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YOUDEN’S TEST OF THE CHROMATOGRAPHIC DETERMINATION
OF ATENOLOL IN PHARMACEUTICALS

Introduction. Robustness tests were originally introduced to avoid problems in interlaboratory studies and to
identify the potentially responsible factors. Performing a robustness test late in the validation procedure involves
the risk that when a method is found not to be robust, it should be redeveloped and optimised. At this stage much
effort and money have already been spent in the optimisation and validation, and therefore one wants to avoid this.

The aim of the study — to evaluate the rubustness of HPLC determination of atenolol in tablets using Youden'’s
test.

Research Methods. An efficient method to assess the robustness of analytical methods is by Youden'’s test,
by means of an experiment design which involves seven analytical parameters combined in eight tests. In the recent
studies, we assessed the robustness of a chromatographic method to quantify enalapril in tablets using Youden’s
test.

Results and Discussion. By using the Youden'’s test criteria, HPLC method showed to be greatly robust con-
cerning atenolol content, at the introduction of variation in seven analytic parameters. The lowest variation in atenolol
content was 0.96 %, when was used column Zorbax C8 (4.6 mm i.d. x150 mm, 5 um). For the first time, a holistic
approach involving simultaneous innovations in particle technology and instrument design was endeavored to meet
and tackle the issues of the analytical laboratory. This was done in order to make analytical scientists more suc-

cessful and businesses more profitable and productive.

Conclusion. Youden'’s test proved to be an efficient and helpful tool for the robustness evaluation for assay of
atenolol by HPLC. Youden’s test can be applied successfully for the robustness evaluation in validation process of

analytical methods.

KEY WORDS: atenolol; high-performance liquid chromatography; robustness; quantitative analysis;

Youden'’s test.

INTRODUCTION. Analytical method validation
is a vital step following method development for
ensuring reliable and accurate method performance.
Among examined figures of merit, robustness/
ruggedness study allows us to test performance
characteristics of the analytical process when
operating conditions are altered either deliberately
or not. The robustness of an analytical procedure
is a measure of its capacity to remain unaffected
by small, but deliberate variations in method para-
meters and provides an indication of its reliability
during normal usage. This study yields useful
information, being a fundamental part of method
validation. Since many experiments are required,
this step is high demanding in time and consumables.
In order to avoid the difficult task of performing too
many experiments the Youden test which makes
use of fractional factorial designs and has been
proved to be a very effective approach. The main
advantage of Youden test is the fact that it keeps
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the required time and effort to a minimum, since
only a limited number of determinations have to be
made, using combinations of the chosen investigated
factors [1].

Atenolol (Fig.) is a synthetic isopropylamino-
propanol derivative used as an antihypertensive,
hypotensive and antiarrhythmic. Atenolol is chemi-
cally known as 2-[4-[2-hydroxy-3-(propan-2-ylami-
no)propoxy]phenyllacetamide. Atenolol acts as a
peripheral, cardioselective beta blocker specific for
beta-1 adrenergic receptors, without intrinsic sym-
pathomimetic effects. It reduces exercise heart rates
and delays atrioventricular conduction, with ove-
rall oxygen requirements decreasing [2, 3].
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Figure. Chemical structure of atenolol.
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The aim of the study was to evaluate the ro-
bustness of HPLC (High-Performance Liquid Chro-
matography) method for the quantitation of atenolol,
using Youden'’s test, and determine the analytical
parameters that present greater influence in the
final results of the analysis.

RESEARCH METHODS. Atenolol was sup-
plied by Refik Saydam National Public Health
Agency. The methanol used in experiments was
HPLC gradient grade and potassium dihydrogen
phosphate was of Ph.Eur.reagent grade and pur-
chased from Merck Darmstdat, Germany. Analytical
Balance Mettler Toledo MPC227, pH-metter
Metrohm 827, demineralized water from TKA Micro
system, with final conductivity less than 0.05uS/cm.
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 controlled
by Chromeleon version 6.80, composed of quater-
nary LPG pump ultimate 3000, autosampler ultimate
3000, ultimate 3000 column compartment, four
channel UV-Vis detector ultimate 3000 RS. Shi-
madzu Nexera XR UPLC system with LPG Qua-
ternary 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 used column
Zorbax C8 (4.6 mmi.d. x150 mm, 5 ym), purchased
from Sigma-Aldrich Supelco. The optimum mobile
phase composition was composed of methanol and
25 mM solution potassium dihydrogen phosphate
pH 7.3 (55:45, V/V), pumped with 1.0 mL/min at
40 °C set temperature of column oven, with UV
detector set to 225 nm wavelength. Analyses
performed on column Zorbax C8 (4.6 mm i.d.
x150 mm, 5 ym) [4].

