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Maria A. Rontogianni, Catherine K. Markopoulou, and

John E. Koundourellis

Laboratory of Pharmaceutical Analysis, School of Pharmacy,

Aristotelian University, Thessaloniki, Greece

Abstract: Three different methods are developed for the determination of

felodipine with either (þ)–metoprolol tartrate salt or ramipril. The high performance

liquid chromatography (HPLC) method depends on the simultaneous separation of

each drug in a reverse phase Hypersil BDS C18 3 mm (150 � 4.6) column at 258C.

Elution was carried out with a mobile phase consisting of 0.015 M 1-heptanesulfonic

acid sodium salt-methanol-acetonitrile (35:40:25, v/v/v, pH 2.5). Optimization

of the separation in terms of mobile phase composition is crucial to the method

development, which is discussed in detail. Quantitation was achieved with UV

detection at 210 nm. Moreover, the resolution of the two binary mixtures separately,

has also been accomplished by using a mobile phase consisting of 0.015 M sodium

dihydrogen phosphate monohydrate-methanol-acetonitrile 40:30:30, v/v/v, at pH

6.5 (l ¼ 230 nm) for the determination of felodipine with metoprolol, and at pH 2.5

(l ¼ 210 nm) for felodipine with ramipril, respectively.

The other two chemometrically-assisted spectrophotometric methods that have been

used were “Derivative-Ratio” and “Partial Least Squares” PLS. These approaches were

successfully applied to quantify each drug in the mixture using the information of the

zero order UV spectra between 210–420 nm. Both methods could determine, with

linearity, in the range of 1.56–15.60 mg/mL for ramipril, 4.82–80.40 mg/mL for

metoprolol, 1.61–17.69 mg/mL for felodipine. They were successfully applied to

the “dose uniformity” test of the two binary combinations in commercial tablets.
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INTRODUCTION

Felodipine (FEL) belongs to the group of medicines called calcium channel

blockers, which stop calcium entering into cells through holes in the cell

wall.[1] It is prescribed with (þ)–metoprolol tartrate salt (MET) which

reduces the heart rate, or ramipril (RAM) an inhibitor which blocks the pro-

duction of angiotensin II. Both combinations are used to treat high blood

pressure, hypertension.[2]

Reviewing the literature revealed that no analytical method has been

reported for the simultaneous determination of these drugs in binary

mixtures. However various chromatographic methods have been reported

for individual determination of each component separately. These methods

include HPLC combined with UV,[3,4] amperometric,[5] fluorescence,[6] and

chemiluminescence[7] detection.

Enantioselectivity determination of metoprolol acidic metabolite in

plasma and urine had also been achieved using liquid chromatography

chiral columns.[8] The screening analysis of b-blockers including MET in

doping control test has been preferably done by gas chromatography mass

spectrometry GC/MS after derivatization.[9,10] More recently, the use of

GC/MS/MS[11] and LC/MS/MS[12] chromatography has improved the

selectivity and sensitivity of the method for screening b-blockers agents in

urine. However, such expensive instruments are available only in a few

laboratories.

Determination of FEL (which is a dihydropyridine calcium blocker) with

another b-blocker atenolol, using reverse-phase chromatography had also

been reported.[13].

A literature survey reveals few analytical methods for the analysis of

RAM in pharmaceutical preparation and biological fluids by radioimmuno-

assay,[14] GC-MS,[15] HPLC,[16] and capillary electrophoresis.[17] RAM

bears a proline analogue moiety and is frequently coformulated with hydro-

chlorothiazide[18] or FEL.

The aim of this work is to develop simple, rapid, sensitive, and reliable

HPLC and spectrophotometric procedures for the quality control of FEL

combined with MET or RAM in pharmaceutical preparations.

EXPERIMENTAL

Apparatus and Analytical Conditions

The apparatus used for HPLC analysis consisted of the following LC-10Avp

Shimadzu series: two Model LC-10ADvp pumps for gradient, a Model

SCL-10Avp controller, a Model CTO-10ACvp programmable column oven,

and a Model SIL-10ADvp programmable auto sampler with the volume

injection set to 100 mL. Detection was via a Model LPD-M10Avp UV/diode

M.A. Rontogianni et al.2702
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array detector operated at 210 nm. The chromatographic peaks were recorded by

a HP DeskJet 940c series printer and elaborated automatically by employing a

computerized Shimadzu program “CLASS-VP”. Separation was achieved on

a thermostatted (at 258C) Hypersil BDS C-18 column (150 � 4.6 mm) 3 mm

particle size, end capped to minimize unreacted silanol effects. The isocratic

elution system consisted of aqueous 0.015 M 1-heptanesulfonic acid sodium

salt-methanol-acetonitrile (35:40:25, v/v/v, pH 2.5).

