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Abstract

Four sensitive methods are described for the direct determination of telmisartan (TELM) and hydrochlorothiazide (HCT) in combined
dosage forms without prior separation. The first method is a first derivative spectophotometry (1D) using a zero- crossing technique of
measurement at 241.6 and 227.6 nm for TELM and HCT, respectively. The second method is the first derivative of ratio spectrophotometry
(1DD) where the amplitudes were measured at 242.7 nm for TELM and 274.9 nm for HCT.

The third method is based on TLC separation of the two drugs followed by the densitometric measurements of their spots at 295 and
225 nm for TELM and HCT, respectively. The separation was carried out on silica gel 60 F254 using butanol: ammonia 25% (8:2 v/v) as mobile
phase. The fourth method is spectrofluorimetric determination of TELM, depending on measuring the native fluorescence of the drug in 1 M
sodium hydroxide at k excitation 230 nm and emission at 365 nm. The proposed methods were applied successfully for the determination of
the two drugs in bulk powder and in pharmaceutical formulations. The spectrofluorimetric method was utilized for the analysis of TELM in
human plasma.
© 2005 Elsevier SAS. All rights reserved.
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1. Introduction

Telmisartan (TELM), 4’-[(1,4’-dimethyl-2’-propyl [2,6’-
bi-1H-benzimidazol]-1’-yl) methyl] [1,1’-biphenyl]-2-
carboxylic acid [1]. It is a newly developed drug, which is
angiotensin II receptor antagonist, used in the treatment of
hypertension [2].

The literature in hand did not mention any analytical
method for its quantitative determination either in pharma-
ceutical formulations or in biological fluids.

Hydrochlorothiazide (HCT), 6-chloro-3, 4-dihydro-2H-1,
2, 4-benzothiadiazine-7-sulfonamide1,1-dioxide, one of the
oldest and widely used thiazide diuretics. Many analytical

methods were developed for its determination either alone
[3,4], or in combination with other antihypertensive drugs.
These methods include spectrophotometry [5–7], second
derivative and first derivative of ratio spectra [8] absorbance
ratio and first derivative [9], polarography [10], flow injec-
tion analysis [11], HPLC [12–15], HPTLC [16,17]. The lit-
erature revealed some methods [18–23] for TELM determi-
nation, only one method for their simultaneous determination
by HPLC [24] and another identity method [25] for both drug.

The proposed methods were useful for the resolution of
band overlapping in quantitative analysis. The present work
presents simple, rapid and sensitive methods for determina-
tion of TELM and HCT in pharmaceutical formulations.
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2. Experimental

2.1. Instrumentation

A Shimadzu 1601PC double beam UV–Vis spectropho-
tometer, with 1 cm quartz cuvettes, a fixed slit width (2 nm)
connected to an IBM-PC computer loaded with Shimadzu
UVPC software was equipped with HP desk jet printer and
used for all the absorbance measurements and treatment of
data.

TLC plates (20 × 20 cm) aluminum plates precoated with
silica gel 60, F254 were purchased from E. Merck (Darms-
tadt, Germany). The samples were applied to the plates using
20 µl Hamilton microsyringe.

A Shimadzu dual wavelength flying spot densitometer
model CS-9301 was used. The experimental conditions of
measurements were k = 295 and 225 nm for TELM and HCT,
respectively, photomode = reflection, scan mode = zigzag,
swing width = 12

Shimadzu spectrofluorimeter, RF-1501.
TLC plates 20 × 20 cm with 0.25 mm thickness, silica

plates GF254 (E. Merck Darmstatd, Germany).

2.2. Materials and reagents

Telmisartan and hydrochlorothiazide were kindly sup-
plied by Alkan Pharma Cairo, Egypt) and used without fur-
ther purification. The purity of HCT was found to be 99.97%
[17].

