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ROBUSTNESS EVALUATION OF HPLC DETERMINATION
OF ATORVASTATIN AND LISINOPRIL ON COLUMN PUROSPHER C; STAR
IN PHARMACEUTICALS

Introduction. Innovative pharmaceutical development of various antihypertensive drugs with statins and the
creation of domestic fixed-dose combinations of drugs with different effects is an urgent task of modern pharmacy,
which will help attract more patients to the treatment and prevention of cardiovascular disease. Pharmaceutical
development of atorvastatin and lisinopril by our scientific group proposes for using the ratio of (1/1) for lisinopril
(10 mg) and atorvastatin (10 mg). HPLC (High-Performance Liquid Chromatography) technique is adopted as it is
considered as the most common technique in realm of quality control analysis.

The aim of the study — to evaluate the robustness of HPLC (High-Performance Liquid Chromatography)
method for the quantitation of lisinopril and atorvastatin and determine the analytical parameters that present greater
influence in the final results of the analysis.

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 lisinopril and atorvastatin in tablets
using Youden’s test.

Results and Discussion. By using the criteria of Youden’s test, HPLC method proved to be greatly robust
regarding content of lisinopril and atorvastatin, when variations in seven analytical parameters were introduced. The
most variation in effects of the analytical parameters in retention time (Rt) for lisinopril and atorvastatin HPLC quan-
titation was when used column supplier. Purospher C; STAR (55 mmx=4 mm, 5 um) is based on high purity silica
and an almost complete surface coverage. Purospher Cy STAR provides excellent peak symmetry for acidic, basic
and even chelating compounds, highest column efficiency in terms of the number of theoretical plates, and exceptional
stability from pH 1.5 to 10.5.

Conclusion. Youden'’s test can be applied successfully for the robustness evaluation in validation process of
analytical methods and results ontained in our work should be interest to the scientific population dealing with
pharmaceutical analytical chemistry.

KEY WORDS: atorvastatin; high-performance liquid chromatography; lisinopril; robustness; quantitative
analysis; Youden'’s test.

INTRODUCTION. Innovative pharmaceutical
development of various antihypertensive drugs with
statins and the creation of domestic fixed-dose
combinations of drugs with different effects is an
urgent task of modern pharmacy, which will help
attract more patients to the treatment and prevention
of cardiovascular diseases [1-4]. Analysis of mo-
dern scientific publications in Pubmed and Science-
Direct on the creation of pharmaceutical develop-
ment based on lisinopril and atorvastatin has not
yielded any results. Scientists are focused on the
study of analysis methods of APl in drugs, because
SPhU or other pharmacopoeias have monographs
on some substances of antihypertensive drugs, but
usually for their analysis are used methods that can
© N. S. Shulyak, A. D. Abbeyquaye, D. B. Koval, 2021.

not be used for analysis of combination drugs [5,
6]. Pharmaceutical development of atorvastatin and
lisinopril by our scientific group proposes for using
the ratio of (1/1) for lisinopril (L0 mg) and atorvastatin
(10 mg). HPLC (High-Performance Liquid Chroma-
tography) technique is adopted as it is considered
as the most common technique in realm of quality
control analysis.

The aim of the study was to evaluate the
robustness of HPLC method for the quantitation of
lisinopril and atorvastatin and determine the analy-
tical parameters that present greater influence in
the final results of the analysis.

RESEARCH METHODS. Atorvastatin calcium
(purity 99.1 %, as determined by HPLC) and lisi-
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nopril (purity 99.3 %, as determined by HPLC) were
purchased from Sigma-Aldrich (Switzerland). 10 mg
Atorvastatin calcium (standard sample) and 10 mg
lisinopril (standard sample) were put in 100 mL
measuring flask and dissolved in 50 mL diluent
composed of 50 % v/v methanol and 50 % v/v
perchloric acid (0.05 % v/v), ultrasound crushed
and treated for 2 minutes and shaked 15 min with
shaker. After that measuring flask was filled up to
mark with diluent and filtered hrough 0.2 um RC
syringe filter before injection. Final concentrations
of 0.1 mg/mL of both analytes. After filtration through
the above filter, 10 puL were injected on the working
column.