Another chromatographic system, 0.015 M sodium dihydrogen phosphate

monohydrate-methanol-acetonitrile 40:30:30, v/v/v, in two different pH

values 6.5 and 2.5, was also considered appropriate for the individual determi-

nation of the two binary mixtures FEL-MET (230 nm) and FEL-RAM

(210 nm) in tablets, respectively. The flow rate was 1 mL/min whereas the

mobile phases were degassed by filtering through a Millipore HV 0.45 mm

pore membrane filter. Identification of the peaks was accomplished at the

convenient wavelength by using diode-array detector.

A Shimadzu UV-Vis double beam Spectrophotometer model UV-2501

PC with a 1 cm quartz cell was used under the following operating conditions:

scan speed 210 nm/min, slit width 1.0 nm and sampling interval 0.1 nm.

Derivative spectra were automatically obtained by UV-PC Personal Spec-

troscopy software.

For sample preparation, an ultrasonic bath “Bransonic 220”, a pHmeter

“Radiometer analytical 10 Ncheck 10”, and a “Pierce Reacti-ThermTM”

heating/stirring module were used.

Chemicals

The pharmaceutical company, Aventis, kindly provided pure standards felodi-

pine and ramipril. (þ)–Metoprolol tartrate salt was purchased as crystalline

powders from Sigma (St. Louis, MO, USA). Stock standard solutions for

each of the analytes were prepared in methanol and stored in the dark at 48C.

Acetonitrile, methanol, and water of HPLC grade were purchased from

Merck Company (Darmstadt, Germany). Different buffers were used for

various chromatographic systems development. These buffers consisting of

tri-sodium citrate-2-hydrate, sodium dihydrogen phosphate monohydrate,

sodium acetate trihydrate and diluents 10% v/v ortho-phosphoric 85%,

sulfuric acid 95–97%, acetic acid 100%, citric acid monohydrate, and

ammonia solution 25% wer also obtained from Merck (Darmstadt,

Germany). 1-Propanesulfonic acid sodium salt monohydrate, 1-Butanesulfo-

nic acid sodium salt, 1-Pentanesulfonic acid sodium salt, 1-Hexanesulfonic

acid sodium salt, Heptan-1-sulfonic acid sodium salt, were obtained from

Sigma Aldrich (Taufkirchen, Germany).

The coated tablets, Triacorw containing felodipine 5 mg, ramipril 5 mg,

and excipients iron oxide (yellow) E 172, hyprolose, hypromellose 5 cps,

50 cps &10000 cps, lactose, starch maize pregelatinized, cellulose

Chemometric and HPLC Analysis of Hypertension Drugs 2703
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microcrystalline, polyoxyl 40 hydrogenated castor oil, propyl gallate, sodium

aluminum silicate, sodium stearyl fumarate, color E 172 and E 171, hypromel-

lose 5 cps, paraffin oil, macrogol 6000 was supplied from Aventis commercial

source.

Logimaxw was purchased from Astra Zeneca company. The tablets were

labeled as containing felodipine 5 mg, (þ)–metoprolol tartrate salt 50 mg and

excipients silicon dioxide colloidal, ethylcellulose, hyprolose, hypromellose,

sodium aluminium silicate, lactose anhydrous, cellulose microcrystalline,

polyoxyl 40 hydrogenated castor oil, propyl gallate, sodium stearyl fumarate,

macrogol 6000, titanium dioxide E 171, iron oxides E 172 (yellow and red

brown), paraffin powder.

Standard Solutions

Stock standard solutions for FEL, RAM, and MET were prepared by separ-

ately dissolving about 20.0 mg of each drug in 100 mL methanol. Two

further dilutions were made using mobile phase for HPLC and MeOH

100% or MeOH-H2O 40:60 v/v for spectrophotometric methods. The concen-

tration ranges of the six standard solutions for FEL, RAM, and MET were

presented in Tables 1 and 3.

Content Uniformity Procedure for Tablets

Both Triacorw and Logimaxw are film coated slow release enteric tablets. As

most of the analytes and tablet excipients were insoluble in water and soluble

in methanol, a solution containing methanol was necessary to dilute drugs and

insure for tablet disintegration. Moreover in the case of Triacorw, the presence

of 60% water was considered as convenient because it helps to release the

drugs from the hydrophilic gel of the tablet.

The content uniformity test was according to the following procedure:

The film of ten coated (individually weighed) tablets were removed

with water and transferred separately into ten volumetric flasks of 250 mL.

Each of them was disintegrated and then dissolved by adding 40 mL

of methanol. The dispersions were vigorously shaken for 45 min on a mech-

anical shaker and ultrasonication followed for 30 min. The solutions were

diluted to volume with methanol (Logimaxw) or water (Triacorw) and left

to precipitate. Filtration with acrodisc GHP (Gelman Hydrophilic Polypropy-

lene membrane) was used to ultra clean them of particles 0.45 mm or larger.

Further dilution of the filtrate was carried out with mobile phase (for HPLC

method) and MeOH 100 v/v or MeOH-H2O 40:60 v/v (for spectrophoto-

metric methods).

