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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,  
Sb = 0.0007816, a = -0.11, Sa = 0.07891, S0 = 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 (ΔZ = 0.06, δ% = 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 (Δz = 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 250×4.6 mm  
with the particle size of 5mm, 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 (n0) 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. 
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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 
0.8 to 1.5;

•	 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  
Δsp = 1.07% ≤ В ∙ 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. 

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

Fig. 2. The chromatogram of the Test solution of nifedipine.
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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 (Si) 
were calculated. The results obtained were processed by  
the least squares method for line Y = b × x + a (Fig. 3). 
The statistical quantities b, Sb, a, Sa, Sr (final standard 

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%).

Fig. 3. The linear dependence of the peak area on the concentration of nifedipine in normalized coordinates.

Table 1 
Characteristics of the linear dependence

The slope of the linear relationship b 1.0031
Sb 0.0007816
The constant term of the linear dependence a -0.11
Sa 0.07891
The residual standard deviation Sr 0.03055
The correlation coefficient method r 1.0000

Table 2 
The results of analysis of model solutions and their statistical analysis

No. of the 
model 

solution

Introduced in % to the 
concentration of the 

reference solution  
(Хі = Ci /Cst, %)

Average peak areas (Si) 
(Sst = 1395946)

Found in % to the 
concentration of the 

reference solution  
(Yі = Si /Sst, %)

Found in % to the 
introduced  

(Zі = Yі /Хі, %)

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, RSDZ, % 0.0324

Relative confidence interval, ΔZ(%) = t(95%, n-1)×RSDZ = 1.860×RSDZ, % 0.06
Critical value for convergence of the results ΔAs, % 1.6

Systematic error δ = |Z – 100| 0.2
Criterion of the systematic error insignificance  

1) δ%≤1.03/3 = 0.34 (0.20>0.348), 
 if it is not satisfied 1), then δ%≤0.32×1.6 = 0.51%(0.20<0.51)

is not satisfied
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 (Xiact), 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 
Хi = (Сi/Сst)×100%, Yi = (Si/Sst)×100%,, as well as the 
value Zi = (Yi/Xi)×100%, 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 (ΔZ ≤ 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 (ΔZ = 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.
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ВЕРИФІКАЦІЯ ВЕРХ МЕТОДИКИ КІЛЬКІСНОГО ВИЗНАЧЕННЯ НІФЕДИПІНУ В ТАБЛЕТКАХ
І.Л.Комарицький, В.А.Ханін, Н.Ю.Бевз, В.А.Георгіянц
Ключові слова: ніфедипін; верифікація; ВЕРХ
У теперішній час час в Україні зареєстровано велику кількість відтворених лікарських засо-
бів (ЛЗ). Перевага відтвореного ЛЗ полягає у відносно невисокій вартості у порівнянні з ори-
гінальним ЛЗ, оскільки його створення і реєстрація вимагають меншого обсягу досліджень 
і, відповідно, менших матеріальних витрат для розробки, дослідження та впровадження на 
ринок нового ЛЗ. У зв’язку зі створенням другого видання ДФУ і включенням до неї статей 
на готові лікарські засоби ми поставили собі за мету проаналізувати валідаційні характе-
ристики методики кількісного хроматографічного визначення ніфедипіну в таблетках та 
провести її верифікацію. Лінійність методики визначали в межах 80-120% від номінальної кон-
центрації. Лінійність методики підтверджується у всьому діапазоні досліджуваних концен-
трацій (b = 1,0031, Sb = 0,0007816, a = -0,11, Sa = 0,07891, S0 = 0,03055, r = 1,0000). Доведено, 
що запропонована методика характеризується достатньою збіжністю і правильністю у 
всьому діапазоні концентрацій (ΔZ = 0,06, δ% = 0,2). Внутрішньолабораторну прецизійність 
підтверджено тим, що величина відносного довірчого інтервалу для п’яти паралельних ви-
значень однієї серії препарату задовольняє критерію прийнятності (Δz = 0,22%≤1,6%). За 
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результатами визначення валідаційних характеристик методик кількісного визначення об-
ґрунтовано та експериментально доведено, що дана аналітична методика може бути ко-
ректно відтворена, дає достовірні результати та придатна для аналізу таблеток ніфе-
дипіну. У процесі верифікації методики кількісного визначення ніфедипіну в таблетках були 
вивчені валідаційні характеристики хроматографічної методики: правильність, лінійність, 
прецизійність, специфічність та внутрішньолабораторна прецизійність. Валідаційні харак-
теристики методики не перевищують критичного значення похибки (1,6%) і характеризу-
ються якісними аналітичними показниками. Ця методика може бути коректно відтворена в 
умовах лабораторій з контролю якості лікарських засобів.

ВЕРИФИКАЦИЯ ВЭЖХ МЕТОДИКИ КОЛИЧЕСТВЕННОГО ОПРЕДЕЛЕНИЯ НИФЕДИПИНА 
В ТАБЛЕТКАХ
И.Л.Комарицкий, В.А.Ханин, Н.Ю.Бевз, В.А.Георгиянц
Ключевые слова: нифедипин; верификация; ВЭЖХ
В настоящее время в Украине зарегистрировано большое количество воспроизведенных 
лекарственных средств (ЛС). Преимущество воспроизведенных ЛС заключается в относитель-
но невысокой стоимости по сравнению с оригинальным ЛС, поскольку создание и регистра-
ция воспроизведенного ЛС требуют меньшего объема исследований и, соответственно, 
меньших материальных затрат на разработку, исследование и внедрение на рынок нового 
ЛС. В связи с созданием второго издания ГФУ и включением в неё статей на готовые лекар-
ственные средства мы поставили себе целью проанализировать валидационные характе-
ристики методики количественного хроматографического определения нифедипина в та-
блетках и провести её верификацию. Линейность методики определяли в пределах 80-120% 
от номинальной концентрации. Линейность методики подтверждается во всем диапазоне 
исследуемых концентраций (b = 1,0031, Sb = 0,0007816, a = -0,11, Sa = 0,07891, S0 = 0,03055,  
r = 1,0000). Доказано, что предложенная методика характеризуется достаточной сходимостью  
и правильностью на всем диапазоне концентраций (ΔZ = 0,06, δ% = 0,2). Внутрилабораторная 
прецизионность подтверждена тем, что величина относительного доверительного интер- 
вала для пяти параллельных определений одной серии препарата удовлетворяет критерию 
приемлемости (ΔZ = 0,22%≤1,6%). Таким образом, по результатам определения валидацион-
ных характеристик методик количественного определения обосновано и эксперименталь-
но доказано, что данная аналитическая методика может быть корректно воспроизведена, 
даёт достоверные результаты и пригодна для анализа таблеток нифедипина. В процессе 
верификации методики количественного определения нифедипина в таблетках были изуче- 
ны валидационные характеристики хроматографической методики: правильность, линей- 
ность, прецизионность, специфичность и внутрилабораторная прецизионность. Валида- 
ционные характеристики методики не превышают критического значения погрешности 
(1,6%) и характеризуются качественными аналитическими показателями. Данная мето-
дика может быть корректно воспроизведена в условиях лабораторий контроля качества 
лекарственных средств.


