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ABSTRACT

Nifedipine is a calcium - channel antagonist drug used in the management of angina pectoris
and hypertension through inhibition of calcium influx. A simple, rapid, and selective differential
pulse adsorptive stripping voltammetric method based on reduction of an aromatic nitro group in
the drug onto hanging mercury drop electrode, that has been developed for the determination of
nifedipine. The analytical parameters effect the electrode reduction process have been studied
such as pH, accumulation time, accumulation potential, pulse amplitude, frequency, temperature.
The results show that: at pH 4; accumulation time to obtain maximum current is 30s, 120s and
300s for 1 0°M, 107 M and 10° M, respectively; pulse amplitude 50 mV; sweep rate 12.5 mV/s.
The peak current showed a linear relationship with concentration in the range 1 0*M - 107 M.
The method was applied succesfully for the direct determination of nifedipine in drugs.

I - INTRODUCTION
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Nifedipine [1,4-dihydro-2,6-dimethyl-4-(2-
nitrophenyl)-3,5-pyridine dicarboxylate is one
of the first generation of calcium-channel
blockers. It is a dihydropyridine that does not
resemble structurally other calcium antagonists.

Several analytical methods have been
described for the assay of nifedipine in
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pharmaceutical formulations. These methods
include spectrophotometry, gas chromatography,
liquid chromatography, high-performance thin-
layer chromatography, high-performance liquid
chromatography (HPLC), polarography, linear-
sweep voltammetry and differential-pulse
stripping voltammetry. The electroanalytical
methods are highly sensitive and selective,
simple, easy to use and low cost. On the other
hand, adsorptive stripping voltammetry is an
important analytical technique for determination
of a wide range of electroactive pharmaceutical
compounds which can be adsorbed onto the
surface of the working electrode, specially the
hanging mercury drop electrode (HMDE) [1 - 4].

In this paper, a differential pulse adsorptive
stripping voltammetric method (DPAdSV) has
been applied for the determination of nifedipine
in drugs.



II - EXPERIMENTAL

2. Reagents

A standard stock solution of 107 mol/l
nifedipine was prepared in methanol.

Standard solutions were prepared daily by
further dilution of the standard stock solution
with methanol : water (1:2) to produce 10
*mol/l and 10°mol/l nifedipine solutions. The
standard stock and the working solutions were
kept in dark bottles immediately after
preparation and stored at 4°C.

Bristton—Robinson (BR) buffers of pH 2-12
(mixtures of 0.04 mol/l acetic, orthophosphoric,
and boric acids; adjusted to the required pH
with 0.2 mol/l sodium hydroxide solution) were
prepared and used as supporting electrolytes.
All reagents were of analytical grade.

2. Apparatus

All measurements were performed with an
pAutolab type III (the Netherlands) and a
hanging mercury drop electrode (VA 663,
Metrohm, Switzerland), controled by software
757 VA computrace. The reference electrode
(Metrohm, Switzerland) was a double-junction
Ag/AgCl electrode with 3M KCl in the salt
bridge, and the counter electrode (Metrohm,
Switzerland) was a glassy carbon rod. All
measurements were carried out in solutions
which were thoroughly deaerated with high-
purity nitrogen for at least 5 min.

IIT - RESULTS AND DISCUSSION

1. Cyclic Voltammetric studied

Figure 1, shows cyclic voltammogram for
10° M nifedipine in 0.04 M Britton-Robinson
(BR) buffer solution at pH 4, accumultion time
30s, accumulation potential O0V. When scanning
from potential 0 to -1.2V (Vs. Ag/AgCl),
nifedipine yielded one peak, which was due to
the reduction of the nitro group and no peak was
observed on the anodic branch, indicating that
the reduction of nifedipine is irreversible.

