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1. Introduction
According to World Health Organization statistics, 

arterial hypertension has a prominent position as a meta-
bolic risk factor for non-communicable disorders. 1,4-di-
hydropyridine calcium channel blockers (CCB) are a 
well-known group for the treatment of arterial hyperten-
sion. These drugs are useful agents for a variety of patho-
logical conditions, including chronic stable angina and 
ischemic and coronary heart disorders [1–3]. Among 
them, nimodipine (NIM) is a commonly used agent that 
preferentially acts on cerebral vessels, especially in the 
brain [4, 5]. A range of analytical approaches have been 
employed for the assay of NIM in bulk, dosage forms, 
biological fluids, etc. In accordance with the require-

ments of the United States Pharmacopeia and the Euro-
pean Pharmacopeia for the determination of NIM titra-
tion with cerium sulfate, high-performance liquid 
chromatography (HPLC) was used [6, 7]. The literature 
review revealed that for NIM assay, such analytical 
methods as thin layer chromatography (TLC) combined 
with Raman spectroscopy, HPLC, reserve phase (RP)-
HPLC, and liquid chromatography-tandem mass spec-
trometry (LC-MS) were applied [8–11]. For pharmacoki-
netic study and enantioselective determination of 
1,4-dihydropyridine compounds, supercritical fluid chro-
matography and rapid capillary electrophoresis have 
been used [12, 13]. Lacidipine (LAC) is a wide-ranging 
lipophilic 1,4-dihydropyridine compound indicated for 
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use in monotherapy and combination therapy for the 
management of high blood pressure (HBP) [14, 15]. In 
addition, LAC has a positive impact on the endothelium 
of patients with hypertension. LAC is not 
referenced within any Pharmacopeias. 
Currently, micelle-enhanced spectrofluori-
metric techniques for content testing of 
LAC and improving dissolution through 
deliberate formulation optimization were 
highlighted [16, 17]. According to the last 
data, lipid-based drug delivery systems are 
a prospect for hypertension care, including 
CCB agents with decreasing toxicity and 
enhancing biocompatibility [18]. Alterna-
tive approaches for the LAC assay in tablet 
dosage forms and biological samples were 
adopted via gas and liquid chromatogra-
phy, titrimetric methods, etc [19–22]. 
Long-acting CCB agent Nitrendip-
ine (NIT) is prescribed for hypertension 
therapy and manages to lower the cardio-
toxicity of cocaine. Compared to other 
CCBs, it is slightly natriuretic and does not decrease 
glomerular filtration level. Also, neuroprotective en-
hancements in cognitive abilities were observed in com-
bination therapy with NIT [23, 24]. According to Phar-
macopeia monographs, the identification method for NIT 
includes infrared absorption spectroscopy and titration 
for its assay [7]. For the determination of NIT in bulk, 
biological liquids, and dosage forms, a multitude of chro-
matographic, spectrophotometric, and electrochemical 
procedures was highlighted [25–27]. Among them, the 
RP-HPLC technique was developed for the pharmacoki-
netic study of NIT liposomal gel. Long-lasting CCB 
agents, amlodipine (AML) and its enantiomer levam-
lodipine, are widely prescribed against hyperten-
sion [28, 29]. However, most of the previously described 
analytical procedures exhibit significant drawbacks, 
such as prolonged duration, high costs, or not being avail-
able for pharmaceutical analysis. Up till now, a few spec-
trometric procedures have been presented [30–32]. 

The necessity of the development of simple, avail-
able, and non-extractive spectrophotometric procedures 
is essential for the most quality control laboratories. Al-
dehydes are broadly used in the development of biochem-
ical and analytical techniques [33, 34]. Comparison of the 
existing spectrophotometric procedures of 1,4-dihydro-
pyridine CCBs with aldehydes is presented in Table 1.

Thus, the interaction of CCB with different re-
agents, such as aldehydes, has a lot of benefits. Among 
them, para-dimethylaminobenzaldehyde (DABA) is a 
frequently utilized reagent. According to the chemical 
structure it is a bifunctional aromatical substance. In sci-
entific literature, it is also named as Ehrlich’s reagent, 
4-dimethylaminobenzaldehyde, DMAB, p-DAB, p-(dime-
thylamino)-benzaldehyde, N,N-dimethyl-4-aminobenzal-
dehyde, etc. Analytical application of DABA for the deter-
mination of a variety of compounds, including 
nanomaterials, organic medicines, and bioactive substanc-
es. In the utilization of DABA as an analytical reagent, the 

ability of its aldehyde component to be reduced to an alco-
hol or oxidized to a carboxylic acid, as well as the forma-
tion of condensation products, are applied [35–41].

