
Abbreviations: BP, British Pharmacopoeia; DMSO, dimethyl sulphoxide; HPLC, high performance liquid chromatogra-
phy; ICH, International Conference on Harmonisation; LOD, limit of detection; LOQ, limit of quantitation; TLC, thin-
layer chromatography; USP, United States Pharmacopoeia.

 Nifedipine, dimethyl-1,4-dihydro-2,6-dime-
thyl-4-(2-nitrophenyl)pyridine 3,5-dicarboxylate is 
a calcium channel blocker that inhibits the trans-
membrane influx of Ca+2 into cardiac muscle cells 
and vascular smooth muscle through specific ion
channels (Miller, 1987; Murdoch & Brogden, 1993; 
Martindale, 2002). It decreases vascular peripheral 
resistance (Delgado & Remers, 1991) for which it is 
widely used in the treatment of hypertension, an-
gina pectoris and various other cardiovascular dis-
orders (Stone et al., 1980). The drug and its formula-
tions are official in The United States Pharmacopoeia
(USP, 2000) and British Pharmacopoeia (BP, 1993), 
which recommend HPLC and non-aqueous titration 
for its assay, respectively. 

The drug has been determined by a variety 
of analytical techniques such as high performance 
liquid chromatography (Zhang et al., 2001; Wang et 
al., 2002; Niopas & Da�sios, 2003), high performance
thin layer chromatography (Patravale et al., 2000), 
gas chromatography (Tu et al., 1995; Qin et al., 2000), 
micellar electrokinetic chromatography (Bretnall & 
Clarke, 1995), electroanalytical methods (Dumitrescu 
et al., 2001), flow injection analysis (Richter et al., 

1997), mass spectrometry (Kumazawa et al., 1993) 
and UV spectrophotometry (Vyas & Goswami, 1993; 
Yuan & Zhu, 1996).

The estimation of nifedipine alone was carried 
out using second-order derivative spectra (Umap-
athi, 1994) of the compound in 0.1 M HCl whereas 
first derivative spectra were utilized for its assay in
combined dosage forms (El-Walily, 1997). A meth-
anolic solution of the drug reacts with 4-dimethyl-
aminobenzaldehyde resulting in the formation of 
yellow-coloured product, which forms a basis for 
its determination at 380 nm (Mahadik et al., 1991). 
Two spectrophotometric methods have been recom-
mended, one is based on the formation of blue-col-
oured complex with Folin Ciocalteau reagent (Sastry 
et al., 1997), and the second method involves the 
charge transfer complex formation with chloranil 
(Golcu & Serin, 1998). A kinetic spectrophotometric 
method has also been described based on the oxida-
tion of the drug with KMnO4 at neutral pH (Rah-
man & Azmi, 1999). Two other spectrophotometric 
methods were developed in which the –NO2 group 
of nifedipine was reduced with Zn/NH4Cl and Zn/
HCl to hydroxylamino and primary aromatic amino 
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derivatives, respectively (Karadi et al., 2000; Rah-
man & Hoda, 2002). The hydroxylamino derivative 
was reacted with 4-(methylamino)phenol and potas-
sium dichromate to give a coloured chromophore, 
which absorbed maximally at 525 nm while the 
primary aromatic amino derivative formed Schiff’s
base with 3,4,5-trimethoxybenzaldehyde which was 
subsequently determined at 365 nm. Extractive spec-
trophotometric methods have also been reported for 
the estimation of the drug in pharmaceutical prepa-
rations which are based on the coloured complex 
of the drug with reagents like bromocresol green, 
bromophenol blue, bromothymol blue and erio-
chrome black-T (Rahman et al., 2004).

This paper describes two simple and sensitive 
spectrophotometric methods for the determination 
of nifedipine in pharmaceutical formulations. Meth-
od A is based on the reaction of the nitro group of 
the drug with potassium hydroxide in dimethyl sul-
phoxide to form a coloured product peaking at 430 
nm. Method B uses the oxidation of the drug with 
ammonium molybdate, which subsequently reduced 
to molybdenum blue, is measured at 830 nm. The 
proposed methods are validated as per the guide-
lines of the International Conference on Harmonisa-
tion (ICH, 1995).

