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Abstract

A derivative spectrophotometric procedure for the simultaneous determination of amlo-
dipine with either enalapril maleate or lisinopril in combined tablet preparations was
developed. Tablet extracts of amlodipine±enalapril maleate and amlodipine±lisinopril
were prepared in 0�1 M HCl. The zero-crossing point technique was used to estimate the
amounts of individual drugs in the combined preparations.

The results were found to be accurate, reproducible and free from interference.

The combination of amlodipine with either enal-
april maleate or lisinopril in a tablet preparation is
widely used for the treatment of hypertension of
mixed origin. The of®cial monographs describe the
procedure for the individual assay of enalapril
maleate and lisinopril (US Pharmacopeia 1995).
There are reports available for the individual assay
of amlodipine (Avadhanulu et al 1996; Lokesh et al
1996; Narayana Reddy et al 1997) and an HPLC
method for the simultaneous estimation of amlo-
dipine and enalapril maleate (Halkar et al 1998).
However, there has been no such report available
for the simultaneous determination of amlodipine±
lisinopril from their combined formulations.

Previously, we have described the application of
zero-crossing (Prasad et al 1996; 1997a, b, c; 1998a, b)
and ratio-compensation (Prasad et al 1996; 1997a,
b) methods for the simultaneous determination of
various combined pharmaceutical form-ulations.
This study describes a simultaneous assay proce-
dure for the determination of two amlodipine
combined preparations (enalapril maleate and lisin-
opril).

Materials and Methods

Apparatus
A JASCO model 7800 UV-vis spectrophotometer
with 1-cm quartz cell was used. A scan speed of

480 nm minÿ1 and a band width of 3 nm were
maintained. Ordinate maximum and minimum
were adjusted to the magnitude of derivative
values.

Standard solutions

Amlodipine and enalapril maleate
Stock solutions of pure drugs were prepared sepa-
rately by dissolving 5 mg and 7 mg of enalapril
maleate (Nicholas, India) and amlodipine besylate
(equivalent to 5 mg of active amlodipine; Torrent,
India) respectively in 10 mL methanol. Appropriate
amounts of the stock solution were transferred to a
10-mL volumetric ¯ask. The volumes were made
up with 0�1 M HCl to give a series of solutions
containing 5±15mg mLÿ1 amlodipine and 10±
20 mg mLÿ1 enalapril maleate. Two series of 10-
mL mixture solutions were also prepared from the
stock solutions. The ®rst series contained a constant
concentration of enalapril maleate (10mg mLÿ1)
and a varying concentration of amlodipine (5±
15 mg mLÿ1). The second series contained a con-
stant concentration of amlodipine (10mg mLÿ1)
and a varying concentration of enalapril maleate
(10±20mg mLÿ1).

Amlodipine and lisinopril
Stock solutions of pure drugs were prepared sepa-
rately by dissolving 7 mg and 5�4 mg of amlodipine
besylate (equivalent to 5 mg of active amlodipine;
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Torrent, India) and lisinopril USP (equivalent to
5 mg of lisinopril anhydrous; Kopran, India)
respectively in 10 mL methanol. Appropriate
amounts of the stock solution were made up with
0�1 M HCl to give a series of solutions containing
2�5±12�5 mg mLÿ1 amlodipine and 5±15mg mLÿ1

lisinopril. Two series of 10 mL mixture solutions
were also prepared from the stock solutions. The
®rst series contained a constant concentration of
lisinopril (5mg mLÿ1) and a varying concentration
of amlodipine (2�5±12�5mg mLÿ1). The second
series contained a constant concentration of amlo-
dipine (5mg mLÿ1) and a varying concentration of
lisinopril (5±15mg mLÿ1).

