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Abstract

The acid–base equilibrium constants of a new family of antihypertensive drugs, the angiotensin II receptor
antagonists (ARA II), Losartan, Irbesartan, Valsartan, Candesartan cilexetil, its metabolite Candesartan M1 and
Telmisartan were determined by spectrofluorimetry. Relative fluorescent intensity (IF,rel)–pH data were treated by
graphical (derivatives and curve-fitting) and numerical methods (LETAGROP SPEFO). The resultant pKa values at an
ionic strength of 0.5 M were (3.15�0.07) for Losartan, (4.70�0.06) for Irbesartan, (4.90�0.09) for Valsartan,
(6.0�0.1) for Candesartan cilexetil, (3.9�0.1) for Candesartan M1, and (4.45�0.09) for Telmisartan. © 2001
Elsevier Science B.V. All rights reserved.
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1. Introduction

The absolute risk of cardiovascular events is
mainly determined by high blood pressure, al-
though there are some other important contribu-
tors, such as age, race and presence of other
cardiovascular risk factors. Hence, antihyperten-
sive therapy enables to reduce considerably the
risk of developing cardiovascular complications
that cause a high mortality ratio in the industri-
alised countries [1].

The trend in cardiovascular drug research has
been to develop new compounds acting on very
specific targets such as cell surface receptors.
Angiotensin II receptor antagonists (ARA II) rep-
resent a new pharmacological class of antihyper-
tensive drugs [2–4]. They block selectively the
AT1 angiotensin II receptor, are long-acting and
have a good tolerability profile.

Losartan, the prototype of this class of drugs,
was approved in 1995 by the U.S. Food and Drug
Administration. Some other antagonists such as
Valsartan, Irbesartan, Candesartan cilexetil and
Telmisartan have been launched recently. Thus,
any advance in the development of analytical
methods for their determination or in the knowl-
edge of the properties of these compounds repre-
sents a great contribution.
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0731-7085/01/$ - see front matter © 2001 Elsevier Science B.V. All rights reserved.

PII: S0731 -7085 (01 )00413 -7



E. Cagigal et al. / J. Pharm. Biomed. Anal. 26 (2001) 477–486478

The knowledge of acid–base equilibria of these
antihypertensive drugs has a great pharmacologi-
cal importance, since it makes easy the study and
understanding of the physiological mechanisms in
which the angiotensin II receptor antagonists are
involved. The role of these agents depends on their
charge, and so does their liposolubility. The pKa

values of these drugs can be of great relevance for
the passage of the drug across membranes in
processes such as body absorption, tissue distribu-
tion and elimination. So, knowing the structure
and the different acid–base species, the best way of
drug administration, the absorption rate, the distri-
bution profile and the excretion percentage can be
established [5].

The experimental techniques mainly used for the
determination of acid–base constants are poten-
tiometry, UV–vis spectrophotometry, liquid– liq-
uid extraction and ionic exchange [6].
Potentiometry and UV–vis are the most adequate
and versatile for the study of equilibrium constants
in homogeneous phase [7].

Besides, the information about dissociation con-
stants is also necessary to choose the optimal
conditions for the extraction of these drugs from
body fluids, which is an essential step to develop
analytical methods for their determination [8].

However, different values for acid–base con-
stants for Losartan (2.36 and 5.55 [9], 4.9 [10], 5.6
[11], 5.6 [12]), Irbesartan (4.5 [13]) and Valsartan
(3.9 and 4.7 [14,15]) are collected in studies dealing
with chromatographic determination methods or
pharmacological studies. In these works the
method used for the pKa determination is not
mentioned.

pKa values of other antihypertensive drugs such
as diuretics, beta-blockers and calcium antagonists
have been determined by potentiometric titrations
[16,17] and UV–vis spectrophotometry [18]. In our
laboratory, pKa determination of ARA II was tried
by means of UV–vis spectrophotometry, but it was
not possible due to the slight variation of their
absorption spectra with pH, with the exception of
the pro-drug Candesartan cilexetil.

The existence of different fluorescent groups
(fluorophores) in the molecular structure of ARA

II such as biphenyl, imidazole and benzimidazole
[19,20] together with studies dealing with the appli-
cation of fluorescent detection coupled to HPLC
for the determination of Losartan [21,22], Irbe-
sartan [13], Valsartan [23,24] and Candesartan
[25,26] led us to carry out a study of the fluorescent
properties of this type of antihypertensive drugs as
a function of pH.