-10.0n

—  H-d

-40.0n

T T T T T
0 -200m -400m -B00m -800m -1.00 -1.20
Ui

Figure I: Cyclic Voltammogram of 10°M
nifedipine in BR buffer of pH = 4

2. Differential Pulse Adsorptive Stripping
Voltammetry

a) Effect of pH

Figure 2, shows that, the influence of pH on
the peak current (i) at 10® M of nifedipine. The
peak current increases gradually with the
increase of pH of the solution until it reaches
the maximum value at pH 4.0; However, for pH
values higher than 4, peak current decreases. A
shift of peak potential toward a more negative
value was observed as the pH was increased and
linearly with pH of 2-11 according to the
equation E, = 0212 + 0.0497.pH, Which
indicated the existence of a protonation reaction
for the reduction of nifedipine.
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Figure 2: Cathodic adsorptive differential
pulse voltammograms for 10°M nifedipine in

BR buffers of different pH, E,.. = OV, t,.= 30s

605



100

80

60 1

Ip(nA)

40

20 4

pH

Figure 3: Effect of pH on the DPAASV response of 10°M niedipine

The experimental results showed that the
shapes of curves were nearly the same in some
buffers such as acetate, phosphate. However,
the current intensity in the BR buffer is higher
than that in acetate and phosphate buffers. A BR
buffer of pH 4.0 was chosen with respect to a
sharper response for analytical applications. A
0.04 M concentration of the buffer was selected
to obtain an adequate buffering capacity.

b) Effect of Accumulation Potential (E,.)

The effect of an accumulation potential
(Eucc) on the adsorptive stripping peak current of
nifedipine =~ was  investigated  after a
preconcentration time of 30s at HMDE. The
highest peak current was achieved at potential
of -0.2 V. For the potentials higher than -0.2 V,
the peak currents started decreasing. Hence, the
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accumulation potential of -0.2V was used
throughout the present study.

c¢) Effect of Accumulation Time (t,..)

The effect of stripping peak currents on the
accumulation time period was investigated in
BR buffer of pH 4.0 for 10°M, 10" M and 10
M nifedipine. Maximum peak current observed
when accumulation time is 30s, 120s and 300s,
respectively. The stripping signal at HMDE
electrode increased linearly with an increase in
the accumulation time up to maximum current.
As the time became longer, the peak current did
not increase showed linearity and gradualy
decreased, indicating that nifedipine has
adsorbed multi-coated on the HMDE so chosing
suitable accumulation time is very necessary.
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Figure 4: Effect of accumulation time on the peak current at nifedipine 10'M, pH = 4, E,.c = - 0.2V

d) Effect of temperature

Temperature is one of the important
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parameter effecting to adsorb process of
nifedipine on the HMDE. The effect of
temperature from 8°C to 60°C was studied with



conditions: nifedipine concentration 10°° M,
accumulation potential -0.2 V, accumulation
time 30s, equal time Ss, pulse time 0.04s, pulse
amplitude 0.05 V, voltage step 0.005 V, and
sweep rate 12.5 mV/s. Fig. 5, showed that when
temperature increase peak potential shift toward
a more positive and peak current was high
from 28°C to 35°C because of increasing
temperature, proton reaction occur more easier
so peak potential shifted to more positive.
However, when temperature increase,
adsorptive process decrease so peak current

decrease when temperature increase higher
35°C.
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Figure 5: Effect of temperature on the peak
current

e) Effect of Other Parameters

Scan rates, stirring rate, pulse amplitude,
and rest period were optimized. It was found
that these parameters have pronounced effects
on the peak current response, so the working
conditions decided upon were a stirring rate of
2400 rpm, a scan rate of 12.5 mV/sec, and a
pulse amplitude of 50 mV, drop size 4. When
the scan rates and pulse amplitude were
increased, peak current increased but peak
width increased. So scan rate of 12.5 mV/sec
and pulse amplitude of 50 mV were found to be
suitable for experimental studies.

f) Calibration Studies by DPAdSV

To determine nifedipine in some drugs, the
linear dependence of the peak current on the
nifedipine concentration was investigated. The
calibration graph was linear from 10®M to
9.10"* M. Calibration curve equation y = 0.315 +

5.18 x, Correlation coefficient 0.9992 and

standard deviation 0.698.

