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ABSTRACT
Objective: To develop Two simple, specific, accurate and precise methods for determination of calcium dobesilate (CD) in the presence of its
impurity and / or degradation product namely hydroquinone (HQ).
Methods: Method A is an extended ratio subtraction one (EXRSM), while method B is a HPTLC-densitometric one using benzene: methanol: ethyl
acetate: sodium lauryl sulphate (7: 2.5: 2: 0.05 v/v/v/w) as a developping system.
Results: The developed methods were successfully applied for determination of CD in the assay of raw material and tablets as well as quantitative
determination of HQ with standard deviation values less than 1.5. The two methods are linear over the concentration range of 5-70 μg. mL−1 for CD,
and 5-60 μg. mL−1 for HQ, methods were validated as per ICH guidelines; accuracy, precision and repeatability are found to be within the acceptable
limits.
Conclusion: The two developed extended ratio subtraction method (EXRSM) and the HPTLC-densitometric one are valid for application in
laboratories lacking liquid chromatographic instruments.
Keywords: Calcium Dobesilate, Hydroquinone, Extended ratio subtraction, HPTLC-densitometric, Stability.

INTRODUCTION
Calcium dobesilate (CD) is a vascular protective compound which
was revealed to be the most effective member of a new family of
efficient fibroblast growth factor (FGF) inhibitors [1]. Calcium
dobesilate has been widely used for treating diabetic retinopathy
and chronic venous insufficiency [2, 3]. CD has one specified
impurity namely hydroquinone (HQ) [4], which is also CD acidic
degradation product [5].The chemical structures of CD and HQ are
shown in (Fig 1).
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Fig. 1: It shows the chemical structure of calcium dobesilate and
hydroquinone
CD was determined in pure forms or in pharmaceutical formulations
by several techniques including electrochemical [6- 11],
chemiluminescence [12], potentiometric [4] and HPLC [13].
CD was determined in the presence of HQ only by HPLC methods
[14, 15], so the aim of this work was to develop a comparative study
of recent, simple, sensitive, validated stability indicating methods
that are of lower cost than the reported HPLC methods.
These methods include a novel spectrophotometric and HPTLCdensitometric ones for the determination of CD in presence of its
impurity and/ or degradation product (HQ) in pure form, laboratory
prepared mixtures and in its pharmaceutical preparations.
Theory of the extended ratio subtraction method (EXRSM)
Extended ratio subtraction method (EXRSM) starts with the ratio
subtraction method (RSM) which depends on that, if you have a
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in the plateau region. If we subtract this constant value,

then multiply the obtained curve after subtraction by Y' (the
divisor), therefore we can obtain the zero order absorption
spectrum (D0) of X. (original spectrum of X) .This can be summarized
as the following:
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The concentration of X is calculated using the regression equation
representing the linear relationship between the absorbance at its
λmax versus the corresponding concentration of X.
To determine the second component (Y), an extension of the already
developed method has been established as a new approach in which
Y could be determined by dividing the obtained D0 spectrum of X by
a known concentration of X as a divisor (X') to get the value of the
𝑋
constant ′ . Dividing the spectrum of the mixture (X + Y) by the
𝑋

same divisor (X'). The division will give a new curve that represents
𝑌
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′ + ′ where ′ is the previously obtained constant. If we subtract this
𝑋
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constant, then multiply the obtained curve after subtraction by X'
(the divisor), therefore we can obtain the zero order absorption
spectrum (D0) of Y (original spectrum of Y)
𝑌
𝑋′

