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Currently a great number of generic drugs have been registered in Ukraine. The advantage of generic
drugs is a relatively low cost compared to innovative medicines since creation and registration of gene-
rics require less research and, consequently, less material costs for development, research and market
penetration of a new drug. Because of creation of the second edition of SPhU and inclusion of articles
on the finished products, we have set ourselves the goal to analyze the validation characteristics of the
quantitative chromatographic determination of nifedipine in tablets and to verify the analytical proce-
dure. Linearity of the method was determined in the range of 80-120% of the nominal concentration.
Linearity of the method has been confirmed within the whole range of concentrations studied (b = 1.0031,
S, =0.0007816, a =-0.11, S, = 0.07891, S, = 0.03055, r = 1.0000). It has been proven that the method
suggested is characterized by sufficient convergence and accuracy over the entire range of concentra-
tions (A, = 0.06, 6% = 0.2). The intermediate precision has been confirmed by the fact that the value
of the relative confidence interval for five parallel measurements of one batch of the drug meets the
acceptance criterion (Az = 0.22%<1.6%). Thus, according to the results of determining the validation
characteristics of the methods for quantitative determination it has been substantiated and experimen-
tally proven that this analytical procedure can be correctly reproduced, gives accurate results and is
suitable for the analysis of nifedipine tablets. In the process of verification of the method for quantitative
determination of nifedipine in tablets such validation characteristics of the chromatographic method as
accuracy, linearity, precision, specificity and intermediate precision have been studied. The validation
characteristics of the method do not exceed the critical value of error (1.6%) and are characterized by
qualitative analytical indicators. This method can be correctly reproduced in the laboratory conditions.

Nifedipine is the main representative of calcium an-
tagonists, derivatives of 1,4-dihydropyridine, which is
widely used in medical practice. It blocks voltage-de-
pendent calcium channels and prevents the penetration
of calcium ions into smooth muscle cells of blood ves-
sels. Nifedipine lowers blood pressure, improves the co-
ronary blood flow, and exhibits the anti-anginal, hypo-
lipidemic and antisclerotic effect. It is produced in the
form of powder, solution for injections, capsules, tab-
lets, ointment, drops and other medicinal forms [5].

The scientific literature describes methods for quan-
titative determination of nifedipine by cerimetric titra-
tion in the non-aqueous medium [8] and HPLC [13, 16,
17], voltammetry [12, 14], polarography [7] and UV
spectrophotometry [1, 6, 10]. Besides, the method of
highly sensitive kinetic determination of nifedipine us-
ing the luminol-persulfate chemiluminescence system
is known [11]. For the quantitative determination of
nifedipine USP37-NF32 [15] the use of the method of
liquid chromatography is recommended.

Because of creation of the second edition of SPhU
and inclusion of articles on the finished products, we have
set ourselves the goal to analyze the validation charac-
teristics of the quantitative chromatographic determina-
tion of nifedipine in tablets and to verify the analytical
procedure.

Materials and Methods

When conducting the research the substance of nifedi-
pine meeting the SPhU requirements was used.

The following analytical equipment was used: a 2695
chromatograph with a 2996 diode matrix detector of Wa-
ters Corp. firm, USA; XTerra RP18 column 250x4.6 mm
with the particle size of Sum, a ER-182 balance of AND
company, Japan; glassware for measuring of class A.

We made a chromatogram of standard sample (SS)
solution receiving from 2 to 6 chromatograms. The injection
volume was 25 ml. The relative standard deviation (RSD)
was calculated for peak areas of the chromatograms ob-
tained. Chromatography (n,) was discontinued when reach-
ing the values (RSD) specified in the requirements for
suitability of the chromatographic system.

Chromatography was performed on a liquid chro-
matograph with a UV detector under the following con-
ditions:

» mobile phase: acetonitrile for chromatography — me-
thanol — water (25:25:50) degassed by ultrasound;

* detection: at the wavelength of 265 nm;

» the rate of the mobile phase: 1.0 ml/min.

Preparation of Test Solution

Place 5 tablets in a 50 ml volumetric flask, add 40 ml
of the mobile phase, shake for 20 minutes, dilute to the
volume with the mobile phase, mix and filter through a
glass filter.

Preparation of SS solution

Place 20 mg of nifedipine USP RS in a 20 ml volu-
metric flask, add 10 ml of the mobile phase, shake to dis-
solve and dilute to the volume with the mobile phase,
mix and filter through a glass filter.



