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ROBUSTNESS EVALUATION OF THE CHROMATOGRAPHIC
DETERMINATION OF NIFEDIPINE IN PHARMACEUTICALS

Topicality. Robustness tests were originally introduced to avoid problems in interlaboratory studies and to iden-
tify the potentially responsible factors.

The aim of this study was the rubustness evaluation of the chromatographic determination of nifedipine in medi-
cines using Youden’s test.

Materials and methods. 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 nifedipine using Youden’s test. 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 ro-
bust regarding of nifedipine content, when variations in seven analytical parameters were introduced. The highest vari-
ation in nifedipine content was 0.28 %, when the concentration of trifluoroacetic acid 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 chromato-
graphic method for assay of nifedipine. Therefore, Youden’s test can be successfully applied for the robustness evaluation
in validation process of analytical methods by HPLC.
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JI. C. Jloroiga

AHaui3 po6acTHocTi xpoMaTorpadgivyHoro Bu3Ha4YeHHA HijeJumiHy B JliKapCchbKUX 3ac06ax

AKTyanbHicTb. POGaCTHICTD - 34aTHICTh aHa/ITUYHOI METO/IMKU He 3a3HaBaTH BIVIMBY MaJIMX, 33/IaHUX aHATITUKOM
3MiH B yMOBaX BUKOHAHHsSI METOJUKH, € IOKa3HUKOM HaZiHOCTI MeTOAMKU NPH il BUKOPHCTAHHI B 3a/laHUX YMOBaX.

MeTo0 faHOTO AOCTiPKEHHS OYB aHa/Ii3 po6acTHOCTI XxpoMaTorpadivHoro BU3HaUYeHHsI HiGeJUIiHY 3 BUKOPHC-
TaHHAM [07eH TecTy.

Marepiaiu Ta MeTogM. Bunpo6ysanHs H0/1eH TecTy € HaliIKHUM MeTO/I0M aHaJli3y po6acTHOCTI aHa/lITUYHUX METO-
JIiB 33 I0NIOMOTOI0 TJIaHyBaHHSA eKCIIePUMEHTY, AKUI BKJIIOYAE CiM aHai THYHHX MOKAa3HHKIB, 06'€AHAHUX y BiciM BUITpO-
6yBaHb. Y IbOMY JOCJIi/XKEeHHI MU OL[iHIOBaJIM po6acTHICTb XpoMaTorpadiuHoro MeToy JJisl KiJIbKiCHOro BU3HaUYeHHS
Hideauniny 3 BukopuctanuaM l0eH Tecty. lOzieH TecT noKasas, 110 BiH € IPOCTUM i JOCTYIIHUM y poLeAypi OLiHKK
po6acTHOCTi XpoMaTorpadivHUX METOZIB.

Pe3synbraTy Ta ix 06roBopeHHs. BukopuctoBytoun kpuTepii KOfeH TecTy, xpoMaTorpagiyHUil MeTo/ 10Ka3aB BUCOKY
OLIiHKY po6acTHOCTI 111010 MicTy HijeaumniHy, Koy 6y/U BBeJleHi 3MiHM B ceMU aHaliITUYHUX napameTpiB. Hallbinbia
Bapiauis B BmicTi Hipeanmniny 6yra 0,28 %, kosn 6ysa 3MiHeHa KOHIleHTpalis TpudJopaneTaTHOl KHCJIOTH B PyxXoMiit
dasi.

BucHoBKMU. l0/1eH TecT BUSBUBCS HaJiIMHUM | KOPDUCHUM /Uil OLIHKHM HaJlilHOCTI XpoMaTorpadidyHoro MeToAy Kisb-
KicHOro BU3HaueHHs Hipeauminy. Takum ynHoM, H0/1eH TecT Moxke GYTH YCITIITHO 3aCTOCOBAHUH JJIf OL[iHKK po6acT-
HOCTI B Ipo1ieci Basijanil aHaJliTHYHUX MEeTOAIB 3a 0IOMOrolo BUcokoedeKTHUBHOI piAHHOI XpoMaTorpadil.

Kawuoei caoea: Highedunin; eanidayis; po6acmuicms; xpomamozpagis; KiavkicHutl ananiz; K0den mecm

JI. C. Jloroiiga
AHanu3 po6acTHOCTH XpoMaTorpadpu4eckoro onpeesieHus HupeaunuHa

B JIEKAPCTBE€HHBIX CpeACTBAX

AKTya/IbHOCTB. PO6aCTHOCTD — 3TO CIOCOGHOCTb AHAJIMTUYECKOM METOJUKY HE MO/|BEPTaThCsl BJUSHUI MaJIbIX,
3a/laBaeMbIX aHAJIUTUKOM U3MEHEHUH B YCJIOBHUSX BBIIIOJIHEHHUSI METOAMKH U ObITh [IOKa3aTesIeM Ha/[€XKHOCTH METO/[U-
KA l'Ip]/I ee UCII0JIb30BAaHUU B yKaBaHHbIX yCJIOBI/IHX.

