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Abstract

The mixed dissociation constants of four drug acids — losartan, paracetamol, phenylephrine and quinine — at various ionid strengths
range 0.01 and 1.0 and at temperatures of 25 aridC3¥ere determined using SPECFIT32 and SQUAD(84) regression analysis of the
pH-spectrophotometric titration data. A proposed strategy of efficient experimentation in a dissociation constants determination, followed
by a computational strategy for the chemical model with a dissociation constants determination, is presented on the protonation equilibria of
losartan. Indices of precise methods predict the correct number of components, and even the presence of minor ones when the data quality i
high and the instrumental error is known. Improved identification of the number of species uses the second or third derivative function for some
indices, namely when the number of species in the mixture is higher than 3 and when, due to large variations in the indicator values even at
logarithmic scale, the indicator curve does not reach an obvious point where the slope changes. The thermodynamic dissociatiokiconstant p
was estimated by nonlinear regressiofif,, |} data at 25 and 37C: for losartan k7, = 3.63(1) and 3.57(3),&;2 = 4.84(1) and 4.80(3),
for paracetamol ], = 9.78(1) and 9.65(1), for phenylephrin&p, = 9.17(1) and 8.95(1), §], = 10.45(1) and 10.22(1), for quinine
PK1, = 4.25(1) and 4.12(1), K1, = 8.72(1) and 8.46(2). Goodness-of-fit tests for various regression diagnostics enabled the reliability of
the parameter estimates to be found.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction librium have distinct spectral responses, their concentrations
can be measured directly, and the determination of the disso-
Dissociation constants/protonation constants are very im- ciation constantistrivial. In many cases, however, the spectral
portant both in the analysis of drugs and in the interpretation responses of two or sometimes even more components over-
of their mechanisms of action. Of the several physicochem- lap considerably, and analysis is no longer straightforward.
ical methods for studying the protonation equilibria in so- Much more information can be extracted if multivariate spec-
lution, UV-vis spectrophotometry under broad experimental troscopic data are analyzed by means of an appropriate mul-
conditions is in general highly sensitive, and with subsequent tivariate data analys[§2,14] On the other hand, protonation
computer treatment of the data can be a very powerful methodequilibria sometimes involve minor changes in the electronic
[1-17] When the components involved in protonation equi- spectra, which make it difficult to employ spectrophotometry
for determination of dissociation constants.
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paracetamol, phenylephrine and quinine) which are formu- tablets, coated caplets, soft and hard gelatin capsules, geltabs
lated into a variety of different dosage forms, and whose exactand suppositories, is paracetamol.

pKa knowledge is of special importance. Whereas fat-soluble  Paracetamol(syn.: acetaminophen, CAS No. 103-90-2;
(lipophilic) drugs diffuse through the membrane depending molecular formula CHCONHG;H4OH; molecular weight

on their liposolubility, drugs of electrolyte character (acids 151.16) is a long-established antipyretic/analgesic drug of

or bases) diffuse according to the liposolubility of thedm- structure
dissociatedpart of molecules only. lonized (dissociated) HN G——CHj
parts of molecules are lipophobic and generally can only i

hardly, with exemptions, diffuse through membranes. More
precisely, the partition of a hydrophobic molecule across a
membrane depends onitembrangartition coefficient, i.e.

the proportion that will be present in the membrane phase
compared to the aqueous phase. Most often, this coefficient
is derived from measurements made between two isotropic  The painkilling properties of paracetamol were discovered
phaseq18-20] Basic lipophilic compounds often exhibit by accident when a similar molecule (acetanilide) was added
higher affinities for biological membranes than predicted by to a patients’ prescription approximately 100 years ago. On
their membrane partition coefficient val{@1-23] In par- the contrary to this, the precise mode of action of paracetamol
ticular, the protonated form of lipophilic bases has a high is still unclear. It was thought that, like salicylates, it reduces
affinity as a result of electrostatic interactions with zwitte- the prostaglandin formation either by inhibiting the cyclooxy-
rionic or anionic lipids[24]. In some cases, specific inter- genase responsible for the biosynthesis of prostaglandins, or
actions between a drug and a particular lipid species haveby enforcement of biotransformation of prostaglandint&
been observefP5]. The need of achieving the systemic ef- prostaglandin K. However, in contrast to aspirin, paraceta-
fect and precise dose—control are crucial for cardiovascularmol is observed to act almost exclusively on the central ner-
drugs, which makes their nasal administration less practical. vous system, with little peripheral effect. It is only slightly
Even though interesting attempts were made also with nasalsoluble in cold water, moderately soluble in water at room
administration of some cardiovascular drugs as, for exam- temperature (1 g dissolves in approx. 70 ml) but considerably
ple, verapamil[26], it concerned mostly other than cardio- more soluble in hotwater and soluble in organic solvents such
vascular indications. Regularly taken cardiovascular drugs as methanol, ethanol, dimethylformamide, ethylene dichlo-
are more and more formulated into controlled-release solid ride, acetone, and ethyl acet§®8,29] Published literature
dosage forms, where the knowledge of dissociation constanton the analgesic and antipyretic effects of paracetamol re-
is of great importance. An example of a drug being typically vealed atherapeutically effective plasma concentration range
formulated into solid dosage forms is losartan, a cardiovascu-of 10-30ug/ml [30]. The relatively high dissociation con-
lar drug, an oral, specific angiotensin-1l receptor (type AT1) stant of acetaminophen Kg=9.78) compared to the pH

OH

antagonisf27]. of human milk (pH~ 6.2), high-affinity constant of asso-
Losartan (biphenylimidazole-type drug, chemically ciation in milk (K=1.47x 10*L/mol) at low concentra-
2-butyl-4-chloro-1-[[2-(1H-tetrazol-5-yl)[[1,1-biphenyl]- tion of binding sitesBy ([concentration of binding sites]

4-ylimethyl]-1H-imidazole-5-methanol, CAS No. 0114798- ~9.01x 10*L/mol) support the findings that the drug is ex-
26-4, molecular formula £H23CINgO, molecular weight  creted in milk and ingested by infants who are breas{3égl

422.93) is of structure but that the amounts excreted are not clinically significant.
o In the nasal and eye liquid dosage forms, sympathomime-
TF thic drugs such as phenylephrine have long been used.
BN .N)\/’\/C“S Phenylephrine(chemically @R)-3-hydroxy«-[(methyl-
amino)methyllbenzenemethanol, CAS No. 59-42-7, molec-
Q O ular formula GH13NO>, molecular weight 167.21) of struc-
ture
Nz OH
/ \N NH

