npenapamie pi3HUX GapMaKoa02i4HUX 2pyn npu HeepekmueHocmi
MoHomepanii 0415 0ocA2HEHHSA KAIHIYHO20 epekmy dapmakomepanii. Tomy, iHHosayiliHa papmayesmuyHa
po3pobKa KOMbBIHAYIi aHMuU2inepmeH3U8HUX 3a0C0bie Ma CMeopeHHs 8iIMYU3HAHUX NiKapCbKUuX 3acobie
aHmMuzinepmeH3usHoi 0ii € aKMyasnbHUM 304800HHAM Cy4aCHOI papmayii.

MeTa. 30ilicHUmu KOHMPOaL AKOCMI MA OYIHUMU Mecm PO3YUHEHHS Pi3HUX MApPOK mabemok 8a1capmaHy
ma ameHo04y, AKi € NpedcmasneHUMU HA PUHKY YKPAiHU.

MeToawn. KoHyeHmpayii easncapmaHy ma ameHos104y y 3pa3Kax (8Micm 8 ikapcukux ¢popmax ma mecm
pO34YUHEeHHS) 8U3HAYAAUCS 3aNPONOHOBAHUM Memodom BEPX.

PesynbTaTtn. Pe3ynbmamu 8unpobyeaHs, npogedeHUX 0414 KifbKiCHO20 8U3HAYEHHS 8U3HAYEeHHS ADI
ma6semok, € npuliHAMHUMU 0/14 8CiX 06paHUX MAapPoK. byno ecmaHosneHo, wjo KoepiyieHm kopenayii (R?)
cmaHosums 0.9991 ma pieHAHHA pezpecii y=61.39x+0.3117. [JogedeHo, ujo 0415 00CNIOHYBAHUX npenapamis
cnocmepizaemescs ekgieaneHmMHicme npoinie po34yuHeHHs 0415 8CixX peKoMeHO08AHUX Cepedosuly PO3HUHEHHS
(pH 1.2, 4.5 ma 6.8). Y 8cix mpbox cepedosuujax po34UHEHHS 8UBINbHEHHSA 80/1CAPMAHY MA AMeH010/Y 8CiX
AiKapcoKux popm nepesuuyyroms 85% 3a 15 xa. OYiHKA pO3YUHEHHS 8CiX BUBPAHUX MAPOK 8 MeHAX CMAHOAPMHUX
niMimie ma € npuliHAMHo!O.

BUCHOBKW. Po3p0obKka aHanimu4yHoi MemoduKku € Heg8id'€EMHOK YACMUHOK KOHMPO/IH0 AKOCMIi Ma OYiHKU
mecmy po34uHeHHs. Po3pobaeHa Hamu memoouka BEPX € 8ax1ug0+t0 0151 KOHMPOIHO AKOCMI 8eAUKOI KilbKocmi
3pa3Kie 30 KOPOMKi NPOMIXKU Yacy. ToMy Memood po3pobaeHull HAWOH 2pynoto, hioxodums 018 PyMUHHO20
aHani3y skocmi 6ydb-AK020 NIKAPCLKO20 hpenapamy, uo Micmumes 08a 8unpobysaHi A®I i3 3anponoHo8aHUMU
nepesazamu xpomamozpagiyHo2o0 Memody 0415 nepesipKu AKOCMI nid Yac 00CiOHeHb PO3YUHEHHS iX NIKaPCbKUX
popm.

K/THOYOBI C/1OBA: rinepTeH3ifi; BaficapTaH; aTeHO/10/1; BUCOKO epeKTUBHA pigUHHA Xpoma-
Torpadis; in vitro 6ioeKBiBaneHTHICTb; PO3UMHEHHA
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