Biocardis tablets (batch no. 19403), were manufactured
under license of Biopharma. Each tablet contains 80 mg
TELM, 12.50 mg HCT, 6 mg magnesium stearate, 60 mg
starch, 44.50 mg microcrystalline cellulose.

Methanol (E. Merck), sodium hydroxide 1 M (Prolabo)
and acetonitrile (E. Merck) were of analytical grade.

Plasma was purchased from Vacsera.

2.3. Stock standard solutions

2.3.1. TELM and HCT stock standard solutions
Stock solutions were prepared by dissolving each of TELM

and HCT in methanol to obtain concentration of 1.00 mg ml−1

for each. The solution was prepared by dissolving 100 mg of

each drug in sufficient amount of methanol and the volume
was completed to 100 ml volumetric flask with the same sol-
vent.

2.3.2. TELM stock standard solution
(0.10 mg ml−1 in 1 M sodium hydroxide)

It was prepared by dissolving 10 mg TELM in 100 ml volu-
metric flask in 25 ml 1 M sodium hydroxide and the volume
was completed with the same solvent.

2.3.3. TELM and HCT working solutions
A volume of 2.5 ml of each TELM and HCT standard stock

solution (1.00 mg ml−1) was transferred separately into 100 ml
volumetric flask and the volume was completed to the mark
with methanol (25.00 µg ml−1).

A volume of 1 ml of TELM standard stock solution
(0.10 mg ml−1) was transferred into 100 ml volumetric flask
and the volume was completed to the mark with 1 M sodium
hydroxide (1.00 µg ml−1).

2.3.4. Laboratory prepared mixtures
Mixtures containing different concentrations of each drug

(25.00 µg ml−1) were prepared.

3. Procedures

3.1. Calibration graphs for first derivative
spectrophotometric method

Aliquots of working standard solution (25.00 µg ml−1) were
transferred into a series of 25 ml volumetric flasks. For TELM
(62.50–312.50 µg) and HCT (50.00–187.50 µg) and the vol-
ume was completed to the mark with methanol. The first
derivative spectra (1D) of the two series solutions were
scanned in the range of 200–350 nm against methanol as a
blank. The values of the 1D amplitudes at 241.6 nm (zero-
crossing of HCT) were measured for the determination of
TELM, while the amplitudes at 227.6 nm (zero-crossing of
TELM) were recorded for the determination of HCT.

Under the experimental conditions described, standard cali-
bration graphs for TELM and HCT were constructed by plot-
ting the 1D values versus concentration and the regression
equations were computed as shown in Table 1.

Table 1
Regression equations parameters of the proposed methods for the analysis of telmisartan and hydrochlorothiazide in pure powder form using the proposed
methods

Parameters Telmisartan Hydrochlorothiazide
First derivative Ratio derivative TLC First derivative Ratio derivative TLC

Concentration range (µg ml−1) 2.50–12.50 2.50–12.50 0.50–4.50
(µg per spot)

2.00–7.50 1.00–7.50 0.50–4.50
(µg per spot)

Intercept (a)a –0.02 –0.11 –0.13 0.02 0.01 –0.72
Slope (b)a 0.16 1.66 10.65 0.64 1.40 14.03
Correlation coefficient (r) 0.9980 0.9990 1.0000 0.9990 0.9990 0.9990

a Regression equation: A = a + bc, where A is the absorbance, a is the intercept, b is the slope and c is the concentration.
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3.2. Calibration graphs for the first derivative of ratio
spectra (1DD)

Aliquots from working solutions (25.00 µg ml−1) equiva-
lent to 62.50–312.50 µg of TELM and 25.00–187.50 µg of
HCT were transferred into separate 25 ml volumetric flasks
and the volume was completed to the mark with methanol.
Absorption spectra were recorded for each solutions and
stored in the IBM-PC.

For TELM: Each of the Absorption spectrum was re-
corded and divided by the spectrum of HCT with a concen-
tration 7.50 µg ml−1 as a divisor. The first derivative of the
ratio spectra were calculated with D k = 4 using scaling fac-
tor 8. TELM can be determined by measuring the first deriva-
tive amplitude of the ratio spectra at 242.7 nm.