The aim of this work is the application of
spectrofluorimetry to the determination of the
acidity constants of some ARA II. The compounds
studied were Losartan (2-n-butyl-4-chloro - 5 - hy-
droxymethyl - 1 - [(2�-(1H - tetrazol - 5 -yl)biphenyl-
4-yl)methyl]imidazol, potassium salt), Irbesartan
(2-butyl-3-[(2�-(1H-tetrazol-5-yl)biphenyl-4-yl)me-
thyl] 1,3diazaspiro[4,4]non-1-en-4-one), Valsartan
((S)-N-valeryl-N-{[2�-(1H-tetrazol-5-yl)biphenyl-
4-yl]methyl}-valine), Candesartan cilexetil ((� )-1-
(cyclohexyloxycarbonyloxy)ethyl 2-ethoxy-1-[[2�-
(1H-tetrazol-5-yl)biphenyl-4-yl]methyl]-1H-benzi-
midazol-7-carboxylate), its metabolite Candesartan
M1 (2-ethoxy-1-[[2�-(1H-tetrazol-5-yl)biphenyl-4-
yl]methyl]-1H-benzimidazol-carboxylic acid), and
Telmisartan (4�-[(2-n-propyl-4-methyl-6-(1-methyl-
benzimidazol-2-yl)-benzimidazol-1-yl)methyl)bi-
phenyl-2-carboxylic acid).

2. Experimental

2.1. Apparatus

pH measurements were made using a Radiome-
ter PHM 84 pHmeter (Bagsvaerd, Denmark), with
a Crison 5209 combined glass electrode
(Barcelona, Spain). An Ag/AgCl reference system
was used with 3 M KCl saturated in AgCl as
electrolyte.

Excitation and emission spectra and relative
fluorescence intensity measurements of ARA II
solutions were obtained using a Shimadzu RF-540
spectrofluorimeter (Kyoto, Japan) controlled by a
Shimadzu DR-3 data recorder (Kyoto, Japan). A
quartz cell of 1 cm of optic length was used. Data
collection was made by means of FLUORIM
software. This program allows the digital collec-
tion of the main types of scans that a commercial
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spectrofluorimeter can perform: emission, excita-
tion and synchronic; as well as the measurement
of the relative fluorescent intensity as a function
of time [27]. A Haake D8 thermostatic bath
(Karlsruhe, Germany) was used to keep the tem-
perature constant, 20�0.5°C.

2.2. Reagents and solutions

ARA II studied were supplied by the pharma-
ceutical companies: Losartan (Merck, NJ, USA),
Irbesartan (Sanofi, Montpellier, France), Valsar-
tan (Novartis Pharma, Basel, Switzerland), Can-
desartan cilexetil and its metabolite Candesartan
M1 (Astra, Mölndal, Sweden) and Telmisartan
(Boehringer Ingelheim, Rhein, Germany).

Methanol was Lab-Scan HPLC grade (Dublin,
Ireland). Water was obtained from a Milli-RO,
Milli-Q Waters systems.

Stock solutions of the ARA II (1000 �g/ml)
were prepared in methanol and were kept in dark
and stored under refrigeration at 4°C to minimise
decomposition.

Different buffer solutions at a concentration
of 0.5 M were prepared: H3PO4/KH2PO4, CH3

COOH/CH3COONa, KH2PO4/K2HPO4 and H3

BO3/NaH2BO3. 1 M HCl and 1 M NaOH were
added to these buffer solutions to get the desired
pH value. Diluted solutions (5 �g/ml) were pre-
pared daily in 5% methanol with the above men-
tioned buffers at a 0.05 M concentration and at a
constant ionic strength of 0.5 M in KCl. The rest
of reagents used were of analytical grade.

3. Results and discussion

A study of the fluorescent properties of ARA II
was carried out in order to choose the optimum
wavelengths for the measurement of fluorescent
intensity for each compound. The procedure con-
sisted of an iterative process where one of the
wavelengths (excitation or emission) was fixed
while the other was extracted from the maximum
of the spectra. That operation was made alterna-
tively for both wavelengths to obtain the opti-
mum values. Excitation and emission spectra were
obtained at an excitation and emission slit of 5

nm width and at the highest sensitivity of the
instrument. In Table 1 the optimal wavelengths
for each drug are collected.

3.1. Influence of pH on the relati�e fluorescent
intensity

Solutions of ARA II at different pH values
were prepared to study the influence of pH on
relative fluorescent intensity, IF,rel. The plots
IF,rel–pH (Fig. 1) showed increasing (Telmisartan)
or decreasing (Losartan, Irbesartan, Valsartan,
Candesartan cilexetil and Candesartan M1) sig-
moidal curves, similar to those obtained in the
studies of absorption variation with pH for or-
ganic compounds with acid–base properties.

