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SUMMARY. The robustness of an analytical procedure is a measure of its capacity to remain unaffected by small,
but deliberate variations in method parameters and provides an indication of its reliability during normal usage.

The aim of the study - to evaluate the rubustness of HPLC determination of valsartan in tablets using Youden's
test.

Material and Methods. An efficient method to assess the robustness of analytical methodsis 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 valsartan in tablets using Youden'’s test.

Results. The experimental design approach (design of experiment) is the method of simultaneous investigation of
the influence of several factors on robustness of the method using a certain plan (matrix) of experiments. By using the
Youden'’s test criteria, HPLC method showed to be greatly robust concerning valsartan content, at the introduction of
variation in seven analytic parameters. This was done in order to make analytical scientists more successful 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
valsartan by HPLC. Youden's test can be applied successfully for the robustness evaluation in validation process of

analytical methods.

KEY WORD: valsartan; high-performance liquid chromatography; robustness; quantitative analysis; Youden's test.

Introduction. Valsartan (Fig. 1) is chemically de-
scribed as (25)-3-methyl-2-[pentanoyl-[[4-[2-(2 H-tet-
razol-5-yl)phenyl]phenyllmethyl]amino]butanoic
acid. Valsartan is an orally active nonpeptide tri-
azole-derived antagonist of angiotensin (AT) Il with
antihypertensive properties. Valsartan selectively
and competitively blocks the binding of angiotensin
Il to the AT1 subtype receptor in vascular smooth
muscle and the adrenal gland, preventing AT II-medi-
ated vasoconstriction, aldosterone synthesis and se-
cretion, and renal reabsorption of sodium, and re-
sulting in vasodilation, increased excretion of sodi-
um and water, a reduction in plasma volume, and a

reduction in blood pressure. Therefore, analytical
methods for their separation and quantification in
pharmaceutical formulations and inhuman plasma
are desirable for quality control and therapeutic
drug monitoring, respectively. Several techniques
have been reported in the literature for the determi-
nation of valsartan individually in pharmaceutical
dosage forms or human serum samples such as spec-
trophotometry, high performance liquid chromatog-
raphy-tandem mass spectrometry (LC-MS/MS),
HPLC methods with photometric, fluorimetric detec-
tion coupled with mass spectrometry as well as the
derivative UV-spectrophotometry methods [1-18].

Fig. 1. Chemical structure of valsartan.

The generally accepted definition of the term
"robustness" with respect to analytical methods is
specified in ICH Q2 (R1): "the robustness of an ana-
lytical procedure is a measure of its capacity to re-
main unaffected by small, but deliberate variations
in method parameters and provides an indication of

its reliability during normal usage". ICH Q2 (R1) also
states that the robustness assessment "should show
the reliability of an analysis with respect to delibera-
te variations in method parameters. If measure-
ments are susceptible to variations in analytical con-
ditions, the analytical conditions should be suitably
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controlled or a precautionary statement should be
included in the procedure. One consequence of the
evaluation of robustness should be that a series of
system suitability parameters (e.g., resolution test) is
established to ensure that the validity of the analyti-
cal procedure is maintained whenever used" [19-21].

The aim of the study was to evaluate the robust-
ness of HPLC (High-Performance Liquid Chromato-
graphy) method for the quantitation of valsartan,
using Youden's test, and determine the analytical
parameters that present greater influence in the fi-
nal results of the analysis.

Material and Methods. Valsartan (purity 99.9 %)
was purchased from Jubilant Generics Limited (In-
dia). The methanol used in experiments was HPLC
gradient grade and potassium dihydrogen phospha-
te was of Ph.Eur.reagent grade and purchased from
Merck Darmstdat, Germany. Analytical Balance Met-
tler Toledo MPC227, pH-metter Metrohm 827, de-
mineralized 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. 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 ver-
sion 5,97. The used column Zorbax C8 (4.6 mm i.d. X
150 mm, 5 pm), purchased from Sigma-Aldrich Su-
pelco. The optimum mobile phase composition was
composed of methanol and 25 mM solution potassi-
um 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 wave-
length. Analyses performed on column Zorbax C8
(4.6 mmi.d. X 150 mm, 5 um) [22].