For HCT: A similar procedure was followed for HCT with
a concentration 7.50 µg ml−1 TELM as a divisor. HCT was
determined by measuring the amplitude value of the ratio
spectra at 274.9 nm. The calibration graphs were plotted rep-
resenting the concentration versus the 1DD amplitude and the
regression equations were computed as shown in Table 1.

3.3. Calibration graphs for the thin layer chromatographic
determination

Aliquots of the stock standard solutions (1.00 mg ml−1) of
TELM and HCT equivalent to (0.50–4.50 mg) were trans-
ferred into 5 ml volumetric flasks and the volume was made
up with methanol. Five microliters of each solution was
applied to TLC plates (20 × 20 cm) as separate spots 15 mm
apart and 20 mm from the bottom of the plate using 20 µl
Hamilton microsyringe. The plates were developed in butanol:
ammonia 25% (8:2 v/v). The spots were scanned with the
spectrodensitometer at 295 and 225 nm for TELM and HCT,
respectively. Triplicate applications of the different volumes
were made for each solution. The peak areas were plotted
against the corresponding concentrations to obtain the cali-
bration graph, then the regression equations were computed
as shown in Table 1.

3.4. Calibration graph for the spectrofluorimetric method

Aliquots equivalent to 0.50–4.00 µg of TELM were trans-
ferred from working solution (1.00 µg ml−1) into 10 ml volu-
metric flasks and the volume was completed to the mark with
1 M sodium hydroxide. The fluorescence intensity was
recorded at k emission 365 nm using k excitation at 230 nm.
The calibration graph was plotted representing the relation-
ship between emission intensity against concentrations and
the regression equation was computed as shown in Table 2.

3.5. Quantitative analysis of pharmaceutical dosage forms

Ten tablets were weighed, finely powdered and mixed
thoroughly. An accurately weighed amount of powder

equivalent to 80.00 mg of TELM and 12.50 mg of HCT was
transferred into 100 ml volumetric flasks with 50 ml metha-
nol. The mixture was sonicated for 5 min and then filtered
through Whatman no. 42 filter paper wetted with methanol.
The residue was washed with three successive portions each
of 10 ml methanol. The volume was completed to the mark
with methanol. The solution was diluted with methanol to
obtain the concentration ranges of both drugs. The methods
described above (spectrophotometric and TLC) were then
applied to the prepared solution. For the spectrofluorimet-
ric method, aliquots in methanol were evaporated and dis-
solved in 1 M sodium hydroxide to obtain a solution of con-
centration 1.00 µg ml−1.

3.6. Spectrofluorimetric determination of telmisartan in
plasma

An amount of TELM bulk powder equivalent to 10.00 mg
was accurately weighed, transferred into 100 ml volumetric
flask and dissolved for 5 min with about 50 ml acetonitrile.
Then the volume was completed to the mark with the same
solvent. 0.5 ml of this solution was added to 1 ml plasma and
the volume was completed to 10 ml with the same solvent.
Mix well and leave for 2 min to be sure of complete depro-
teinization of the plasma. The solution was then centrifuged
at 2000 rpm for 15 min.

One milliliter of the supernatant was taken and evaporated
on a hot boiling water bath. The residue was cooled and dis-
solved well in about 5 ml 1 M sodium hydroxide and then
quantitatively transferred into 10 ml volumetric flask with 1 M
sodium hydroxide.

Plasma samples were spiked with different concentra-
tions from 50 to 300 ng ml−1 TELM against blank (plasma
without drug) and the regression equation was then com-
puted.

4. Results and discussion

TELM and HCT are new combination of antihypertensive
drugs. They are indicated in the treatment of edema and hyper-
tension.

