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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.
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Introduction. Valsartan (Fig. 1) is chemically de-
scribed as (2S)-3-methyl-2-[pentanoyl-[[4-[2-(2H-tet-
razol-5-yl)phenyl]phenyl]methyl]amino]butanoic 
acid. Valsartan is an orally active nonpeptide  tri-
azole-derived antagonist of angiotensin (AT) II 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-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 0.05µS/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 μm), 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 mm i.d. X 150 mm, 5 μm) [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 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 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 s to z. Hence, when combi-
nation 1 was assayed, the obtained result was s. 
When combination 2 was assayed, the obtained re-
sult 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 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:

Effect C/c = (s + u + w + y) / 4 - (t + v + x + z) / 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 wеre dirеcted to find 
optimаl chromatographic cоnditions. Our objеctivе of 
the chromatоgraphіc method develоpment wаs to 
achiеve a peak tailing factor <1.5, retention time in 
between 1 and 2 min, along with gооd resоlution. In 
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both equipments (Shimadzu Nexera XR UPLC system 
and Agilent 1260 Infinity II system), were carried out 
simultaneously the assays for the robustness evalua-
tion of the chromatographic method. The results ob-

tained in the eight runs to enalapril sample and stan-
dard solutions.

In table 3 the effects of the parameter varia-
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 

dihydrogen phosphate pH 
7.3 in mobile phase

45 - B 55 - b

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

7.3 - C 7.0 - c

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 Platinumр 
C8 EPS

- f

G/g Chromatograph model Shimadzu 
Nexera XR 

UPLC system

- G Agilent 1260 
Infinity II system

- g 

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 dihydrogen 
phosphate pH 7.3 in 
mobile phase

B B b b B B b b 

pH of solution 
potassium dihydrogen 
phosphate in mobile 
phase

C c C c C c C c 

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 v w x y z

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 
dihydrogen phosphate pH 7.3 in 
mobile phase

0.19 -0.39

pH of solution potassium dihydrogen 
phosphate in mobile phase

0.18 0.07

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
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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-

ticals. Therefore, Youden’s test can be applied suc-
cessfully for the robustness evaluation in validation 
process of analytical methods.
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ВИВЧЕННЯ РОБАСНОСТІ ХРОМАТОГРАФІЧНОГО ВИЗНАЧЕННЯ ВАЛСАРТАНУ  
В ЛІКАРСЬКИХ ЗАСОБАХ

©К. Є. Пелешок, О. М. Дутчак, Фатма Абделмалек Мохамед
Тернопільський національний медичний університет імені І. Я. Горбачевського МОЗ України

РЕЗЮМЕ. Робасність аналітичної процедури – це показник її здатності залишатись незмінною через незначні, 
але навмисні зміни параметрів методу, який забезпечує вказівку на його надійність під час звичайного викорис-
тання.

Мета – вивчити робасність хроматографічного визначення валсартану в таблетках з використанням тесту Юдена.
Матеріал і методи. Ефективна оцінка надійності аналітичних методів за допомогою тесту Юдена проведена 

шляхом розробки експерименту, який включає сім аналітичних параметрів, об'єднаних у восьми тестах. У дослі-
дженнях ми оцінювали надійність хроматографічного методу для кількісного визначення валсартану в таблетках 
з використанням тесту Юдена.

Результати. Підхід до експериментального проектування (дизайн експерименту) – це метод одночасного 
дослідження впливу кількох факторів на робасність методу за допомогою певного плану (матриці) експеримен-
тів. Використовуючи критерії випробування Юдена, метод ВЕРХ показав високу надійність щодо вмісту валсарта-
ну при введенні варіації семи аналітичних параметрів. Це потрібно для того, щоб зробити вчених-аналітиків більш 
успішними, а підприємства – більш прибутковими та продуктивними.

Висновки. Тест Юдена виявився ефективним і корисним інструментом для оцінки робасності для аналізу 
валсартану методом ВЕРХ. Тест Юдена можна успішно застосувати для оцінки робасності в процесі валідації ана-
літичних методик.

КЛЮЧОВІ СЛОВА: валсартан; високоефективна рідинна хроматографія; робасність; кількісний аналіз; тест 
Юдена.

ИЗУЧЕНИЕ РОБАСТНОСТИ ХРОМАТОГРАФИЧЕСКОГО ОПРЕДЕЛЕНИЯ ВАЛСАРТАНА  
В ЛЕКАРСТВЕННЫХ СРЕДСТВАХ

©Е. Е. Пелешок, О. М. Дутчак, Фатма Абделмалек Мохамед
Тернопольский национальный медицинский университет имени И. Я. Горбачевского МОЗ Украины

РЕЗЮМЕ. Робастность аналитической процедуры – это показатель ее способности оставаться неизменной 
из-за незначительного, но умышленного изменения параметров метода, который обеспечивает указание на его 
надежность во время обычного использования.

Цель – изучить робастность хроматографического определения валсартана в таблетках с использованием 
теста Юдена.

Материал и методы. Эффективной является оценка надежности аналитических методов с помощью теста 
Юдена путем разработки эксперимента, который включает семь аналитических параметров, объединенных в 
восьми тестах. Во время исследований была оценена надежность хроматографического метода для количест
венного определения валсартана в таблетках с использованием теста Юдена.

Результаты. Подход к экспериментальному проектированию (дизайн эксперимента) – это метод одновре-
менного исследования влияния нескольких факторов на робастность метода с помощью определенного плана 
(матрицы) экспериментов. При применении критериев испытания Юдена метод высокоэффективной жидкост-
ной хроматографии показал высокую надежность в отношении содержания валсартана в условиях введения ва-
риации семи аналитических параметров. Это необходимо, чтобы сделать ученых-аналитиков успешнее, а пред-
приятия – более прибыльными и продуктивными.

Выводы. Тест Юдена оказался эффективным и полезным инструментом для оценки робастности во время 
анализа валсартана методом высокоэффективной жидкостной хроматографии. Его можно успешно применять 
для оценки робастности в процессе валидации аналитических методик.

КЛЮЧЕВЫЕ СЛОВА: валсартан; высокоэффективная жидкостная хроматография; робастность; количест
венный анализ; тест Юдена.
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