3.2. Data treatment

Spectrofluorimetry is not a usual technique for
the determination of acidity constants of
molecules at their ground state. The treatment of
IF,rel–pH data simply considers that the sigmoidal
curve is symmetric and the inflexion point corre-
sponds to the pKa value.

In this work, graphical (derivatives and curve-
fitting) and numerical (LETAGROP SPEFO) meth-
ods, normally used for the determination of pKa

values from A–pH data, will be applied. From
the curves obtained in the IF,rel–pH plots for each
ARA II, the existence of a unique acid–base
equilibrium in the pH range 2–9 can be deduced
(Fig. 1).

Table 1
Optimised values of the excitation and emission wavelengths
for angiotensin II receptor antagonists

Excitation Emission wavelength
(nm)wavelength (nm)

Losartan 247 387
Irbesartan 259 385
Valsartan 259 399
Candesartan 384272

cilexetil
Candesartan M1 392259
Telmisartan 304 371
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Fig. 1. Relative fluorescent intensity (IF,rel)–pH data at 0.5 M ionic strength for ARA II studied.
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Table 2
pKa values obtained with graphical (inflexion point, derivatives and curve-fitting) and numerical (LETAGROP SPEFO) methods for
angiotensin II receptor antagonists at 0.5 M ionic strength

pKa

NumericalGraphical methods
methods

Inflexion point 1st Derivative 2nd Derivative Curve-fitting method LETAGROP SPEFO

(normalised variable)

2.7 2.7Losartan 3.1�0.13.0 3.15�0.07
Irbesartan 4.7 4.6 4.6 4.6�0.1 4.70�0.06

4.7Valsartan 4.6 4.6 4.8�0.1 4.90�0.09
6.3 6.3 6.3 5.9�0.1Candesartan 6.0�0.1

cilexetil
3.9Candesartan M1 3.83.9 3.8�0.1 3.9�0.1
4.4 4.4 4.4�0.14.4 4.45�0.09Telmisartan

3.2.1. Deri�ati�es
This method was the easiest one to apply. It

consisted of deriving graphically the relative
fluorescent intensity versus pH data. pKa values
were obtained from the maximum–minimum
points for the first derivative and from the inter-
section of the function with the abscissa axis for
the second derivative. Rough pKa values were
calculated from these representations. pKa values
obtained using this treatment are given in Table 2.
Derivatives representations for Irbesartan are
shown as an example in Fig. 2. These values were
refined afterwards by numerical methods.

3.2.2. Cur�e-fitting method
The curve-fitting method with a normalised

variable was applied to the IF,rel–pH data ob-
tained for the six ARA II using ApH software
[28], designed for the determination of pKa values
from A–pH data.

Graphical curve fitting methods have several
advantages over linearization methods (Stentröm-
Goldsmith [29], Sommer [30]) such as the treat-
ment of the whole series of data, simultaneous
determination of several dissociation constants
and evaluation of errors [6,7].

ApH program needs the knowledge of relative
fluorescent intensities of acid and basic species,
which can be deduced from the plateaus of the
experimental sigmoidal curves obtained. More-

over, an estimated pKa value is also necessary so
as to calculate the refined pKa value. The pKa

values obtained using the derivatives methods
have been used as estimate values.

The program calculates the theoretical function
IF,rel= f (pZ) and it is introduced in the experi-
mental data plot, IF,rel= f (pH), allowing by
means of a graphical interface to get the best fit
between both functions. From the position of the
best fit, the pKa value is obtained. For systems
with only a pKa value (as for the ARA II as-
sayed), the IF,rel may be expressed as

IF,rel =
IF,rel a+IF,rel bKa

−1[H+]
1+Ka

−1[H+]

IF,rel a and IF,rel b being the intensities of acid and
basic species.

If a normalised variable, Z, is defined as

Z=Ka
−1[H+]

This equation is then transformed in

IF,rel =
IF,rel a+IF,rel bZ

1+Z

Both equations have thus the same shape and
their position along the x-axis differs only in the
constant term.
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pH−pZ=pKa

If the theoretical IF,rel= f(pZ) and the experimen-
tal IF,rel= f(pH) are superimposed, the pKa value
can be calculated from the position of best fit.

Results obtained from the application of curve-
fitting methods (normalised variable) are collected
in Table 2. The position of the best fit for theoret-
ical and experimental functions is shown as an
example for Irbesartan in Fig. 2.