MATERIALS AND METHODS

Apparatus. The absorbance measurements 
were made on a Spectronic 20D+ spectrophotometer 
(Milton Roy, USA) with 1 cm matched glass cells. A 
water bath shaker was used to control the tempera-
ture for colour development. An Elico model Li-10 
pH meter was used for pH measurements.

Reagents and standards. All chemicals used 
were of analytical or pharmaceutical grade. A 0.05 
M KOH (Merck, India) solution was prepared in 
tertiary butyl alcohol (Qualigens, India). A 0.02 M 
ammonium molybdate (Merck, India) solution was 
prepared by dissolving 2.472 g of ammonium mo-
lybdate in 100 ml of 4 M sulphuric acid. Buffer so-
lutions ranging from pH 2.4–5.6 were prepared by 
mixing 1.24–11.60 ml of 0.2 M disodium hydrogen 
phosphate and 18.76–8.40 ml of 0.1 M citric acid in 
20 ml (Bri�on, 1942). Reference standard of pure
nifedipine and a nifedipine nitrosophenyl pyridine 
analog were kindly provided by J.B. Chemicals and 
Pharmaceuticals Ltd. (Mumbai, India) and Novartis 
Pharmaceuticals Ltd. (Mumbai, India), respectively. 
Commercially formulated tablets such as Nicardia 
Retard (J.B. Chemicals), Calciguard (Torrent), and 
Adalat Retard (Bayer) were purchased from local 
market. Standard solutions of 0.1 and 0.05% nifed-
ipine were prepared in DMSO and methanol, re-
spectively, and kept in dark.

Preparation of degraded nifedipine. A stand-
ard solution of pure nifedipine (1.0 mg ml–1) was ex-
posed to diffused sunlight (natural) for 2 h. A sam-
ple of 8.0 µl of this solution and simultaneously the 
same amount of the nifedipine nitrosophenyl pyrid-
ine analog reference standard were spo�ed on a thin
layer chromatographic plate of silica gel G (Merck, 
India) which was then developed in a mobile phase 
using chloroform/ethyl acetate/cyclohexane (19:2:2, 
by vol.) and observed under UV lamp. Two spots 
were present having the same Rf value (0.5), thus 
it can be suggested that the degraded product of 
nifedipine is nifedipine nitrosophenyl pyridine (Pi-
e�a et al., 1981). 

Method A: Recommended procedure for the 
determination of nifedipine. Aliquots of 0.05–0.5 ml 
of standard drug solution (0.1%) of nifedipine were 
pipe�ed into a series of 10.0 ml standard volumet-
ric flasks. Then, 0.6 ml of 0.05 M KOH solution was
added into each flask and diluted to 10.0 ml with
DMSO. The contents of each flask was mixed well
at room temperature (25 ± 1oC) and the absorbance 
was measured at 430 nm against the reagent blank 
prepared similarly within the stability time period 
of 2 h. The concentration of nifedipine was calcu-
lated either from a calibration curve or regression 
equation.

Method B: Recommended procedure for the 
determination of nifedipine. Into a series of boiling 
test tubes, different volumes (0.1–0.9 ml) of 0.05%
nifedipine were pipe�ed. To each test tube 1.4 ml of
0.02 M ammonium molybdate and 5.0 ml of phos-
phate/citric acid buffer solution (pH 4) were added,
mixed well and heated in a water bath at 100 ± 1oC 
for 20 min. A�er heating, the solutions were cooled
at room temperature and transferred to 10.0 ml 
standard volumetric flasks and diluted to volume
with doubly distilled water. The absorbance was 
measured within the stability time period of 4 h at 
830 nm against the reagent blank treated similarly. 
The amount of the drug in a given sample can be 
calculated from a calibration graph or regression 
equation. 

Procedure for the assay of nifedipine in 
pharmaceutical formulations. Two portions of 
powdered tablets equivalent to 50.0 and 25.0 mg of 
nifedipine were weighed accurately, and separate-
ly extracted into 50.0 ml chloroform with shaking, 
and the residues were filtered using Whatmann
No. 42 filter paper. The filtrates were evaporated
to dryness under vacuum and the corresponding 
residues were dissolved in DMSO and methanol, 
respectively, and transferred to 50.0 ml standard 
volumetric flasks and diluted to volume with their
corresponding solvents. The assay was completed 
following the recommended procedures for deter-
mination of nifedipine.
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RESULTS AND DISCUSSION