Table 2
Regression equation parameters of the spectrofluorimetric method for the
analysis of telmisartan in pure powder form

Parameters Telmisartan
In absence of
human plasma

In presence of
human plasma

Concentration range (ng ml−1) 50–400 50–300
Intercept (a)a 14.83 23.19
Slope (b)a 243.48 212.71
Correlation coefficient (r) 0.9980 1.0000

a Regression equation: A = a + bc, where A is the absorbance, a is the inter-
cept, b is the slope and c is the concentration.
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Their structures are shown as follows:

4.1. First derivative spectrophotometry

Fig. 1 shows the absorption zero-order UV spectra of
TELM and HCT. Due to the extensive overlap of the spectral
bands of the two drugs, conventional UV spectrophotometry
can not be used for their individual determination in the binary
mixtures. However, zero-crossing first-order spectrophotom-
etry permits a more selective identification and determina-
tion of the two drugs in a mixture. Fig. 2 shows the 1D spec-
tra of TELM and HCT (zero-crossing wavelength points are
indicated).

The selection of the optimum wavelength is based on the
fact that the absolute value of the total derivative spectrum at
the selected wavelength has the best linear response to the

analyte concentration. It is not affected by the concentration
of any other component and gives a near-zero intercept on
the ordinate axis of the calibration curve.

Therefore, 241.6 nm (zero-crossing wavelength of HCT)
and 227.6 nm (zero-crossing wavelength of TELM) were cho-
sen as optimum working wavelengths for the simultaneous
determination of TELM and HCT in a binary mixture, respec-
tively.

Beer’s law was obeyed in concentration ranges 2.50–
12.50 µg ml−1 for TELM and from 2.00–7.50 µg ml−1 for
HCT with mean percentage recoveries 100.33 ± 0.99 and
99.88 ± 0.74, respectively, from which the linear regression
equations were computed as shown in Table 1.

Telmisartan Hydrochlorothiazide
Molecular formula: C33H30N4O2 Molecular formula: C7H8CL N3O4S2

Molecular weight: 514.62 Molecular weight: 297.74

Fig. 1. Zero order absorption spectra of (a) 12.5 µg ml–1 telmisartan and (b) 2.0 µg ml–1 hydrochlorothiazide in methanol.
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4.2. First-derivative of ratio spectra method

Mixtures of compounds with highly overlapped spectra
have been resolved by the use of the derivative of the ratio
spectra with high accuracy [26–28]. The absorption spectra
of the mixtures prepared at different concentrations of TELM

and HCT were recorded in the range of 200–350 nm and
stored in the IBM PC. Some interference was observed within
certain range. The stored spectra of the binary mixtures,
TELM and HCT were divided by a standard spectrum of
7.50 µg ml−1 HCT. The ratio spectra were smoothed with
Dk = 4 nm intervals (Fig. 3) and their first derivatives were

Fig. 2. First derivative spectra of (a) 12.5 µg ml–1 telmisartan and (b) 2 µg ml–1 hydrochlorothiazide in methanol.

Fig. 3. Ratio spectra of telmisartan (2.5–12.5 µg ml–1) using hydrochlorothiazide (7.5 µg ml–1) as a divisor in methanol (Dk = 4 nm).
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traced with the same D k (Fig. 4). In the binary mixtures, the
concentration of TELM was determined by measuring the
amplitude at 242.7 nm corresponding to maximum.

In the similar manner, the absorption spectra of the solu-
tions prepared in different concentrations of HCT were
recorded in the range of 200–350 nm and stored in the IBM-

PC. The stored spectra of the binary mixture of TELM and
HCT were divided by the standard spectrum of TELM
(7.50 µg ml−1).

Fig. 5 shows the ratio spectra and Fig. 6 shows the first
derivative of the ratio spectra which was plotted with the inter-
vals of D k = 4 nm.

Fig. 4. First derivative spectra of the ratio spectra of telmisartan (2.5–12.5 µg ml–1) using hydrochlorothiazide (7.5 µg ml–1) as a divisor in methanol (Dk = 4 nm).

