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ROBUSTNESS EVALUATION OF THE CHROMATOGRAPHIC
DETERMINATION OF VERAPAMIL HYDROCHLORIDE

Introduction. 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 — the rubustness evaluation of the chromatographic determination of verapamil hydro-
chloride using Youden'’s test.

Methods of the research. Youden'’s test is a reliable method to evaluate the robustness of analytical methods,
by means of an experiment design which involves seven analytical parameters combined in eight tests. In the present
study, we assessed the robustness of a chromatographic method to quantify verapamil hydrochloride using Youden’s
test. Hence, it was possible to determine the effect of each analytical parameter in the final analysis results. Youden’s
test showed to be a simple and feasible procedure to evaluate the robustness of chromatographic methods.

Results and Discussion. Using the criteria of Youden'’s test, the chromatographic method showed to be highly
robust regarding the verapamil hydrochloride content, when variations in seven analytical parameters were introduced.
The highest variation in the verapamil hydrochloride content was 0.26 %, when the concentration of triethylamine
in the mobile phase was altered; a value considerably low and not significant in routine analyses.

Conclusions. Youden’s test showed to be a reliable and useful tool for the robustness evaluation of the
chromatographic method for verapamil hydrochloride quantitation. By means of this test, it was possible to evaluate
the effect of seven analytical parameters in the final result of the analyses. Therefore, Youden’s test can be successfully

applied for the robustness evaluation in validation process of analytical methods by HPLC.

KEY WORDS: verapamil hydrochloride; validation; robustness; chromatography; quantitative analysis;

Youden'’s test.

INTRODUCTION. The analytical procedure
refers to the way of performing the analysis. The
steps necessary to perform each analytical test
should be described in details. This may include
but not limited to: the sample, the reference standard
and the reagents preparations, use of the apparatus,
generation of the calibration curve, use of the
formulae for the calculation, etc.

The evaluation of robustness should be consi-
dered during the development phase and depends
on the type of procedure under study. It should show
the reliability of an analysis with respect to deliberate
variations in method parameters.

If measurements are susceptible to variations
in analytical conditions, the analytical conditions
should be suitably 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
© L. S. Logoyda, 2017.

(e.g., resolution test) is established to ensure that
the validity of the analytical procedure is maintained
whenever used.

Examples of typical variations are:

« stability of analytical solutions,

« extraction time.

In the case of liquid chromatography, examples
of typical variations are

« influence of variations of pH in a mobile phase,

« influence of variations in mobile phase com-
position,

« different columns (different lots and/or suppliers),

* temperature,

« flow rate.

In the case of gas-chromatography, examples
of typical variations are:

« different columns (different lots and/or
suppliers),

* temperature,

« flow rate [1].
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The evaluation of the robustness of chroma-
tographic methods often is complex and laborious,
taking into account the large number of analytical
parameters that should be considered to carry out
the test. Some authors select specific analytical
parameters to be evaluated, introducing small
variations in the nominal conditions and the sta-
tistical interpretation is performed by means of
Student’s t-test or ANOVA test. Other wider alter-
native to determine the robustness of analytical
methods is the Youden’s test. This test allows not
only evaluating the method robustness but also
pointing out the influence of each analytical para-
meter in the final results. The basic idea of Youden'’s
test is not to study one alteration at time but to
introduce several changes at once, in such a
manner that the effects of individual changes can
be ascertained [2, 3].

The aim of the work was to evaluate the ro-
bustness of the chromatographic method for the
guantitation of verapamil hydrochloride, using
Youden'’s test, and determine the analytical para-
meters that present higher influence in the final
results of the analysis.

METHODS OF THE RESEARSH. Verapamil
hydrochloride SPhU and raw material were pur-
chased from Darnitsa (Ukraine). The chromato-
graphic analysis of verapamil hydrochloride per-
formed on liquid chromatographs Agilent 1290 and
HP 1100 systems. The columns used Nucleosil C18
(4.6%150 mm with a particle size of 5 microns) and
Ascentis Express C18 (column size 4.6x150 mm
with a particle size of 5 microns). The column tem-
perature was 25 °C. The mobile phase consisted
of methanol R, water R, acetic acid R and triethyl-
amine R (55: 44: 1: 0.1), at a flow rate of 0.8 ml/min.
The detection was performed at 280 nm.