Sample preparation

Amlodipine±enalapril maleate tablets
Twenty tablets of Amace (Systopic, India; label
claim: 5 mg active amlodipine, 5 mg enalapril
maleate plus excipients) were accurately weighed
and powdered. The powder weight equivalent to
5 mg each of amlodipine and enalapril maleate was
dissolved in methanol by thorough mixing and
made up to volume in a 50-mL volumetric ¯ask.
Further dilutions were performed with 0�1 M HCl
using ®ltrate to obtain samples of each with a
concentration of 10mg mLÿ1 amlodipine and ena-
lapril maleate.

Amlodipine±lisinopril tablets
Twenty tablets of Amlopres-L (Cipla, India; label
claim: 5 mg active amlodipine, 5 mg lisinopril
anhydrous plus excipients) were accurately
weighed and powdered. The powder weight
equivalent to 5 mg each of amlodipine and lisin-
opril was dissolved in methanol by thorough mix-
ing and made up to volume in a 50-mL volumetric
¯ask. Further dilutions were performed with 0�1 M

HCl using ®ltrate to obtain samples of each with a
concentration of 5mg mLÿ1 amlodipine and lisin-
opril.

Procedure
The absorbances of the sample and standard solu-
tions of amlodipine±enalapril maleate were recor-
ded at 215±260 nm against the blank solution. The
®rst-derivative (D1) spectra for each set of amlo-
dipine and enalapril maleate solutions were subse-
quently recorded using the Savitzky±Golay
parameter (Savitzky & Golay 1964) of D� 10
points and no smoothing was necessary. The

absorbances of standard and sample solutions were
measured at 251�0 nm for amlodipine and at
226�6 nm for enalapril maleate.

Similarly, the absorbances of the sample and
standard solutions of amlodipine and lisinopril
were recorded at 210±280 nm against the blank
solution. The second-derivative (D2) spectra for
each set of amlodipine±lisinopril solutions were
subsequently recorded using the Savitzky±Golay
parameter (Savitzky & Golay 1964) of D� 10
points and were smoothed using D� 5 points to
improve the signal-to-noise ratio. The absorbances
of standard and sample solution were measured at
the zero-crossing wavelength of alternate drug i.e at
216�6 nm for amlodipine and 219�4 nm for lisino-
pril.

Results and Discussion

The zero-order spectra of both pure drugs were
found to be overlapping (Figure 1). Thus derivative
spectrophotometry was considered for determin-
ation due to the existence of zero-crossing points in
each of the selected combinations. Hence, the ®rst-
derivative spectra was considered for the determi-
nation of amlodipine and enalapril maleate and the
second-derivative spectra for the determination of
amlodipine and lisinopril. However, the ®rst-deri-
vative processing of recorded spectra only yielded
zero-crossing points for amlodipine at 226�6 and
239�0 nm but not for enalapril maleate. It can be
observed that the absorption pattern of enalapril
maleate becomes constant above 245�0 nm (Figure
2A) and thus the spectra were found to be the same
within the proposed concentration range (10±
20mg mLÿ1). Therefore, the estimations of amlo-
dipine were carried out at its wavelength maxima
of 251�0 nm because the interference from other
components in the drug mixture was considered to
be minimal and remains constant at this wave-
length, whereas the determination of enalapril
maleate was performed at 226�6 nm over 239�0 nm
due to its greater absorbance value.

Ideally, the above ®rst-derivative approach could
have been extended to the determination of amlo-
dipine and lisinopril but due to inconsistent results
observed with the proposed concentration range of
lisinopril, this method of determination could not
be proposed. The second-derivative processing of
spectra resulted in ideal zero-crossing points for
their determination. The zero-crossing points con-
sidered for determination were at 216�6 nm for
amlodipine and at 219�4 nm for lisinopril (Figure
2B).
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The proportionality between measured derivative
values and concentrations was determined by
measuring ten series of solutions of pure drugs and
mixtures at their selected wavelengths of esti-
mation. The presence of distinct isosbestic points at
226�6 and 239�0 nm, followed by linearity at
251�0 nm (Figure 3A), and the constant absorption
pattern around 251�0 nm, followed by linearity at
226�6 and 239�0 nm (Figure 3B), demonstrated that
there was no interference in the estimation of
amlodipine and enalapril maleate.