Nitro compounds are known to give inter-
esting colours with alkali in different polar media.
It has been suggested that the reactions of nitro 
aromatic compounds with alkali in acetone, alco-
hol, N,N’-dimethylforamide or DMSO (Porter, 1955; 
Maiti et al., 1982) yield nitroquinoid ions. Nifedipine 
contains a nitro group a�ached to the benzene ring,
which reacts with KOH in DMSO medium to pro-
duce coloured nitroquinoid ion which absorbs maxi-
mally at 430 nm (Fig. 1A). The coloured chromo-
phore formed was found to be negatively charged 
as it was adsorbed on anion exchange resin beads. 
Therefore, based on the literature background and 
our experimental findings the reaction mechanism
was proposed and is given in Scheme 1.

Ammonium molybdate (MoVI) behaves as an 
oxidizing agent in acidic medium and is reduced to 
molybdenum blue (MoV) on treatment with reducing 

substances. This property is exploited for the spec-
trophotometric determination of nifedipine which 
reduces MoVI to MoV showing maximum absorbance 
at 830 nm (Fig. 1B). 

Optimization of variables and method development

The concentration of different reagents used
for method development was optimized by perform-
ing a series of experiments.

Method A: Effect of KOH

The influence of the volume of 0.05 M KOH
on the intensity of the colour developed at constant 
nifedipine concentration (30.0 µg  ml–1) was exam-
ined in the range 0.05–0.6 ml of 0.05 M KOH. It is 
clear from Fig. 2A that the maximum absorbance 
was a�ained with 0.4 ml of 0.05 M KOH; above this
volume the absorbance remained unchanged. There-
fore, 0.6 ml of 0.05 M KOH was used in all further 
measurements.

Method B: Effect of heating

To study the effect of heating time for the de-
velopment of maximum colour for method B, 0.4 ml 
of 0.05% nifedipine was mixed with 1.5 ml of 0.02 
M ammonium molybdate and 5 ml of buffer solu-
tion. The contents of the mixture were heated for 
up to 23 min at 100 ± 1°C. The intensity of the col-
our developed was measured at room temperature 
(25 ± 1°C) a�er dilution to 10.0 ml with doubly dis-
tilled water. It is apparent from this investigation 
that the maximum intensity of colour was obtained 
a�er 18 min of heating and remained constant up to
23 min. Therefore, the optimum heating time was 
fixed at 20 min.

Method B: Effect of the concentration of ammonium
molybdate

The effect of the volume of 0.02 M ammoni-
um molybdate on the colour development was in-
vestigated by adding different volumes (0.50–1.5 ml)
of 0.02 M ammonium molybdate to 200 µg of nifed-
ipine. It was found that the maximum absorbance of 
the blue colour was reached with 1.2 ml of the rea-
gent, and remained constant with higher volumes 
(Fig. 2). Therefore, 1.5 ml of the reagent was used 
throughout the experimental investigations.

Method B: Effect of pH

The influence of pH on the development of
colour was studied using disodium hydrogen phos-
phate/citric acid buffer. The maximum colour inten-
sity was observed in the pH range of 3.4–4.6 (Fig. 3) 

Figure 1. Absorption spectra of coloured products of 
nifedipine.
(A) 25 µg ml–1 nifedipine + 0.6 ml of 0.05M KOH in 
DMSO medium; (B) 20.0 µg ml–1 nifedipine + 1.4 ml of 
0.02 M ammonium molybdate + 5.0 ml of pH 4.0 phos-
phate/citric acid buffer solution.

Scheme 1.
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and therefore 5 ml of pH 4 buffer solution was used
throughout the experiment.

Specificity

The specificity of the proposed methods were
evaluated by determining the concentration of nifed-
ipine in the presence of varying amounts of degrad-
ed product of nifedipine such as nifedipine nitro-
sophenyl pyridine. It was found that the degraded 
product did not react with either of the reagents uti-
lized in methods A and B. There was no interference 
from the common excipients such as sodium stearyl 
fumarate, magnesium stearate, starch, lactose and 
talc present in tablets. 