Standard solution. 20.0 mg of verapamil hy-
drochloride SPhU dissolve in methanol R and dilute
with the same solvent to 20.0 ml volume. 5.0 ml
of the resulting solution adjusted to 25.0 ml of
solvent.

Sample solution. To 20.0 mg of verapamil hy-
drochloride raw material, add 10 ml of methanol R,

shake in ultrasonic bath for 10 minutes and add
methanol R to the volume of 20.0 ml. 5.0 ml of the
resulting filtrate adjusted to 25.0 ml of solvent.

The robustness evaluation of the chromato-
graphic method for the verapamil hydrochloride
guantitation was performed using the method propo-
sed by Youdene Steiner (1975). Seven analytical
parameters were selected and small variations were
induced in the nominal values of the method. Then,
eight runs were performed aiming to determine the
influence of each parameter in the final result. The
seven analytical parameters employed, as well as
the introduced variations are demonstrated at ta-
ble 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.

The seven parameters and its respective vari-
ations were combined in eight assays or chroma-
tographic 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 change of chroma-
tographic column or mobile phase composition, 30
minutes were awaited for system stabilization. The
evaluated results in each combination were peak
area, retention time (Rt), tailing factor (T), theoretical
plates number (N) and verapamil hyrdochloride
content.

To determine the influence of variations of each
parameter in the final result, the mean of the four
values corresponding to the capital letters (nominal
conditions) was compared to the mean of the four
values corresponding to the lowercase letters
(altered conditions). For example, to evaluate the
effect of the column temperature in the final result
of the analyses, the following equation was
employed:

Effect C/c=(s+u+w+y)/4-(t+v+x+z)/4  Eg. (1).

Table 1 — Analytical parameters and variations for the robustness evaluation
of the chromatographic method for verapamil hydrochloride quantitation

Parameter Nominal condition Variation
Ala Methanol in mobile phase 55 - A 50 — a
B/b Acetic acid in mobile phase 1 - B 0.5 - b
Clc Triethylamine in mobile 0.1 - C 0.05 - c
phase
D/d Column temperature 25°C - D 30°C - d
Ele Mobile phase flow rate 0.8 - E 1.0 - e
F/f Column supplier Nucleosil C18 - F Ascentis - f
Express C18
Glg Chromatograph model Agilent 1290 — G HP 1100 — g
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Table 2 — Factorial combination of the analytical parameters
for robustness evaluation by Youden’s test

Analytical parameter

Factorial combination

Methanol in mobile phase

Acetic acid in mobile phase

Triethylamine in mobile phase

Column temperature

Mobile phase flow rate

Column supplier

Chromatograph model
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Thus, the influence of the seven analytical
parameters regarding the peak area, retention time
(Rt), tailing factor (T), theoretical plates number (N)
and verapamil hydrochloride content were evaluated.
By means 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.

RESULTS AND DISCUSSION. The assays for
the robustness evaluation of the chromatographic
method were carried out simultaneously in both
equipments, Agilent 1290 and HP1100. The results
obtained in the eight runs to the verapamil hydro-
chloride sample and standard solutions [4, 5].

To evaluate the effect of each parameter, the
average of the four values corresponding to altered
conditions was subtracted from the average of the
four values obtained at the nominal conditions, as
demonstrated in Eq. (1). The effects of the para-

meter variations in the analysis results are presented
in Table 3.

Using the criteria of Youden'’s test, the chromato-
graphic method showed to be highly robust re-
garding the verapamil hydrochloride content, when
variations in seven analytical parameters were
introduced. The highest variation in the verapamil
hydrochloride content was 0.26 %, when the
concentration of triethylamine in the mobile phase
was altered; a value considerably low and not
significant in routine analyses. The retention time
of verapamil hydrochloride peak was more consi-
derably influenced by three analytical parameters.
The decrease of the methanol, acetic acid and tri-
ethylamine concentrations reduced the eluent
strength of the mobile phase and induced the in-
crease of the retention time of the verapamil hydro-
chloride peak. Some parameters such as column
temperature, mobile phase flow rate, column
supplier and chromatograph model presented low
influence in the evaluated factors of the chroma-
tographic method.