Angiotensin Il binds to the AT1 receptor found in many
tissues (e.g. vascular smooth muscle, adrenal gland, kidneys, o+
and the heart) and elicits several important biological ac- is a sympathomimetic agent with mainly direct effects on
tions, including vasoconstriction and the release of aldos- adrenergic receptors. It has predominantly alpha adrenergic
terone. These effects of angiotensin Il lead to elevation of activity and is without stimulating effects on the central ner-
blood pressure. vous system. The sympathomimetic effect of phenylephrine
A representative of drugs available in different liquid and produces vasoconstriction which in turn relieves nasal con-
solid dosage forms as tablets, liquid suspensions, chewablegestion. However, similarly as other sympathomimetics of
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this group, phenylephrine is poorly absorbed across the nasablerivatives to improve the reliability of the identification of
mucosa for systemic effe§82]. The transnasal administra- the number of components are used.

tion requires the drug to be formulated mostly in aqueous

solution, and both the stability of the drug and the perme-

ability through the nasal mucosa is greatly affected by the 2. Theoretical

drug dissociation constant. The extent of nasal absorption

was found to be dependent on the pH of the solution of the  Computations related to the determination of protonation
drug. Generally, a greater nasal absorption is achieved at a pHonstant§1-4] may be performed by the regression analy-
lower than the K4 at which the penetrant molecule exists as sis of spectra using versions of the SQUAD program family
non-ionic species. With increase in pH over th& pthe rate [2,5-10]and SPECFIT3£37]. When considering a protona-
of absorption decreases owing to the ionization of the pene-tion of anion [Z1

trant molecule. On the other hand, non-physiological values __, F oz

of pH of the drug formulation must be avoided, and formu- +H"=HL (1a)
lations having much lower pH than that of the nasal and/or characterized by the protonation constant

eye liquid are unfavourable as they cause physiologically un- .

pleasant perception during and after application. The pH at g, — aHL: [HL?] YHL (1b)

the site of absorption is affected not only by the pH of the ag—1ape [LEYHT] vy

drug formulation, but also by the local pH of the absorbing 4nq in the case of a polyprotic species protonated to yield a
tissue. In nasal mucosa fluid, better absorption can be &X-polyprotic acid HL:

pected with those drugs havind<p higher than the pH of

nasal mucosa (slightly acidic, pH 5.5-5.6). In eyes, the pH L*~ + HT 2 HLY™; Ky, (2a)
of the conjunctival fluid (tears) is slightly basic (pH 7.4). _ R .
Dissociation constant plays a key role directly in the mode HLY™ 4 HY = Hol* 7 Ky, (2b)
of action of another well-known drug, quinine. The subscript t&y indicates the ordinal number of the proto-
Quinine (syn. Chinina; Chininum; Quinina; @OR)- nation step. The direct formation of each protonated species
6'-methoxycinchonan-9-ol trihydrate; R(-(6-methoxy-4-  from the base £ can be expressed by the overall reaction
quinolyl)-(2S4S 5R)-(5-vinylquinuclidin-2-yl)ymethanol tri- 1
hydrate; (®)-6-methoxy-cinchonan-9-ol, CAS No. 130- L°~+/H" =H,L* (3a)

95-0, molecular formula &H24N202, molecular weight

and by the overall protonation constant, whgdenotes the
324.42) of structure

number of protons involved in the overall protonation. For

He?” dissociation reactions realized at constant ionic strength, the
! so-called “mixed dissociation constants” are defined as
[
H,_1L]a
- K, = HitHa (3b)
o [H;L]

e Y ‘ S
Se These constants are found in experiments where pH values

. _ . 0 . _ are measured with glass and reference electrodes, standard-
is an alkaloid derived from cinchona bark. It is used mainly ;.4 \with the practical pH(S¥ pay+ activity scale

as antimalarial drug, but also for nocturnal leg cramps, and
also in patients with myotonia. Quinine has been found to re-
verse a multidrug-resistance modulation MDR in a variety of
tumor cell lines and has been safely used in combination with
chemotherapy with leukemias, myelomas and lymphomas
[33-35] Eytan et al[36] showed that the MDR modulators,
among others quinine as well, had faster permeation kinetics
through a model membrane than the substrates. Its mecha
nism of antimalarial action is cytotoxicity to the parasite.
This paper investigates the dissociation constants of the
four drugs losartan, paracetamol, phenylephrine and quininefBy- = [L4H,]/[L]1/[H]" = ¢/I19h" 4
at various ionic strengths and at 25 and®@#o prove their
reliability and also to estimate the thermodynamic dissocia-
tion constant KaT atthese two temperatures. Th@})may be
used for the prediction of the actual dissociation constégt p
at the given value of an ionic strength. Critical comparison of p p
nine selected index methods applied to the protonation equi-A; ; = Z €jnCn = Z (eqr.jbgrI'h"), (5)
libria of the four drugs will also be provided, namely when n=1 n=1

If the protonation equilibria between the anion, L (the
charges are now omitted for the sake of simplicity) of a drug
and a proton, H, are considered to form a set of variously
protonated species L, LH, LH LH3, etc., which have the
general formula kH, in a particular chemical model and are
represented by the number of speciesg,(r)i, i=1,...,p
where index labels their particular stoichiometry, then the
overall protonation constant of the protonated speggs,
may be expressed as

where the free concentration [L]=[H] = h and [LgH;] =c.
For theith solution measured at thjth wavelength, the ab-
sorbancej j, is defined as
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wheresq is the molar absorptivity of thedH; species 3. Experimental
with the stoichiometric coefficientg, r measured at the
jth wavelength. The absorbanég; is the element of the  3.1. Chemicals and solutions
absorbance matriA of size fx m) being measured for
n solutions with known total concentrations of two basic All the drugs were used in the form of hydrochloride or
componentseg,. andcy, at m wavelengths. Throughout this  nitrate.
paper, it is assumed that threx m absorbance data ma- Losartan potassium was purchased from SMS Phar-
trix A=¢C containing then recorded spectra as rows can maceuticals, India, with a purity of 99.7%. Paracetamol
be written as the product of tha x p matrix of molar ab- was purchased from Aldrich Chemical Company with a
sorptivitiese and thep x n concentration matri>xC. Here purity of 98.0%. Phenylephrine hydrochloride was pur-
p is the number of components that absorb in the chosenchased from Aldrich Chemical Company with a purity
spectral range. The rank of the matdxis obtained from 99.0%.

the equation ranlky) = min[rankg), rankC)] < min(m, p, n). Quinine base was purchased from Aldrich Chemical Com-
Since the rank oA is equal to the rank of or C, whichever pany with p. a. purity.