The produced concentration of the substances for the determination of

Logimaxw were 4 mg/mL for FEL and 40 mg/mL for MET, and for the

M.A. Rontogianni et al.2704
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Table 1. Statistical parameters using PLS algorithm

Method Compounds

Parameter of interesta

Concentration

range (mg/mL)

Number of

components Q2 r2 RMSEE RMSEP

PLS-OSC MET 4.82–80.40 2 0.9919 0.9946 1.2310 3.0838

FEL 1.61–16.08 0.9989 0.9998 0.0649 0.1028

PLS RAM 1.56–15.60 3 0.9990 0.9980 0.1807 0.6278

FEL 1.61–16.08 0.9997 0.9946 0.0967 0.2490

aQ2 ¼ 1-PRESS/SS, RMSEP ¼ sqrt(S(obs-pred)2/N), RMSEE ¼ sqrt(S(ĉi 2 ci)
2/N).

r2 ¼
PN

i¼1

(ĉi 2 ci)
2/
PN

i¼1

(ci 2 ci)
2.

Where SS is the residual sum of squares, N is the total number of calibration samples, ĉI represent the estimated concentration

and ci the reference concentration, ci represents the means of the true concentrations in the predictor set.
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determination of Triacorw tablets were 4 mg/mL for FEL and 4 mg/mL for

RAM, respectively.

RESULTS AND DISCUSSION

Partial Least Squares Method

The theory and application of PLS and other multivariate calibration methods

in analytical chemistry have been thoroughly reported in several books and

monographs.[19,20] Partial least squares is a factor analysis based method

that was recently demonstrated to have a high capacity to resolve complex

mixtures of components with similar spectra characteristics.

Figure 1 shows the UV absorption spectra of FEL, MET, and RAM at

their nominal concentration in the tablets. A significant overlap in absorption

bands was noticed. Concretely, the simultaneous determination of MET and

RAM in tablets is hindered by strong spectral overlap of FEL throughout

the wavelength range. PLS or derivative ratio methods were necessary for

such determination due to the presence of interference. Moreover, the UV

spectrum of FEL is not strongly affected by the presence of MET and RAM

and conventional zero order or direct derivative methods could be applied.

The PLS procedures are designated to be full spectrum computational

procedures; however, using highly noisy, scarcely informative wavelengths

detract from precision. Discarding particularly noisy wavelengths can lessen

this. This is quite sensible in UV spectrophotometry as the pure spectra of

Figure 1. Zero order UV absorption spectra of 4.02 mg/mL FEL (—), 40.0 mg/mL

MET (–-–), and 3.95 mg/mL RAM (----).
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the analytes are often available and the positions of their bands are not usually

affected by the presence of the excipients. So, one can predict which spectral

region in the sample spectrum will contain the information relevant to the

analyte.

The spectral data between 210 420 nm for FEL-MET and 210–300 nm

for FEL-RAM, in zero order, were selected using 106 points as (X)

variables and pretreated by a (OSC) filter for the analysis of the above sub-

stances. OSC (Orthogonal Signal Correction) is a PLS related filter, which

removes variations from (X) that do not contain any information about (Y),

i.e., it removes only so much of (X) as is unrelated (orthogonal) to (Y).

The optimum number of components to be used within the PLS

algorithm is also an important parameter to achieve better performance in

prediction. This allows modeling the system with the optimum amount of

information, avoiding overfilling. The cross validation procedure was

applied, consisting of symmetrically removing one of the training

samples in turn, and using only the remaining ones for construction of

the latent factors and regression. The prediction error sum of squares

(PRESS) was then calculated:

PRESS ¼
X

i

X

m

ðYim � ŶimÞ
2

Table 1 summarizes the most relevant information of the calibration system

using the crossvalidation method. Critical values of the calibration, such as

the square of the correlation coefficient (r2), the root mean square error of

prediction (RMSP) and estimation (RMSEE), and Q2, demonstrated the

quality of fit of the calibration data.

In order to test the performance of the proposed method, PLS was applied

to the resolution of synthetic mixtures using samples with different concen-

trations of FEL-MET and FEL-RAM. The %Relative Standard Deviation

(RSD) and % mean recovery values have been calculated and summarized

in Table 2.

Ratio First Derivative Spectrophotometry

The spectra for each component of the mixtures overlap sufficiently (Fig. 1)

and demonstrate the resolving power of the proposed method. In order to

investigate the sensitivity and stability during 36 h of FEL, MET, and RAM

in 0.1 N NaOH, 0.1 N HCl, methanol, and methanolic solution 40%, their

UV spectra were recorded every six hours. The results of the experiments

have shown as a more suitable solvent, methanol or 40% methanolic solution.