Sample preparation

Twelve tablets of each preparation were studied
to obtain statistically significant results. The tablets
with declared contents of 80 mg valsartan 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 shaked
15min with orbital shaker. After that measuring
flasks were filled to mark for 100 mL, the final con-
centration was 1mg/ml for atenolol. Samples were
filtered with RC 0.45um syringe filters and injected.

RESULTS AND DISCUSSION. The robustness
evaluation of HPLC method for atenolol quantitation
was performed using the method proposed by
Youdene Steiner. Seven analytical parameters were
selected and small variations were induced in the
nominal values of the method. Then, eight runs
were performed with an aim to determine the effect
of each parameter in the final result. The seven
analytical parameters employed, as well as the
introduced variations are demonstrated at Table 1.
The analytical conditions at the nominal values are
represented by capital letters and the conditions
with the small variation are represented by lower-
case letters [5-7].

The seven parameters and its respective varia-
tions were combined in eight assays or chromato-
graphic runs, performed in a random order. Table 2
demonstrates the factorial combination of the
parameters for the Youden’s test. The analyses
results are shown by letters from s to z. Hence,
when combination 1 was assayed, the obtained
result was s. When combination 2 was assayed,
the obtained result was t, and so successively.

In each combination, three injections of each
sample and standard solutions were carried out, at
the work concentration. After the alteration of chro-

Table 1 — Analytical parameters and variations for the robustness evaluation
of HPLC method for atenolol quantitation

Parameter Nominal condition Variation

Ala | Methanol in mobile phase 55 - A 45 - a
B/b |25 mM solution potassium 45 - B 55 - b

dihydrogen phosphate pH 7.3

in mobile phase
Clc | pH of solution potassium 7.3 - C 7.0 - c

dihydrogen phosphate in

mobile phase
D/d | Column temperature, °C 40 - D 30 - d
E/e | Mobile phase flow rate, ml/min 1.0 - E 0.7 - e
F/f | Column supplier Zorbax C8 - F Grace - f

Platinump C8
EPS
G/g |Chromatograph model Shimadzu - G Agilent 1260 - g
Nexera XR Infinity 1l system
UPLC system

ISSN 2410-681X. MenuuHa Ta KiaiHiuHa Ximisa. 2020. T. 22. Ne 2



Table 2 — Factorial combination of the analytical parameters for robustness evaluation

Analytical parameter Factorial combination
Methanol in mobile phase A A A A a a a a
25 mM solution potassium B B b b B B b b
dihydrogen phosphate pH 7.3
in mobile phase
pH of solution potassium C c C c C c C c
dihydrogen phosphate in
mobile phase
Column temperature D D d d d d D D
Mobile phase flow rate E e E e e E e E
Column supplier F f f F F f f F
Chromatograph model G g g G g G G g
Result S t u \ w X y z

matographic column or mobile phase composition,
there was a waiting of 30 min for system stabili-
zation. The evaluated results in each combination
were peak area, retention time (Rt), tailing factor
(T, theoretical plates number (N) and captopril
content.

For evaluating the effect of the column tempera-
ture in the final result of the analyses, the following
equation was used:

Effect Clc=(s+u+w+y)/4—(t+v+x+2)/4EQ. ().

Through the use of Youden'’s test, it is possible
to establish certainly the parameters which present
higher influence in the final result of the analyses
and perform a more rigorous control in the eventual
variations of these parameters that may occur
during a routine analysis.

In this study, our first trials were directed to find
optimal chromatographic conditions. Our objective
of the chromatographic method development was
to achieve a peak tailing factor <1.5, retention time
in between 3 and 4 min, along with good resolution.

In both equipments (Shimadzu Nexera XR UPLC
system and Agilent 1260 Infinity Il system), were
carried out simultaneously the assays for the ro-
bustness evaluation of the chromatographic me-
thod. The results obtained in the eight runs to
enalapril sample and standard solutions.

In Table 3 there are the effects of the parameter
variations in the analysis results presented.

By using the criteria of Youden's test, HPLC
method proved to be greatly robust regarding con-
tent of atenolol, when variations in seven analytical
parameters were introduced. The lowest variation
in atenolol content was 0.96 %, when was used
column Zorbax C8 (4.6 mm i.d. x150 mm, 5 um).

For the first time, a holistic approach involving
simultaneous innovations in particle technology and
instrument design was endeavored to meet and
tackle the issues of the analytical laboratory. This
was done in order to make analytical scientists more
successful and businesses more profitable and
productive.