=

𝑌
𝑋′

+

𝑋
𝑋′

-

𝑋
𝑋′

x 𝑋′ = 𝑌

The concentration of Y is calculated by using the regression equation
representing the linear relationship between the absorbance at its
λmax versus the corresponding concentration of Y.
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MATERIALS AND METHODS
Apparatus
Spectrophotometer: double beam UV–visible spectrophotometer
(SHIMADZU, Japan) model UV-1601 PC with quartz cell of 1 cm path
length, connected to IBM compatible computer. The software was
UVPC personal spectroscopy software version 3.7. The spectral
bandwidth was 2nm and wavelength-scanning speed 2800 nm/min.
UV lamp with short wavelength 254 nm (USA).
TLC scanner 3 densitometer (Camag, Muttenz, Switzerland).
The following requirements are taken into consideration:
Slit dimensions: 5mm×0.2mm.
Scanning speed: 20 mm/S.
Spraying rate: 10 sμL−1.
Data resolution: 100 μm/ step.
TLC plates (20cm×10 cm) coated with silica gel 60F254 (Merck,
Germany).
Sample applicator for TLC Linomat IV with 100 μL syringe (Camag,
Muttenz, Switzerland)
Chemicals and reagents
Pure samples: CD was kindly supplied by Alexandria company for
pharmaceuticals and chemicals, its percentage purity was found to
be 100.12 according to the reported method [15], while HQ was
supplied by SIGMA-ALDRICH, its percentage purity was found to be
99.39 according to company analysis certificate.
Market samples: Doxium® capsules batch No. 311335. Each capsule
claimed to contain 500 mg of CD, manufactured by Memphis Co.
Dilasal® capsules batch number 6592. Each capsule claimed to
contain 250 mg of CD, manufactured by Multiapex Pharma.
Methyl alcohol: HPLC grade was purchased from E. Merck, Germany.
Methyl alcohol, benzene, ethyl acetate and sodium lauryl sulfate
were purchased from El-NASR Pharmaceutical Chemicals Co., AbuZaabal, Cairo, Egypt.
Procedure
Standard stock and working solutions
- CD standard stock solution; 1 mg/mL in methanol.
- HQ standard stock solution; 1mg/mL in methanol.
- CD standard working solution; 0.1 mg/mL in methanol
- HQ standard working solution; 0.1 mg/mL in methanol.
Spectral characteristic of CD and HQ
The zero-order (D0) absorption spectrum of 10μg. mL−1 of CD and
10μg. mL−1 of HQ was recorded against methanol as a blank over the
range of 200–400 nm.
Construction of calibration curves
For Extended ratio subtraction (EXRSM)
Aliquots equivalent to 5–70 μg CD and 5-60 μg HQ were accurately
transferred from their standard solutions (0.1mg/mL) into two
separate series of 10-ml volumetric flasks then completed to volume
with methanol. The spectra of the prepared standard solutions were
scanned from 200-400 nm and stored in the computer.
Two calibration curves were constructed relating the absorbance of
the zero order spectra of CD at 307 nm versus the corresponding
concentrations of CD and HQ at 294 nm versus the corresponding
concentrations of HQ, the regression equations were computed.
For HPTLC-densitometric method
Into a series of 10-mL volumetric flasks, aliquots equivalent to 5-50
μg and 0.5-30 μg, were accurately, respectively transferred from the