26 BICHWK ®APMALLIT 1(81)2015

ISSN 1562-7241

I: MB[Lm_

018

G —

016+

014

012

nin

Intensity

nos |
nos
o4 |

ooz

wo——— ——— e

T T T T T
2.00 4.00 6.00 8.00

Time of chromatography

Before the main tests were validated, the presence
of documents certifying the suitability of the equipment,
raw material and chemicals was controlled.

Validation of the method was carried out in accord-
ance with the requirements of the SPhU [2-4].

Results and Discussion

For elaboration of the method the chromatograms
of the Standard solution of nifedipine (Fig. 1) and the
Test solution of nifedipine (Fig. 2), as well as the de-
pendence of the intensity peaks on the retention time
were obtained and analysed.

The results of the analysis are considered reliable
if the requirements of the System Suitability Test are
performed. The chromatographic system is considered
suitable if the following conditions are performed:

» the effectiveness of the chromatographic column
calculated by the peak of nifedipine in the chroma-
togram of nifedipine SS must be not less than 4000
theoretical plates;

» the peak symmetry factor calculated by the peak in
the chromatogram of nifedipine SS should be from
0.8to 1.5;

T
10.00

Vo ]
12.00 14.00 16.00 18.00 2000 22.00

t, min

Fig. 1. The chromatogram of the Standard solution of nifedipine.

» the relative standard deviation (RSD) for peak areas
of nifedipine from the chromatogram obtained with
the reference solution for 3 parallel measurements
should be not less than 1.0%.

Our results of quantitative determination of nifedi-
pine in the drug according to the method indicate its
reproducibility.

Verification of the method for quantitative determina-
tion of nifedipine in tablets was performed by such vali-
dation characteristics as specificity, linearity, convergence,
precision, accuracy and the intermediate precision.

To assess the accuracy of the sample preparation of the
model solutions and standard sample solution the theo-
retical uncertainties of the analytical procedure that was
A, =1.07% < B - 0.32 = 1.6% were calculated. Thus,
the uncertainty of sample preparation calculated and ana-
lysis in general should provide sufficient accuracy.

Since high performance liquid chromatography (HPLC)
used in the method is specific, then to prove that the
method is specific it is sufficient to perform all require-
ments of the criteria for linearity, accuracy, precision
and the intermediate precision.
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Fig. 2. The chromatogram of the Test solution of nifedipine.
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Fig. 3. The linear dependence of the peak area on the concentration of nifedipine in normalized coordinates.

Solutions for chromatography were prepared by the
methods listed.

Evaluation of linearity was performed on the entire
range of application of the method using the standard
method. The study of dependence of absorbance on the
concentration was conducted using 9 model solutions
for analysis of the sample concentrations accurately
weighed: 80, 85, 90, 95, 100, 105, 110, 115 and 120%.

The results obtained were statistically processed by
the least squares method according to the requirements
of the SPhU. The calibration graph was constructed in
normalized coordinates (Fig. 3). For each of the nine
test solutions the average values of the peak area (S))
were calculated. The results obtained were processed by
the least squares method for line Y = b x x + a (Fig. 3).
The statistical quantities b, S,, a, S, S, (final standard

Table 1

Characteristics of the linear dependence

The slope of the linear relationship b 1.0031
Sy 0.0007816

The constant term of the linear dependence a -0.11

S, 0.07891
The residual standard deviation S, 0.03055
The correlation coefficient method r 1.0000

deviation) calculated and r (correlation coefficient) are
shown in Fig. 3 and in Table 1.

Requirements for the parameters of the linear de-
pendence in this case are carried out within the whole
range of the method application (80-120%).

