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Abstract

The mixed dissociation constants of four drugs — haemanthamine, lisuride, metergoline and nicergoline — at various ionicl sifengths
range 0.01 and 0.6 and at temperatures of&nd 37C were determined using SPECFIT32 and SQUAD(84) regression analyses of the
pH-spectrophotometric titration data. A proposed strategy for 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

haemanthamine. Indices of precise methods predict the correct number of components, and even the presence of minor ones when the dat

quality is high and the instrumental error is known. The thermodynamic dissociation consfanigs estimated by non-linear regression of
{pKy, I} data at 25C and 37 C: for haemanthamineKy = 7.22 (1) and 7.05 (2), for lisuridefp! = 7.87 (1) and 7.59 (1), for metergoline
pKI =7.62(1) and 7.38 (1), for nicergolineXf , = 7.94 (1) and 7.69 (1). Goodness-of-fit tests for various regression diagnostics enabled

the reliability of the parameter estimates to be found.
© 2005 Published by Elsevier B.V.

Keywords: Spectrophotometric titration; Dissociation constant; Protonation; Haemanthamine; Lisuride; Metergoline; Nicergoline

1. Introduction present in the membrane phase compared to the aqueaus
phase. Most often, this coefficient is derived from measure-
Dissociation constants/protonation constants are very im- ments made between two isotropic phases, such as the ac-

portant both in the analysis of drugs and in the interpre- tanol/water system; however, mechanisms underlying parii-

tation of their mechanisms of action, whereas fat-soluble tion within a lipidbilayer are complefl—3], especially for -
(lipophilic) drugs diffuse through the membrane according molecules of an amphiphilic character, and they are not ade-
to their liposolubility, drugs of electrolyte character (acids quately described by parameters such as th@e@noiwater 19

or bases) diffuse according to the liposolubility of then-

More specifically, basic lipophilic compounds often exhibito

dissociatedparts of their molecules only. The ionised parts higher affinities for biological membranes than predicted by
of molecules are lipophobic and diffuse through membranes their 10gPoctanolwatervalue [4—6]. In particular, the proto- 2

only with difficulty. More precisely, the partition of a hy-
drophobic molecule across a membrane depends oreits-
brane partition coefficient, i.e. the proportion that will be

* Corresponding author. Tel.: +420 466037026; fax: +420 466037068.
E-mail addressesnilan.meloun@upce.cz (M. Meloun),
tomas.syrovy@upce.cz (T. Syrovy), alemna@ivax-cr.com (A. Vrana).

0003-2670/$ — see front matter © 2005 Published by Elsevier B.V.
doi:10.1016/j.aca.2005.04.020