Sample preparation

Twelve tablets of each preparation were studied
to obtain statistically significant results. The tablets
with declared contents of 80 mg valsartan were pur-
chased from local drug store, pharmacy. The tablets
were putin 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 concentration was 0.8 mg/mL
for valsartan. Samples were filtered with RC 0.45um
syringe filters and injected.

Results and Discussion. In the investigation of
the robustness of analytical methods, one of two

main methods are frequently used: The "One-factor-
a-time" method (the alternative name is "One-vari-
able-at-a-time procedure") is a concurrent study of
the influence of only one factor on the robustness of
an analytical method with fixed values of all other
factors at a time. The experimental design approach
(design of experiment) is the method of simulta-
neous investigation of the influence of several fac-
tors on robustness of the method using a certain
plan (matrix) of experiments [23].

The robustness evaluation of HPLC method for
valsartan quantitation was performed using the
method proposed by Youdene Steiner. Seven ana-
lytical parameters were selected and small variations
were induced in the nominal values of the method.
Then, eight runs were performed with an aim to de-
termine the effect of each parameter in the final re-
sult. 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 lowercase letters [24-26].

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 pa-
rameters for the Youden'’s test. The analyses results
are shown by letters from sto z Hence, when combi-
nation 1 was assayed, the obtained result was s.
When combination 2 was assayed, the obtained re-
sult was ¢, 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 chroma-
tographic column or mobile phase composition, there
was a waiting of 30 min for system stabilization. The
evaluated results in each combination were peak
area, retention time (Rt), tailing factor (T), theoretical
plates number (N) and valsartan content.

For evaluating the effect of in the final result of
the analyses, the following equation was used:

EffectC/lc=(s+u+w+y)/4-(t+v+x+2) /4Eq. (1).

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 dur-
ing 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 1 and 2 min, along with good resolution. In
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both equipments (Shimadzu Nexera XR UPLC system  tained in the eight runs to enalapril sample and stan-
and Agilent 1260 Infinity Il system), were carried out  dard solutions.

simultaneously the assays for the robustness evalua- In table 3 the effects of the parameter varia-
tion of the chromatographic method. The results ob-  tions in the analysis results are presented.

Table 1. Analytical parameters and variations for the robustness evaluation of HPLC method for valsartan quantitation

Parameter Nominal condition Variation
A/a 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

C/c pH of solution potassium 7.3 - C 7.0 - d
dihydrogen phosphate in
mobile phase

D/d Column temperature, °C 40 - D 30 - d
E/e Mobile phase flow rate, ml/ 1.0 - E 0.7 -
min
F/f Column supplier Zorbax C8 - F Grace Platinump - f
C8 EPS
G/g Chromatograph model Shimadzu - G Agilent 1260 - g
Nexera XR Infinity Il system
UPLC system

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

Analytical parameter Factorial combination
Methanol in mobile A A A A a a a a
phase
25 mM solution B B b b B B b b

potassium dihydrogen
phosphate pH 7.3 in
mobile phase

pH of solution C C C C C C C C
potassium dihydrogen
phosphate in mobile
phase

Column temperature
Mobile phase flow rate
Column supplier
Chromatograph model
Result

w | Omm|O
rj@Q | |O
clQ(—mm|a
<|Ojm|m |a
Sl [mimn |a
X [ O|—mm|a

< |O|—|m |O
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Table 3. Effects of the analytical parameters in content and retention time (Rt) for valsartan HPLC quantitation

Effect Content (%) Rt (min)
Methanol in mobile phase 0.13 -0.31
25 mM solution potassium 0.19 -0.39

dihydrogen phosphate pH 7.3 in
mobile phase

pH of solution potassium dihydrogen 0.18 0.07
phosphate in mobile phase

Column temperature -0.07 0.04
Mobile phase flow rate -0.09 0.07
Column supplier 0.91 -2.04
Chromatograph model -0.05 0.05

28 ISSN 1811-2471. 3006ymku KAiHiYHOI | ekcnepumeHmasbHoi MeduyuHu. 2020. N2 3



Ozn190u iimepamypu, OpU2iHaIbHi 00CAiOXCeHHS, No2/180 Ha npobsiemy, BUNAOOK 3 NPAKMUKU, KOPOMKI NOBIOOMJIEHHS

By using the criteria of Youden's test, HPLC
method proved to be greatly robust regarding con-
tent of valsartan, when variations in seven analytical
parameters were introduced. This was done in order
to make analytical scientists more successful and
businesses more profitable and productive.