Table 3
pKa values calculated at 0.5 M ionic strength by spec-
trofluorimetry and found in literature for angiotensin II recep-
tor antagonists

pKa

Calculated LETAGROP Bibliographic
SPEFO

Losartan 2.36, 5.55; 4.9;3.15�0.07
5.6
4.5Irbesartan 4.70�0.06

4.90�0.09Valsartan 3.9,4.7; 3.9;4.73
Candesartan 6.0�0.1 5.95

cilexetil
3.9�0.1Candesartan M1 5.3

4.45�0.09 –Telmisartan

Fig. 2. IF,rel–pH data treatment for Irbesartan by different
graphical methods, (a) first derivative, (b) second derivative
and (c) curve-fitting method (normalised variable) using APH
software.

3.2.3. Letagrop
The LETAGROP SPEFO program [31] allowed to

refine the pKa values of the ARA II studied from
the raw experimental data and the pKa values
deduced from the graphical methods, which were
used as initial values for the iterations of the
mathematical algorithm used.

This refinement consisted of the minimization
of the sum of the square deviations defined for the
following function

U = �
Np

(IF,rel cal−IF,rel exp)2

where Np is the number of experimental points,
IF,rel exp are the experimental values and IF,rel cal

are the data calculated after the adjustment. From
an initial pKa value, the LETAGROP SPEFO pro-
gram makes a systematic variation of the con-
stants to get a group of values which minimise the
U function and the total Standard Deviation of
the data. In Table 2, the pKa values for ARA II
obtained by LETAGROP are given. The function
FEL(VAL), which corresponds to the sum of
absolute squared deviations shows maximum de-
viation in the surroundings of the pKa value.

ARA II studied have in their molecular struc-
ture functional groups with acid–basic properties
such as tetrazole and/or carboxy, the acidity of
this last group being generally greater than the
tetrazole one (pKa tetrazole=4.89 [32]).
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pKa values reported in the bibliography for
some of these compounds (Table 3) are attributed
to the above mentioned functional groups.

For Losartan, Irbesartan and Candesartan
cilexetil, the pKa values calculated can be at-
tributed to the deprotonation of the tetrazole
group (Fig. 3).

The fluorescent behaviour of Telmisartan,
which is the unique ARA II studied without the
biphenyltetrazole group, is different from the rest
of compounds. Its acid species has a lower
fluorescence than the basic one. The pKa value
obtained for this compound corresponds to the
acid–base equilibrium in which the carboxylic

Fig. 3. Acid-base equilibria for ARA II studied.
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Fig. 3. (Continued).
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group is involved (Fig. 3). For Valsartan and
Candesartan M1, which both have tetrazole and
carboxylic groups, only a pKa value could be
calculated with reliability. As it can be seen in
Fig. 1 at pH values lower than two, the IF,rel

decreases probably due to the existence of other
acid–base equilibrium, which could be attributed
to the carboxylic group. The unique pKa deter-
mined corresponds to the equilibrium which in-
volves the tetrazole group (Fig. 3).

pKa values determined by spectrofluorimetry
are attributed to the acid–base equilibria of ARA
II in their ground state, since there is a great
similarity between the bibliographic data and the
calculated ones. Besides, in the case of Candes-
artan cilexetil, the pKa value deduced by spec-
trofluorimetry is corroborated by the value
obtained in our laboratory by UV–vis spec-
trophotometry (pKa=6.0).

The small difference in pKa values calculated
and reported in the bibliography for Losartan is
not enough to affirm that the species at the ex-
cited state is involved in the equilibrium, since in
most of cases the differences observed (pKa at
excited state and ground state) are ca. six units
[33].

4. Conclusions

It is worth mentioning the importance of this
work due to the lack of research dealing with the
determination of pKa values for angiotensin II
receptor antagonists (ARA II) because of their
recent introduction in the market.

UV–vis spectrophotometry could not be suc-
cessfully applied to the pKa determination of
ARA II, except for Candesartan cilexetil whose
absorption spectra does change significantly with
pH, whereas spectrofluorimetry proved to be a
good technique for the determination of acidity
constants of these antagonists.

Although spectrofluorimetry is not a usual tech-
nique for the pKa determination of molecules in
their ground state, the fluorescent properties of
the ARA II, have allowed calculation of the pKa

values of six members of this new family. pKa

values obtained by means of the different graphi-

cal and numerical methods used are similar to
those found in the literature (Valsartan 4.73 and
Irbesartan 4.50) and obtained in our laboratory
(Candesartan cilexetil 6.0), with the exception of
the pKa value obtained for Losartan.

Potentiometric methods will be applied in a
future study in order to corroborate the pKa

values obtained by spectrofluorimetry.
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