The proposed approach involves the interaction of 
NIM, NIT, and LAC directly with DABA reagent to pro-
duce coloured products with its further spectrophotomet-
ric analysis by the development of simple, available, and 
alternative spectrophotometric methods.

2. Planning of the research
Methodology of research of simple, available, and 

alternative spectrophotometric methods for the determi-
nation of NIM, NIT, LAC by interaction with DABA re-
agent includes:

1. Study of the recommendations of the State Phar-
macopoeia of Ukraine (SPhU) and EP, analysis of scien-
tific literature;

2. The study of methodology for choosing a reagent 
for the development of spectrophotometric methods. 

3. Selection of the optimal conditions for the devel-
opment of the spectrophotometric methods.

4. The application of the proposed spectrophoto-
metric method for the determination of NIM, NIT, LAC 
by using DABA reagent to the analysis of tablets.

5. Validation of the spectrophotometric method for 
determination of NIM, NIT, LAC in tablets.

3. Materials and methods
Objects of study, solvents and equipment.
UV-visible double beam spectrophotometer Shi-

madzu UV-1800 (Japan) with included UV-Probe version 
2.62 software was employed. Additional equipment in-
cluded a precise analytical balance RAD WAG AS 
200/C (Poland), an ultrasonic bath Elmasonic EASY 60H 
with a frequency of 40 kHz, and a water bath VB-4 were 
used in the developed procedure.

LAC, NIM and NIT (purity ≥ 98% (HPLC)) were 
supplied from Sigma-Aldrich Chemicals Co. (St. Louis, 
MO, USA). NIT 10 mg tablets, NIM 30 mg tablets were 
purchased from local drugstore. LAC 2 mg tablets was 
purchased from europharm.com.ua.

 Table 1
Comparison of the existing spectrophotometric procedures of 

1,4-dihydropyridine CCBs with aldehydes
1,4-dihy-

dropyridine 
CCB

NIM LAC
NIF

Cilnidip-
ine

NIF
NIM
AML

NIM
NIF

Used re-
agent

p-dimeth-
yl-amino-cin-

nam-alde-
hyde

DABA

dimethyl-
amino-cin-
namalde-

hyde

Vanillin p-anis-al-
dehyde

Methodology

Schiff’s base 
formation 

measured at 
510.0 nm

Schiff’s 
base 

formation 
measured 

at 615.7 nm

Coloured 
chromo-
gen mea-
sured at 

545.0 nm

Colored 
chromogen 
measured at 
479.0 and 
500.0 nm

Coloured 
product 

mea-
sured at 

460.0 nm
Linear range, 

μg/mL 0.5–4.0 10.0–70.0 100–350 5.0–70.0 5.0–60.0

References [35] [36] [37] [38] [39]
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Methanol was produced by Honeywell and had a 
purity of 99.9%. HCl conc. (fuming, ≥ 37%) by Sigma 
Aldrich was used. DABA utilized in the experiment was 
analytical grade.

Procedure for preparation of standard stock solu-
tion of CCBs (NIT, NIM, LAC).

A standard stock solution of analyzed CRS CCBs 
drugs was prepared by dissolving 25.00 mg in 15 mL of 
methanol, followed by dilution to a final volume in a 
25.00 mL volumetric flask.

Procedure for tablets for the determination of 
CCBs (NIT, NIM, LAC).

A precise weight and crushing of twenty tablets 
were performed. A 10.00 mL measuring flask was filled 
with a powder of crushed tablets containing 10.00 mg of 
the tested CCBs. Afterwards the samples were mixed with 
5 mL of methanol, adjusted using the same solvent to the 
mark, and placed in an ultrasound bath for two minutes 
before being filtered with a Whatman No. 42 filter paper. 

Procedure for preparation of DABA solution.
6.7*10-3 M of DABA solution was prepared in a 

25.00 mL measuring flask by dissolving 25.00 mg of 
DABA in 15 mL of HCl conc., mixed for 2 min, diluted 
to the mark with the same solvent, and mixed thoroughly.

4. Research results
4. 1. Methodology for choosing a reagent for the 

development of spectrophotometric methods 
One of the promising reagents for the development 

of spectrophotometric methods for the determination of 
CCBs is aromatic aldehydes. DABA interacts with CCBs 
to form condensation products, which are called Schiff 
bases. Indian scientists [36] described the spectrophoto-
metric determination of LAC in bulk and tablet dosage 
form via reaction with DABA. We became interested in 
this direction and evaluated this method for other CCBs, 
such as AML, nifedipine (NIF), levamlodipine (LAML), 
NIT, NIM and lercanidipine (LER). AML, NIF, LAML 
and LER did not interact with DABA. In comparison with 
the previous analytes described above, NIT, NIM and 
LAC interacted with DABA to form reaction products 
demonstrated on a Fig. 1. The absorption maxima for these 
drugs were located at 577 nm and 616 nm respectively. 

