JOURNAL OF
PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

It

i)

ELSEVIER

Journal of Pharmaceutical and Biomedical Analysis
21 (1999) 723-730

www.elsevier.com/locate/jpba

A comparative study of the ratio spectra derivative
spectrophotometry, Vierordt’s method and high-performance
liquid chromatography applied to the simultaneous analysis

of caffeine and paracetamol in tablets

Erdal Ding *

Department of Analytical Chemistry, Faculty of Pharmacy, University of Ankara, 06100 Tandogan, Ankara, Turkey
Received 30 December 1998; received in revised form 21 April 1999; accepted 6 May 1999

Abstract

Two spectrophotometric methods and high-performance liquid chromatography were proposed for the simulta-
neous analysis of caffeine and paracetamol in a tablet formulation. The ratio spectra derivative method is based on
the use of the analytical signals obtained by measuring at 267.9 and 291.0 nm for caffeine and 237.0 and 251.8 nm
for paracetamol in the first derivative of the ratio spectra. Calibration graphs were prepared in the range 4—40 pg/ml
for caffeine and 8—48 pg/ml for paracetamol. In Vierordt’s method, A | (1%, 1 cm) values of paracetamol and caffeine
were determined at 242.9 and 273.0 nm in zero-order spectra. The matrix for A } (1%, 1 cm) values was written and
the amounts of both drugs were calculated by means of the program ‘Matlab’ software. The results obtained by these
spectrophotometric methods were compared with the results of HPLC method. © 1999 Elsevier Science B.V. All
rights reserved.
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1. Introduction feine and paracetamol with other active com-
pounds using various methods including

The use of the mixture of paracetamol and spectrophotometry [1-9] and chromatographic

caffeine as an analgesic and antipyretic is well

established in pharmaceutical formulations.
Quantitative determination of active ingredients

in pharmaceutical formulations containing caf-
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[10,11] methods and have been demonstrated in
pharmaceutical preparations.

Salinas et al. [12] developed a new method for
the analysis of binary mixtures of compounds
with overlapped spectra and Berzas Nevado et al.
[13-16], applied same method to determine the
active compounds in different mixtures. This same

0731-7085/99/$ - see front matter © 1999 Elsevier Science B.V. All rights reserved.

PII: S0731-7085(99)00186-7



724 E. Din¢ /J. Pharm. Biomed. Anal. 21 (1999) 723-730

method was applied by us for the drugs analysis
[17-19].

In this paper, the ratio spectra derivative spec-
troscopy, Vierordt’s method and high-perfor-
mance liquid chromatography (HPLC) were
proposed for simultaneous determination of both
drugs in a commercial preparation marketed in
Turkey. The spectrophotometric methods were
compared with the HPLC method (as a compari-
son method).

2. Material and methods

2.1. Apparatus

A Shimadzu 1601 double beam spectrophoto-
meter with a fixed slit width (2 nm) connected to
an IBM-PC computer loaded with Shimadzu
UVPC Software which was equipped with an HP
600 printer was used for all the absorbance mea-
surements and treatment of data.
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Fig. 1. Zero-order spectra of (a) 20 pg/ml paracetamol, (b) 20
pg/ml caffeine, and (c) their mixture in 0.1 M HCI.

Table 1
Experimental parameters for Vierordt’s method used for the
simultaneous determination of paracetamol and caffeine

A nm Paracetamol Caffeine
o % B B
A =2429 643.8 145.0
A, =273.0 153.2 497.6
Linearity range pg/ml 8-48 4-40

The HPLC equipment consisting of a Jasco
model PU-980 pump, with a Jasco model UV-975
dedector connected to a computer loaded with
Borwin Software which was equipped with a HP
600 printer were used. All the chromatograms
were plotted and stored in the above computer.

2.2. Tablet formulation

A commercial tablet product (Remidon® tablet,
Deva Pharm. Ind., Turkey, Batch no. 706-1770),
containing 65 mg caffeine (CAF) and 500 mg
paracetamol (PAR) per tablet, was studied.