is the smaller, and since rank& p and rankC) < p, then Perchloric acid, 1M, was prepared from conc. HglO
provided thamandn are equal to or greater thanit is only (p. a., Lachema Brno) using redistilled water and standard-
necessary to determine the rank of ma#iwhich is equiv- ized against HgO and Nal with a reproducibility of less

alent to the number of dominant light-absorbing components than 0.20%. Sodium hydroxide, 1 M, was prepared from pel-
[2,11,12] All spectra evaluation may be performed with the lets (p. a., Aldrich Chemical Company) with carbondioxide-
INDICES algorithm[12] in the S-Plus programming envi- free redistilled water and standardized against a solution of
ronment. Most index methods are functions of the number of potassium hydrogen-phthalate using the Gran method in the
principal components P&)s into which the spectral dataare MAGEC program[2] with a reproducibility of 0.1%. Mer-
usually plotted against an integer indexPCK) =f(k), and curic oxide, sodium iodide, and sodium perchlorate (p. a.
when the PQ() reaches the value of the instrumental error of Lachema Brno) were not further purified. The preparation of
the spectrophotometer useggi(A), the correspondingindex  other solutions from analytical reagent-grade chemicals has
K" represents the number of light-absorbing components in abeen described previougl§—4]. Twice-redistilled water was
mixture,p=Kk". In a screen plot, the value of P¢lecreases  used in the preparation of solutions.

steeply with increasing PCs as long as the PCs are significant.

Whenk.is_ exhausted. the _indice§ fall off., some evenldisplay- 3.2. Apparatus and pH
ing a minimum. At this pointp=Kk’ for all indices. The index
values at this point can be predicted from the properties of the

noise, which may be used as a criterion to deterrpifie]. The apparatus used and the pH-spectrophotometric titra-

The multi-component spectra  analyzing program jon procedure have been described previo{8.
SQUAD(84) [7] may adjustfq and eqr for absorption

spectra by minimizing the residual-square sum functidn,

n n
U= Z Z (Aexpi,j - Acalci,j)2
i=1 j=1 The experimental and computational schemes for the de-
- » 2 termination of the protonation constants of the multicompo-
_ Z Z (Aexpi L Z g‘ka) — minimum ©6) nentsystem are taken from MeIOL_m_e[_a].and are descrlbeql
L £ & » in a previous papdf.3]. When a minimization process termi-
i=1j=1 k=1 . . . .
nates, some diagnostics are examined to determine whether
where A j represents the element of the experimental ab- the result_s sho_uld be accepted:.the physipal meaning of t'he
sorbance response surface of sizemand the independent ~ Parametric estimates, the physical meaning of the species
variablescy are the total concentrations of the basic compo- ¢oncentrations, the goodness-of-fit test and the deconvolu-
nentsc, andcy being adjusted in solutions. The calculated ~ tion of the spectra.
standard deviation of absorbarsf8) is used as the mostim-
portant criterion for a fitness test. If, after termination of the 3.4. Determination of the thermodynamic
minimization process the conditi&A) ~ Spst(A) is met and protonation/dissociation constants
also theR-factor is less than 1%, the hypothesis of the chem-
ical model is taken as the most probable one and is accepted. The nonlinear estimation of the thermodynamic dissoci-
SPECFIT32 is the latest version of a global analysis pro- ation constan&] = ay+a, - /anL, is simply a problem of
gram for equilibrium and kinetic systems with singular value optimization in the parameter space in which th& andl
decomposition and nonlinear regression modeling using theare known and given values, while the paramet&:s @, and
Levenberg—Marquardt meth¢87]. C are unknown variables to be estimafedL3].

—spectrophotometric titration
procedure

3.3. Procedure for determination of the chemical model
and protonation constants



3.5. Reliability of estimated protonation/dissociation

constants

M. Meloun et al. / Analytica Chimica Acta 533 (2005) 97-110

program in the ADSTAT statistical system (TriloByte Statis-

tical Software, Ltd., Pardubicg}8,39]

The adequacy of a proposed regression chemical model
with experimental data and the reliability of parameter esti- 4. Results and discussion
mates K, found, being denoted for the sake of simplicity

asbj, andejj, j=1,...,m, may be examined by the goodness- 4.1. Estimation of the protonation/dissociation
of-fit test, cf. Ref[2, p. 101]or may be found in a previous
paper13] and also are explained in R¢89].

3.6. Software used

UV-vis spectra using the SQUAD(84) prograjm] and
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4.1.1. Losartan

A proposed strategy for efficient experimentation in
dissociation constants determination followed by spectral
Computations were performed by regression analysis of data treatment is presented on the protonation equilibria
of losartan. Losartan contains a complicated molecular
SPECFIT3437]. The thermodynamic dissociation constant structure and two protonation equilibria can be monitored
pk! was estimated with the MINOPT nonlinear regression spectrophotometrically with close dissociation constants
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Fig. 1. Absorption spectra of the protonation equilibria of losartan in dependence on pHatgst row: 3D absorbance-response-surface represents input for
SQUAD(84) and SPECFIT32 programs, 3D overall diagram of residuals indicates the quality of a goodnegs-pififidurves at three selected wavelengths.
Second row: absorption spectra measured, spectra of molar absorptivities vs. wavelengths for all of the variously protonated species,dizjrémutiof

the relative concentrations of all of the variously protonated species. Third row: Kankare’'s residual standard dgiAti@sidual standard deviation RSD,
root mean square error RMS. Fourth row: the third derivative of three index functiorsg(A)( TD(RSD), TD(RMS).
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Table 1

Determination of the dissociation constants and molar absorptivities of variously protonated species of losartan by regression analysisisfaheddjtion
spectra with SQUAD(84) and SPECFIT32 for 20 spectra measured @it= 39 wavelengths for two basic components L and H formprg3 variously
protonated species

LgHr SQUAD(84) SPECFIT32
pKa S(PKa) pKa S(PKa)

LiH1 3.642 0.041 3.642 0.038
LoHy 4.741 0.014 4.751 0.015
Determination of the number of light-absorbing species by factor analysis

Number of light-absorbing species 3 3

Residual standard deviatios(A) (MAU) 0.14 0.14
Goodness-of-fit test by the statistical analysis of residuals

Residual-square-sum RS&L0® 0.12 0.12

Hamilton R-factor Q0019 Not calculated

Residual meary, (mAU) —4.01x107° Not calculated

Mean residualle] (mAU) 0.34 Not calculated

Standard deviation of residuake) (mAU) 0.56 0.49

Residual skewnesgj (€) —0.30 Not calculated

Residual kurtosisg,(e) 4.76 Not calculated

The charges of the ions are omitted for the sake of simplicity.