Solvents used in experiments were HPLC
gradient grade purchased from Merck Darmstdat,
Germany. Analytical Balance Mettler Toledo
MPC227, pH-metter Metrohm 827, deionized 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 0.45 pym 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
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 version 5.97. The used
column Purospher Cg STAR (55 mmx4 mm, 5 ym),
purchased from Sigma-Aldrich Supelco. Elution
profiles obtained for test samples prepared of ator-
vastatin (10 mg) and lisinopril (10 mg) using mobile
phase composed of potassium dihydrogen phos-
phate (25 mM, pH 7.25) and methanol (40:60, v/v).
Separation was achieved at flow rate 1.0 mL/min
with column temperature at 48 °C and UV detection
at 215 nm.

Sample preparation

Twelve tablets of each preparation were studied
to obtain statistically significant results. The tablets
with declared contents of 10 mg atorvastatin and
10 mg of lisinopril were purchased from local drug
store, pharmacy. The tablets were put in 100 mL
measuring flask and dissolved in 50 mL diluent
composed of 50 % v/v methanol and 50 % v/v
perchloric acid (0.05 % v/v), ultrasound crushed
and treated for 2 minutes and shaked 15min with
shaker. After that measuring flask was filled up to
mark with diluent and filtered hrough 0.2 um RC
syringe filter before injection. Final concentrations
of 0.1 mg/mL of both analytes. After filtration through
the above filter, 10 puL were injected on the working
column.

RESULTS AND DISCUSSION. The robustness
evaluation of HPLC method for lisinopril and
atorvastatin quantitation was performed using the
method proposed by Youdene Steiner. Seven
analytical parameters were selected and small va-
riations 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 lowercase letters [7-13].

The seven parameters and its respective va-
riations were combined in eight assays or chro-
matographic 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

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

Para- Nominal condition Variation
meter
AJa | Methanol in mobile phase 60 - A 50 - a
B/b |25 mM potassium dihydrogen 40 - B 60 - b
phosphate pH 7.25 in mobile phase
C/c | pH of solution potassium dihydrogen 7.25 - C 7.3 - c
phosphate in mobile phase
D/d | Column temperature, °C 48 - D 42 - d
E/e |Mobile phase flow rate, ml/min 1.0 - E 1.2 - e
F/f | Column supplier Purospher C, - F Grace Platinump - f
STAR C,EPS
G/g |Chromatograph model Shimadzu Nexera | — G Agilent 1260 - g
XR UPLC system Infinity 1l system
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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 B B b b B B b b
phosphate pH 7.25 in mobile phase

pH of solution potassium dihydrogen C c C c C c C C
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

the work concentration. After the alteration of
chromatographic column or mobile phase compo-
sition, there was a waiting of 30 min for system
stabilization. The evaluated results in each com-
bination were peak area, retention time (Rt), tailing
factor (T), theoretical plates number (N) and lisinopril
and atorvastatin content.

For evaluating the effect the following equation
was used:

Effect C/c=(s+u+w+y)/4—(t+v+x+2)/4Eq. (1).

Through the use of robustness elavulation, 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 of quality control
fixed combination of lisinopril and atorvastatin.

In our study, main challenges were directed to
find optimal chromatographic conditions for HPLC
determination of lisinopril and atorvastatin in phar-
maceuticals. Our objective of the chromatographic
method development was to achieve a peak tailing
factor <1.5, retention time up to 3 min, along with

very good resolution. In both equipments (Shima-
dzu Nexera XR UPLC system and Agilent 1260
Infinity Il system), were carried out simultaneously
the assays for the robustness evaluation of the
chromatographic method. The results obtained in
the eight runs to enalapril sample and standard
solutions. In Table 3 are presented effects of the
parameter variations in the analysis.