nated form of lipophilic bases has a high affinity as a result of
electrostatic interactions with Zwitterionic or anionic lipidszs
[7]. In this study, the authors attempt to complete the infors
mation on the protonation equilibria and dissociation cors
stants of four pharmaceutically active ingredients: lisuridey
nicergoline and metergoline, which belong to family of er«s
goline alkaloids, and haemanthamine, which belongs amonag
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the Amaryllidaceae alkaloids. These compounds fall into the (ester) and it is of the structure
category of the basic lipohilic drugs mentioned above and 8
have not previously been studied for protonation/dissociation
equilibria.
Of the several physicochemical methods for studying the
protonation equilibria in solution, UV—-vis spectrophotome-
try under broad experimental conditions is, in general, highly
sensitive and with subsequent computer treatment of the data
can be a very powerful methd8-24]. It allows for a pro-
tonation equilibria study even in cases where other methods
fail. Much more information can be extracted if multivariate
spectroscopic data are analyzed by means of an appropriate 0
multivariate data analysid9,21] On the other hand, pro-
tonation equilibria sometimes involve very subtle changes S
in the electronic vibration spectra which make it difficult to
employ spectrophotometry for determination of dissociation N
constant. Br
Nicergoline
1.1. Drug characterization Recommended INN name: nicergoline, CAS Numberi
27848-84-6, EINECS Number: 248-694-6, ACX Numberss
Nicergoline, metergoline and lisuride are semisynthetic X1026709-9, ATC-class: CO4AEQ2, description: fine toes
derivatives of lysergic acif5]. granular white or yellowish powder, molecular formula:e
Nicergoline is a non-selective alpha-sympatolytic, antag- C24H26BrN3O3, molecular weight: 484.39, melting point: s
onist on alpha-adrenergic receptors. Itis used for better blood135-138C, solubility: soluble in alcohol, freely soluble in s
circulation in the central nervous system and legs. Due to its dichloromethane, practically insoluble in wateKis not s
improving effect on the metabolism in the central nervous known due to insolubility in water. o1
system, it has been used as a drug for stimulation of mental
functions (nootropic) in geriatry to treat symptoms of mental 1 1 2. Lisuride o
deterioration associated with cerebrovascular insufficiency.  The systematic chemical name of lisuride is 3-(9,10%
It has also been used in peripheral vascular disease, and injigenydro-6-methyl-8-ergolinyl)-1,1-diethylurea and it is s
acute myocardial infarction with diastolic hypertension. The of the structure
common dosage forms of nicergoline are thus mostly tablets, %
intramuscular injection and slow intravenous infusion.
Lisuride and metergoline act as agonists of dopamine (D2)
and serotonine (5-Hi) receptors, and for this reason are
used in cases of dopamine insufficiency, such as the Parkin-
son’s disease, or where enhanced dopamine action is needed,
as is the case of hyperprolactinemia (prolactine inhibitors).
Both of these drugs have also been used for migraine therapy.
On other subtypes of serotonine receptors, lisuride and meter-
goline appear to be of neither high specificity nor selectivity
and they act rather as antagonists. All three of these drugs can
be prepared semisynthetically from enamel alkaloids.
Haemanthamine belongs to the class of 5,10B- H c/____N
ethanophenanthridines. It possesses relatively high antiretro-
viral properties[26], antiproliferative[27] effects and also
has potent antimalarial properties (agaiB&smodium fal-
ciparum) [28]. It is found in the bulbs of the plants Amarylli-
daceaeClivia species) and Liliaceaé&l{ppeastrumLycoris, Recommended INN name: lisuride, CAS Numberis
Narcissu$. To the best of the authors’ knowledge, this com- 18016-80-3, EINECS Number: 241-925-1, ACX Num-g
pound has not yet been formulated into a final drug dosageber: X1063856-3, description: almost white to light yel-s

H;C
Lisuride

form. low or brownish crystalline powder, molecular formula:s
CooH26N4O, molecular weight: 338.5, melting point:io
1.1.1. Nicergolin 169-172C, solubility: slightly soluble in methanol, ethanolo:

The systematic chemical name of nicergoline is ergoline- dimethylformamide, dimethylsulfoxide, chloroform ando
8-B-methanol, 10-methoxy-l,6-dimethyl-,5-bromonicotinate dichloromethane, sparingly soluble in ether and practicaly
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insoluble in water and hexaneKpis not known due to in-  which are formulated into a variety of different dosage formss
solubility in water. and whose exactify, knowledge is of special importance. 1

1.1.3. Metergoline

The systematic chemical name of metergoline isN+)- 2. Theoretical 131
(carboxy)-1-methyl-9,10-dihydrolysergamin and it is of the
structure Computations related to the determination of protonatian

constant§8—11]may be performed by the regression analyss
sis of spectra using versions of the SQUAD program familys
[9,12,17]and SPECFIT3232]. When considering a proto- iss

nation of anion E-1 13

L+ HT = HL® (la)

characterized by the protonation constant 138
z HL*? z

KH _ aHL _ [ ] YHL (lb) 1390

agraps [LETHTT yeayme

and in the case of a polyprotic species, protonated to yield:a

polyprotic acid HL: 141
L= +HY 2 HLYS, Ky, (2a) e
HLY™ 4 HY 2 HoL2 % K, (2b) s
Metergoline The subscript t&y indicates the ordinal number of the protoa

CAS Number; 17692-51-2, EINECS Number: 241-686- nation step. The direct formation of each protonated species
3, ACX Number: X1064044-7, appearance: white crys- from the base £ can be expressed by the overall reactionus
talline powder or granules, molecular formulasB29N302, Y sl
molecular weight: 403.5;x, not known. L*7% + JHT = H,L° (3a) 1