standard stock solution of CD and HQ (1mg.mL−1 in methanol), then
the volume was completed with methanol. 10 μL of each solution
was spotted as bands of 5 mm width on TLC plates (20cm×10cm)
using a Camag Linomat IV applicator. The bands were applied at 5
mm interval and 15 mm from the bottom and sides. Linear
ascending chromatogram developing to a distance of 9 cm was
performed in a chromatographic tank previously saturated for 1 h
with the developing mobile phase consisted of benzene: methanol:
ethyl acetate: sodium lauryl sulphate (7: 2.5: 2: 0.05 v/v/v/w) at
room temperature. The developed plates were air dried and scanned
at 225 nm. The peak areas were recorded and the calibration curve
was constructed by plotting the integrated peak area versus the
corresponding concentrations as μg.band-1 of each drug and the
regression equations were computed.
Application of Extended ratio subtraction (EXRSM) for the
determination of CD and HQ in laboratory prepared mixtures
In two series of 10-mL measuring flasks, aliquots of CD and HQ were
transfered accurately from their corresponding working solutions
(0.1 mg/mL) to prepare mixtures containing HQ from 10-90% of the
pure CD in the mixture. The volume was completed with methanol.
The spectra of the prepared solutions were recorded from 200-400
nm and stored in the computer. Procedures under calibration of
each of the proposed methods were followed. The concentration of
the CD and HQ was calculated using the specified regression
equation.
Application of the proposed methods to the analysis of CD in
pharmaceutical preparations (Doxium® and Dilasal® capsules)
The content of ten capsules were mixed, an amount of the powder
equivalent to 1 gm CD was transfered accurately in 100 mL
volumetric flask, 75 mL methanol were added and sonicated for 60
minutes. The solution was filtered into a 100-mL volumetric flask
and completed to volume with methanol to obtain (1 mg . mL-1)
stock solution.
An appropriate dilution of the prepared tablets solution was made to
obtain 100 μg/ mL working solution. Procedures under calibration
of each of the proposed methods were followed.
RESULTS AND DISCUSSION
CD has one specified impurity namely hydroquinone (HQ) [4], which
is also its acidic degradation product [5]. Only HPLC techniques
were applied for determination of CD in the presence of HQ, The
spectrophotometric methods can be regarded as a useful alternative
to chromatographic techniques in the routine quality control
analysis of pharmaceutical formulations, allowing qualitative and
quantitative measurements to be simultaneous and rapid at
relatively low costs, while HPTLC- densitometric method allows
several samples to be run simultaneously using a small quantity of
mobile phase unlike HPLC, thus lowering analysis time and cost per
analysis and providing high sensitivity and selectivity. In addition,
the proposed methods allow quantitative determination of HQ in
order to determine the extent of degradation.
Extended ratio subtraction method (EXRSM)
The zero order spectra of pure HQ and CD were severely overlapped
which hinders their determination as shown in (Fig 2), the focus of
the present work was to develop new accurate, specific,
reproducible and sensitive stability indicating spectrophotometric
method for the determination of CD in pure form or in
pharmaceutical formulations. Extended ratio subtraction method
(EXRSM) starts after the application of the ratio subtraction method
(RSM) [16]. The RSM method depends on that, when mixtures of HQ
(X) and CD (Y) where the spectrum of CD is more extended (Fig. 2),
the determination of HQ in the mixtures could be done by scanning
the zero order absorption spectra of the laboratory-prepared
mixtures (HQ and CD), dividing them by a carefully chosen
concentration of standard CD' (30 μg. mL−1) as a divisor producing
new ratio spectra which represent HQ/ CD' + constant as shown in
Fig. 3 , then subtraction of the values of these constants CD/ CD' in
the plateau region (315 nm-330 nm) as shown in Fig. 4, followed by
multiplication of the obtained spectra by the divisor CD' (30 μg.
mL−1) as shown in Fig. 5.
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Finally, the original spectra of HQ could be obtained ( Fig. 5 )
which are used for direct determination of HQ at 294 nm and
calculation of the concentration from the corresponding

regression equation (obtained by plotting the absorbance values
of the zero order curves of HQ at 294 nm against the
corresponding concentrations).

Fig. 2: It shows zero-order absorption spectra of 10 μg mL−1 of calcium dobesilate (—) and 10 μg mL−1 of hydroquinone (.....) using
methanol as a solvent.

Fig. 3: It shows ratio spectra of laboratory prepared mixtures of HQ (X) and CD (Y) using 30 μg. mL −1 of CD as a divisor and methanol as a
blank.

Fig. 4: It shows ratio spectra of laboratory prepared mixtures of HQ (X) and CD (Y) using 30 μg. mL−1 of CD as a divisor and methanol as a
blank after subtraction of the constant.
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Fig.5: It shows the zero order absorption spectra of HQ obtained by the proposed ratio subtraction method for the analysis of laboratory
prepared mixtures after multiplication by the divisor (Y').