In addition, during the optimization of the condi-
tions of the reaction, we established some advantages of 
the interaction of LAC with DABA in comparison with 
the method [36]. For example, in article [36], volume 
50 ml was used, while we proposed 10 ml, which reduced 
the number of reagents used by five times and increased 
the score of «greenness» of the method.

4. 2. Selection of the optimal conditions for the 
development of the spectrophotometric methods 

Therefore, the next necessary stage of our research 
was to study the optimal conditions for the interaction of 
NIM, NIT and LAC with DABA (choice of acid, amount 
of reagent, adding of extra components, time and heating 
temperature) for the development of spectrophotometric 
methods that are suitable for the pharmaceutical analysis. 
To select an acid as a solvent for the preparation of a re-
agent 0.1% DABA for NIM method were tested concen-
trated sulfuric, nitric, phosphoric, hydrochloric and boric 
acids (Table 2). Optimal solvent for the preparation of 
0.1% DABA was hydrochloric acid. 

Table 2
Selection of acid as the optimal solvent for preparation 

0.1% DABA for the NIM method
H2SO4 HNO3 H3PO4 HCl HBr
The 

complex 
was not 
formed

The 
complex 
was not 
formed

The 
complex 
was not 
formed 

A pink color 
complex 

was formed 
λ = 577 nm

A pink color com-
plex was formed 

λ = 580 nm, non-sta-
ble over time

The interaction of NIM, NIT and LAC with a var-
ious volume of 0.1% DABA reagent ranging 1 to 3 mL in 
order to determine the best conditions has been stud-
ied. Fig. 2. shows the dependence of the absorbance on 
the amount of 0.1% DABA. The optimal amount was 
1.5 mL of 0.1% DABA solution.

According to the method [36], there was additional 
use of concentrated hydrochloric acid for the reaction. 
Therefore, the next stage of our research was the optimiza-
tion of the amount of concentrated hydrochloric acid in the 
range 0–1.0 mL, in steps of 0.25 mL, as an additional 
component of the reaction. To achieve the task, the inter-

Fig. 1. Absorption spectra of CCBs reaction product 
with DABA 0.1% in HCl (C(NIT) = 100 μg/mL, 
C(NIM) = 125 μg/mL, C(LAC) = 100 μg/mL)

Fig. 2. The effect of the amount of added 0.1% DABA on 
the formation of reaction products (C(NIT) = 125 μg/mL, 

C(NIM) = 125 μg/mL, C(LAC) = 100 μg/mL)
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action of CCB with a concentration of 1 mg/mL and 0.1% 
DABA in concentrated hydrochloric acid was used during 
heating for 10 min at a temperature of 100°C. The depen-
dence of the absorbance of the product of the reaction of 
NIM, NIT and LAC with 0.1% DABA on the amount of 
concentrated hydrochloric acid is shown in Fig. 3. 

As can be seen in Fig. 4, the proposed method did 
not require the usage of additional concentrated hydro-
chloric acid, which had a positive impact on sample 
preparation, reducing the time of sample preparation and 
the number of reagents. 

A necessary condition for the interaction of NIM, 
NIT and LAC with DABA was heating. The influence of 
the heating time was determined by the interaction of 
NIM, NIT and LAC with a concentration of 1 mg/mL 
and 0.1% DABA for 30 min (Fig. 4). The optimal heating 
time was 15 min.

The dependence of the absorbance of the product 
interaction of NIM, NIT and LAC with a concentration 
of 1 mg/ml and 0.1% DABA for 15 min on the heating 
temperature in the range of 80–100°C is shown in Fig. 5. 
As can be seen from Fig. 5. the optimal heating tempera-
ture was 100°C.

The stability of the analyzed CCBs reaction prod-
uct was examined. It remained stable for 3 min, then 
gradually decreased (Fig. 6).

The optimal parameters for CCBs spectrophoto-
metric analysis via reaction with DABA were as follows: 
concentrated hydrochloric acid, 1.5 mL of 0.1% DABA 
solution, 15 min boiling at 100°C, detection wavelength 
for NIT, NIM 577.0 and 616 nm for LAC respectively.

4. 3. Application to tablets analysis
Table 3 illustrates quantification results for the 

tested drugs in tablets utilizing the DABA reaction. The 
accuracy and repeatability of the established analytical 
technique were acceptable.