Similarly, the distinct isosbestic points at 219�4,
231�8 (Figure 4A) and 216�6 nm (Figure 4B) fol-
lowed by both linearity (Figure 4A) and the con-
stant absorption pattern (Figure 4B) at 263�2 nm
suggested that there was no interference in the
determination of amlodipine and lisinopril.

Parameters for the assessment of performance of
the methods for each sample combination are
shown in Table 1. The linearity of regression
equations and negligible scatter of points were
evident from the correlation coef®cients and var-

Figure 1. A. Zero-order spectra of 10 mg mLÿ1 amlodipine (u), 10mg mLÿ1 enalapril maleate (s) and amlodipine±enalapril
maleate (d) in 0�1 M HCl. B. Zero-order spectra of 5 mg mLÿ1 amlodipine (u), 5 mg mLÿ1 lisinopril (s) and amlodipine± lisinopril
(d) in 0�1 M HCl.

Figure 2. A. First-derivative spectra of 10mg mLÿ1 amlodipine (d) and 10 mg mLÿ1 enalapril maleate (s) in 0�1 M HCl. B.
Second-derivative spectra of 5mg mLÿ1 amlodipine (d) and 5mg mLÿ1 lisinopril (s) in 0�1 M HCl.
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iance. The reported slope values without intercept
on the ordinate (Bolton 1997) were within the 95%
con®dence limits of slope and thus demonstrated
that the intercept values did not deviate sig-
ni®cantly from the origin.

The D1 values of amlodipine (10mg mLÿ1) and
enalapril maleate (10mg mLÿ1) at the above
selected wavelengths were used in the determina-
tion of analytes from the sample preparation. The
results are given in Table 2. Similarly, the D2

Figure 4. A. Second-derivative spectra of 5 mg mLÿ1 lisinopril and 2�5 (s), 5 (u), 7�5 (d), 10 (j) and 12�5 (m) mg mLÿ1

amlodipine in 0�1 M HCl. B. Second-derivative spectra of 5mg mLÿ1 amlodipine and 5 (s), 7�5 (u), 10 (d), 12�5 (j) and 15
(m) mg mLÿ1 lisinopril in 0�1 M HCl.

Figure 3. A. First-derivative spectra of 10mg mLÿ1 enalapril maleate and 5 (s), 7�5 (u), 10 (d), 12�5 (j) and 15 (m) mg mLÿ1

amlodipine in 0�1 M HCl. B. First-derivative spectra of 10 mg mLÿ1 amlodipine and 10 (s), 12�5 (u), 15 (d), 17�5 (j) and 20
(m) mg mLÿ1 enalapril maleate in 0�1 M HCl.
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values at zero-crossing wavelengths for amlodipine
(5mg mLÿ1) and lisinopril (5mg mLÿ1) were used
in the determination of the analytes from the sam-
ples (Table 2). The obtained sample recoveries of
both the combinations are in good agreement with
their respective label claim and thus suggested the
non-interference of formulation excipients in the
estimation from combined preparations.

To conclude, the developed method is accurate,
simple and reproducible. The proposed derivative
methods have succeeded in resolving the over-
lapping of drug mixtures and could be utilized
without interference for simultaneous estimation in
routine analysis.
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Number of samples� 10; C� drug concn (mg mLÿ1); r2� correlation coef®cient, S2� variance.

Table 2. Results of the assay of amlodipine±enalpril maleate
and amlodipine± lisinopril in a commercial formulation by
derivative spectrophotometry.

Sample Drug Estimation
wavelength

(nm)

Amount
found

(mg=tablet)

Recovery
(%)
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Values for recovery are mean � s.d. for six determinations.
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