In binary mixtures, the ratio spectra derivative spectrophotometry[21,22]

consists in the differentiation of the curves resulting from the division,

amplitude by amplitude, of normal spectra of the analyte of interest by an

appropriate spectrum of the other component of the mixture. The

Chemometric and HPLC Analysis of Hypertension Drugs 2707
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Table 2. Recovery Results for different synthetic mixtures of FEL-RAM and FEL-MET, applying HPLC, PLS and “derivative ratio” methods

Felodipine Ramipril

HPLC Derivative ratio PLS HPLC Derivative ratio PLS

Real

(mg/mL)

Found

(mg/mL)

Recovery

(%)

Found

(mg/mL)

Recovery

(%)

Found

(mg/mL)

Recovery

(%)

Real

(mg/mL)

Found

(mg/mL)

Recovery

(%)

Found

(mg/mL)

Recovery

(%)

Found

(mg/mL)

Recovery

(%)

3.22 3.20 99.4 3.23 100.3 3.31 103.1 15.60 15.78 101.1 15.74 100.9 15.85 101.6

8.04 7.87 97.8 8.39 104.3 7.86 97.7 7.80 7.77 99.7 7.89 101.1 8.14 104.4

8.04 8.00 99.5 8.11 100.9 7.95 98.9 15.60 15.79 101.2 15.67 100.5 15.85 101.6

16.08 15.87 98.7 15.62 97.1 16.01 99.6 7.80 7.81 100.1 7.44 95.4 7.95 101.9

16.08 15.77 98.1 16.04 99.7 16.11 100.2 15.60 15.76 101.0 15.07 96.6 15.65 100.3

Mean

% Recovery

98.7 100.46 99.9 100.6 98.90 101.7

S.D 0.76 2.59 2.00 0.71 2.69 1.71

%RSD 0.76 2.58 2.01 0.70 2.72 1.68

Student’s-t

valuesa
1.84 1.59 1.73 1.68

Variance ratio

F-test b
6.71 4.00 7.20 2.90
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Felodipine Metoprolol

3.22 3.15 97.9 3.22 100.0 3.24 100.9 3.22 3.34 102.8 3.15 98.4 3.32 102.8

8.04 8.00 99.5 8.17 101.7 8.42 104.7 4.82 4.59 100.3 4.81 100.1 4.95 103.1

8.04 8.14 101.2 8.13 101.2 8.11 100.9 8.04 8.05 100.1 7.99 99.9 7.75 96.4

4.00 3.95 98.8 3.96 99.1 4.01 100.1 40.4 40.17 99.4 40.56 100.4 39.49 97.7

16.08 15.82 98.4 16.13 100.3 15.95 99.2 16.08 15.96 99.3 15.97 99.8 16.00 99.5

Mean

%Recovery

99.16 100.46 101.1 100.38 99.72 99.9

S.D 1.28 1.02 2.12 1.42 0.77 2.99

%RSD 1.29 1.02 2.10 1.41 0.77 2.99

Student’s-t

valuesa
2.25 2.21 1.16 0.41

Variance ratio

F-testa
1.64 4.49 2.02 8.94

at critical ¼ 2.306.
bF critical ¼ 9.605, p ¼ 0.05.
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corresponding calibration graph is constructed by plotting absorption at a

maximum or a minimum of the so obtained derivative spectra against

analyte concentration.

In order to obtain the best spectra recoveries for FEL, MET, and RAM, it

is necessary to study and optimize parameters as Dl to obtain the first deriva-

tive, smoothing function, scaling factor, and divisor standard concentration.

The following values were chosen as optima:

Binary Mixture of FEL-MET

The absorption spectra of FEL solutions in MeOH were recorded in the range

of 210–420 nm and smoothened with Dl ¼ 4 through the use of 17 exper-

imental points. A division of them was followed (Fig. 2) using as divisor a

sample of MET 32.16 mg/mL. Figure 3 indicates their first derivatives from

the ratio spectra, which were calculated with Dl ¼ 4 and scaling factor 1.

FEL can be determined by measuring the signal at different wavelengths

(237.4, 245, 320, 328, 337 nm). However, it was found that sensitivity was

best at 245 nm.

An analogue procedure was followed for preparing the calibration graph

for MET; the absorption spectra of the drug were divided sensor by sensor, by

the spectrum of 3.22 mg/mL FEL (Fig. 2) and the first derivative of the

resulting spectra ratios were calculated (Fig. 3). The concentration of MET

Figure 2. Ratio spectra of FEL(–-–) 1.61, 8.04, 16.08 mg/mL (32.16 mg/mL MET

as divisor), MET (—) 9.64, 32.16, 80.40 mg/mL (3.22 mg/mL FEL as divisor), and

RAM(----) 1.56, 7.80, 15.60 mg/mL with scaling factor 10 (3.22 mg/mL FEL as

divisor).
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was determined by measuring the amplitude at 230.4 nm (219, 230.4, 279 nm)

corresponding to a maximum point.

Binary Mixture of FEL-RAM

The stored UV absorption spectra of standard solutions of FEL in 40% MeOH

were divided wavelength-by-wavelength by the spectrum of standard mixture

solution of RAM (15.60 mg/mL)and smoothing using Dl ¼ 4 nm. The ratio

spectra of the first derivatives, with Dl ¼ 4 nm and scaling factor 1, were cal-

culated at 261.4 nm. Similarly for RAM the divisor was a standard solution of

FEL 3.22 mg/mL, as well as the corresponding first derivative spectra, on the

basis of which RAM can be quantified was 218.8 nm (Figs. 2 and 3).