only. As all variously protonated anions exhibit quite similar equal to thek-value where TDK) has its first minimum. All
absorption bands, a part of spectrum from 210 to 270 nm three index methods predict the three variously protonated
was selected as the most convenient for an estimation of pro-light-absorbing species of losartan in equilibrium. The two
tonation constants. pH—spectrophotometric titration enablesdissociation constants and three molar absorptivities of losar-
absorbance-response-surface ddim.(1) to be obtained tan calculated for 39 wavelengths of 20 spectra constitute 236
for analysis with nonlinear regression and the reliability unknown parameters which are refined by the SQUAD(84)
of parameter estimateskfs ande¢’s) can be evaluated on or SPECFIT32 in the first run. The reliability of the pa-
the basis of the goodness-of-fit test of residuals. AkpH rameter estimates may be tested with the use of following
curves at 215, 228 and 258 nm show that two protonation diagnostics.

constants can be indicated. The SPECFIT32 or SQUAD(84) The first diagnostic value indicates whether all of the
program[7] analysis process starts with data smoothing parametric estimates;, andeqr have physical meaning and
followed by a factor analysis using the INDICES procedure reach realistic values. As the standard deviatis{itg Sqr)

[12]. The position of a break point on the(A) =f(k) curve of parameters logqr ands(eqr) of parametersg, are signif-

in the screen plot of the three most reliable approachesicantly smaller than their corresponding parameter estimates
(Kankare'ss(A), RSD and RSM) is calculated and gives (Table J), all the variously protonated species are statisti-
K" =3 with the corresponding co-ordinat{A) = 0.14 mAU cally significant at a significance lewelE 0.05. The physical
(Table 1, which also represents the actual instrumental meaning of the dissociation constants, molar absorptivities,
errorsipst(A) of the spectrophotometer usded. 1). Due to and stoichiometric indices is examineg}, andeqr should

the large variations in the indicator values, these latter are be neither too high nor too low, anrg; should not be nega-
plotted on a logarithmic scalé-igs. 1-4. The number of  tive. The absolute values efg;) ands(sj) give information
light-absorbing speciep can be predicted from the index about the last)-contour of the hyperparaboloid in the neigh-
function values by finding the poimi=k where the slope  bourhood of the pitlnin. For well-conditioned parameters,
of index function PCK) =f(k) changes, or by comparing the lastU-contour is a regular ellipsoid, and the standard
PCK) values with the instrumental errasnsi(A). This deviations are reasonably low. Highvalues are found with

is the common criterion for to determining Very low ill-conditioned parameters and a “saucer”-shaped pit. The re-
values ofsst(A) prove that quite reliable spectrophotometer lation s(8j) x F, < gj should be met wherE, is equal to 3.
and experimental techniques were used. When there areThe set of standard deviationssgf; for various wavelengths,
more than three components, derivative methods can bes(eqr) =f(1), should have a Gaussian distribution; otherwise,
used: when the curve PK}f(k) does not exhibit a clear  erroneous estimates af; are obtainedrig. 1shows the esti-
break point, the second derivative localizes this break more mated molar absorptivities of all of the variously protonated

reliably. The second derivative SBElog[PCk+1)]—2 speciese|, eLH, &L,H Of losartan in dependence on wave-
log[PCK)] +log[PCk— 1)] and p—k should be at the first length. Some spectra overlap and such cases may cause some
maximum of the SOK) function. The third derivative T} = resolution difficulties.

log[PCk+2)] — 3log[PCk+ 1)] + 3 log[PCK)] — log[PCk The second diagnostic tests whether all of the calculated

— 1)] value crosses zero and reaches a negative minimumfree concentrations of variously protonated species on the dis-
which can be used as a criterion. The Kpgndp should be tribution diagram of the relative concentration expressed as
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Table 2
The search for a chemical equilibrium model of losartan using regression analysis of pH—spectrophotometric data with SQUAD(84), with thesiatioiasd d
of the parameter estimates in the last valid digits in brackets

q-r PKa
Model 1 Model 2 Model 3 Model 4 Model 5

1:1 4.422 (48) - 3.602 (13) 4.803 (13) -
1:2 - 8.945 (49) 4.733 (11) - 9.529 (16)
1:3 - - - 7.249 (18) 3.533 (23)
Goodness-of-fit test by the statistical analysis of residuals

RSSx 10° 6.19 6.42 0.12 0.24 0.33

s(A) (mAU) 2.82 2.87 0.39 0.55 0.65

s(€) (MAU) 2.82 2.87 0.39 0.55 0.65

gi(e) 0.42 0.31 0.16 0.05 —0.10

g2(8) 5.88 457 5.23 4.39 5.09

Conclusion of the chemical model search
Model is Rejected Rejected Accepted Rejected Rejected

The reliability of the parameter estimates found is proven with goodness-of-fit statistics, the residual standard d¢dpinAU) and the standard deviation
of absorbance after termination of the regression prosgsSs(mAU).

Table 3
Dependence of the mixed dissociation constants of losartan on ionic strength using regression analysis of pH—spectrophotometric data withitBRIECFIT
standard deviations of the parameter estimates in the last valid digits in brackets

The chemical model attained contains L, LH, 1. bt 25°C ionic strength

0.007 0.02 0.034 0.047 0.066 0.086 0.106 0.145 0.165 0.185 0.204

pKa1 3.602 (13) 3.535(18) 3.520(30) 3.626(24) 3.536(18) 3.556(33) 3.524 (15) 3.577(16) 3.537 (47) 3.476(15) 3.542(37)

pKa, 2 4733 (11) 4.723(16) 4.697 (26) 4.672(20) 4.649 (11) 4.612 (26) 4.631(15) 4.677 (17) 4.688 (33) 4.642(14) 4.591 (25)
Goodness-of-fit test

RSSx 10° 0.12 0.24 0.74 0.30 0.21 0.69 0.19 0.17 1.40 0.21 0.89

s(A) (mAU) 0.39 0.56 0.97 0.66 0.52 0.94 0.49 0.47 1.34 0.52 1.07
The chemical model attained contains L, LH, 1. &t 37°C ionic strength

0.017 0.024 0.037 0.070 0.097 0.137 0.163 0.203

PKa1 3.642 (38) 3.509 (35) 3.440 (27) 3.447 (37) 3.415 (26) 3.498 (41) 3.442 (19) 3.447 (29)

pKa,2 4.751 (15) 4.597 (15) 4.636 (18) 4.515 (15) 4.474 (14) 4.437 (22) 4.540 (11) 4.574 (26)
Goodness-of-fit test

RSSx 10° 0.12 0.27 0.40 0.23 0.22 0.41 0.13 0.72

s(A) (mAU) 0.49 0.60 0.72 0.56 0.54 0.73 0.40 0.96

The reliability of the parameter estimates found is proven with goodness-of-fit statistics such as the residual square sum function RSS ardidegistaomta
of absorbance after termination of the regression prosg&Ss(mAU) at 25°C (upper part) and 37 (lower part).