Table 3 — Effects of the analytical parameters in content and retention time (Rt)
of the chromatographic method for verapamil hydrochloride quantitation

Effect Content, % Rt, min
Methanol in mobile phase 99.72-99.52=0.2 2.54-4.1=-1.56
Acetic acid in mobile phase 99.71-99.53=0.18 2.57-4.3=-1.73
Triethylamine in mobile phase 99.72-99.46=0.26 2.55-4.6=-2.05
Column temperature 99.64-99.65=-0.01 2.45-2.44=0.01
Mobile phase flow rate 99.64-99.65=-0.01 2.62-2.57=0.05
Column supplier 99.64-99.65=-0.01 2.53-2.65=-0.12
Chromatograph model 99.73-99.76=-0.03 2.47-2.32=0.15

CONCLUSIONS. Youden'’s test showed to be
areliable and useful tool for the robustness evalua-
tion of the chromatographic method for verapamil
hydrochloride quantitation. By means of this test, it
was possible to evaluate the effect of seven
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. C. Norowiga

TEPHOIMI/IbCbKU IEPXXABHWIA MEANYHW YHIBEPCUTET IMEHI 1. 1. FTOPEAYEBCBHKOIMO

AHAJII3 POBACTHOCTI XPOMATOI'PA®IYHOI'O BUBHAYEHHA

BEPAITAMUTY T'IAPOXJIOPUAY

Pestome
Bcmyn. PobacmHicmb — ye 30amHicmb aHa/limuyHoi MemOOUKU He 3a3Hasamu Br/iugy Majiux 3adaHux
aHaszimuKoM 3MiH Mid Yac BUKOHaHHSI MEmMOOUKU, € MOKa3HUKOM HadiliHocmi Memoouku npu i BUKOPUCMaHHI y

BKasaHux yMmosax.

Mema 0ocidxeHHs1 — rpoaHaslidysamu pobacmHicmb xpomMamozpaghiyHo20 BU3HAYEHHST sepanamisny

2idpoxsiopudy i3 3acmocysaHHsIM KOOeH mecmy.

Memoou docidxeHHs. BunpobysaHHss KO0eH mecmy € HaodiliHuM MemoooM aHasisy pobacmHocmi

aHa/limuyHUX Memoois 3a A0MOMO2010 M/1aHyBaHHSI eKcriepuMeHmy, KUl BK/IKOYAE CiM aHa/lIMUYHUX MOKa3HUKIB,
06’€0HaHUX y BiCiM BUMPOBYBaHb. Y UYboMy 00C/IIOXEHHI OUYiHEHO pobacmHicmb xpoMmamozpaghiyHo20 memody 07151
Ki/IbKICHO20 BU3HAYeHHs1 Beparnamisy 2iopoxsiopudy 3 suKopucmaHHsiM FOoeH mecmy. Omxe, MoXHa su3Hadyumu
BI/IUB KOXXHO20 aHa/limu4yHo20 napamempa 8 KiHyesux pesysibmamax aHasizy. KOoeH mecm rokasas, Wo BiH €
rnpocmum i docmyrnHUM y Apoyedypi OUiHKU pobacmHocmi xpomamozpadhiyHux Memoois.

Pe3ysnibmamu Ui 062080peHHS. [Ipu BUKopucmaHHi kpumepiis KO0eH mecmy xpomamogzpachidHuli Memoo
roKasas BUCOKY OUIHKY pobacmHocmi ujodo smicmy sepanamisy 2i0pox/10pudy, Kosu 6y710 3MIHEHO CiM aHa/lImUYHUX
napamempis. Halibisibwa sapiayisi y smicmi sepanamisy 2iopoxsopudy cmarosusia 0,26 %, Kosu 6ysia 3MiHeHa
KOHYeHmpauiss mpuemusamidy 8 pyxomid ¢hasi.

BucHosku. KO0eH mecm € HaodiliHUM i KOPUCHUM O/1 OUiHKU HadiliHocmi xpoMamozpaghiyHo20 Memooy
Ki/IbKICHO20 BU3HAYeHHs1 Beparnamisy 2iopoxsiopudy. 3a 00rnoMo20K0 UYb020 mecmy MOXHa oyiHUmu Brjiug cemu
aHa/limuyHUXx rnapamempis y KiHUesux pesysibmamax aHasisy. Takum YuHoMm, KO0eH mecm MOXHa YCriuHO 3a-
cmocosysamu 07151 OYiHKU pobacmHocmi 8 poyeci sasiioayii aHasimu4HUX Memoois 3a 0MOMO20H BUCOKOEGhEKMUBHOI
piduHHOI xpomamozpadpii.