By using the criteria of Youden's test, HPLC
method proved to be greatly robust regarding
content of lisinopril and atorvastatin, when variations
in seven analytical parameters were introduced.
The most variation in effects of the analytical pa-
rameters in retention time (Rt) for lisinopril and
atorvastatin HPLC quantitation was when used
column supplier. Purospher C; STAR (55 mm x
4 mm, 5 um) is based on high purity silica and an
almost complete surface coverage. Purospher C,
STAR provides excellent peak symmetry for acidic,
basic and even chelating compounds, highest
column efficiency in terms of the number of
theoretical plates, and exceptional stability from
pH 1.5to 10.5.

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

Effect Rt lisinopril (min) Rt atorvastatin (min)
Methanol in mobile phase -0.21 -0.47
25 mM solution potassium dihydrogen phosphate pH 7.25 -0.11 -0.17
in mobile phase
pH of solution potassium dihydrogen phosphate in mobile 0.02 0.5
phase
Column temperature -0.04 -0.02
Mobile phase flow rate -0.09 0.02
Column supplier -3.97 -3.02
Chromatograph model 0.01 0.02

CONCLUSION. The main target of the work
was to evaluate the robustness of HPLC method
for the quantitation of lisinopril and atorvastatin and
determine the analytical parameters that present
greater influence in the final results of the analysis.
Youden's test can be applied successfully for the
robustness evaluation in validation process of
analytical methods and results ontained in our work

should be interest to the scientific population dealing
with pharmaceutical analytical chemistry.
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TEPHOM/IbCEKN HALIOHA/TbHWA MEQUYHWI YHIBEPCUTET IMEHI I. 5. FOPEAYEBCHKOIMO
MO3 YKPAIHW

BO/IMHCBKWA MEAUYHWM IHCTUTYT?, /IYLIbK

BUBYEHHSA POBACHOCTI BEPX-METOJNKHU BU3HAYEHHSA
ATOPBACTATHHY TA JII3MHOITPMJ/TY HA KOJIOHIII PUROSPHER C; STAR
Y JIIKAPCBKHMX 3ACOBAX

Pesiome

Bcmyn. IHHosayiliHa chapmayesmuyHa po3pobka pi3HUX aHmuainepmeH3UBHUX /IIKapCbKUX 3acobis 3i cma-
muHamMu ma CmBOPEHHST BIMHYU3HSIHUX KOMBIHOBaHUX ripernapamis i3 ¢hikcosaHOK 0030t0 3 PIBHUMU ehekmamu €
akmyasibHUM 3aB0aHHsIM Cy4acHoi ghapmayjii, Wo Aornomoxe 3asiydumu 6iibuue nayieHmis 00 /ikysaHHs i Mpogi-
JlaKMUKU Ccepyeso-CyOUHHUX 3ax80prosaHb. dapmayesmuyHa po3pobka amopsacmamuHy i JiI3UHOMNPU/TY, SIKOK
3alimaembcsi Hawa Haykosa 2pyna, rnporoHye BUKOpUCMOoByBamu criggioHoweHHs 1/1 dn15 aiduHonpuay (10 m2)
ma amopsacmamuHy (10 m2). BucokoeghekmusHy piduHHy xpomamoepadpito (BEPX) ssaxkaromb HalinowupeHiluum
MemodooM aHasliy 07151 KOHMPO/IH0 SIKOCMI JTIKapCbKUX 3acobis.

Mema 0docnidxeHHs1 — sus4UMU pobacHicms Memody BEPX 07151 KifibKICHO20 BU3HAYEHHS I3UHONpUYy ma
amopsacmamuHy i BUSHa4YUMU aHa/iimuyHi napamempu, wWo mMaromse 6ibliul 8rIUB Ha KiHYEBi pesysibmamu
aHasnisy.

Memoou docnidxeHHs. EchekmusHuli MeEMOO OUIHKU pobacHOCMi aHa/lIMUYHUX Memodis 3a 00rMoOMO20H0
HOdeH mecmy wiisiXoM po3pObKU eKcriepuMeHmy, sikuli BK/IOYae CiM aHa/limuyHUX napamempis, 06'eOHaHuUx y
BOCbMU mecmax. Y OOC/IOXEHHSIX MU OYiHI0Ba/lu pobacHiCmb xpomamozpaghiyHo2o0 Memody 0715 Ki/lbKICHO20
BU3HAY€HHS1 /II3UHOMPU/Ty ma amopsacmamuHy 8 mabsiemkax 3 BukopucmaHHsim KOdeH mecmy.