Table 4
Dependence of the mixed dissociation constants of paracetamol on ionic strength using regression analysis of pH—spectrophotometric dafdyitlitSPEC
the standard deviations of the parameter estimates in the last valid digits in brackets

The chemical model attained contains L, LH at’Z5ionic strength

0.021 0.028 0.053 0.066 0.129 0.19 0.219 0.305

pKa,1 9.728 (2) 9.739 (3) 9.723 (4) 9.711 (2) 9.711 (1) 9.700 (4) 9.709 (2) 9.720 (4)
Goodness-of-fit test

RSSx 10° 0.32 0.43 0.66 0.35 0.28 0.78 0.18 0.37

S(A) (MAU) 0.73 0.82 1.04 0.73 0.62 1.17 0.58 0.90
The chemical model attained contains L, LH at&7ionic strength

0.066 0.104 0.129 0.159 0.178 0.190 0.190 0.202 0.219 0.225

pKa 1 9.551 (3) 9.551 (5) 9.535 (4) 9.541 (4) 9.534 (5) 9.529 (5) 9.538 (4) 9.525 (3) 9.518 (9) 9.540 (4)
Goodness-of-fit test

RSSx 10° 0.76 0.56 0.48 0.67 0.53 1.09 0.99 0.20 0.42 0.23

S(A) (MAU) 1.15 0.93 0.89 0.94 0.91 1.34 1.24 0.55 0.92 0.59

The reliability of the parameter estimates found is proven with goodness-of-fit statistics such as the residual square sum function RSS ardidlegistaorda
of absorbance after termination of the regression proegss(mAU) at 25°C (upper part) and 37C (lower part).
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a percentage have physical meaning, which proved to be thespecies present at less than ca. 0.1% relative concentration
case Fig. 1). The calculated free concentration of the basic will affect the absorbance significantly only if theiris ex-
components and variously protonated species of the chemi-tremely high. The diagram shows that overlapping protona-
cal model should show molarities down to about4®1. Ex- tion equilibria of LoH with LH and L exist.

pressedin percentage terms, a species presentatabout 1%rel- The next diagnostic concerns the goodness-of-fig.(1).

ative concentration or less in an equilibrium behaves as a nu-The goodness-of-fit achieved is easily seen by examination of
merical noise in regression analysis. A distribution diagram the differences between the experimental and calculated val-
makes it easier to judge the contributions of individual species ues of absorbance; = Aeypjj — Acalcjj- Examination of the

to the total concentration quickly. Since the molar absorptiv- spectraand of the graph of the predicted absorbance response-
ities will generally be in the range 3010 Imol~1cm™1, surface through all the experimental points should reveal

0.4 12 100
A \ 10 5[%]
81 L

02!/ 501

/
/
7/
4
IS
—
E
=
%

0.1 25;
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Fig. 2. Absorption spectra of the protonation equilibria of paracetamol in dependence on ptCaFaSt row: absorption spectra measured, spectra of molar
absorptivities vs. wavelengths for all of the variously protonated species, distribution diagram of the relative concentrations of all ofisheprationated
species. Second row: Kankare’s residual standard devigt{@), residual standard deviation RSD, root mean square error RMS. Third row: average error
criterion AE, Bartletty? criterion, standard deviation of eigenvallgég). Fourth row: scree test RPV, imbedded error function IE, factor indicator function
IND.
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whether the results calculated are consistent and whetheiis considered to be statistically acceptablalie ). This

any gross experimental errors have been made in the meaproves that thez(A) value is equal to 0.14 mAU and is quite
surement of the spectra. One of the most important statisticsclose to the standard deviation of absorbance when the mini-
calculated is the standard deviation of absorbas(@9, cal- mization process terminate$A) = 0.56 mAU (SQUAD(84))
culated from a set of refined parameters at the terminationor 0.49 mAU (SPECFIT32). Although this statistical analy-
of the minimization process. It is usually compared with the sis of residualg§13,39] gives the most rigorous test of the
standard deviation of absorbance calculated by the INDICES degree-of-fit, realistic empirical limits must be used. The
program[12], s«(A), and if S(A) < s«(A), or S(A) < Sinsi(A), statistical measures of all residuagprove that the mini-
the instrumental error of the spectrophotometer used, the fitmum of the elliptic hyperparaboloid is reachedTable J):

0.45 9 100
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64/ LH LH
501
34
LH, 251
240 260 2 [nm] 300 240 260 3.[nm] 300 8 9 10 pH
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o
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Kankare - Third derivative RSD - Third derivation RMS - Third derivation

TD(s(A))

-0.3

05
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Fig. 3. Absorption spectra of the protonation equilibria of phenylephrine in dependence on pFCatR2st row: absorption spectra measured, spectra of
molar absorptivities vs. wavelengths for all of the variously protonated species, distribution diagram of the relative concentrations of\atiotighe

protonated species. Second row: Kankare’'s residual standard deag#nresidual standard deviation RSD, root mean square error RMS. Third row: the
second derivative of index functions S(A)), SD(RSD), SD(RMS). Fourth row: the third derivative of index functions §B¥)), TD(RSD), TD(RMS).
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the residual mear = —4.01 x 10~ proves that there is In searching for the best chemical model of protonation
no bias or systematic error in spectra fitting. The mean €quilibria, five various hypotheses of the stoichiometric in-
residualle] = 0.34 mAU and the residual standard deviation dicesq andr of LqH, acid were tested in order to find that
s(e) = 0.56 mAU (SQUAD(84)) or 0.49 mAU (SPECFIT32) Which best represented the datlfle . The criteria of
have sufficiently low values. The skewneagge) = —0.30 is resolution used for the hypotheses were: (1) a failure of the
quite close to zero and proves a symmetric distribution of Minimization process in a divergency or a cyclization; (2)
the residuals set, while the kurtosige) =4.76 is close to 3,  an examination of the physical meaning of the estimated

proving a Gaussian distribution. parameters if they were both realistic and positive; and (3)
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Fig. 4. Absorption spectra of the protonation equilibria of quinine in dependence on pH @t BEfst row: absorption spectra measured, spectra of molar
absorptivities vs. wavelengths for all variously protonated species, distribution diagram of the relative concentrations of all of the vatimesiggpspecies.

Second row: Kankare's residual standard deviatigh), residual standard deviation RSD, root mean square error RMS. Third row: the second derivative of
index functions SD¥(A)), SD(RSD), SD(RMS). Fourth row: the third derivative of index functions &), TD(RSD), TD(RMS).