CAF and PAR were kindly donated by Deva
Pharm. Ind., Turkey.

2.3. Reagents

All the solvents were of analytical reagent
grade. In HPLC procedure, HPLC methanol
(E.Merck, Germany) and double distilled water
was used.

2.4. Standard solutions

Stock solutions of 100 mg/100 ml of CAF and
PAR were prepared in 0.1 M HCI for spectropho-
tometric procedures and in methanol for HPLC
procedure.

For spectrophotometry: Working standard so-
lutions were prepared in 25 ml volumetric flasks
containing 4-40 pg/ml CAF, 8-48 ng/ml PAR
and their synthetic mixtures by using their stocks
solutions. The zero-order spectra were recorded
with a sampling interval of A1=0.1 nm and a
medium level of scanning speed against a reagent
blank (0.1 M HCI) and stored in the IBM PC
computer.

For HPLC method: Synthetic mixtures were
prepared containing CAF and PAR in the range
2-28 and 8-48 pg/ml of CAF and PAR, respec-
tively with a constant concentration of cetrimide
(0.6 mg/ml) as internal standard (IS) in methanol.
These solutions were filtered through a 0.45 pm
membrane filter before injection into the
chromatograph.
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Table 2

Recovery data obtained for different mixtures by using the Vierordt’s method

Mixture number Paracetamol Caffeine
Added (ug) Found (ng) Recovery* (%) Added (ng) Found (pg) Recovery® (%)

1 32.0 322 100.6 4.0 4.0 100.0
2 32.0 32.5 101.6 8.0 7.9 98.8
3 32.0 31.9 99.7 12.0 12.1 100.8
4 32.0 31.8 99.4 20.0 19.8 99.0
5 32.0 322 100.6 32.0 31.8 99.8
6 32.0 324 101.3 40.0 39.8 99.5
7 8.0 8.1 101.3 12.0 12.0 100.0
8 16.0 16.0 100.0 12.0 11.8 98.3
9 20.0 20.5 102.5 12.0 12.1 100.8
10 32.0 32.0 100.0 12.0 11.4 98.3
11 40.0 40.3 100.8 12.0 11.9 99.2
12 48.0 48.9 101.9 12.0 12.0 100.0

24X =100.8, Relative Standard Deviation (RSD) = 0.89
b % =995, RSD =0.82

2.5. Samples solutions

In spectrophotometric methods, 20 tablets were
accurately weighed and powdered in a mortar. A
mass corresponding to a tablet, was dissolved in
0.1 M HCI in 100 ml calibrated flasks. After 30
min of mechanically shaking, the solution was
filtrated in a 100 ml calibrated flask through
Whatman no:42 filter paper. The residue was
washed three times with 10 ml solvent then the
volume was completed to 100 ml with 0.1 M HCI
(solution 1). The solution 1 was dilued 1:500 with
the same solvent.

In HPLC method, the same procedure was
realized by using methanol as solvent instead of
0.1 M HCI (solution 2). The solution 2 was di-
luted with 1:500 with methanol.

3. Application of methods
3.1. Spectrophotometric procedures
3.1.1. Vierordt’s method
This method [20-22] is based on the solving of

equations with two unknowns using 41 (ab-
sorbance value of the 1% solution in 1 cm cell)

values calculated from absorbances measured at
two suitable wavelengths for two compounds in
the mixture have an absorption minimum and
maximum inversely. The concentration of ingredi-
ents of the pharmaceutical preparation are then
evaluated from a pair of simultaneous equations
of the following form:

A=alC (pathength (/) is equal to 1)
A1=061‘C1+ﬂ1'C2 fOI‘ ]'1

Ay, =0,Cy+ f,,C, for i,

where A,, and A, denotes the absorbances of a
mixture solutions of CAF and PAR. C,, and C,
are the concentrations of CAF and PAR, whilst o
and f are their respective 4 } (%1, 1 cm) values.
The subscripts 1 and 2 refer to wavelengths.