Table 3 — Effects of the analytical parameters in content and retention time (Rt)
for atenolol HPLC quantitation

Effect Content (%) Rt (min)

Methanol in mobile phase 0.12 -0.56
25 mM solution potassium dihydrogen 0.16 -0.29
phosphate pH 7.3 in mobile phase

pH of solution potassium dihydrogen 0.13 0.09
phosphate in mobile phase

Column temperature -0.09 0.07
Mobile phase flow rate -0.07 0.08
Column supplier 0.96 -2.85
Chromatograph model -0.03 0.06

CONCLUSION. Youden's test proved to be an
efficient and helpful tool for the robustness eva-
luation of HPLC method for assay of atenolol in
pharmaceuticals. Therefore, Youden'’s test can be
applied successfully for the robustness evaluation
in validation process of analytical methods.
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K. €. Menewok, 4. 6. KoBanb

TEPHOMI/IbCbKWA HALIOHA/IbHW MEAVNYHNA YHIBEPCUTET IMEHI I. 5. FOPBAYEBCHKOIO

MO3 YKPAIHW

IOJEH TECT XPOMATOI'PA®IYHOI'O BUBHAYEHHSA ATEHOJIOJTY

B JIIKAPCBKHX 3ACOBAX

Pesiome

Bcmyn. BuripobysaHHsi Ha pobacHicmb criodamky 6y/10 88e0€H0 07151 mo20, Wjob YHUKHymMU rnpo6/em rid yac
BUKOHaHHS1 Mi/1abopamopHUX 00C/IiOXeHb ma BusiBUMU NomMeHUilHO 8idnosidasibHi ghakmopu. 30ilicHeHHS nepe-
Bipku HadiliHocmi 8 KiHYi npoyedypu sanioayii nepedbadyae pusuk moao, Wo, Kosu 3'siCyembCsi, Wo Memoo He €
HaoiliHum, io2o cnid nepepobumu G onmumidysamu. Ha daHomy emarii 8xe 6y/10 OoK1adeHo ba2amo 3ycusib i
BUMpaYeHo bazamo Kowmis Ha onmumi3ayito ma rnepesipKy, Mmomy Xo4emsbCsi Yb020 YHUKHYMU.

Mema docnidxeHHs1 — BU3Ha4umMu pobacHicmb XpomMmamozpagivHo20 BU3HA4YEHHST ameHOo/10/1y 8 mabsiemkax
3 BUKOpUCcmMaxHsIM KOoeH mecmy,.

Memoou docnidxeHHs. EcheKmusHUM € Memoo OYiHKU HaodiliHOCMi aHa/limu4YHUX Memodis 3a 00roMO20H0
HO0eH mecmy wiisiXoM po3pOobKU eKkcriepuMeHmy, sikull BK/oYae CiM aHa/limuyHUX napamempis, 06’'€OHaHuUX y
BocbMU mecmax. [1id Yyac 0oc/idxeHb 6y/10 OyiHEHO HadiliHicmb XpomMamozpaidyHo20 Memody 0715 KiflbKICHO20
BU3HAaYEHHsI eHananpusiy 8 mabaemkax 3 BUKOpucmaHHsimM KOoeH mecmy.
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Pe3ysibmamu Ui 062080peHHs. [pu 3acmocyBaHHI Kpumepiis BunpobysaHHs1 KO0eHa Memoo BUCOKOeghek-

MUBHOI PIOUHHOT XxpoMamoepagii nokazas BUCOKY HadiliHicmb w000 BMICMY ameHO/10/1y 3a yMOB BBEOEHHSI sapiayjii

cemMu aHa/limu4yHUx napamempis. HalimeHwa 3miHa sMmicmy eHananpusly cmaHosusa 0,96 %, Ko/iu sBuKkopucmo-
ByBa/lu KO/TOHKy Zorbax C8 (4,6 mm i.d. x150 MM, 5 MKM). Ynepuwe po3pobnieHo yiicHul rioxio, wo nepedbaqae
00HoYacHe BrposadXeHHs1 IHHoBayill y mexHO/02ii YaCmUHOK ma rnpoeKkmysaHHs rpunadis. Lje HeobxiOHO 0715
moeo, W06 3pobumu BYEHUX-aHaIIMUKIB ycrilHiwumu, a nidrnpuemMcmsa — 6i/1bW rnpubymxkosuMU ma rnpooyKkmus-
HUMU.

BucHosku. FO9eH mecm susiBUBCS eqheKmUBHUM i KOPUCHUM IHCMpPYMeHMOoM 07151 OYiHKU pobacHocmi rid yac
aHasiisy ameHosio/y MemodoM BUCOKOEEKMUBHOI PidUHHOT xpoMmamozpadpii. Mlo2o MoXHa YCrilHO 3acmocosy-
Bamu 07151 oyjiHKU pobacHocmi 8 npoyeci sasioayii aHaIimuyHux Memoouk.

KNMOYOBI CNNOBA: ateHonon; BucokoedekTuBHa pigvHHa Xpomatorpadifi; po6acHicTb; KinbKiCcHWUiA
aHanis; lOgeH TecT.