Conclusion. Youden's test proved to be an effi-
cient and helpful tool for the robustness evaluation
of HPLC method for assay of valsartan in pharmaceu-
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BMBYEHHA POBACHOCTI XPOMATOIPA®IYHOIO BUSHAYEHHA BAJICAPTAHY
B JIIKAPCbKNX 3ACOBAX

©K. €. Menewok, O. M. AlyTuak, PaTma Abaenmanek Moxamep,
TepHoninbcbKull HauioHaabHUl MmeduyHul yHisepcumem imeHi I. A. lopbayescbko020 MO3 YkpaiHu

PE3FOME. Po6acHicTb aHaNiTUYHOI NpoLeAypy — Lie NOKa3HMK 1 34aTHOCTI 3a/1MLWATUCh HE3MIHHOK Yepe3 He3HauHi,
aJsie HABMUCHI 3MiHK NapameTpiB MeToay, AKM 3abe3neyye BKa3iBKY Ha MOro HAAIMHICTb MNiJ YaC 3BMYANHOIO BUKOPWUC-
TaHHSA.

MeTa - B1BYMTM POBACHICTb XpOMaTOrpadiyHOro BU3HAYEHHS BasICApTaHy B TabneTkax 3 BUKOPUCTAHHAM TecTy HOfeHa.

Martepian i MeTogu. EGeKTMBHA OLHKA HAZIMHOCTI aHANITUYHUX MEeTOAIB 3a f,ONOMOroto TecTy KOgeHa nposeaeHa
LLSIAXOM PO3pO6KM eKCNEPUMEHTY, SIKMIA BKJIOYAE CiM aHaNiTUYHMX NapaMeTpiB, 06'eaHaHNX Y BOCbMW TecTax. Y foCi-
OXKEHHAX MW OLiHIOBAIN HAAIMHICTb XpOMaTorpadiyHoro MetToay A1 KiJibKiCHOro BU3HaYeHHA BaJiICapTaHy B TabneTkax
3 BUKOPWCTaHHAM TecTy FOaeHa.

Pe3synbTaTu. MNiaxia [0 eKCnepMMeHTasIbHOro NPOEKTYBaHHA (AM3alH eKCNepUMEHTY) — Lie MeToj, OAHOYaCHOro
[OCiAXKEHHS BMJIMBY KiJibkox pakTopiB Ha pobacHicTb MeToAy 33 LONOMOro0 NEBHOMO MJaHY (MaTpuLi) ekcnepvmer-
TiB. BUKOpMCTOBYIOUM KpUTEPIi BUNpobyBaHHS KOaeHa, MeTo BEPX noka3aB BMCOKY HaZAiMHICTb LWOAO BMICTY BaJicapTa-
HY NPV BBeAEHHI BapiaLii ceMy aHaNiTMYHNX NapaMeTpiB. Lie noTpibHo 1A Toro, wob 3pobuTn BYEHNX-aHaNITKKIB 6inbLu
yCNiWHMMMK, @ NiANPUEMCTBA — 6iNbLL MPUBYTKOBMMM Ta NPOAYKTUBHUMMU.

BucHoBKM. TecT KOaeHa BMABMBCSA €DEKTUBHMM i KOPUCHUM iHCTPYMEHTOM AJ1S1 OLiHKM pobacHOCTI AN1A aHanisy
BasicapTaHy MmeToaoM BEPX. TecT HOeHa MOXHa YCNillHO 3aCTOCyBaTW A5 OUiHKM pobacHOCTI B npoueci Basigauii aHa-
NITUYHNX METO VK.

KJIKOYOBI CJIOBA: BanicapTaH; BUCOKoedEKTUBHA PiANHHA XpoMaTorpadis; pobacHicTb; KiNbKiCHUA aHanis; Tect
HOpeHa.