Matrix notation greatly simplifies the matters
and solves system of equations with two un-
knowns, easily as shown below:

|A1| = |°‘1ﬁ1| |C1|
|A2| = |“2ﬁz| |C2|

This matrix can be solved by means of the
program ‘Matlab’ in the computer and the con-
centrations of each compound in the mixture were
determined.

orA=EC
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3.1.2. Ratio spectra first derivative
spectrophotometry

To determine CAF, the recorded zero-order
spectra of samples were divided by a spectrum of
the standard solution of PAR. From the ratio
spectra thus obtained, first derivative were calcu-
lated. The concentration of CAF is proportional
to the amplitude at 267.9 nm and 291.0 nm. Also,
to determine PAR, the stored zero-order spectra
of the samples were divided by a spectrum of the
standard solution of CAF. The first derivative of
the ratio spectra of PAR were obtained by an
analogous procedure, when a spectrum of the
standard solution of CAF used as divisor. The
concentration of PAR is proportional to the am-
plitude at 237.0 nm and 251.8 nm.
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Fig. 2. Ratio spectra (a) and first derivative of the ratio spectra
of (b) caffeine of (a) 4 pg/ml, (b) 12 pg/ml, (c) 20 pg/ml, (d)32
pg/ml, (e) 40 pg/ml, when 20 pg/ml paracetamol is used as a
divisor in 0.1M HCI (AL =8 nm).

3.2. HPLC procedure

The chromatograms were plotted and stored in
the computer. The detector responses were mea-
sured in terms of peak area. The data was pro-
cessed using Borwin software. Separation was
carried out at ambient temperature on on Nu-
cleosil 100-5 C;4 (250 x 4.6 mm I.D. Sum) column
(Macherey—Nagel, Germany) and the mobile
phase consisted of water and methanol (20:80).
The flow rate was set at 1.0 ml min—! with 10 pl
as injection volume. The photometric detection
was performed at 254 nm.

4. Results and discussion
4.1. Vierordt’s method

The zero-order absorption spectra in Vierordt’s
method were obtained by a sampling interval of
AA=0.1 nm and a medium level of scanning
speed in the spectrophotometer. Under these con-
ditions, the original spectra were recorded in the
computer. Fig. 1 shows the absorption zero-order
spectra of the solutions of CAF and PAR in 0.1
M HCI are overlapped at the region 210.0-310.0
nm. By using Vierordt’s method, the determina-
tion of the two compounds is possible for direct
absorbance measurements in their zero-order
spectra. For this procedure, the absorbance values
were measured at 2429 nm and at 273.0 nm,
selecting the maximum and the minimum wave-
lengths of the two compounds in a way that the
maximum wavelength of one compound would be
corresponding to the minimum wavelength of the
second compound. In Vierordt’s method, the
parameters used, shown in Table 1 and the equa-
tions used have been explained in the methods
section.

In the method, Beer’s law was valid in the
concentration range 4-40 pg/ml for CAF and
8—48 pg/ml for PAR. Mean recovery and relative
standard deviation of the method was obtained as
99.5 and 0.82%, respectively, for CAF, and also
100.8 and 0.89% for PAR, respectively, in the
synthetic mixtures prepared by adding known
amounts of CAF and PAR (Table 2).
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Table 3

Recovery data obtained for different mixtures by using the first derivative of the ratio spectra

Mixture number Paracetamol Caffeine
Added (ug) Found (ng) Recovery* (%) Added (ng) Found (pg) Recovery® (%)

1 32.0 31.8 99.4 4.0. 4.1 102.5
2 32.0 32.2 100.0 8.0 7.9 98.8
3 32.0 32.9 102.8 12.0 12.0 100.0
4 32.0 32.0 100.0 20.0 20.1 100.5
5 32.0 31.8 99.4 32.0 32.3 100.9
6 32.0 33.0 103.1 40.0 40.4 101.0
7 8.0 8.0 100.0 12.0 12.1 100.8
8 16.0 16.1 100.6 12.0 12.0 100.0
9 20.0 20.0 100.0 12.0 11.7 95.8
10 32.0 32.3 100.9 12.0 11.5 100.0
11 40.0 40.2 100.5 12.0 12.2 101.6
12 48.0 48.5 101.0 12.0 11.9 99.2

X =100.6, RSD =1.13.
®x =100.1, RSD = 1.61.