Table 5

Dependence of the mixed dissociation constants of phenylephrine on ionic strength using regression analysis of pH-spectrophotometriciEl@te WithitBFhe standard deviations of the parameter estimates

in the last valid digits in brackets

The chemical model attained contains L, LH, 1 bt 25°C lonic strength

0.018 Q030 Q043 Q057 Q070 Q110

pKa,1 9.164 (4) 9103 (2) 9132 (2) 9104 (3) 9119 (5) 9113 (2)

pKa,2 10374 (7) 10251 (4) 10255 (4) 10230 (6) 10220 (8) 10207 (4)
Goodness-of-fit test

RSS x 10° 0.28 015 008 030 039 013

s(A) (mAU) 0.52 035 027 049 061 033
The chemical model attained contains L, LH, L&t 37°C lonic strength

0.017 Q017 Q030 Q043 Q057

pKa1 8.914 (3) 8969 (6) 8897 (5) 8917 (5) 8988 (7)

pKa,2 10.064 (4) 10106 (7) 10029 (5) 10016 6) 10100 (8)
Goodness-of-fit test

RSSx 10° 0.50 107 092 089 136

s(A) (mAU) 0.65 099 086 087 111
The chemical model attained contains L, LH, 1 &t 37°C lonic strength

0.189 0216 Q242 0.282 B22

pKa1 8.907 (8) 9022 (6) 8983 (5) 8.936 (6) D19 (5)

pKa,2 9.898 (9) 10057 (9) 10013 (7) 9.929 (7) 1022 (8)
Goodness-of-fit test

RSSx 10° 1.40 101 086 0.45 073

s(A) (mAU) 1.11 Q94 085 0.66 078

0136
9134 (4)
10209 (7)
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8923 (5)
10024 (6)
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10045 (10)
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Q093
8956 (6)
10020 (8)
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8.976 (5)
9.978 (8)
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Q0229

0322

9155 (3) 9150 (4)
10190 (8) 10213 (6) 10182 (7)
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0096
8969 (8)
10051 (10)
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D77 (7)
1089 (12)
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10046 (8)
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9036 (5)
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10093 (12)
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The reliability of the parameter estimates found is proven with goodness-of-fit statistics such as the residual square sum function RSS and dewistémaf absorbance after termination of the regression

processs(A) (mAU) at 25°C (upper part) and 37C (lower part).

20T
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Table 6
Dependence of the mixed dissociation constants of quinine on ionic strength using regression analysis of pH—spectrophotometric data witwiSRBEFIT,
standard deviations of the parameter estimates in the last valid digits in brackets

The chemical model attained contains L, LH, 1 bt 25°C ionic strength

0.027 0.04 0.053 0.133 0.167 0.2 0.4 0.467 0.6
pKa,1 4.175 (1) 4.192 (1) 4.208 (1) 4.341 (1) 4.343 (1) 4.372 (1) 4.454 (1) 4.568 (1) 4.670 (1)
pKa,2 8.525 (6) 8.488 (7) 8.636 (16) 8.597 (13) 8.816 (11) 8.616 (12) 8.620 (18) 8.785 (12) 8.717 (12)
Goodness-of-fit test
RSSx 10° 0.28 0.34 1.3 0.61 0.88 0.57 1.39 1.08 0.75
s(A) (mAU) 0.39 0.42 0.85 0.62 0.68 0.56 0.87 0.77 0.63
The chemical model attained contains L, LH, 1 &t 37°C ionic strength
0.018 0.054 0.072 0.09 0.108 0.126 0.18 0.234 0.27
pKa1 3.997 (3) 4.021 (4) 4.132 (2) 4.150 (2) 4.182 (1) 4.202 (2) 4.205 (2) 4.260 (2) 4.283 (3)
pKa,2 8.418 (19) 8.353 (26) 8.452 (16) 8.412 (17) 8.437 (17) 8.420 (20) 8.485 (22) 8.462 (22) 8.472 (22)
Goodness-of-fit test
RSSx 10° 0.61 1.02 0.37 0.33 0.35 0.43 0.5 0.5 0.57
s(A) (mAU) 0.57 0.73 0.44 0.43 0.43 0.48 0.53 0.51 0.55

The reliability of parameter the estimates found is proven with goodness-of-fit statistics such as the residual square sum function RSS ardidegistiomla
of absorbance after termination of the regression proeg&Ss(mAU) at 25°C (upper part) and 37C (lower part).

the residuals should be randomly distributed about the pre-pKa2=4.84 concerning both hydroxyls are close, as itis valid

dicted regression spectrum, and systematic departures fronthat |pKa1 — pKaz| < 3. Spectra for various values of pH in

randomness were taken to indicate that either the chemicalthe range 227-307 nm exhibit two sharp isosbestic points

model or the parameter estimates were unsatisfactory. and prove the assumed protonation equilibria. The graph of
Using the experimental and evaluation strategy, the proto- molar absorption coefficients in dependence on wavelength

nation equilibria of losartarTables 1-&ndFig. 1), paraceta-  (Fig. 3 shows that the dissociation of the two hydroxyl

mol (Table 4andFig. 2), phenylephrineTable 5andFig. 3) groups strongly affects the-electron systemin the molecule.

and quinine Table 6and Fig. 4) were also examined. To  The third derivative TDK) obviously indicates three light-

test the reliability of the protonation/dissociation constants absorbing species in the equilibrium mixture.

at different ionic strengths, the goodness-of-fit test with the

use of statistical analysis of the residuals was applied, and4.1.4. Quinine

the results are given ifmables 3—6For all four drugs stud- The molecule contains several groups which can be

ied the most efficient tools, such as the mean residual anddeprotonated. Two distant dissociation constants were in-

the standard deviation of residuals, were applied. The stan-dicated, [K51=4.26 and K,2=8.74, as it is valid that

dard deviation of absorbancgA) after termination of the

minimization process is always better than 1.3 mAU, and the

proposal of a good chemical model and reliable parameter 5.0 Tosartan 10.2 Paracetamal

estimates is proven. S an, [ ¢
PK, P

PK..