The determination of CD (Y) could be done by the extended ratio
subtraction by dividing these obtained spectra of HQ by a carefully
chosen concentration of standard HQ' (30μg. mL−1) producing ratio
spectra represent the constants HQ/HQ' in plateau (265 - 300 nm)
as shown in Fig.6. The previously scanned zero order absorption
spectra of the laboratory-prepared mixtures (HQ and CD) were
divided by standard HQ' (30 μg. mL−1) as a divisor producing new
ratio spectra which represent CD/HQ' + constant as shown in Fig. 7,

then subtraction by the obtained constants HQ /HQ' as shown in Fig.
8, followed by multiplication of the obtained spectra by the divisor
HQ' (30μg. mL−1) as shown in Fig. 9. Finally, the original spectra of
(CD) (Fig.9) could be obtained which were used for direct
determination of CD at 307 nm and calculation of the concentration
from the corresponding regression equation (obtained by plotting
the absorbance values of the zero order curves of CD at 307 nm
against the corresponding concentrations).

Fig. 6: It shows ratio spectra of obtained spectra of HQ (X) using 30 μg. mL−1 of HQ' (X') as a divisor and methanol as a blank.

Fig. 7: It shows ratio spectra of laboratory prepared mixtures of CD (Y), HQ (X) using 30μg. mL−1 of HQ '(X') as a divisor and methanol as a blank.
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Fig. 8: It shows ratio spectra of laboratory prepared mixtures of CD (Y), HQ (X) using 30μg. mL −1 of HQ '(X') as a divisor and Methanol as a
blank after subtraction of the constant.

Fig.9: It shows the zero order absorption spectra of CD (Y) obtained by the proposed ratio subtraction method for the analysis of
laboratory prepared mixtures after multiplication by the divisor HQ' (X').
The extended ratio subtraction method has advantage that the extended
drug in the mixture could be determined at its λmax which couldn’t be
achieved by the previously established ratio subtraction method [16]
which had been used for determination of unextended drug only.
Therefore, the two methods are considered to be complementary to
each other as the two component of interest in the mixture could be
determined.

HPTLC-densitometric method
This technique offers a simple way to quantify directly on TLC
plate by measuring the optical density of the separated bands.
The amounts of compounds are determined by comparing the
peak area of the unknown band to a standard curve from
reference materials chromatographed simultaneously under the
same condition [17].

Fig. 10: It shows 3D chromatogram of two separated mixtures of calcium dobesilate (a) and hydroquinone (b) in the HPTLCdensitometric method
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The method is based on the difference in migration rate of the two
components, the Rf values were found to be 0.19 for CD and 0.61 for
HQ. Fig (10).
The calibration curve was constructed by plotting the peak area /10 4
versus the concentration in the range of 0.5-5 μg band−1 and 0.05-3
μg. band−1 for CD and HQ respectively the concentration was
calculated from the corresponding regression equations.
To improve separation of bands, it was necessary to investigate the
effect of different variables. Studying the optimum parameters for
maximum separation was carried out as following:
Different developing systems with different ratios were tried, but
the problem was to obtain sharp and compact peak for CD due to
tailing upwards and downwards in most of the developing systems,
sharp spots and complete separation of CD and HQ was achieved by
using benzene: methanol: ethyl acetate: sodium lauryl sulphate (7:
2.5: 2: 0.05 v/v/v/w).
Also different scanning wavelengths were tested, but the best
sensitivity obtained when CD and HQ were scanned at 225 nm.
Parameters including resolution (Rs), peak symmetry, capacity
factor (K') and selectivity factor (α) were calculated .The resolution

is always above two, the selectivity more than one and accepted
values for symmetry factor were obtained, as shown in Table (1).
Table 1: It shows parameters of system suitability of the
developed HPTLC-densitometric method [18]
Parameters
Symmetry factor
Resolution(Rs)a
Capacity factor(k')
Selectivity (α)a
aparameters