Lle/1bI0 IaHHOTO UCC/IEeI0BaHUs GblI aHA/IN3 PO6ACTHOCTH XPOMATOrpadUuecKoro onpejiesieHuss HudeaunmHa ¢
ucnosb3oBanueM l0jeH Tecra.

MarepuaJsibl M MeToAbl. HcnbiTanue )eH Tecta siBAsSETCS Ha/[@)KHBIM METO/I0M aHa/iM3a po6aCTHOCTH aHaAJIH-
TUYECKUX METO/IOB C MOMOIbIO IJIAHUPOBAHUS SKCIIEPUMEHTA, KOTOPBIN BK/IKYAET CEMb aHAJIMTHYECKHUX [I0Ka3aTe-
Jiel, 06'be/INHEHHBIX B BOCEMb HCIBITAHUI. B 3TOM Hcciie[oBaHUM MBI OLEHUBAIA POGACTHOCTH XpPOMATOrpadprUyecKo-
ro MeTojia /IJisi KOJIMYeCTBEHHOTO olpeziesieH|s: HudeJUruHa ¢ ucrnosib3oBanueM HzeH Tecta. l0geH TecT mokasal,
YTO OH SIBJIIETCS] IPOCTHIM U JIOCTYIHBIM B POLE/AYPE OLEHKH PO6ACTHOCTH XpOMAaTOrpadpuIecKux METO/0B.

Pe3y/nbTaThl U UX 06CYyXKAeHHUeE. Vicnosbayst kpuTepuu H0z1eH Tecta, XxpoMaTorpaduyecKuii METOJ, OKa3aJsl Bbl-
COKYIO OLIeHKY B COZlepKaHHM po6acTHOCTU HUdEeJUIINHA, KOrjja ObLIM BBe/IeHbl H3MEeHEeHHUs] B CEMU aHAJIUTUYECKUX
napameTpax. Haubo ibluasi Bapuanusi B coJiep:kannu HudequnuHa cocrassisiia 0,28 %, korja 6bia M3MeHeHa KOHIeHTpa-
[ust TPUQIIOpALLEeTATHON KUC/IOTHI B TOJBHXKHOM daze.

BeiBoapl. 01 TecT okasasicst HaZieXKHbIM U 110JIe3HBIM HHCTPYMEHTOM J1J151 OLIeHKH HaJIeXXKHOCTH XpoMaTorpaduyecKo-
ro MeToza aJst Hudegunuua. Takum o6pasom, 0ieH TECT MOXKeT GbITh YCIEIHO IPUMEHEH JIJIsl OLIEHKU PO6ACTHOCTH
B MPOLieCCe BIMJALMN aHATUTHYECKUX METO/I0B C IOMOIIbI0 BhICOKO3)PEKTHBHOM KHU/KOCTHOM XpoMaTorpaduu.

Kiouesvle cnoea: Hugedunun; sarudayus; pobacmHocms; Xxpomamozpagusi; kKoauvecmeaeHHbwlll aHaaus; 0oen mecm
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INTRODUCTION

Both the ICH and the USP guidelines define the ro-
bustness of an analytical procedure as a measure of its
capacity to remain unaffected by small but deliberate va-
riations in procedural parameters listed in the documen-
tation, providing an indication of the method’s or proce-
dure’s suitability and reliability during normal use. But
while robustness shows up in both guidelines, interes-
tingly enough, it is not in the list of suggested or typi-
cal analytical characteristics used to validate a method
(again, this apparent discrepancy is changing in recently
proposed revisions to USP chapter 1225. Robustness tests
were originally introduced to avoid problems in inter-
laboratory studies and to identify the potentially respon-
sible factors. This means that a robustness test was per-
formed at a late stage in the method validation since inter-
laboratory studies are performed in the final stage. Thus
the robustness test was considered a part of method va-
lidation related to the precision (reproducibility) deter-
mination of the method. However, performing a robust-
ness 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-
refore the performance of a robustness test has been shif-
ting to earlier points of time in the life of the method [1].

The evaluation of the robustness of chromatographic
methods often is complex and laborious, taking into ac-
count 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 statis-
tical interpretation is performed by means of Student’s
t-test or ANOVA test. Other wider alternative to determi-
ne the robustness of analytical methods is the Youden'’s
test. This test allows not only evaluating the method ro-
bustness but also pointing out the influence of each ana-
lytical parameter 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 robustness
of the chromatographic method for the quantitation of
nifedipine, using Youden’s test, and determine the ana-
lytical parameters that present higher influence in the
final results of the analysis.

MATERIALS AND METHODS

The objects of the study were tablets “Fenigidin Zdo-
rovja” (Ukraine). The chromatographic analysis of nife-
dipine performed on liquid chromatographs Agilent 1290
and HP 1100 systems. The columns used Nucleosil C18
(4.6 x 150 mm with a particle size of 5 microns) and As-
centis Express C18 (column size 4.6 x 150 mm with a par-
ticle size of 5 microns). The column temperature was 35 °C.
The mobile phase consisted of methanol Rand 0.1 % so-
lution of trifluoroacetic acid R (55 : 45), at a flow rate
of 1.5 ml/min. The detection was performed at 265 nm.