Pe3ysismamu Ui 062080peHHs. [Npu sukopucmaHHi kpumepiis KO0eH mecmy memod BEPX nidmsepous po-
b6acHicmb W000 BU3HAYEHHST BMiCmYy JIBUHOMNPU/TY ma amopsacmamuHy, Koau 6y/10 BBEOEHO 3MiHU ceMu aHali-
MuYHUX napamempig. Halibisibwy PI3HUYIO y BUBAX aHa/IiMUYHUX napamMempis Ha Yac ympumysaHHsi (Rt) 0715
Ki/IbKICHO20 BU3HA4YeHHS1 /II3UHOMPU/Ty ma amopsacmamuHy Memooom BEPX 8iOMiYeHO rpu 3acmocyBaHHI Pi3HUX
KO/10HOK. Ko/loHKY Purospher Cg STAR (55 MMX4 MM, 5 MKM) CMBOPEHO Ha OCHOBI BUCOKOYUCMO20 OIOKCUQY Kpem-
Hito, sIKUM malbxe nosHICMI0 roKpuma rnosepxHsi. BoHa 3abe3nedyye xopouwy nikogy cumMempiro 07151 KUC/TOMHUX,
OCHOBHUX | HaBIMb Xenamyro4ux crosyk, Halisuwly eqbekKmusHICmMb KO/IOHKU 3 MOYKU 30y Ki/TbKOCMIi MeopemuyHUX
mapisiok ma BUHSIMKOBY cmabisibHicmb pH 8id 1,5 do 10,5.

BuUCHOBOK. HO0eH mecm MOXHa yCcniluHO 3acmocosysamu 0/1s BUBYEHHSI pobacHocmi 8 ripoyeci sanioayjr

aHa/limuUYHUX MEMOOUK, a pe3y/ibmamu, ompuMaHi 8 Hawili pobomi, NOBUHHI 3ayikasumu HayKosy Cri/lsHomy, sika
3alimaembCsi hapMayesmuyHoO0 aHa/lImMUYHOR XiMI€ro.

K/TKOYOBI C/IOBA: aTopBacTaTuH; NisHONpUI; BUCokoedheKTUBHA pianHHa Xpomartorpadis; po6acHicTb;
KinbKicHuii aHanis; KOaeH TecT.
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TEPHOMO/ILCKWA HALMOHATbHBIA MEANUMHCKUA YHUBEPCUTET UMEHW U. 5. TOPBAYEBCKOIO
MO3 YKPAVIHbI*

BO/IbIHCKU MEAVLIMHCKA MHCTUTYT?, /1YLK

N3YYEHUE POBACHOCTMU B3XX-METOJUKNA OIIPEJE/IEHNA ATOPBACTATUHA
N JIN3NHOITPNJIA HA KOJIOHKE PUROSPHER C; STAR B JIEKAPCTBEHHBIX
CPEACTBAX

Pesiome

BcmynsieHue. VIHHOBayuUOHHasi chapmMayesmuyeckasl paspabomka pas/udHbIX aHmuaunepmeH3UuBsHbIX Jie-
KapcmBseHHbIX cpedcms Co cmamuHaMu U co30aHue 0me4YecmBeHHbIX KOMOUHUPOBaHHbIX Mpernapamos ¢ (OUKCU-
posaHHoU 0030l € pas/uyHbIMU dghghekmamu siesiemcsi akmyasibHol 3adadeli cospeMeHHOoU ¢hapmayuu, Ymo
omMoxem rpus/ieds 60/bWe nayueHmMos K /IeYeHUro U npoghusiakmuke cepoeyHO-CocyouCmbIX 3abo/1esaHull.
®dapmayesmuyeckas pazpabomka amopsacmamuHa U /IU3UHOMNPU/Ia, KomopoU 3aHUMaemcs Hawa Hay4Hasi 2pyri-
na, npedsiazaem Ucrno/ib308amb COOmHoweHue 1/1 0715 ausuHonpusaa (10 m2) u amopsacmamura (10 me). Bbico-
KoaghghekmusHasi xudKkocmHasi xpomamozpacgpusi (BAXKX) cavumaemcsi caMbiM pacrnpocmpaHeHHbIM MemMoooM
aHasiu3a 07151 KOHMPO/Isl KaYecmaa J/1IEKapCMBEHHbLIX CPEOCMB.