CD
1.06
4.20
-

HQ
1.01
6.10
2.69
3.2

are calculated using CD as reference

Validation was done according to ICH recommendations [19].
Linearity
The linearity of the methods was evaluated by analyzing different
concentrations of CD and HQ between 5-70 μg. mL−1 and 5-60 μg.
mL−1, respectively for extended ratio subtraction method and 0.5-5
μg and 0.05-3 μg. band−1, respectively for HPTLC- densitometric
method. Each concentration was repeated three times. The assay
was performed according to the experimental conditions previously
mentioned. The linear equations were summarized in (Table 2).

Table 2: It shows linearity studies and regression equations of the proposed methods
No.
1

Component
Calcium dobesilate

2

hydroquinone

Method
EXRSM
HPTLC
EXRSM
HPTLC

Regression equation
Ya=0.0189 X+0.0056
Yb=0.1348X+0.0682
Ya=0.0270X+ 0.0028
Yb=0.2372X+0.0380

Correlation coefficient
1
0.9996
0.9999
0.9995

Where, EXRSM is the extended ratio subtraction method
Yª:absorbance of the component at its λmax ; Y b: is the integrated peak area/104 of the componenet at 225 nm and X is the corresponding
concentration.
Table 3: It shows assay parameters and method validation sheet
Parameter
Range
Slope
Intercept
Mean
SD
Correl.coef.
(r)
Accuracy
**RSD% a
**RSD% b

Calcium dobesilate
EXRSM
5-70 μg/mL
0.0189
0.0056
99.73
0.634
1

HPTLC
0.5-5 μg. band−1
0.1348
0.0682
100.04
0.624
0.9996

hydroquinone
EXRSM
5-60 μg/mL
0.0270
0.0028
99.97
0.873
0.9999

HPTLC
0.05-3 μg. band−1
0.2372
0.0380
100.04
1.229
0.9995

99.74± 0.286
0.172
0.315

100.04±0.558
0.224
0.411

100.15± 1.017
0.231
0.440

100.07±0.922
0.207
0.368

The intra-day precision (n = 3), average of three different concentrations repeated three times within day.
average of three different concentrations repeated three times in three successive day.
a

Accuracy
The accuracy of the results was checked by applying the proposed
methods for determination of different blind samples of CD and HQ.
The concentrations were obtained from the corresponding
regression equations. From which the percentage recoveries
suggested good accuracy of the proposed methods were calculated
with mean percentage recovery shown in (Table 3).
Range
The calibration range was established through considerations of the
practical range necessary according to adherence to Beer’s law and
the concentration of CD present in the pharmaceutical preparations
to give accurate precise and linear results (Table 3).
Selectivity
The relative standard deviations were calculated (Table 3).

b

The inter-day precision (n = 3),

Selectivity of the spectrophotometric method was achieved by the
analysis of different laboratory prepared mixtures of CD and HQ
within the linearity range. Satisfactory results were shown in
(Table 4).
Table 4: It shows results of analysis of the mixtures
% HQ
10
20
30
40
50
60
70
80
90
mean± SD

Calcium dobesilate
101.26
100.00
101.41
101.52
102.10
102.70
102.64
99.76
99.93
101.26 ± 1.139

hydroquinone
98.67
102.53
100.16
98.87
98.72
99.77
98.94
98.59
100.76
99.67± 1.316
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Precision
Repeatability
Three concentrations of CD (5, 35, 60 μg. mL−1) and HQ (5, 20, 30 μg.
mL−1) for the spectrophotometric method and CD (0.7, 1, 4 μg.
band−1) and HQ (0.1, 1, 2 μg. band−1) were analyzed three times
intra-daily using the proposed methods. The relative standard
deviations were calculated (Table 3).

quantitative determination of its impurity and/ or degradation
product in order to determine the extent of degradation. The
methods are also suitable and valid for application in laboratories
lacking liquid chromatographic instruments.
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