Table 2
The results of analysis of model solutions and their statistical analysis
No. of the Introduced i_n % to the Found in % to the Found in % to the
model concentration of the Average peak areas (S)) concentration of the introduced
solution reference solution (S, = 1395946) reference solution (Z=Y /X, %)
X.=C/C, %) (Y;=S,/S,, %) i
1 80.00 1117874 80.13 100.16
2 84.75 1223965 84.93 100.22
3 90.25 1309677 90.39 100.16
4 95.00 1346390 95.20 100.21
5 100.00 1375007 100.22 100.22
6 105.50 1465743 105.68 100.17
7 110.00 1535541 110.26 100.24
8 115.00 1612457 115.28 100.25
9 120.50 1669691 120.74 100.20
Mean, Z, % 100.20
Relative standard deviation, RSD,, % 0.0324
Relative confidence interval, AZ(%) = t(95%, n-1)xRSD, = 1.860xRSD,, % 0.06
Critical value for convergence of the results AAs, % 1.6
Systematic error § = |Z - 100| 0.2
Criterion of the systematic error insignificance
1) 8%<1.03/3 = 0.34 (0.20>0.348), is not satisfied
ifit is not satisfied 1), then 6%<0.32x1.6 = 0.51%(0.20<0.51) satisfied
The overall conclusion of the procedure correct
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To measure and calculate the metrological evalua-
tion of convergence and accuracy of the method three
values of peak areas for the reference solution and 27
values of peak areas for model solutions were obtained.
The actual values (Xi_,), the ratio of the average values
of peak areas for each of 27 solutions were calculated to
the mean peak area of the reference solution, the values
X, = (C/C,)x100%, Y; = (S/S,)x100%,, as well as the
value Z, = (Y/X)x100%, the concentration found in %
to the concentration introduced were determined. The
calculation results are shown in Table 2.

To assess the intermediate precision the relative
confidence interval for 5 parallel measurements of the
quantitative content of substances, which should be less
than the maximum permissible uncertainty analysis re-
sults (A, < 1.6%), was used. Tests were carried out us-
ing one batch of the drug by different drug analysts on

the same chromatograph in different days using differ-
ent measuring vessels.

Intermediate precision has been confirmed by the
fact that the relative size of the confidence interval for
five parallel measurements of one batch of the drug
meets the acceptance criterion (A, = 0.22% < 1.6%).

CONCLUSIONS

1. In the process of verification of the method for
quantitative determination of nifedipine in tablets such
validation characteristics of the chromatographic method
as accuracy, linearity, precision, specificity and inter-
mediate precision have been studied.

2. The validation characteristics of the method do
not exceed the critical value of error (1.6%) and are
characterized by qualitative analytical indicators. This
method can be correctly reproduced in the laboratory
conditions, and independent of the excipients.

REFERENCES

1. byeposa E.A., Tumosa A.B., Apzamacyes A.1l. // XOXK. — 2000. — Ne4. — C. 55-56.
Ipuz00y6 A.U. // Dapmarom. — 2006. — Nel/2. — C. 34-44.
3. Hepoicasna ¢hapmaronest Ykpainu / [leporcasne nionpuemcmeo «Haykoso-excnepmmuutl (hapmaxonetinuil yeHmpy. —

X.: PIPEI; 2001. — 556 c.

4. Jepoicasna ghapmarones Ykpainu / [leporcasne nionpuemcmeo «Haykoso-excnepmmuuil (hapmaxonetinuil yeHmpy. —

Hon. 1. — X.: PIPEI; 2004. — 520 c.

5. Komnenouym 2009 — nexapcmeenuvie npenapamol. B 2-x m. / [100 peo. B.H.Kosanenxo, A.11.Buxmoposa. — K.:

MOPHOH, 2009. — 2224 c.

6. Tumowux FO.B., [lempenxo B.B. // @apm. acypn. — 2009. — Ne3. — C. 64-69.

7. Hlanosanos B.A. // JKAX. — 2002. — Ne2. — C. 185-186.

8. British Pharmacopoeia. — London: The Stationary Office, 2009. — Vol. 1, 2. — 6481 p.

9. Cwiczenia z chemii lekow / Pod red. M.Gorczycowej, F.Zejca. — Krakov: Collegium Medium UJ, 1996. — 200 p.
10. Hemmateenejad B., Miri R., Kamali R. // J. Iran. Chem. Soc. — 2009. — Nel. — P. 113-120.

11. He Shuhua, Lu Yi, He Deyong et al. // Chin. J. Anal. Chem. — 2004. — Ne4. — P. 474-476.

12. Madhusudana R.T., Jayarama R.S. // Anal. Lett. — 2004. — Ne10. — P. 2079-2098.

13. Niopas L., Daftsios A.C. // J. Pharm. and Biomed. Anal. — 2003. — Ne6. — P. 1213-1218.

14. Nuran O., Ceren Y., Suslu I. // J. Pharm. and Biomed. Anal. — 2002. — Ne3. — P. 573-582.

15. USP37-NF32 [Enexmponnuii pecypc]: — Peaxcum oocmyny: http.//www.usp.org/usp-nf/pharmacopeial-forum.
16. Vertzoni M. V., Reppas C., Archontaki H.A. // Anal. Chim. Acta. — 2006. — Ne573. — P. 298-304.