Recovery studies of the described method were performed in two

different series of synthetic mixtures, FEL-RAM and FEL-MET prepared

by adding accurately weighed amounts of drugs. Results are presented in

Table 2.

Adequate linearities were observed in both cases and the statistical par-

ameters calculated from calibration graphs are summarized in Table 3.

Limit of detection (LOD) and limit of quantitation (LOQ) values, for the

ratio derivative procedure (Table 3) were calculated according to the

following criterions: LOD ¼ 3.3 . Sy/x/m, LOQ ¼ 10 . Sy/x/m, respectively,

where Sy/x is the residual standard deviation and m is the calculated slope of

the corresponding calibration.[23]

Figure 3. First derivative ratio spectra of FEL(–-–) 1.61, 8.04, 16.08 mg/mL

(32.16 mg/mL MET as divisor), MET(——) 9.64, 32.16, 80.40 mg/mL (3.22 mg/
mL FEL as divisor), and RAM(----) 1.56, 7.80, 15.60 mg/mL with scaling factor 10

(3.22 mg/mL FEL as divisor).
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Table 3. Statistical parameters for calibration graphs by ratio first derivative and HPLC methods

Parameter

HPLC

FEL MET RAM

Concentration

range

1.37–17.12 2.26–56.56 1.99–19.87

LOD (mg/mL) 0.10 0.45 0.09

LOQ (mg/mL) 0.31 1.36 0.29

Slope 351043.6 + 6888 125065.7 + 6620 156205.1 + 2028

Intercept 227540.3 + 26543 23259.7 + 42140 13151.6 + 11344

R 0.9999 0.9993 0.9999

Spectrophotometric derivative ratio

FEL MET RAM FEL

Wavelength 245 nm 230.4 nm 218.8 nm 261.4 nm

Concentration

range

1.61–17.69 4.82–80.40 1.56–15.60 1.61–17.69

LOD (mg/mL) 0.28 0.28 0.61 0.62

LOQ (mg/mL) 0.87 0.85 1.84 1.87

Slope 0.22011 + 0.0048 0.31119 + 0.0067 0.13625 + 0.0065 0.559751 + 0.0263

Intercept 0.03079 +0.0465 0.05797 + 0.0645 0.06159 + 0.0611 0.21315 + 0.2552

R 0.9999 0.9999 0.9994 0.9994
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The intra-day precision was evaluated through replicate analysis of

three standard solutions containing three times the same concentration of

40.4 mg/mL MET, 4.1 mg/mL FEL, and 4.1 mg/mL RAM. Each standard

was analyzed 3 times. The repeatability of the system was fairly good as

indicated by the small values of Relative Standard Deviation

(%RSDRAM ¼ 0.60, %RSDFEL ¼ 0.86, %RSDMET ¼ 1.49).

Application of HPLC Method

The developed HPLC method was applied for the simultaneous determination

of FEL, MET, and RAM in binary or ternary mixtures.

Peak interference and broadening, in reversed phase liquid chromato-

graphy, of the analytes were observed and this phenomenon prompted inves-

tigation (buffers solution, pH, organic strength, and ion pairing agent). The

optimization steps were performed by directly injecting solutions of each

substance separately on the analytical column using different mobile phases

at a flow rate of 1 mL/min.

Initially, the influence of three organic solvents (acetonitrile, methanol,

tetrahydrofuran) in combination with water, on the retention time (in terms of

capacity factor, k0) and peaks resolution (in terms of resolution factor, Rs) of

the analytes, was investigated. Methanol-H2O (60:40 v/v) as mobile phase

gives high k0 values for the two active ingredients and produces peak broadening

and tailing especially for MET and FEL. Acetonitrile-H2O (60:40 v/v)

produces peak broadening and tailing to MET and elute RAM with solvent

front. At the same time, the presence of this solvent in quantity .60%

decrease seriously the Rf factor among the three substances. About the same

results have been obtained when using, as mobile phase, methanol-aceto-

nitrile-H2O or methanol-acetonitrile-tetrahydrofuran-H2O. Improvement was

observed by the addition of a buffer, producing aqueous buffer solutions.

The aim of the selection of the appropriate aqueous buffer solution was to

obtain a sufficient retention of the peaks corresponding to MET, FEL, and

RAM with good resolution between them, and also to reach a good peak

symmetry as closely as possible (in terms of symmetry factor, As).

Tri-sodium citrate-2-hydrate (0.015 M), sodium dihydrogen phosphate

monohydrate, 1-heptanesulfonic acid sodium salt, and sodium acetate trihy-

drate at pH 2.5, have been tested as mobile phase combined with CH3CN-

MeOH. Finally, two of them (sodium dihydrogen phosphate monohydrate

and 1-heptanesulfonic acid sodium salt) presented as the most convenient.