E. E. Menewok, 4. 6. KoBanb
TEPHOIMNO/IbCKV HALUIMIOHATIbHbBIVI MEAVLIMHCKWW YHUBEPCUTET UMEHW V. . TOPBAYEBCKOIO
MO3 YKPAVIHbI

HOJEH TECT XPOMATOI'PAONYECKOI'O OITPEAE/TIEHUA ATEHOJIOJIA
B JIEKAPCTBEHHbBIX CPEJCTBAX

Pesiome

BcmynneHue. VicribimaHusi Ha pobacHOCMb U3Ha4Ya/IbHO 6b1/10 BBEOEHO 07151 MO20, 4Ymobbl U3bexxams rpobsiem
B0 BPEeMs1 BbIMO/THEHUST MEX/1ab0pamopHbIX UCC/1ed08aHull U BbISIBUMbL MOMEHYUa/IbHO 0MBEMCMBEHHbIE (hakmo-
pbl. Ocywecms/ieHue MpoBepKU Had0eXXHOCMU B KOHYe npoyedypbl sasudayuu npedycmMampusaem puck moeo,
4mo, Ko20a OKaXkemcsi, 4Ymo Memood He HadexeH, e20 ciedyem nepepabomamse U ONMUMU3Uposams. Ha 0aHHOM
amarie ye 6bi/10 MPU/IOKEHO MHO20 ycuaul U MompadyeHo MHO20 cpedcms Ha ONMUMU3ayU0 U MPOBEPKY, MO3IMO-
My Xx04emcsi 3moeo usbexame.

Llenb uccnedosaHusi — onpedesiums pob6acHOCMb XpoMamozpaguyeckoz20 ornpedesieHUsi ameHo/10/1a 8
mabsiemkax ¢ ucro/sib308aHUeM KO0eH mecma.

MemoosbI uccsiedoBaHust. hPeKMUBHLIM SIB/1SIEMCST MEMOO OUEHKU Ha0eXXHOCMU aHa/lumu4yecKux Memo-
008 ¢ nomouwbto KO0eH mecma nymem pa3pabomku sKkcrnepuMeHma, KomopbIl BK/IH0YAEM CEMb aHa/TUMUYECKUX
rnapamempos, 06be0UHEHHbIX 8 BOCbMU mecmax. Bo spemsi uccsiedosaHull 6b1710 OUEHEHO Ha0eXHOCMb XpoMa-
mozpaghuydecko2o Memooda 0/151 KO/IUHeCMBEHHO20 OnpedesieHUsT dHaaanpusia 8 mabsiemkax ¢ Ucrosib308aHUeM
HOdeH mecma.

Pe3ysibmambi u o6¢cyxoeHue. [pu npuUMeHeHUU Kkpumepues ucrbimaHusi FKO0eHa Memoo B8bICOKOIghhek-
musHoU XXuokocmHoUl xpomMamozpaghuu rnokasasl 8bICOKYH Ha0EXHOCMb B8 OMHOWEHUU COOEPXaHUsT ameHos10/1a
B yC/10BUSIX BBEOEHUSsI Bapuayuu ceMu aHa/lumuyeckux rnapamempos. HaumeHbwee UsMeHeHUe codepaHusi
aHananpusa cocmas/isisio 0,96 %, kozda ucro/b308a/1u KO/I0HKY Zorbax C8 (4,6 mm i.d. x150 mm, 5 Mkm). Briepsbie
paspabomaH yes0cmHbIl Nooxood, npedycmampusaroujuli 00HOBPEMEHHOE BHEOPEHUE UHHOBaYull 8 MeXHO102uUU
yacmuy u npoekmuposaHue npubopos. 3mo Heo6xo0uMo 0151 Mmo20, Ymobbl coenamb yYeHbIX-aHa/IUMUKOB
ycrnewHee, a npednpusimusi — 6o/1ee MpubblibHbIMU U MPOCYKMUBHbLIMUL.

Bbi1800bI1. KDOeH mecm oka3asicsi 3(bgheKMUBHbLIM U 110/1€3HbIM UHCMPYMEHMOM 07151 OYEHKU pobacHoCmu 80
BpeMsi aHa/iu3a ameHo/10/1a MemMooOM BbICOKO3GhghekmusHOU XUGKOCMHOU xpoMamozpacghuu. E20 MOXHO ycrneuw-
HO rpuUMeHsiMb 0/151 OYEHKU pobacHOCMU B8 rpoyecce sasiudayuu aHaIumu4eckux Memoouk.

KNKOUEBDLIE C/TOBA: ateHonos; BbiCOKO3(hheKTUBHAsA XUAKOCTHAs XpoMaTorpadms; po6acHOCTb;
KOMIMUecTBeHHbI aHanu3; KOpeH TecT.
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