M3YYEHMNE POBACTHOCTU XPOMATOIPA®UYECKOIO OMNPEAEJIEHUA BAJICAPTAHA
B JIEKAPCTBEHHbIX CPEACTBAX

©E. E. Nenewok, O. M. AlyTuak, ®aTtma Abaenmanek Moxamep
TepHoNo/bCKUU HAUUOHAIbHbIG MeOUUUHCKUU yHUBepcumem umeHu Y. . lfopbayescko2o MO3 YkpauHsbi

PE3FOME. Po6acTHOCTb aHa/IMTUYeCKol npoLeaypbl — 3TO MOKa3aTeslb ee CNocobHOCTM 0CTaBaTbCA HEM3MEHHOMN
13-33 HE3HAYNTEJIbHOIO, HO YMbILLJIEHHOIrO M3MEHEeHUA NapaMeTPOB MeTo/a, KOTOPbI obecneynBaeT yKa3aHne Ha ero
HaZleXXHOCTb BO BpeMA 00bIYHOMO MCMOJIb30BAHMS.

LLenb — n3yunTb pobacTHOCTb XpoMaTorpadnyeckoro onpesesieHns BasicapTaHa B TabseTkax C MCMOJIb30BaHNEM
Tecta HOpeHa.

MaTepuan u metopabl. JPPeKTUBHON ABNAETCA OLLEHKA HaAEXHOCTM aHA/IMTUYECKMX METO/I0B C MOMOLLbIO TecTa
HOfaeHa nyTtemM pa3paboTKM 3KCNEepUMEHTa, KOTOPbIA BKJIKOYAET CEMb aHAINMTUYECKMX NapamMeTpoB, 06beAnHEHHbIX B
BOCbMM TecTax. Bo BpemMa nccnenoBaHuii 6biia oLeHeHa HafAeXHOCTb XpOMaTorpadmnyeckoro MeToaa A KoamyecT-
BEHHOrO onpefesieHns BasicapTaHa B TabsieTkax c UCnosib3oBaHMeM TecTa HOgeHa.

Pe3ynbTaTthbl. [Toaxon K 3KCNEPUMEHTa/IbHOMY NPOEKTUPOBaHWNIO (AN3aMH 3KCNEPMMEHTA) — 3TO METO[, OJHOBpe-
MEHHOTI0 NCC/Iel0BaHMA BANSHMUA HECKOIbKNX HaKTOpPOB Ha po6acTHOCTb MeTOa C MOMOLLbIO ONpeaesIeHHOro nJiaHa
(MaTpuupbl) 3KCNepMMeHTOB. MNpu NpUMEHEHNN KpUTEpUEB UCMbITaHMa KOaeHa MeToa BbiCOKO3IPHEKTUBHOM XNAKOCT-
HOW XpoMaTorpadum Nokasasn BbICOKYH HaZleXXHOCTb B OTHOLLEHNWN COZlepXXaHWA BaJiCAapTaHa B YC/I0BMAX BBEAEHNS Ba-
pUaLMN CEMUN aHAIUTUYECKUX NapaMeTpoB. ITO He0BX0AMMO, YTOObI CAeNaTb YYEHbIX-aHa/IMTMKOB yCreLwHee, a npea-
npuaTMa — 6onee NpUbbLIILHLIMK W MPOAYKTUBHbBIMM.

BbiBopgbl. TecT KOgeHa okazancst 3pPeKTUBHbLIM U NMOJIE3HbIM MHCTPYMEHTOM /19 OLLEeHKN pobacTHOCTM BO BpeMs
aHanM3a BasicapTaHa MeToA0M BbICOKO3IhDEKTUBHOM XMUAKOCTHON XpoMaTorpadpumm. Ero MOXHO yCrnewHo NpMMeHaTb
ONA OLEeHKM pobacTHOCTM B NpoLecce BasiMaaLnmn aHaIMTUYECKNX METOAMK.

KJIFOYEBbBIE CJIOBA: BasicapTaH; BbICOKO3bdEKTUBHAA XNAKOCTHAA XpoMaTorpadma; pobacTHOCTb; KOJnYecT-
BEHHbIN aHanus; Tect KOaeHa.
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