) and by the overall protonation constep; = Kn; Kny ... 18
1.1.4. Haemanthamine Kw,, wherej denotes the number of protons involved if

The ‘systematic chemical name of haemanthamine isthe overall protonation. For dissociation reactions realized
3-methoxy-1,2-didehydrocrinan-11-ol. There are, however, 4 constant ionic strength, the so called “mixed dissociatien
several synonyms for the trivial name of the substance, .,nstants” are defined as

including 3-epicrinamine, hemanthamine, natalensine and
NSC-4, all of which belong to the same compound. Hae- _ [Hj-1llan (3b)
manthamine is of the chemical structure “J [H;L]

O These constants are found in experiments where pH valuesare
N measured with glass and reference electrodes, standardized

| with the practical pH§) = pay+ activity scale. 156

0 If the protonation equilibria between the anion, L (ther

charges are now omitted for the sake of simplicity), of a drug

OH and a proton, H, are considered to form a set of variousky

protonated species L, LH, LK LH3, ..., etc., which have i

O/CHS the general formuladH; in a particular chemical model andus:

are represented pthe number of specieqy,(r)i, i=1,...,p, 1
where index labels their particular stoicheiometry, then thes
overall protonation constant of the protonated spe@gs, 1o
may be expressed as 165

152

153

Haemanthamine

CAS Number: 466-75-1, summary molecular formula:
C17H19NO4, molecular weight: 301.4, octanol/water parti-
tion coefficient as lo@octanolwater 1.47—1.56 (calculated);
pKa not known. [L,H,] c

In this study, the authors attempt to complete the informa- Bqr = W =
tion on the protonation equilibria and dissociation constants
of four pharmaceutically active ingredients of different ori- where the free concentration [L]=[H] = hand [LgH/]=cC. 1
gin (haemanthamine, lisuride, metergoline and nicergoline) For theith solution measured at thth wavelength, the ab- 1es

(4) 166
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sorbance4;, is defined as chemical model is taken as being the most probable, andiis
» » accepted. SPECFIT32 is the latest version of a global analy-
sis program for equilibrium and kinetic systems with singular
Aij = inCn = Barldh” N . . ;
Y 281’”0’1 2;1 (g jBarl '), ®) value decomposition and non-linear regression modeling us-
"= " ing the Levenberg—Marquardt meth[a®]. 21

whereeq, j is the molar absorptivity of thedH; species with
the stoichiometric coefficienty r measured at thigh wave-

length. The absorbaneg; is the element of the absorbance 3. Experimental 22
matrix A of size i x m) being measured far solutions with

known total concentrations of two basic componegtand 3.1. Chemicals and solutions 223
cH, atm wavelengths. Throughout this paper, it is assumed

that then x mabsorbance data matix=¢C containing the 3.1.1. Drugs -
nrecorded spectra as rows can be written as the product ofthe  The nicergoline, lisuride, metergoline and haemanthamine
mx p matrix of molar absorptivities and thep x nconcen-  were the kind gifts of IVAX Pharmaceuticals, s.r.0., Czechs