Solution stability

The solution stability of the reference drug 
and tablet solutions was monitored by keeping the 
solutions at room temperature (25 ± 1oC) under dark-
ness for several days and then recording the absorp-
tion spectra of the solutions and also by performing 

TLC analysis. There was no change in the absorp-
tion spectra of reference and sample solutions for 
at least seven days. The band corresponding to the 
degradation product of nifedipine was not observed 
under UV lamp. A single spot at Rf value of 0.3 was 
obtained on TLC plate using silica gel G as station-
ary phase and chloroform/ethyl acetate/cyclohexane 
(19 : 2 : 2, by vol.) as mobile phase. 

Robustness

Each operational parameter was closely exam-
ined and challenged for the robustness of the pro-
posed methods. The operational parameters investi-
gated were as follows:

For Method A
• 0.6 ml of 0.05 M KOH 

For Method B
• 1.5 ml of 0.02 M ammonium molybdate 
• 5 ml of buffer solution of pH 4
• 20 min heating time
• cooling at room temperature

The robustness of the proposed methods rela-
tive to each operational parameter was evaluated by 
analyzing the contents of nifedipine tablets under 
variable experimental conditions. A sample solution 
containing 40 µg ml–1 of active drug (Nicardia re-
tard-10) was assayed five times using both methods.
The results showed a mean recovery ± relative stand-
ard deviation of 100.11 ± 0.16% and 100.06 ± 0.15% for 
methods A and B, respectively. Thus the operational 
conditions for the proposed methods to determine 
nifedipine in tablet formulations were found to be 
very robust.

Analytical data

Under the optimized experimental conditions, 
calibration graphs were constructed by plo�ing the
absorbance against the concentration of nifedipine. 
Beer’s law was obeyed in the concentration range 
5.0–50.0 and 2.5–45.0 µg ml–1 with molar absorp-
tion coefficients of 1.108 × 104 and 1.455 × 104 l mol–1 
cm-1 for methods A and B, respectively. Table 1 sum-
marizes the optical characteristics and the results 
of statistical analysis of the experimental data such 
as linear regression equations for methods A and B 
along with correlation coefficient, standard deviation
of slope (Sb) and intercept (Sa), confidence interval
of slope (tSb) and intercept (tSa), detection limit and 
quantitation limit. The limit of detection (LOD) and 
quantitation (LOQ) were calculated using the fol-
lowing relation (Ermer, 2001)

LOD = 3.3 × S0/b, and LOQ = 10 × S0/b
where S0 is the standard deviation of the calibration 
curve and b is the slope. The small value of variance 
suggested negligible sca�er of experimental data
points around the line of regression.

Figure 3. Effect of pH of disodium hydrogen phosphate/
citric acid buffer solution.
20.0 µg ml–1 nifedipine + 1.4 ml of 0.02 M ammonium mo-
lybdate + 5.0 ml buffer of different pH values.

Figure 2. Effect of the volume of (A) 0.05 M KOH (meth-
od A) and (B) 0.02 M ammonium molybdate (method B).



Vol. 52       919Spectrophotometric determination of nifedipine

The accuracy and precision of the proposed 
methods (A and B) was evaluated by performing 
five replicate determinations of nifedipine in pure
forms at three different concentrations (10, 30 and
45 µg ml–1) by short term (intra day) and daily (in-
ter day) precisions (Table 2). The standard analytical 
errors, relative standard deviations and recoveries 
obtained in the intra day and inter day analyses for 
methods A and B were found to be acceptable. Thus 

the proposed methods are effective for the determi-
nation of nifedipine.

The accuracy of the proposed methods was 
also checked by performing recovery experiments 
through standard addition technique. For this pur-
pose, a known amount of pure nifedipine was added 
to pre-analyzed dosage forms and then determined 
by the recommended procedures. The results (Ta-
ble 3) showed that the mean recovery and relative 
standard deviation were in the range of 99.97–100.17 
and 0.15–0.52% for method A and 100.03–100.10 and 
0.12–0.24% for method B, respectively. No interfer-
ence from the common excipients was observed. 

Table 4 shows a comparison of the perform-
ance of the proposed methods with that of other ex-
isting UV-visible spectrophotometric methods. It is 
clear from the table that the proposed methods are 
sensitive with acceptable values of relative standard 
deviations. Thus the proposed methods can compete 
with other existing methods in the determination of 
the drug at lower concentrations. 