Standard solution. 20.0 mg of nifedipine SPhU dis-
solve in methanol R and dilute with the same solvent to
20.0 ml volume. 2.0 ml of the resulting solution adjusted
to 20.0 ml of solvent.

Sample solution. To 200.0 mg powder pounded tab-
lets, add 10 ml of methanol R, shake in ultrasonic bath for
10 min and add methanol R to the volume of 20.0 ml. Fil-
ter through a membrane filter with a pore size of 0.45 mic-
rons, discarding the first 5 ml of filtrate. 2.0 ml of the re-
sulting filtrate adjusted to 20.0 ml of solvent.

The robustness evaluation of the chromatographic
method for nifedipine quantitation was performed using
the method proposed 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 in-
fluence of each parameter in the final result. The seven
analytical parameters employed, as well as the introdu-
ced variations are demonstrated at Tab. 1. The analyti-
cal conditions at the nominal values are represented by
capital letters and the conditions with the small varia-
tion are represented by lowercase letters.

The seven parameters and its respective variations
were combined in eight assays or chromatographic runs,
performed in a random order. Tab. 2 demonstrates the

Table 1
ANALYTICAL PARAMETERS AND VARIATIONS FOR THE ROBUSTNESS EVALUATION OF THE
CHROMATOGRAPHIC METHOD FOR NIFEDIPINE QUANTITATION
Parameter Nominal condition Variation
A/a Methanol in mobile phase 55 - A 50 - a
B/b 0.1 % solution of trifluoroacetic acid in mobile phase 45 - B 50 - b
C/c Concentration of trifluoroacetic acid in mobile phase, % 0.1 - C 0.05 - c
D/d Column temperature, °C 35 - D 30 - d
E/e Mobile phase flow rate, ml/min 1.5 - E 1.0 - e
. Ascentis Nucleosil
F/f Column supplier Express C18 - F cis - f
G/g 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

Table 3

EFFECTS OF THE ANALYTICAL PARAMETERS
IN CONTENT AND RETENTION TIME (Rt)
OF THE CHROMATOGRAPHIC METHOD
FOR NIFEDIPINE QUANTITATION

Methanol in mobile phase A|lA|A|A|lala|a|a Content| Rt
Effect o .
0.1 % solution of (%) | (min)
trifluoroacetic acid inmobile | B|B | b |[b [B|[B|b |b Methanol in mobile phase 0.2 -0.56
phase
0.1 % solution of trifluoroacetic acid in
Concentration of mobile phase 0.14 | -0.33
trifluoroacetic acid inmobile | C [ c |C|c|[C|c|[C|c
phase Concentration of trifluoroacetic acid in
. 0.28 | -1.12
Column temperature D|(D|d|d|d|d]|D|D mobile phase
Mobile phase flow rate Ele|E|e|e|E|el|E Column temperature -0.04 | 0.03
Column supplier F|f F|F|f|f|F Mobile phase flow rate -0.01 | 0.05
Chromatograph model G|glg|G|g|G|G|g Column supplier -0.01 | -0.12
Result s|{tlu|viw|x|y]|z Chromatograph model -0.05 | 0.15
factorial combination of the parameters for the Youden’s RESULTS AND DISCUSSION

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 ob-
tained result was ¢, and so successively.

In each combination, three injections of each sample
and standard solutions were carried out, at the work con-
centration. After the change of chromatographic column
or mobile phase composition, 30 min were awaited for
system stabilization. The evaluated results in each combi-
nation were peak area, retention time (Rt), tailing factor
(T), theoretical plates number (N) and verapamil hyrdo-
chloride content.

To determine the influence of variations of each para-
meter in the final result, the mean of the four values cor-
responding 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:

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

Thus, the influence of the seven analytical parame-
ters regarding the peak area, retention time (Rt), tailing
factor (T), theoretical plates number (N) and nifedipine
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 analy-
ses and perform a more rigorous control in the eventual
variations of these parameters that may occur during a
routine analysis.

The assays for the robustness evaluation of the chro-
matographic method were carried out simultaneously in
both equipments, Agilent 1290 and HP1100. The results
obtained in the eight runs to nifedipine sample and stan-
dard solutions [4, 5, 6, 7].

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 ob-
tained at the nominal conditions, as demonstrated in Eq. (1).
The effects of the parameter variations in the analysis
results are presented in Tab. 3.

Using the criteria of Youden'’s test, the chromatographic
method showed to be highly robust regarding nifedipine
content, when variations in seven analytical parameters
were introduced. The highest variation in nifedipine con-
tent was 0.28 %, when the concentration of trifluoroacetic
acid in the mobile phase was altered; a value considerably
low and not significant in routine analyses. The retention
time of nifedipine peak was more considerably influenced
by three analytical parameters. Some parameters such as
column temperature, mobile phase flow rate, column sup-
plier and chromatograph model presented low influence in
the evaluated factors of the chromatographic method.

CONCLUSIONS

Youden'’s test showed to be a reliable and useful tool
for the robustness evaluation of the chromatographic me-
thod for assay of nifedipine. Therefore, Youden’s test can
be successfully applied for the robustness evaluation in
validation process of analytical methods by HPLC.
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