Fig. 5. Ratio spectra of hydrochlorothiazide (1.0–7.5 µg ml–1) using telmisartan (7.5 µg ml–1) as a divisor in methanol (Dk = 4 nm).
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The contents of HCT in binary mixtures were determined
by measuring the amplitudes at 274.9 nm corresponding to
maximum wavelength.

Recoveries and the relative standard deviations (R.S.D.)
were found to be 99.84 ± 0.65 for TELM and 100.26 ± 0.83
for HCT. The main instrumental parameters conditions were
optimized for a reliable determination of the subject com-
pounds. Some divisor concentrations were tested in the deter-
minations for selecting the standard solution at an appropri-
ate concentration, which is very important factor in practice.
The influence of the D k for the first derivative spectra was
tested and found very appropriate to use the values at D
k = 4 nm for both in the determination of the two com-
pounds.

4.3. TLC densitometric method

Instrumental planar chromatography with precise applica-
tion of the samples and computer controlled evaluation and
quantification of the developed chromatograms, has been con-
sidered as reliable for purity control and qualitative drug test-
ing [29]. Experimental conditions, such as mobile phase com-
position, scan mode, speed and wavelength of detection were
optimized to provide accurate and reproducible results for
both TELM and HCT. The chosen scan mode was the zigzag
mode and the wavelengths of scanning were chosen to be
295 and 225 nm for TELM and HCT, respectively.

Different mobile phases were tried, butanol: ammonia 25%
(8:2 v/v) was found to be the most suitable which gave the
largest difference between the Rf values (0.64 and 0.45) for

TELM and HCT, respectively. The separated spots of the two
drugs were scanned separately on the same plate at the spe-
cific wavelengths.A linear correlations were obtained between
the area under the peak and the concentration 0.50–4.50 µg
per spot with mean percentage recoveries 99.42 ± 0.70 and
99.61 ± 0.51 for TELM and HCT, respectively. The selectiv-
ity of the proposed method was checked by analyzing five
laboratory—prepared mixtures of TELM and HCT at vari-
ous concentration ratios.

Satisfactory recovery with small R.S.D. was obtained.

4.4. Spectrofluorimetric method

Upon dissolving TELM in 1 M sodium hydroxide, a native
strong fluorescence was observed. Scanning the emission
spectrum showed k emission at 365 nm upon excitation with
230 nm (Fig. 7). This may be attributed to the high conjuga-
tion.

Different solvents were tried as 0.1 M sodium hydroxide,
0.1 M sulfuric acid, methanol and acetonitrile. One molar

Fig. 6. First derivative spectra of the ratio spectra of hydrochlorothiazide (1.0–7.5 µg ml–1) using telmisartan (7.5 µg ml–1) as a divisor in methanol (Dk = 4 nm).

Fig. 7. Excitation (a) and emission (b) spectra of telmisartan (200 ng ml–1 in
1 M sodium hydroxide.
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sodium hydroxide was found to give the best emission inten-
sity at 365 nm., while HCT did not show any fluorescence.
Calibration graph was achieved in concentration range 50.00–
400.00 ng ml−1 with mean percentage recovery 100.20 ± 1.36.
The spectrofluorimetric method is highly sensitive, so it allows
the determination of TELM in plasma where linear corre-
lation was achieved in concentration range 50.00–
300.00 ng ml−1 with mean percentage recovery 99.75 ± 0.82.

Tables 1 and 2 show the linearity ranges of the calibration
graphs for the studied drugs, intercept (a), slope (b) and cor-
relation coefficient for the proposed methods.

The stability of TELM and HCT during the analytical pro-
cedures of the proposed methods were studied and found to
be stable.

5. Methods validation

5.1. Accuracy

The previously mentioned methods were repeated for dif-
ferent concentrations of pure samples, each repeated three
times. The concentrations were calculated each from its cor-
responding regression equation. The recovery percentages and
the mean recoveries were then calculated and results were
shown in Table 3.