The proposed methods were tested on tablet 
formulations and the results are presented in Ta-
ble 5. The results (Table 5) of the proposed methods 
(A and B) were compared with those of the refer-
ence method (Rahman & Hoda, 2002) using point 
hypothesis tests. The results in the table show that 
the calculated paired t- and F-values are less than 
the theoretical ones (Christian, 1994) confirming no
significant difference between the performance of
the proposed methods and the reference method at 
95% confidence level. The interval hypothesis tests
(Hartmann et al., 1955) were also performed to judge 
the performance of the proposed methods and the 
results are summarized in Table 6. The Canadian 

Table 1. Optical and regression characteristics of the pro-
posed methods

Parameters Method A Method B
λmax (nm) 430.0 830.0
Beer’s law limit 
(µg ml–1)

5.0–50.0 2.5–45.0

Molar absorp-
tion coefficient
(l mol–1 cm–1)

1.108 ×104 1.455 × 104

Linear regression 
equation a

A = 1.010 ×10–3 + 
 3.195 × 10–2 C

A = 5.900 ×10–4 + 
 4.197 × 10–2 C

Sa 1.110 ×10–3 4.197 × 10–2

tSa
b 2.716 ×10–3 1.224 ×10–3

Sb 3.000 × 10–5 2.000 × 10–5

tSb
c 7.341 × 10–5 4.894 × 10–5

Correlation coef-
ficient (r)

0.9999 0.9999

Variance (S0
2) 2.250 ×10–6 5.625 ×10–7

Detection limit 
(µg ml–1)

0.155 0.059

Quantitation 
limit (µg ml–1)

0.470 0.179

aWith respect to A = a + bC, where C is the concentration (µg ml–1) 
and A is absorbance. bConfidence interval of the intercept at 95%
confidence level. cConfidence interval of the slope at 95% confi-
dence level.

Table 2. Evaluation of the accuracy and precision of the proposed methods by intra day and inter day assay

Proposed methods Amount Recovery ± RSDa SAEb C.L.c

(µg ml–1) (%)
Taken Found ± S.D.a 

Method A
Intra day assay  10.0  10.009 ± 0.060 100.09 ± 0.60 0.027 0.075

 30.0  30.053 ± 0.041 100.18 ± 0.14 0.018 0.051
 45.0  45.033 ± 0.046 100.07 ± 0.10 0.021 0.058

Inter day assay  10.0  10.015 ± 0.080 100.15 ± 0.78 0.036 0.099
 30.0  30.072 ± 0.046 100.24 ± 0.15 0.021 0.058
 45.0  45.026 ± 0.065 100.06 ± 0.15 0.029 0.081

Method B
Intra day assay  10.0  10.007 ± 0.052 100.07 ± 0.52 0.023 0.065

 30.0  30.026 ± 0.062 100.09 ± 0.21 0.028 0.077
 45.0  44.990 ± 0.046  99.98 ± 0.11 0.021 0.057

Inter day assay  10.0  10.012 ± 0.049 100.12 ± 0.49 0.022 0.061
 30.0  30.041 ± 0.064 100.14 ± 0.21 0.029 0.080
 45.0  44.985 ± 0.052  99.97 ± 0.12 0.023 0.065

aMean for five independent analyses; bSAE, standard analytical error; cC.L., confidence limit at 95% confidence level and four de-
grees of freedom (t = 2.776)
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Table 4. Comparison of the proposed methods with existing spectrophotometric methods for the estimation of nifed-
ipine in pharmaceutical formulations

Reagents
λmax 

Beer’s law 
limit

Molar absorp-
tion coefficient Recovery RSD References

(nm) (µg ml–1) (l mol–1 cm–1) (%) (%)
Ethanol and phosphate 
buffer saline

340.0  – –  99.70–99.90 – Vyas & Goswami, 1993

4-Dimethylaminobenzal-
dehyde

380.0  5.0–60.0 –  97.80–98.50 – Mahadik et al., 1991

Potassium permanganate 530.0 18.0–44.0 –  99.50–101.30 1.50 Rahman & Azmi, 1999
4-Methylaminophenol and 
dichromate