4.1.2. Paracetamol

9.8
For the conjugation of the hydroxyl group with the 4.0 R N

electron system of a benzene ring, the dissociation of parac- = o 96 PK..
etamol can easily be identified in spectra of the range 33 PK_
224-320 nm. One sharp isosbestic point proves one protona- 00 02 77 04 00 02 06

tion equilibrium. All nine index methods iRig. 2 (cf. Refs. :
[12,13) lead to the same conclusion that there are two light- 1045-§:‘j"y'eph""e
absorbing species in the equilibrium mixture. For only two PK, pK

9.0 Quinine

species in the mixture can Sk)@nd TDK) not be used. The P, PK.. 78 3'2
graph of the molar absorption coefficients of variously proto- '
nated species shows that the curve of HL significantly differs 951 4.5
from the curve of L. =0 o000 PK...
9.01 PK.. | 4.0
00 02 /™ o6 00 02 04 /™ 08

4.1.3. Phenylephrine
The r_nOIGCUIe c_ontal_ns two hydroxyl groups and one Fig. 5. Dependence of the mixed dissociation const&gtgh four drugs on
amino-nitrogen which dissociate a proton and affect chro- the square root of ionic strength, which lead to parameter estimat& bf p

mophor. The two dissociation constant& p=3.63 and at 25°C.
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Table 7

Thermodynamic dissociation constants for losartan, paracetamol, phenyle-

109

sis of potentiometric titration data, Anal. Chim. Acta 416 (2000)
55-68.

phrine and quinine at two selected temperatures with the standard deviations [4] M. Meloun, P. éernohorsy, Thermodynamic dissociation constants

in the last valid digits in brackets

Value at 25C Value at 37C
Losartan [ o) 3.63(1) 357 (3)
Pk, 4.84 (1) 480 (3)
Paracetamol K1, 9.78 (1) 965 (1)
Phenylephrine K, 9.17 (1) 895 (1)
PKI, 10.45 (1) 1022 (1)
Quinine KT, 4.25 (1) 412 (1)
PK}, 8.72 (1) 846 (2)

|pKa1 — pKaz| > 3. The second SIR) and third TDK) deriva-

tive prove that there are three light-absorbing species in the [7]

protonation equilibria mixture. The spectra show that the pro-
tonation of the quinine molecule affects theslectron system
of the molecule.

The unknown parameterlsfidr was estimated by applying a
Debye-Hickel equation to the data fables 3—6ndFig. 5
according to the regression criteriofigble 7shows point

of isocaine, physostigmine and pilocarpine by regression analysis of
potentiometric data, Talanta 52 (2000) 931-945.

[5] (@) D.J. Leggett (Ed.), Computational Methods for the Determina-
tion of Formation Constants, Plenum Press, New York, 1985, pp.
99-157;

(b) D.J. Leggett (Ed.), Computational Methods for the Determina-
tion of Formation Constants, Plenum Press, New York, 1985, pp.
291-353.

[6] (a) J. Havel, M. Meloun, D.J. Leggett (Eds.), Computational Methods

for the Determination of Formation Constants, Plenum Press, New

York, 1985, p. 19;

(b) J. Havel, M. Meloun, D.J. Leggett (Eds.), Computational Methods

for the Determination of Formation Constants, Plenum Press, New

York, 1985, p. 221.

M. Meloun, M. Javirek, J. Havel, Multiparametric curve fitting. X.

A structural classification of program for analysing multicomponent

spectra and their use in equilibrium-model determination, Talanta 33

(1986) 513-524.

[8] D.J. Leggett, W.A.E. McBryde, General computer program for
the computation of stability constants from absorbance data, Anal.
Chem. 47 (1975) 1065.

[9] D.J. Leggett, Numerical analysis of multicomponent spectra, Anal.
Chem. 49 (1977) 276.

estimates of the thermodynamic dissociation constants of the[10] p.J. Leggett, S.L. Kelly, L.R. Shine, Y.T. Wu, D. Chang, K.M.

four drugs at two temperatures. Because of the narrow range

of ionic strengths the ion-size parameieand the salting-out
coefficientC could not be estimated.

5. Conclusions

When drugs are poorly soluble then pH-spectropho-
tometric titration may be used with the nonlinear regression

Kadish, A computational approach to the spectrophotometric deter-
mination of stability constants. 2. Application to metalloporphyrin
axial ligand interactions in non-aqueous solvents, Talanta 30 (1983)
579.

[11] J.J. Kankare, Computation of equilibrium constants for multicompo-
nent systems from spectrophotometric data, Anal. Chem. 42 (1970)
1322.

[12] M. Meloun, J.Capek, P. Mi&ik, R.G. Brereton, Critical comparison

of methods predicting the number of components in spectroscopic

data, Anal. Chim. Acta 423 (2000) 51-68.

of the absorbance-response-surface data instead of a potertt3] M. Meloun, D. Burkdiova, T. Syroy, A. Vrana, The thermody-

tiometric determination of dissociation constants. The reli-
ability of the dissociation constants of the four drug acids

namic dissociation constants of silychristin, silybin, silydianin and
mycophenolate by the regression analysis of spectrophotometric data,
Anal. Chim. Acta 486 (2003) 125-141.

(i.e. losartan, paracetamol, phenylephrine and quinine) may|14] H. Abdollahi, F. Nazari, Rank annihilation factor analysis for spec-

be proven with goodness-of-fit tests of the absorption spectra
measured at various pH. Goodness-of-fit tests for various re-
gression diagnostics enabled the reliability of the parameter

estimates to be determined.

Acknowledgments

The financial support of the Internal Grant Agency of the
Czech Ministry of Health (Grant No. NB/7391-3) and of the
Ministry of Education (Grant No. MSM253100002) is grate-
fully acknowledged.

References

[1] F.R. Hartley, C. Burgess, R.M. Alcock, Solution Equilibria, Ellis
Horwood, Chichester, 1980.

[2] M. Meloun, J. Havel, E. lgfeldt, Computation of Solution Equi-
libria, Ellis Horwood, Chichester, 1988, p. 220.

[3] M. Meloun, M. Pluh&ova, Thermodynamic dissociation constants
of codeine, ethylmorphine and homatropine by regression analy-

trophotometric study of complex formation equilibria, Anal. Chim.

Acta 486 (2003) 109-123.

[15] M. Meloun, T. Syroy, A. Vrana, Determination of the number
of light-absorbing species in the protonation equilibria of selected
drugs, Anal. Chim. Acta 489 (2003) 137-151.

[16] M. Meloun, T. Syroy, A. Vrana, The thermodynamic dissociation
constants of ambroxol, antazoline, naphazoline, oxymetazoline and
ranitidine by the regression analysis of spectrophotometric data, Ta-
lanta 62 (2004) 511-522.

[17] Y. Kin, K. Tam, Takacs-Nowak, Multi-wavelength spectrophotometric
determination of acid dissociation constants: a validation study, Anal.
Chim. Acta 434 (2001) 157-167.

[18] H.D. Bauerle, J. Seelig, Interaction of charged and uncharged cal-
cium channel antagonists with phospholipid membranes, Biochem-
istry 30 (1991) 7203-7211.