Generally, alcyl-sulfonic acid sodium salts proved to be useful ion-

pairing agents able to improve the retention time of the analytes and

provide single symmetric peaks. However, approaching the chromatographic

problem in a different way, the influence of the increment of atoms -C- in the

carbonic chain of the alcyl-sulfonic (1-Propanesulfonic, 1-Butanesulfonic,

1-Pentanesulfonic, 1-Hexanesulfonic, 1-Heptanesulfonic) acid sodium salt,
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in a mobile phase consisting of 0.015 M alcyl-1-sulfonic acid sodium salt

-MeOH-CH3CN, (40:30:30 v/v/v pH 2.5), was investigated. According to

the results, neither the increment of atoms -C- (Fig. 4) or even changes in

the concentration of the buffer solution (0.010–0.030) plays an important

role to the chromatographic behavior of the substances.

Changes in percentage of acetonitrile against buffer solution, in a mobile

phase consisting of 40% MeOH-CH3CN-0.015 M heptan-1-sulfonic acid

sodium salt (pH ¼ 2.5), were found to have a profound influence (especially

in FEL and RAM) on the retention time (Fig. 5a) and in peak shape of the

chromatographic compounds. The same influence was observed (Fig. 5b) by

changing the percentage of methanol against the same buffer solution and

keeping acetonitrile stable at 30%. With a higher percentage of acetonitrile

or methanol the k0 decreases, the peak shape improved, and the resolution

between the chromatographic peaks becomes lower. A intermediary

situation was selected.

Figure 4. Influence of different sodium alkyl-sulfonic (1-Propanesulfonic, 1-Butane-

sulfonic, 1-Pentanesulfonic, 1-Hexanesulfonic, 1-Heptanesulfonic) acid sodium salts,

to tR of analytes. Mobile phase: 0.015 M alcyl-1-sulfonic acid sodium salt -MeOH-

CH3CN, 40 : 30 : 30 v/v/v, pH 2.5.

Figure 5. (a) Relationship between the capacity factor of FEL, RAM, MET and the

percent of acetonitrile. Mobile phase: CH3(CH2)6SO3Na-40%MeOH-CH3CN v/v/v

(pH ¼ 2.5). b) Relationship between k0 of the analytes and the percent of methanol.

Mobile phase: CH3(CH2)6SO3Na-MeOH-30%CH3CN v/v/v (pH ¼ 2.5).

M.A. Rontogianni et al.2714
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Finally, using as the most convenient, two mobile phases consisting of a)

0.015 M 1-heptanesulfonic acid sodium salt-methanol-acetonitrile

35:40:25 v/v/v and b) 0.015 M sodium dihydrogen phosphate monohy-

drate-methanol-acetonitrile 40:30:30 v/v/v, the influence of different pH

values on peaks asymmetry factor and retention time was studied. Owing to

the individual characteristics of the compounds, ionization of them

enhances the elution ability of mobile phase at low pH value for bases and

at high pH value for acidic compounds.

The first mobile phase has proved that changes of pH values between 3

and 7 does not effect dramatically the retention time of FEL, MET, and

RAM. Moreover, the addition of sulfuric acid, in the second mobile phase,

slightly increases tR of RAM, decreases tR of MET, and is not considered

important for FEL (Fig. 6). Generally, lower pH values improve peaks

width. According to the above investigation, two chromatographic systems

were selected: a) 0.015 M 1-heptanesulfonic acid sodium salt-methanol-aceto-

nitrile 35:40:25, v/v/v, pH 2.5 for the determination of MET, FEL, RAM

(Fig. 7a). b) 0.015 M sodium dihydrogen phosphate monohydrate-methanol-

acetonitrile 40:30:30, v/v/v, at pH 6.5 (Fig. 7b) for the determination of

FEL-MET in Logimaxw, and at pH 2.5 (Fig. 7c) for FEL-RAM in Triacorw.

Chromatographic characteristics of the determinants are presented in Table 4.

Variation of pH of the mobile phase by +0.1 and its organic strength by

+2% did not have any significant effect on chromatographic resolution.

Moreover, the above study can be used as good guidance for the simultaneous

or separate determination of FEL, MET, and RAM in different matrixes, by

using high performance liquid chromatography.

Statistical parameters for regression equations of the HPLC method

obtained by least squares treatment of the results were given in Table 3.

For evaluation of the precision estimates, repeatability of 6 determinants

at 100% of the test concentration was performed. The %RSD values were 1.80

for FEL, 1.88 for MET, and 1.93 for RAM.