Table 3
The results of the quantitative determinations of CCBs 

in tablets
Dosage 

form
NIT 10 mg NIM 30 mg LAC 2 mg

Value
1 9.961 29.983 1.958
2 10.156 30.435 2.044
3 9.932 29.734 1.954
4 9.825 30.482 1.965
5 10.077 30.356 2.05
6 10.177 29.638 2.007

Mean 10.021 30.105 1.996
SD 0.138 0.37 0.044

RSD 1.377 1.229 2.204

Fig. 3. The effect of the amount of added concentrated 
hydrochloric acid on the formation of reaction 

products (C(NIT) = 125 μg/mL, C(NIM) = 125 μg/mL, 
C(LAC) = 100 μg/mL)

Fig. 4. Selection of heating time (C(NIT) = 100 μg/mL, 
C(NIM) = 125 μg/mL, C(LAC) = 100 μg/mL)

Fig. 5. Selection of heating temperature 
(C(NIT) = 100 μg/mL, C(NIM) = 125 μg/mL, 

C(LAC) = 100 μg/mL)

 
  

Fig. 6. Stability of reaction product in time 
(C(NIT) = 100 μg/mL, C(NIM) = 100 μg/mL, 

C(LAC) = 100 μg/mL)
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4. 4. Validation of the spectrophotometric methods 
According to the guidelines of the International 

Conference on Harmonization (ICH) [42], the developed 
spectrophotometric procedure for determining the stud-
ied CCB drugs in tablets has been validated for such pa-
rameters as linearity, robustness, accuracy, precision and 
range of application.

Robustness.
During the method’s development, robustness (ab-

sorbance stability, reagent volume, and heating duration) 
was evaluated. Prior research had demonstrated that ad-
justments made during the robustness study that are 
within ± 10% did not substantially alter the resulting ab-
sorbance (Table 4). All computed values range from 98.0 
to 102.0% and satisfy the acceptance requirements.

Table 4
Robustness of the proposed procedure

Method 
parameters

Recovery* ± SD
NIT NIM LAC

Stability of solutions, min
1 100.53 ± 1.1 100.01 ± 1.48 99.51 ± 0.68
2 99.91 ± 0.91 99.75 ± 1.74 101.14 ± 0.82
3 100.93 ± 0.75 99.38 ± 1.25 99.12 ± 0.47

Volume of reagent, mL
1.35 99.67 ± 1.01 98.75 ± 0.5 99.61 ± 1.81
1.5 98.88 ± 0.75 100.69 ± 0.37 99.63 ± 0.98
1.65 100.2 ± 1.6 99.67 ± 0.79 99.39 ± 0.49

Heating time, min
13.5 100.84 ± 0.63 100 ± 1.22 99.27 ± 1.34
15 100.68 ± 0.86 101.24 ± 0.04 100.04 ± 1.22

16.5 99.97 ± 1.15 100.58 ± 1.17 100.16 ± 1.39
Note: *– average of the three determinations.

Linearity.
Regression analysis was employed to evaluate the 

linearity of the suggested spectrophotometric approach for 

determining CCBs by its interaction with DABA, in com-
pliance with ICH standards. In Table 5 and Fig. 7 display a 
few spectrum features and validation parameters for the 
evaluated spectrophotometric procedure. Linearity was 
studied over a wider range for quantification capabilities 
and for the Dissolution Test perspective.

It was demonstrated that whereas LAC determina-
tion had the widest range, NIT determination was the 
most sensitive. All analytes had correlation values of 
more than 0.9993, which suggests that the linearity of the 
analytical procedures was satisfactory.

Accuracy.
The accuracy of the suggested approach was as-

sessed by looking at three drug concentration levels. As 
indicated in Table 6, the acquired findings demonstrated 
a considerable agreement between the tested and real 
ones, demonstrating the accuracy of the devised ap-
proach. The range of the average recovery percentage 
was 98.7% to 100.7%. Every concentration level had a 
recovery value that ranged from 98.0% to 102.0%. The 
RSD for every recovery value was less than 1.36%.