17. Yang Bingyi, Mo Jinyuan, Lai Rong et al. // Chin. J. Anal. Chem. — 2004. — Nel0. — P. 1304-1308.

BEPU®DIKALIA BEPX METOOUKU KINIbKICHOMO BUSHAYEHHA HI®EOUNMIHY B TABNETKAX
L.J1. Komapuuybkult, B.A.XaHiH, H.FO.Bee3, B.A.leopeisiHy,

Knroyoei cnoea: HicheduniH; eepudbikauis; BEPX

Y menepiwHil Yac 4yac 8 YKpaiHi 3apeecmpo8aHo 8eIUKY KiflbKicmb 8i0meopeHUX JliKapChbKUX 3aco-
b6ie (/13). MNepesaza sidmeopeHoeo J13 nonsizac y 8iIOHOCHO HEBUCOKIU 8apmocmi y rOPI6HSIHHI 3 Opu-
eiHanbHUM J13, ockinbKu (i020 CMBOPEHHS | peecmpauis sumMazaromb MEHWo20 0bcsigy AoCTiOXeHb
i, 8i0M0BIOHO, MeHWUX MamepiarnbHUX sumpam 051 po3pobKu, OOCiOXKeHHs ma 8rposadXeHHsT Ha
PUHOK HO8020 J13. Y 383Ky 3i cmeopeHHsIM Opy20oe20 sudaHHs1 @Y i eknodeHHsIM 00 Hei cmamedl
Ha 2omoei nikapcbKi 3acobu mMu rnocmasusnu cobi 3a Memy npoaHanidyeamu easidauiliHi xapakme-
pucmuku MemoduUKU KilbKiCHO20 XpoMamozpaidyHO20 8U3Ha4YeHHS HigbedurniHy 8 mabremkax ma
nposecmu ii gepucbikauiro. JliHitiHicmb memoduku susHadanu 8 mexax 80-120% 6i0 HOMIiHarIbHOT KOH-
ueHmpadii. JliHitiHicmb memoduku rnidmeepdxyembcs y 8CboMy Oiarna3oHi A0CsliOXy8aHUX KOHUEH-
mpauit (b = 1,0031, S, = 0,0007816, a = -0,11, S, = 0,07891, S, = 0,03055, r = 1,0000). JosedeHo,
w0 3arpornoHosaHa Memoduka xapakmepu3dyembcsi 00CmamHbOK 36iKHICMIO | MpasusibHICmMio y
8cbomy Oiana3oHi KoHuyeHmpauit (A, = 0,06, 6% = 0,2). BHympiwHbornabopamopHy rnpeyusitHicms
niémeepdxxeHo MuM, W0 8efiuduHa 8iOHOCHO20 008ip4Ho20 iHMepesarly O M’amu napasnesbHUX eu-
3Ha4yeHb OO0HiIET cepii npenapamy 3ad0807bHAE Kpumepito npuliHamHocmi (A, = 0,22%<1,6%). 3a
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pesynibmamamu 8u3HavyeHHs ganidayiliHuUX xapakmepucmuKk MemoOuK KiflbKiCHO20 8U3Ha4YeHHs 00-
rpyHmMosaHo ma ekcriepuMmeHmarnbHO 008e0eHO, w0 OaHa aHanimu4yHa Mmemodouka Moxe 6ymu Ko-
pekmHo gidmeopeHa, dae docmosipHi pedynbmamu ma rnpudamHa 0515 aHarizy mabsiemok Highe-
ouniHy. Y npoueci sepupikayii MemoOuKuU KillbKiCHO20 8U3HaYeHHs1 HigheduriHy 8 mabnemkax Oyrnu
guesyeHi ganidauiliHi xapakmepucmuku xpomamozpacghiyHoi MemoduKuU: rnpasusibHiCMb, iHIUHICMb,
npeyusitiHicme, crieyuchidHicmb ma eHympilwHbonabopamopHa npeyusitiHicmes. BanidayiliHi xapak-
mepucmuKku MemoOUKU He Mepesulyromb KpUMuU4YHo20 3HaqyeHHs1 noxubku (1,6%) i xapakmepu3sy-
IOMbCSA AKICHUMU aHanimu4YHUMU rnokasHukamu. Lig memoduka moxe 6ymu KopekmHo 8i0meopeHa 8
ymoeax riabopamopili 3 KOHMPOII0 SKOCMI JliKapCbKux 3acobis.