In order to test the accuracy of the proposed method, HPLC was applied

for the determination of synthetic mixtures containing various concentrations

Figure 6. Influence of different pH values to tR of FEL, RAM, MET; Mobile phase:

NaH2PO4
. H2O-MeOH-CH3CN, 40 : 30 : 30 v/v/v.
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Figure 7. Typical high-performance liquid chromatogram of mixtures a) 24.24 mg/mL MET (tR ¼ 2.23) with 7.80 mg/mL RAM (tR ¼ 3.73) and

8.04 mg/mL FEL (tR ¼ 10.76); mobile phase: CH3(CH2)6SO3Na-MeOH-CH3CN 35:40:25 v/v/v (pH ¼ 2.5) at l ¼ 210 nm. b) 40.0 mg/mL MET

(tR ¼ 6.03) with 4.0 mg/mL FEL (tR ¼ 10.98) in Logimaxw tablets using mobile phase NaH2PO4
. H20-MeOH-CH3CN, 40 : 30 : 30 v/v/v, (pH 6.5)

at l ¼ 230 nm. c) 8.0 mg/mL RAM (tR ¼ 3.25) with 8.0 mg/mL FEL (tR ¼ 11.30) in Triacorw tablets using mobile phase NaH2PO4
. H20-MeOH-

CH3CN 40 : 30 : 30 v/v/v, (pH 2.5) at l ¼ 210 nm.
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of MET-FEL-RAM. The tested mixtures were compared in respect to the

amount of drug added and found. As can be observed from Table, 2 all the

results are satisfactory with a mean %RSD , 1.29 and %recovery value

100 + 1.3. Statistical analysis of the results between the HPLC and each spec-

trophotometric method, using student’s t-test and variance ratio two tailed

F-test [23], shows no significant difference in the performance of the thee

methods regarding the accuracy and precision, respectively (Table 2).

Additionally, the drug content calculations for the commercial tablets

have evaluated by a “Dose uniformity” test. The excellent recoveries of the

samples (Table 5) suggested the high accuracy of each method.

CONCLUSIONS

Two chemometric methods in spectrophotometric analysis, PLS and deriva-

tive ratio, are proposed for the simultaneous determination of FEL with

MET or RAM. These techniques were applied successfully to commercial

Table 4. Chromatographic characteristics of MET, FEL, RAM using three different

mobile phases

Mobile phase Substance tR(min) k0 As Rs

CH3(CH2)6SO3Na-MeOH-

CH3CN, (pH ¼ 2.5)

35:40:25 v/v/v

MET 2.23 1.1 1.4 4.4a

14.9b

RAM 3.73 2.5 1.1

FEL 10.76 9.2 1.6

NaH2PO4
. H2O-MeOH-CH3CN,

(pH 6.5) 40:30:30 v/v/v

MET 6.03 3.2 1.7 20.3

FEL 11.30 5.8 1.3

NaH2PO4
. H2O-MeOH-CH3CN,

(pH 2.5) 40:30:30 v/v/v

RAM 3.26 1.0 1.2 11.9

FEL 10.98 6.7 1.1

aRs MET-RAM.
b Rs RAM-FEL.

Table 5. Mean %recovery values of FEL, MET, RAM in “content uniformity” test

Mean %recovery (10 tablets)+S.D

HPLC PLS Derivative ratio

Felodipine 95.2 + 1.4 97.4 + 1.7 95.1 + 1.5

Ramipril 96.4 + 2.9 98.3 + 2.5 96.3 + 2.4

Felodipine 98.3 + 2.1 99.3 + 2.6 98.7 + 2.8

Metoproll 96.3 + 2.2 96.2 + 2.4 97.6 + 2.6
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pharmaceutical enteric-coated tablets. The assay results obtained using these

methods were compared with a new HPLC method; good agreement was

observed.

Although the HPLC method is more specific than the chemometric

methods it needs expensive equipment and materials. Spectrophotometric

methods are less expensive and they do not require sophisticated instrumenta-

tion and any prior separation step. The sensitivity, simplicity, and short

analysis time of the three proposed methods makes them suitable for

routine analysis tests.

ACKNOWLEDGMENT

The authors gratefully acknowledge pharmaceutical company Aventis which

kindly provided pure standards felodipine and ramipril.

REFERENCES

1. http://www. patienthealthinternational. com/product/2401.aspx.
2. http://www. patienthealthinternational. com/product/2367.aspx.
3. Bonazzi, D.; Gotti, R.; Andrisano, V.; Carnini, V. Analysis of ACE inhibitors in

pharmaceutical dosage forms by derivative UV spectroscopy and liquid chromato-
graphy (HPLC). J. Pharm. Biomed. Anal. 1997, 16, 431–438.

4. Qin, X.Z.; DeMarco, J.; Dominic, P.Ip. Simultaneous determination of enalapril,
felodipine and their degradation products in the dosage formulation by reversed-
phase high-performance liquid chromatography using a Sperisorb C8 column.
J. Chromatogr. A 1995, 488, 245–254.

5. Baranda, A.B.; Jimenez, M.; Alonso, R.M. Simultaneous determination of five 1,4-
dihydropyridines in pharmaceutical formulations by high-performance liquid
chromatography-amperometric detection. J. Chromatogr. A 2004, 1031, 275–280.

6. Ranta, V.P.; Toropainen, E.; Talvitie, A.; Auriola, S.; Urtti, A. Simultaneous deter-
mination of eight b-blockers by gradient high-performance liquid chromatography
with combined ultraviolet and fluorescence detection in corneal permeability
studies in vitro. J. Chromatogr. B 2002, 772, 81–87.