4.2. Ratio spectra first derivative
spectrophotometry

As could be seen in Fig. 2a, the absorption
spectra of the solutions prepared at the increasing
concentrations of CAF in 0.1 M HCI, were
recorded in the spectral region 235.0-300.0 nm
and divided the spectrum of the standard solution
of 20 pg/ml PAR in the same solvent and their
ratio spectra were obtained. Fig. 2b indicates the
first derivative of the ratio spectra which was
plotted with the intervals of A/ =8 nm from the
ratio spectra shown in Fig. 2a. Two calibration
graphs of CAF were established by measuring the
signals at 267.9 and 291.0 nm corresponding to a
maximum and a minimum, respectively, and were
tested between §-40 pg/ml for CAF and its bi-
nary mixtures with PAR (Table 3).

Similarly, the absorption spectra of the solu-
tions prepared at increasing concentrations of
PAR in 0.1 M HCI, were stored in between
205.0-295 nm and divided the spectrum of the
standard solution of 20 pg/ml CAF in the same
solvent and their ratio spectra were obtained (Fig.
3a). From the ratio spectra, the first derivative of
the ratio spectra was calculated with the intervals
of AL =8 nm, as could be seen in Fig. 3b. Two
calibration graphs of PAR were established by

measuring the signals at 237.0 and 251.8 nm
corresponding to a maximum and a minimum,
respectively, and were tested between 8—48 pg/ml
for PAR and its binary mixtures with CAF, as
could be seen in Table 3.

By using the same method for two compounds,
the mean recovery and the relative standard devi-
ation of the method were obtained as 100.6 and
1.13%, respectively, for CAF and also 100.1 and
1.61% for PAR in synthetic mixtures prepared by
adding known amounts of CAF and PAR (Table
3).

Table 5 summarizes the regression coefficients
and the linearity ranges of the calibration graphs,
obtained by measuring the signals corresponding
to the maximum and minimum wavelengths in the
first derivative of the ratio spectra for both active
compounds. For the determination of CAF and
PAR in their synthetic mixtures and in the tablet
formulation, the calibration graphs were only
used which were obtained by measuring at 267.9
nm for CAF and 251.8 nm for PAR in the first
derivative of the ratio spectra.

The main instrumental parameter conditions
were optimized to obtain the most distinct curve
of first derivative of the ratio spectra. For select-
ing a divisor of the appropriate concentration,
some divisor concentrations were tested in the
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determination. The standard solutions of 20 pg/ml
of PAR and CAF for determining PAR and CAF
in their binary mixtures were found suitable. The
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Fig. 3. Ratio spectra (a) and first derivative of the ratio spectra
(b) of paracetamol of, (a) 8 pg/ml, (b) 16 pg/ml, (c) 20 pg/ml,
(d) 32 pg/ml, (e) 40 pg/ml, when 20 pg/ml caffeine used as
divisor in 0.1M HCI (AL =8 nm).
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Fig. 4. Typical chromatograms of (a) caffeine and (b) parac-
etamol, (c) cetrimide as internal standard (IS).

influence of A/ for obtaining the first derivative
was tested and a value of AA=8 nm was consid-
ered as suitable for both determinations.

4.3. HPLC method

HPLC method was developed to provide a
specific procedure suitable for the rapid quality
control analysis of PAR and CAF, as a referee
method for the developed spectrophotometric
methods. Several mobile phase systems and differ-
ent internal standards were tested for separation
and determination of the compounds and mobile
phase methanol-water (80:20) and cetrimide as
internal standard were found suitable. At a flow
of 1.0 ml/min, retention times for IS, PAR and
CAF were 1.96, 2.84 and 3.22 min, respectively,
(Fig. 4). The ratio of the peak areas analyte to IS
were plotted against the concentration of PAR
and CAF. In this case, a straight line was ob-
tained. By using these calibration graphs, the
content of PAR and CAF are determined in the
sample containing PAR and CAF.