Lesb uccnedosaHusi — usy4yums pobacmHocms memoda BOXKX 07151 koniudecmseHHO20 orpedesieHust u3u-
Horpu/ia u amopsacmamuta u ornpedeaums aHa/lumu4yeckue napamempsl, 4mo oKasblgarom 60/buwee 8/UsIHUE
Ha KOHeYHble pe3y/ibmamb| aHa/iu3a.

MemoObI uccnedosaHusi. hghekmusHbIli Memoo OYeHKU pobacmHOCMU aHa/IUMUYecKux Memodoos C ro-
Mowbo FO0eH mecma nymem pa3pabomku onbima, KOmopbil BK/Haem CeMb aHa/IUMUYECcKUX napamempos,
06LEOUHEHHbIX B BOCbMU mecmax. B ucc/iedosaHUsiX Mbl OyeHUBa/lu pobacmHOCMb XpoMamozpaghu4ecKkoz20
Memoada 07151 Ko/lu4ecmBseHH020 0rpedesieHuUs JIU3UHOMNpU/Ia U amopsacmamuHa 8 mabsiemkax ¢ UCno/ib308aHU-
em HOdeH mecma.

Pe3ynnbmamsbi u o6cyxoeHue. [pu ucrnosib3osaHuu Kpumepues F00eH mecma memod B3O)XKX noomsepous
pobacmHocmbs OMHOCUMEsIbHO Orpeoe/ieHUs cooep)aHuUsi IU3UHOMpU/Ia U amopsacmamuHa, ko2oa bbl/iu ssede-
Hbl USMEHEHUSs1 CEMU aHa/IuUmUYecKux rnapamempos. Haubo/bwyro pasHuly 80 B/IUSIHUSIX aHa/IUMUYeCcKUX rnapa-
MempoB Ha speMsi yoepxxusaHusi (Rt) 07151 Koiu4ecmBeHHO20 orpedesieHus1 U3UHOMNpuU/Ia U amopsacmamuHa
Memoodom BIXKX ommeyeHo npu npUMeHEeHUU pas3/iuydHbIX KOIOHOK. KosoHKy Purospher Cg STAR (55 Mmx4 mm,
5 MKM) cO030aHO Ha OCHOBE 4UCMO20 OUOKCUOa KPEMHUSI, KOMOPbLIM MTOYMU 0/IHOCMbHO MOKPbIMAa oBePXHOCMb.
OHa obecrequsaem Xopouwlyro MUKOBYH CUMMeMPUIO 0/151 KUC/IOMHbIX, OCHOBHbIX U OaxKe Xeniamupyroujux coeou-
HeHul, camyto BbICOKYO 3QhgheKmuBHOCMb KO/IOHKU C MOYKU 3PEHUST KO/Iudecmsa meopemuy4eckux mapesok u
UCK/IIHUMe/IbHyo cmabusibHocms pH om 1,5 do 10,5.

Bb1800. O0eH mecm MOXHO YCMEeWHO NpuUMeHsimb 07151 U3ydeHusi pobacmHocmu 8 fpoyecce sasiudayuu
aHa/lumu4eckux MemMoOUK, a pe3y/ibmamsbl, o/ly4eHHble 8 Hawell pabome, 00/MKHbI 3aUHMepecosameb Hay4YHoe
coobujecmso, Komopoe 3aHumMaemcsi hapmayesmuyeckoli aHaumuyeckol xumued.

KNHOYEBbLIE C/TOBA: aTopBacTaTvH; IM3MHONPWUI; BbICOKO3(h(heKTUBHAS XXNAKOCTHasA XpomaTtorpacdus;
POGACTHOCTb; KONMMUECTBEHHbIV aHanus; KOgeH TecT.
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