7. Park, Y.J.; Lee, D.W.; Lee, W.Y. Determination of b-blockers in pharmaceutical
preparations and human urine by high-performance liquid chromatography
with tris-(2.20-bipyridyl)ruthenium (II) electrogenerated chemiluminescence
detection. Anal. Chim. Acta 2002, 471, 51–59.

8. Cerqueira, P.M.; Boralli, V.B.; Coelho, E.B.; Lopez, N.P.; Guimaraes, L.F.;
Bonato, P.S.; Lanchote, V.L. Enantioselective determination of metoprolol
acidic metabolite in plasma and urine using liquid chromatography chiral
columns: applications to pharmacokinetics. J. Chromatogr. B 2003, 783, 433–441.

9. Leloux, M.S.; dee Jong, E.G.; Maes, R.A.A. Improved screening method for beta-
blockers in urine using solid phase extraction and capillary gas chromatography–
mass spectrometry. J. Chromatogr. B 1989, 488, 357–363.

10. Maurer, H.; Pfleger, K. Identification and differentiation of beta-blockers and their
metabolites in urine by computerized gas chromatography-mass spectrometry.
J. Chromatogr. B 1986, 382, 147–165.

M.A. Rontogianni et al.2718

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



11. Amendola, L.; Molaioni, F.; Borte, F. Detection of beta-blockers in human urine
by GC-MS-MS-EI: perspectives for the antidoping control. J. Pharm. Biomed.
Anal. 2000, 23, 211–221.

12. Gergov, M.; Robson, J.N.; Duchoslav, E.; Ojanpera, I. Automated Liquid chroma-
tographic/tandem mass spectrometric method for screening b-blocking drugs in
urine. J. Mass Spectrom. 2000, 35, 912–918.

13. Patel, P.Y.; Patil, S.; Bhoir, I.C.; Sundaresan, M. Isocratic, simultaneous reversed-
phase high-performance liquid chromatographic estimation of six drugs for
combined hypertension therapy. J. Chromatogr. A 1989, 828, 283–286.

14. Fillastre, J.P.; Baguet, J.C.; Dubois, D.; Genthon, R. How to treat hypertensive
uraemic patients with ramipril. Results of a pharmacodynamic and pharmacoki-
netic study in hemodialysis patients. Amer. J. Hypertension 1995, 8, 177A.

15. Persson, B.E.; Fakt, C.; Ervik, M.; Ahnoff, M. Interference from a glucuronide
metabolite in the determination of ramipril and ramiprilat in human plasma and
urine by gas chromatography–mass spectrometry. J. Pharm. Biomed. Anal.
2006, 40, 794–798.

16. Hogan, B.L.; Williams, M.; Idiculla, A.; Veysoglu, T.; Parente, E. Development
and validation of a liquid chromatographic method for the determination of the
related substances of ramipril in Altace capsules. J. Pharm. Biomed. Anal. 2000,
23, 637–651.

17. Hillaert, S.; De Grauwe, K.; Van den Bossche, W. Simultaneous determination of
hydrochlorothiazide and several inhibitors of angiotensin-converting enzyme by
capillary electrophoresis. J. Chromatogr. A 2001, 924, 439–449.

18. Belal, F.; Al.-Zaagi, I.A.; Gadkariem, E.A.; Abounassifm, M.A. A stability-
indicating LC method for the determination of ramipril and hydrochlorothiazide
in dosage forms. J. Pharm. Biomed. Anal. 2001, 24, 335–342.

19. Wold, S.; Johansson, E.; Cocchi, M. PLS-Partial Least-Squares Projections to
Latent Structures in 3D QSAR in Drug Design, Theory, Methods and Applications;
Escom Science Publishers. 1993, 523–550.

20. Sena, M.M.; Chaudhry, Z.F.; Collins, C.H.; Poppi, R.J. Direct determination of
diclofenac in pharmaceutical formulations containing B vitamins by using UV
spectrophotometry and partial least squares regression. J. Pharm. Biomed. Anal.
2004, 36, 743–749.

21. Berzas Nevado, J.J.; Cabanillas, C.G.; Contento Salcedo, A.M. Simultaneous spec-
trophotometric determination of three food dyes by using the first derivative of
ratio spectra. Talanta 1995, 42, 2043–2051.

22. Berzas Nevado, J.J.; Cabanillas, C.G.; Contento Salcedo, A.M. Simultaneous
determination of carminic acid, riboflavine, curcumin and erythrosine by deriva-
tive spectrophotometry and ratio spectra derivative. Talanta 1994, 41, 789–797.

23. Miller, J.C.; Miller, J.N. Statistics for Analytical Chemistry; Ellis Horwood
Limited: England, 1986, ch. 3, 4, 57–59, 96–107.

Received June 15, 2006

Accepted July 22, 2006

Manuscript 6894

Chemometric and HPLC Analysis of Hypertension Drugs 2719

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