Reproducibility was evaluated by
performing six measurements on a 10 mol/l
solution after 120s accumulation time,
respectively. A mean value of 57.05 nA was
found with a range of 55.0 - 58.1 nA and a
relative standard deviation of 2.13%.
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Fig 6: The effect of nifedipine concentrations
(1+9) 10®*M on the peak current obtained in
Britton-Robinson buffer pH 4.0 at accumulation
potential -0.2 V, accumulation time 120s , pulse
amplitude 50mV, pulse time 0.04 V, sweep rate
12.5 mv/s

g) Determination of Nifedipine in drugs

The proposed procedure was successfully
applied for the determination of nifedipine in
the drug tablets. A tablet was finely ground in
an agate mortar, put powder into 100 ml volume
flask, add 20 ml methanol, shake about ten
minutes then dilute to volume 100ml with
water, after that the mix solution was filtered
through a 04pm with Millipore filter
(Gelman, Germany). A volume of 2ml of the
filtrate in a 100ml volumetric flask was dilute
with double water. Take 1ml that solution into
25 ml volumetric flask containing 10ml BR
buffer, an aliquot was then transferred to a
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voltammetric cell. The different pulse was
record, and nifedipine concentration in drug

was determined by a standard method. The
results are presented in table 1.

Table 1: Analytical results of some drug samples by DPAdSV

Samples Labele;in Zmount, Av&;(r)ii% :a.inn;)unt plz:é:;)r\lztzrge RSD. %
Nifedipine stada 10 11.2 112.0 1.21

Trafidine 10 10.7 107.0 1.78
Nifehexal retard 20 214 107.0 1.44

IV - CONCLUSION

Differential pulse adsorptive stripping
voltammetric method developed in this study is
sensitive, selective, accurate, precise, cheap and
easy to use for the determination of nifedipine in
drug. The procedure was simple and precise; it
did not spend much time to treat drug samples.
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PHUONG PHAP VON-AMPE HOA TAN HAP PHU XUNG VI PHAN XAC DINH
NIFEDIPIN TRONG THUOC SU DUNG PIEN CUC GIQT THUY NGAN TREO (HMDE)
Nguyén Thi Kim Thuong', Tran Chuong Huyén?,
1. Vién Dia chit - Vién Khoa hoc va Cong ngh¢ Viét Nam
Khoa Héa, Truong Pai hoc Khoa hoc Tu nhién Ha Noi

Tém tat: Nifedipin 12 thudc chen kénh calci thudc nhém dihydropyridin, c6 tic dung chéng con
dau thit nguc, chdng ting huyét 4p. C6 nhiéu phuong phdp xéc dinh nifedipin tuy nhién phuong
phép von-ampe hoa tan hap phu xung vi phan c6 d6 nhay, do chon loc, d6 chinh xéc ciing nhu do
13p lai cao, ddc biét chi phi cho phan tich thip hon, nhanh va don gian hon. Nguyén tic ciia phuong
phép dua vao sy khir ciia nhém nitro vong thom tao thanh dan Xuét hydroxylamin trén dién cuc giot
thily ngén treo. Céc diéu kién anh huéng dén qua trinh khir trén dién cuc da dugc nghién ctru nhu
pH, thé tich lily, thoi gian tich liy, bién d6 xung, tc d6 quét, nhiét do. Két qua cho thay, voi pH 1a
4, thoi gian tich lily dé gi4 tri dong dat cuc dai 12 30s, 120s, 300s twong tng véi cdc ndng do 10°M,
10"M and 10®M, bién do xung 50mV; toc do quét 1a 12,5mV/s thi tin hiéu cuong d6 dong cao, 6n
dinh, 13p lai. X4y dung khoang ndng do tuyén tinh tir 10*°M - 107 M. Ung dung thanh coéng quy
trinh khao sat dugc xac dinh ham luong nifedipin trong mot s6 mau thudc..
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