Fig. 7. Linearity study results

y = 0.8378x + 16.122
R² = 0.9995

y = 0.9654x + 4.8221
R² = 0.9994

y = 0.5904x + 39.303
R² = 0.9993

0

50

100

150

200

0 50 100 150 200

Y i
, %

Xi, %

Nit

Nim

Lac

Table 5
Linearity results for the evaluated spectrophotometric procedures

Parameter NIT NIM LAC
Value

Linearity, μg/mL 25–175 25–200 20–200
Correlation coefficient (R2) 0.9995 0.9993 0.9993

Intercept ± SD* 0.0451 ± 2.67 × 10-3 0.0127 ± 3.33 × 10-3 0.0998 ± 2.86×10-3

Slope ± SD 0.0023 ± 2.39 × 10-5 0.0025 ± 2.83 × 10-5 0.0015 ± 2.33 ×10-5

LOD**, μg/mL 3.75 4.43 6.3
LOQ***, μg/mL 11.38 13.43 19.1

Note: *SD – standard deviation; **LOD – limit of detection; ***LOQ – limit of quantitation.

Table 6
Accuracy assessment of the proposed spectrophotometric determinations of CCBs using reaction with DABA

Conc level NIT NIM LAC
% Recovery*

1 100.54 98.69 99.69
2 100.72 100.2 99.48
3 99.55 100.12 100.02

*Mean Recovery 100.27 99.67 99.73
SD 1.13 1.29 1.36

Note: * – mean of three parallel determinations.



ScienceRise: Pharmaceutical Science	 № 3(55)2025

35 

Precision.
Using intra- and inter-day precision evaluation, the 

degree of agreement between the experimental results was 
evaluated. While intra-day precision was achieved by repeat-
ing the measurement of three analyte concentration levels at 
three separate times of the day, inter-day precision was 
achieved by monitoring the same concentrations for three 
consecutive days. Table 7 shows the results that were achieved.

Table 7
Intra- and inter-day precision assessment

CCB drug Concentration
level

% Mean Recovery* ± SD
Intra-day Inter-day

NIT
1 100.66 ± 0.41 99.62 ± 0.91
2 100.37 ± 0.81 100.61 ± 1.04
3 99.08 ± 0.78 99.26 ± 0.92

NIM
1 99.58 ± 0.28 101.47 ± 0.29
2 99.45 ± 1.51 100.48 ± 1.33
3 100.77 ± 1.06 99.89 ± 1.89

LAC
1 100.38 ± 1.02 100.22 ± 1.39
2 99.89 ± 1.43 99.11 ± 1.09
3 100.28 ± 0.58 99.77 ± 1.08

Note: * – mean of three determinations.

5. Discussion of research results
Simple, available and alternative visible spectropho-

tometric methods for the determination of nitrendip-
ine (NIT), nimodipine (NIM), lacidipine (LAC) in tablets 
through derivatization with the para-dimethylaminobenzal-
dehyde (DABA) have been developed. The optimal param-
eters for CCBs spectrophotometric analysis were as follows: 
detection wavelength – 577 nm for NIM, NIT and 616 nm 
for LAC, concentrated hydrochloric acid, 1.5 mL of 0.1% 
DABA solution, 15 min boiling at 100°C. The concentration 
was linearly proportional to absorbance values in the range 
of 25–175 μg/mL (NIT), 25–200 μg/mL (NIM), 20–200 μg/
mL (LAC). Estimation of LOD and LOQ parameters were 
obtained as 3.75 μg/mL and 11.38 μg/mL (NIT), 4.43 μg/mL 
and 13.43 μg/mL (NIM), 6.30 μg/ml and 19.1 μg/mL (LAC).

In comparison with method [36], our modified 
technique for the determination of LAC made it possible 
to obtain a wider range of applications of the method, 
which definitely expands the scope of its application and 
optimized sample preparation, which significantly reduc-
es the number of solvents. In addition, two spectrophoto-
metric methods for the determination of NIT and NIM in 
tablets have been developed. All proposed methods can 
be used as alternatives and arbitrage, which significantly 
expands the bank of analytical methods.

Practical relevance. The proposed methods can be 
used as alternatives and arbitrage, which significantly ex-

pands the bank of analytical methods. Moreover, the de-
scribed methods can be easily implemented for routine 
pharmaceutical analysis.

Study limitations. The developed spectrophoto-
metric method can not be used to determine NIM, NIT 
and LAC in the presence of other antihypertensive APIs in 
medicines.

Prospects for further research. The next stage of 
research is planned to develop optimized chromatographic 
methods for the determination of calcium channel blockers 
in drugs.

6. Conclusion
In this work, thorough scientific research was car-

ried out with the presentation of the method of selection 
of the optimal reaction conditions and spectrophotomet-
ric methods for determining NIT, NIM, LAC in tablets 
were developed. In addition, the three studied CCBs 
were quantified using easy-to-implement, simple, cost-ef-
fective spectrophotometric approaches. The proposed 
methods can be used as alternatives and arbitrage, which 
significantly expands the bank of analytical methods. 
Moreover, the described methods can be easily imple-
mented for routine pharmaceutical analysis.
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