As could be seen in Table 4, in order to demon-
strate the validity and applicability of the HPLC
method, recovery studies were performed by ana-
lyzing synthetic mixtures of PAR and CAF which
were prepared with different composition ratios.
The mean recoveries and relative standard devia-
tions of PAR and CAF were found as 100.6 and
1.20%, and 99.8 and 1.48%, respectively. For
quantitative analysis, linearity ranges, regression
equations and correlation coefficients were sum-
marized in Table 5.

A good coincidence was observed for the assay
results of the tablet dosage form by the applica-
tion of the three methods proposed in this paper
(Table 6). Statistical data was obtained by using
Student’s ¢-test and F-tests found no significant
difference between performance of both methods
as regards to accuracy and precision (Table 6).

5. Conclusion
In this work, although the individual UV ab-

sorption spectra of these two compounds overlap
in the region of 210-310 nm (Fig. 1), the ratio
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Table 4
Recovery data obtained for different mixtures by using HPLC

Mixture number Paracetamol Caffeine

Added (ng) Found (ng) Recovery* (%) Added (ng) Found (pg) Recovery® (%)

1 32.0 31.8 99.4 2.0 2.0 100.0
2 32.0 329 102.8 4.0 4.0 100.0
3 32.0 319 99.7 8.0 8.1 101.3
4 32.0 32.0 100.0 12.0 11.8 98.3
5 32.0 31.8 99.4 20.0 20.3 101.5
6 32.0 33.0 103.1 28.0 27.7 98.9
7 8.0 8.1 101.3 4.0 4.0 100.0
8 16.0 15.9 99.4 4.0 4.1 102.5
9 24.0 24.1 100.4 4.0 4.0 100.0
10 32.0 32.0 100.0 4.0 3.9 97.5
11 40.0 40.2 100.5 4.0 4.0 100.0
12 48.0 48.4 100.8 4.0 3.9 97.5
X =100.6, RSD = 1.20.

®x=99.8, RSD = 1.48.

Table 5
Calibration data in the determination of caffeine and paracetamol

Methods A (nm)  Linearity range (ug/ml) Equation® Regression coefficient (r)
Ratio spectra 237.0 848 Y=9.5x10"3 Cpag+2.5x107%  0.9999
First derivative 251.8 8-48 Y=13%x1073 Cpar+3.3x10=*  0.9999
Spectrophotometry 267.9 4-40 Y=9.5%1073 Cap+2.7x107*  0.9999

291.0 4-40 Y=92x0.10"3Ccpp+4.1 x 10~%  0.9999
HPLC method 254.0 2-28 Y=2.2x%0.1072 Coap+4.7x107% 0.9996

254.0 8-48 Y=12x10"" Cpar+5.0x1073  0.9998

4 Cpar = pg/ml of paracetamol, Conr = pg/ml of caffeine.

Table 6
Assay results in commercial product (mg)*

Vierordt’s method Ratio spectra derivative spectrophotometry HPLC

Paracetamol

Mean + SD 501.1 £ 0.6 500.21 +£ 1.0 500.62 + 07

tcalculaled 0. 1 12 0.153 tlheorelical: 226

Fc'dlculated 0473 0376 Flheorelical: (P = 005)

Caffeine

Mean + SD 64.93+04 65.4+0.7 65.21 4+ 0.6

tcalculated 0 108 O 142 ttheoretical: 226

Fcalculalcd 0.447 0.865 Flhcm‘clicaI: (P = 005)
3.18

“ Results obtained are average of ten experiments for each, SD = standard deviation.
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spectra derivative spectroscopy and Vierordt’s
method are suitable for the simultaneous determi-
nation of both drugs without prior separation
from each other.

The HPLC method could be utilized for more
specific than the spectrophotometric methods, but
it is a more costly method. However, the methods
are presently considered more reliable and
promising for the routine analysis of CAF and
PAR in pharmaceutical dosage forms.
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