5.2. Precision

To measure the degree of method repeatability, three con-
centrations were analyzed each three times within the same
day and in 3 successive days, as shown in Table 3.

5.3. Standard addition technique

Standard addition technique was applied to the commer-
cial tablet, by adding TELM and HCT to a known concentra-

tions of the studied drugs and the concentrations were calcu-
lated from the corresponding regression equations and the
percentage recoveries were then calculated.

5.4. Specificity and selectivity

Laboratory prepared mixtures containing different concen-
trations of each drug was applied. Then the concentration of
each drugs was calculated from the corresponding regression
equation and the mean percentages were calculated as shown
in Table 3.

6. Tablet analysis

The proposed methods were applied for the determina-
tions of TELM and HCT in commercial tablets of Biocardis.
Five replicate determinations were made. Satisfactory results
were obtained for both drugs and were in a good agreement
with the label claims. Moreover, to check the validity of the
proposed methods, the standard addition technique was
applied by adding TELM and HCT to a known concentration
of the commercial tablet (standard addition method). The
results were shown in Table 4.

7. Conclusions

TELM and HCT were simultaneously determined in phar-
maceutical formulations using the proposed methods.

The methods developed are simple, accurate, precise and
specific. The methods may be recommended for routine and
quality control analysis of the investigated drugs in pharma-
ceutical formulations.

Table 3
Validation results of the proposed methods

Methods validation First derivative Ratio derivative TLC Fluorimetry (for TELM)
TELM HCT TELM HCT TELM HCT In absence

of human
plasma

In presence
of human
plasma

Accuracy 100.24 ± 0.91 100.72 ± 0.87 100.35 ± 0.18 99.91 ± 0.52 100.11 ± 0.11 100.04 ± 0.02 100.02 ± 0.11 100.10 ± 0.12
Specificity and selectivity 99.46 ± 1.42 99.31 ± 0.68 99.84 ± 0.65 99.65 ± 1.36 99.99 ± 0.52 101.19 ± 0.14
Precision
X ± R.S.D.%a

100.37 ± 0.12 100.51 ± 0.44 99.85 ± 0. 83 99.97 ± 0.49 100.54 ± 0.21 100.43 ± 0.13 100.34 ± 0.03 100.21 ± 0.29

X ± R.S.D.%b 99.97 ± 0.99 100.12 ± 0.11 100.59 ± 0.12 99.77 ± 0.55 99.87 ± 0.11 100.06 ± 0.01 100.09 ± 04 100.18 ± 0.17
a The intraday (n = 3), average of three different concentrations repeated three times.
b The interday (n = 3), average of three different concentrations repeated three times.

Table 4
Determination of telmisartan and hydrochlorothiazide in pharmaceutical dosage form using the proposed methods and application of standard addition tech-
nique

Pharmaceutical dosage form Proposed methods Telmisartan Hydrochlorothiazide
Found, % aRecovery, % Found, % aRecovery, %

Biocardis tablet, Batch no. 19403,
contains 80 mg telmisartan and
12.50 mg hydrochlorothiazide

First derivative 100.05 ± 0.42 100.56 ± 0.70 99.28 ± 0.44 99.46 ± 0.37
Ratio derivative 99.72 ± 0.21 99.90 ± 0.54 99.46 ± 0.17 100.68 ± 0.48
TLC 100.43 ± 0.31 100.22 ± 0.37 100.37 ± 0.38 100.14 ± 0.65
Fluorimetry 100.13 ± 1.31

a The average of five determinations.
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The spectrofluorimetric method was found to be more sen-
sitive, therefore, it can be used for the determination of telm-
isartan in plasma, in laboratories without need to expensive
apparatus as the HPLC one. More than 97% of TELM is elimi-
nated unchanged through biliary excretion and has no active
metabolite [30], this allows its determination in plasma.
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