K/TKOYOBI C/IOBA: Bepanamin rigpoxnopug; Banigauis; po6acTHicTb; xpomarorpadis; KinbKicHUiA
aHanis; KOgeH TecT.
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N. C. Noroiiga
TEPHOIMNO/IbCKU FTOCYAAPCTBEHHbIN MEAVNLIMHCKUA YHUBEPCUTET UMEHU . 5. TOPBAYEBCKOIO

AHAJIN3 POBACTHOCTHN XPOMATOI'PAONYECKOI'O OITPEE/TIEHUA
BEPAITAMWIA T'1IPOXJIOPAJA

Pestome

BcmynseHue. PobacmHocmb — 3mo Croco6HOCMb aHa/iumu4yeckol MemoduKU He nodsepaambCsi B/IUSIHUIO
Ma/IbIX 3a0aHHbIX @Ha/IUMUKOM U3MeHeHUU B0 BpeMsi BbIMOHEHUST MEMOOUKU, s18/1Iiemcsi rokasamesieM Haoex-
HOoCmu MemoOUKU MpuU ee UCIo/1b30BaHUU B yKa3aHHbIX YC/T0BUSIX.

Llesb uccnedosBaHusi — npoaHaiu3uposams pObacmHOCMb XpoMamozpaghu4yecko20 onpedesieHus separna-
Mu/ia 2udpox/iopuda ¢ rnpumeHeHuem KOoeH mecma.

MemoodsbI uccnedosaHusi. VicribimaHue KO0eH mecma si8/Iiemcsi Ha0exHbIM MemoooM aHasu3a pobacm-
HOCMU aHa/lumuy4eckux Memodoos C MOMOWbIO M/1aHUPOBaHUS IKCIIepUMeHmMa, KomopbIl BK/Il04Yaem ceMb aHaslu-
muyeckux rnokasamesieli, 06beOUHEHHbIX 8 BOCEMb UCTbIMaHull. B 3mom ucciedosaHuu oyeHeHa pobacmHocmb
Xpomamogzpaghuyecko20 Memooa 07151 KO/Iu4eCmseHHO20 Ornpede/ieHUs sepanamu/ia 2udpox/10puda ¢ Ucrosib30-
BaHueM FO0eH mecma. Vimak, MOXHO Orpeodesiumsb B/IUSHUE KaKO020 aHa/IumuyYeCcKo20 napaMmempa 8 KOHeYHbIX
pesy/ibmamax aHasusa. FO0eH mecm rnokasasi, Ymo OH S18/15emcs MPocmbIM U OOCMYIMHLIM 8 MPoyedype OYeHKU
pobacmHocmu xpomamozpagu4eckux Memooos.

Pe3ysibmamai u o6cyxo0eHue. [pu ucnosib308aHuU Kpumepues KO0eH mecma xpomamozpagpuyeckuti Memoo
1oKa3asi BbICOKYH OUeHKY pobacmHOCmu OMHOCUME/IbHO COOepXxaHusi sepanamusia 2uopox/siopuda, ko2oa bbiiu
U3MeHeHbI CeM aHa/lumuyeckux napamempos. Haubosbwas sapuayusi 8 COOepXaHuU separamusia 2uopox/1opu-
da cocmasrisizia 0,26 %, ko2da bbl/ia U3MeHeHa KOHYeHmpayusi mpuamusamMuHa 8 noosuxHoul gpase.

Bb1800bI. OOeH mecm HadexeH U roJie3eH 0711 OUeHKU HadexHoCmu XpoMamozgpaguyecko2o Memooa Ko-
JIU4ecmBeHHO020 onpedesieHus sepanamusia auopoxsaopuda. C momMowbo 3moao mecma MOXHO O4eHUMb B/IUsIHUE
ceMu aHa/lumu4ecKux napamempos 8 KOHEYHbIX pe3y/ibmamax aHa/au3a. Takum obpa3om, KOOeH mecm MOXHO
ycrnewHo rnpumeHsime 07151 OYeHKU pobacmHocmu 8 rpoyecce sasudayuu aHa/umuyeckux Memooos C MoMOWbHO
BbICOKO3GhheKmMUBHOU XuoKocmHoU xpomamozpachuu.

KMIOYEBBIE C/NNOBA: BepanaMmu/i rTmapoxsiopus; Banguuma; po6actHocTb; XpomMatorpadus; konm-
yecTBEHHbIi aHanu3; F0aeH TecT.
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