525.0  5.0–175.0 1.900 × 103  99.70–100.50 0.60 Rahman & Hoda, 2002

3,4,5-Trimethoxybenzalde-
hyde

365.0 10.0–70.0 – 100.20–102.40 1.50 Karadi et al., 2000

Bromocresol green 415.0  5.0–32.5 6.410 × 103  99.90–100.10 0.82 Rahman et al., 2004
Bromophenol blue 415.0  4.0–37.5 4.850 × 103  99.90–100.10 0.72 Rahman et al., 2004
Bromophenol thymol blue 415.0  6.5–33.0 5.260 × 103  99.80–100.90 0.66 Rahman et al., 2004
Eriochrome black T 520.0  4.5–22.5 7.690 × 103 100.00–100.20 0.68 Rahman et al., 2004
Potassium hydroxide 430.0  5.0–50.0 1.108 × 104 100.06–100.24 0.10–0.78 This work
Ammonium molybdate 830.0  2.5–45.0 1.455 × 104  99.97–100.14 0.10–0.52 This work

Table 5. Comparison of the proposed methods using point hypothesis tests with the reference method at 95% confi-
dence level 

Pharmaceutical 
preparations

Method A Method B Reference method
Recovery RSDa Paired 

t-valueb
F-va-
lueb

Recovery RSDa Paired 
t-valueb

F-valueb Recovery RSDa

(%) (%) (%) (%) (%) (%)
Nicardia retard-10 100.11 0.16 0.114 2.536 100.06 0.15 0.024 2.987 100.05 0.26
Calciguard-10 100.20 0.16 0.113 2.391 100.10 0.15 0.086 3.137 100.14 0.26
Adalat retard-10 100.17 0.15 0.412 1.718 100.10 0.15 0.111 1.828 100.05 0.20

aMean for five independent analyses; bTheoretical t-value (ν = 8) and F-value (ν = 4, 4) at 95% confidence level are 2.306 and 6.39, respec-
tively 

Table 3. Determination of nifedipine in pharmaceutical formulations by standard addition technique

Pharma-
ceutical 
prepara-
tions

Method A Method B
Amount Recove-

ry ± 
SAEb C.L.c Amount Reco-

very ± 
SAEb C.L.c

(µg ml–1) RSD 

(%)a
(µg ml-1) RSD 

(%)a

Taken Added Found 
± SDa 

Taken Added Found 
± SDa 

Nicardia 
retard-10

10.0 10.0 20.012 
± 0.048

100.06 
± 0.24

0.021 0.059 10.0 10.0 20.015 
± 0.043

100.07 
± 0.22

0.019 0.054

20.0 20.0 40.069 
± 0.060

100.17 
± 0.15

0.027 0.075 20.0 20.0 40.038 
± 0.058

100.10 
± 0.15

0.026 0.072

Calcigu-
ard-10

10.0 10.0 19.993 
± 0.052

 99.97 
± 0.52

0.023 0.064 10.0 10.0 20.005 
± 0.049

100.03 
± 0.24

0.022 0.061

20.0 20.0 40.081 
± 0.065

100.20 
± 0.16

0.029 0.081 20.0 20.0 40.024 
± 0.047

100.06 
± 0.12

0.021 0.058

Adalat 
retard-10

10.0 10.0 20.031 
± 0.059

100.15 
± 0.29

0.027 0.073 10.0 10.0 20.015 
± 0.043

100.07 
± 0.22

0.019 0.054

20.0 20.0 40.044 
± 0.065

100.11 
± 0.16

0.029 0.081 20.0 20.0 40.024 
± 0.047

100.06 
± 0.12

0.021 0.058

aMean for five independent analyses; bSAE, standard analytical error; cC.L., confidence limit at 95% confidence level and four degrees of
freedom (t = 2.776)
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Health Protection Branch has recommended that 
a bias of ± 2% (θL = 0.98 and θL = 1.02) based on 
recovery experiments (Canadian Health Protection 
Branch Guideline, 1992) is acceptable for pharma-
ceutical analysis. It is clear from the table that the 
true bias of all samples is less than ± 2%.

CONCLUSIONS

The proposed methods are compared with 
other existing spectrophotometric methods and are 
found to be more sensitive with low values of rela-
tive standard deviations. The proposed methods do 
not require any pretreatment of the drug and tedi-
ous extraction procedure prior to its analysis. The 
newly developed methods are sensitive enough to 
enable quantitation of the drug at low concentra-
tions. These advantages encourage the application 
of the proposed methods in routine quality control 
analysis of nifedipine in pharmaceutical formula-
tions.
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