[19] K. Jargensen, J.H. Ipsen, O.G. Mouritsen, D. Bennett, M.J. Zuck-
ermann, A general model for the interaction of foreign molecules
with lipid membranes: drugs and anaesthetics, Biochim. Biophys.
Acta 1062 (1991) 227-238.

[20] W.C. Wimley, S.H. White, Membrane partitioning: distinguishing
bilayer effects from the hydrophobic effects, Biochemistry 32 (1993)
6307-6312.

[21] R.P. Austin, A.M. Davis, C.N. Mannes, Partitioning of ionized

molecules between aqueous buffers and phospholipid vesicles, J.

Pharm. Sci. 84 (1995) 1180-1183.



110 M. Meloun et al. / Analytica Chimica Acta 533 (2005) 97-110

[22] A. Avdeef, K.J. Box, J.E.A. Comer, C. Hibbert, K.Y. Tam, De- [34]
termination of liposomal membrane-water partition coefficients of
ionizable drugs, Pharm. Res. 15 (1998) 209-215.

[23] S.D. Kramer, A. Braun, C. Jakits-Deiser, H. Wunderli-Allenspach,
Towards the predictability of drug—lipid membrane interactions: the [35]
pH-dependent affinity of propranolol to phosphatidylinositol contain-
ing liposomes, Pharm. Res. 15 (1998) 739-744.

[24] H.P. Limbacher Jr., G.D. Blickenstaff, J.H. Bowen, H.H. Wang,
Multiequilibrium binding of a spin-labeled local anesthetic in
phosphatidylcholine bilayers, Biochim. Biophys. Acta 812 (1985) [36]
268-276.

[25] E. Goormaghtigh, P. Chatelain, J. Caspers, J.M. Ruysschaert, Ev-
idence of a specific complex between adriamycin and negatively [37]
charged phospholipids, Biochim. Biophys. Acta 597 (1980) 1-14.

[26] M. Rahmann, C.A. Lau-Cam, Evaluation of the effect of polyethy-
lene glycol 400 on the nasal absorption of nicardipine and verapamil
in the rat, Die Pharmazie 2 (1999) 132.

[27] 1. Wickelgren, Enzyme might relieve research headache, Science 297
(5589) (2002) 1976.

[28] The Merck Index, 13th ed., 2001. Merck and Co., Inc.

[29] IPCS INCHEM — Chemical safety information from intergovernmen-
tal organizations, Poisons Information Monographs (PIMs), PIM 396.
http://www.inchem.org/documents/pims/pharm/pim396.htm

[30] J.B. Leikin, F.P. Paloucek, Poisoning and Toxicology Handbook, 2nd
ed., Lexi-Comp, Inc., Hudson, Cleveland, 1996-1997, pp. 79-83.

[31] D.N. Bailey, J.R. Briggs, The binding of acetaminophen, lidocaine,
and valproic acid to human milk, Am. J. Clin. Pathol. 121 (2004)
754-757.

[32] Y.W. Chien, S.F. Chang, Historic development of transnasal systemic [38]
medications, in: Y.W. Chien (Ed.), Transnasal Systemic Medications:
Fundamentals, Developmental Concepts and Biomedical Assessment[39]
Elsevier, Amsterdam, 1985, pp. 2-99.

[33] E. Solary, I. Velay, B. Chauffert, J.M. Bidan, D. Caillot, M. Du-
mas, H. Guy, Sufficient levels of quinine in serum circumvent the
multidrug resistance of leukemic cell line K562/ADM, Cancer 68
(1991) 1714-17109.

J.L. Gala, H. Noel, J. Rodhain, D.F.F. Ma, A. Ferrant, P-glycoprotein
positive, drug resistant invasive lymphoepithelial thymoma: treatment
response to chemotherapy with cyclosporin and quinine, J. Clin.
Pathol. 48 (1995) 679-681.

E. Solary, D. Calillot, B. Chauffert, R.O. Casanovas, M. Dumas, M.
Maynadie, H. Guyt, Feasibility of using quinine, a potential mul-
tidrug resistance-reversing agent, in combination with mitoxantrone
and cytarabine for the treatment of acute leukemia, J. Clin. Oncol.
11 (1992) 1730-1736.

G.D. Eytan, R. Regev, G. Oren, Y.G. Assaraf, The role of passive
transbilayer drug movement in multidrug resistance and its modula-
tion, J. Biol. Chem. 271 (1996) 12897-12902.

H. Gampp, M. Maeder, Ch.J. Meyer, A. Zubéhber, SPECFIT32:
calculation of equilibrium constants from multiwavelength spec-
troscopic data. |. Mathematical consideration, Talanta 32 (1985)
95-101;

H. Gampp, M. Maeder, Ch.J. Meyer, A. Zubéhber, SPECFIT32:
calculation of equilibrium constants from multiwavelength spec-
troscopic data. . Mathematical consideration, Talanta 32 (1985)
257-264;

H. Gampp, M. Maeder, Ch.J. Meyer, A. Zubéhber, SPECFIT32:
calculation of equilibrium constants from multiwavelength spec-
troscopic data. |I. Mathematical consideration, Talanta 32 (1985)
1133-1139;

H. Gampp, M. Maeder, Ch.J. Meyer, A. Zubéhber, SPECFIT32:
calculation of equilibrium constants from multiwavelength spec-
troscopic data. |. Mathematical consideration, Talanta 33 (1986)
943-951.

ADSTAT 1.25, 2.0, 3.0 (Windows 95), TriloByte Statistical Software
Ltd., Pardubice, Czech Republic.

M. Meloun, J. Militky, M. Forina, Chemometrics for analytical
chemistry, PC-aided Regression and Related Methods, vol. 2, EI-
lis Horwood, Chichester, 1994, p. 289 ;

M. Meloun, J. Militky, M. Forina, Chemometrics for Analytical
Chemistry, PC-aided Statistical Data Analysis, vol. 1, Ellis Horwood,
Chichester, 1992.


http://www.inchem.org/documents/pims/pharm/pim396.htm

	The thermodynamic dissociation constants of losartan, paracetamol, phenylephrine and quinine by the regression analysis of spectrophotometric data
	Introduction
	Theoretical
	Experimental
	Chemicals and solutions
	Apparatus and pH-spectrophotometric titration procedure
	Procedure for determination of the chemical model and protonation constants
	Determination of the thermodynamic protonation/dissociation constants
	Reliability of estimated protonation/dissociation constants
	Software used

	Results and discussion
	Estimation of the protonation/dissociation constants of five drugs
	Losartan
	Paracetamol
	Phenylephrine
	Quinine


	Conclusions
	Acknowledgments
	References