BEPNO®UKALNA BIXKX METOOUKN KONMMYECTBEHHOIO ONPEOENEHUA HAPEOUMNMUHA
B TABJNIETKAX

N.J1. Komapuukuti, B.A.XaHuH, H.FO.Bee3, B.A.eopausiHy,

Knrodeenie cnoea: HugedurnuH,; eepugpukayus; BOXKX

B Hacmosiwee spemsi 8 YkpauHe 3apeaucmpuposaHo 60/1bWoe Koau4ecmeo 80Crpou3eedeHHbIX
nekapcmeeHHbIx cpedcme (J1C). MNpeumyuwecmeo socripoudsedeHHbix JIC 3aknroqaemcs 8 omHocumerib-
HO HEBLICOKOU CMOUMOCMU 10 CPaBHEHUIO ¢ opuauHasnbHbiM JIC, MoCcKobKy cosdaHue U peaucmpa-
yus eocripouseedeHHozo JIC mpebyrom meHbwez20 obbema uccredosaHuli U, COOMEEeMmMCcmMeeHHO,
MeHbWUX MamepuarbHbIX 3ampam Ha pa3pabomky, uccredosaHue U 8HeOpeHUEe Ha PbIHOK HOBO20
JIC. B ces3u ¢ cozdaHuem emopoeo usdaHusi DY u eknodyeHuem 8 He€ cmameli Ha 20mosble fieKap-
cmeeHHble cpedcmea Mbl mocmasusu cebe yesbio npoaHanu3uposams eanudayUoHHbIe Xapakme-
pucmuKku MemoOUKU KOrIU4ECMBEHHO20 XpoMamozpaghudeckozo ornpederneHusi HUgedunuHa e ma-
bnemkax u npogsecmu eé gepughukayuro. JluHeliHocmb Memoduku onpedernsnu e rnpedenax 80-120%
0m HOMUHasIbHOU KOHUeHmpauyuu. JluHeliHocmbe MmemodOuKku nodmeepxxdaemcsi 860 8ceM duarasoHe
uccrniedyembix KoHuyeHmpayud (b = 1,0031, S, = 0,0007816, a = -0,11, S, = 0,07891, S, = 0,03055,
r = 1,0000). JokasaHo, Ymo rpedroxeHHass Memoduka xapakmepuayemcsi 00CcmamoYHOU cXo0UMOCMbIO
U rpasunbHOCMbIo Ha 8cem Ouana3oHe KoHueHmpauud (A, = 0,06, 6% = 0,2). BHympunabopamopHas
npeyusUoHHocmb nodmeepxxdeHa mem, 4mo eesluyuHa OMHOCUMETbHO20 008epUMESIbHO20 UHMeEp-
earna 01151 namu naparnesibHbix orpedeneHull 0OHOU cepuu rpernapama ydoeremeopsiem Kpumepuio
npuemnemocmu (A, = 0,22%<1,6%). Takum obpasom, ro pesynbmamam ornpedesneHus ganudayuoH-
HbIX Xapakmepucmuk MemoOUK KOIU4eCmMeeHHO20 orpedesieHuUss 060CHOBaHO U KCrepuMeHmarsib-
HO doka3aHo, Ymo OaHHas aHanumu4eckas Memoduka Moxem bbimb KOPPEKMHO 80Crpou3sedeHa,
O0aém 0ocmosepHble pe3ynbmamel U rpu2o0Ha 018 aHanu3a mabnemok HughedunuHa. B npouyecce
gepughukayuu MemoOUKU KOTu4ecmeeHHO20 orpedesnieHusi HughedurnuHa 8 mabremkax 6biiu usyde-
HbI 8anudayUOHHbIE XxapakmepucmuKku xpoMamoepaghudeckol MemoOuKU: NpasuibHOCMb, TUHeU-
HOCMb, MPeUyU3UOHHOCMb, crneyuduYHOCMb U 8HympunabopamopHas npeyu3uoHHocms. Banuda-
UUOHHbIE XapakmepucmuKku MemoOUKU He Mpesbiliarom KpUmMuU4YeCcKkoao 3HadyeHus rnoepewHocmu
(1,6%) u xapakmepu3yromcs Ka4eCmeeHHbIMU aHanumu4yeckuMu rnokasamenamu. [aHHas memo-
Ouka Moxem 6bImb KOPPEKMHO 80CIpoussedeHa 8 ycriosusix nabopamopuli KOHMPOIS Kadecmea
JlekapcmeeHHbIx cpedcms.