tration matrixC. Here,p is the number of components that  Republic. The nicergoline, Batch Number 10039314, was of
are absorb in the chosen spectral range. The rank of the mapurity 99.5% (w/w), determined by HPLC assay and recalcts
trix A is obtained from the equation ram(= min[ranke), lated on an anhydrous basis. The metergoline, Batch Number
rank(C)] <min(m, p, n). Since the rank oA is equal to the ~ 50209MG505, was of assay (HPLC) 99.9% recalculated en
rank ofe or C, whichever is the smaller, and since rag)k p ananhydrous basis. The lisuride, Batch Number SC041200/4,
and rankC) < p, then provided than andn are equal to or  was of assay 99.9% (HPLC) calculated as the area ratio using
greater tharp, it is only necessary to determine the rank of the internal standard method. The haemanthamine 100.8%
matrix A, which is equivalent to the number of dominant (HPLC) was calculated as the area ratio with the use of the
light-absorbing componen{®,18-19] All spectra evalua- internal standard method. 235
tion may be performed with the INDICES algoriti®] in Perchloric acid, 1M, was prepared from cone. HG1Qus
the S-Plus programming environment. Most index methods (p.a., Lachema Brno) using redistilled water and stams
are functions of the number of principal componentskf€(  dardized against HgO and Nal with a reproducibility ofs
into which the spectral data are usually plotted against anjess than 0.20%. Sodium hydroxide, 1M, was prepared
integer indexk, PC{) =f(k), and when the P®] reaches  from pellets (p.a., Aldrich Chemical Company) with carzo
the value of the instrumental error of the spectrophotome- pon dioxide-free redistilled water and standardized against
ter usedsins(A), the corresponding indeix represents the  a solution of potassium hydrogen-phthalate using the Gran
number of light-absorbing components in a mixtyek . method in the MAGEC progranf®] with a reproducibil- 2
In a scree plot, the value of PK}(decreases steeply with in- jty of 0.1%. Mercuric oxide, sodium iodide, and sodiumu
creasing PCs as long as the PCs are significant. Viien  perchlorate (p.a. Lachema Brno) were not further purifieds
exhausted the indices fall off, some even displaying a min- The preparation of other solutions from analytical reagents
imum. At this point,p=Kk" for all indices. The index val-  grade chemicals has been described previo(b(11] 2«
ues at this point can be predicted from the properties of Twice-redistilled water was used in the preparation of:

the noise, which may be used as a criterion to determpine so|utions. 249
[19].

The multi-component spectra analysing program 3.2. Apparatus and pH-spectrophotometric titration 250
SQUAD(84) [14] may adjustBqr and eqr for absorption procedure 251

spectra by minimising the residual-square sum functign,
The apparatus used and the pH-spectrophotometric titsa-

n m
U= Z Z(Aexni i — Acaleij)? tion procedures have been described previo[2y. 25
i=1 j=1 I ,
= 3.3. Procedure for the determination of the chemical 254
& P y model and protonation constants 255
=3 (Aexpij — > _ &jkcx)? = minimum (6)
i=1 j=1 k=1

The experimental and computational schemes for the de-
where Ajj represents the element of the experimental ab- termination of the protonation constants of the multicompes
sorbance response-surface of sizemand the independent nent system are taken from Meloun e[a].and are described 2ss
variablescy are the total concentrations of the basic compo- inaprevious papg20]. When a minimization process termi-zs
nentsc, andcy being adjusted in solutions. The calculated ~ hates, some diagnostics are examined to determine whether
standard deviation of absorbans@) is used as the most  the results should be accepted: the physical meaning of the
important criterion for a fitness test. If, after termination of Parametric estimates, the physical meaning of the species
the minimization process, the conditisfi) ~ snst(A) is met concentrations, the goodness-of-fit test and the deconvoli-

and theR-factor is also less than 1%, the hypothesis of the tion of the spectra. 204
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3.4. Determination of the thermodynamic DICES algorithm Fig. 1). The position of the break point s:
protonation/dissociation constants on thes((A) =f(k) curve in the factor analysis scree plot isis

calculated and givek' =2 with corresponding co-ordinatesus
The non-linear estimation of the thermodynamic dissoci- s¢"(A) =0.27 mAU, which also represents the actual instrus
ation constant i1 = ay+a. — /anL, is simply aproblemof ~ mental errossi(A) of the spectrophotometer used. Due to thes

optimization in the parameter space in whidkgmand| are large variations in the indicator values, these latter are plotted
known and given values, while the parametdfg,@, andC on a logarithmic scale. All six selected methods of the mods
are the unknown variables to be estimai@@0]. ified factor analysis estimate the two light-absorbing conar

ponents L and LH of protonation equilibrium. The numbeso
3.5. Reliability of the estimated dissociation constants of light-absorbing specigscan be predicted from the indexaa

function values by finding the poimpt=k where the slope of 22

The adequacy of a proposed regression chemical modelindex function PC) =f(k) changes, or by comparing B¢( s

with experimental data and the reliability of parameter esti- values to the instrumental errggsi(A). This is the common sz

mates K, found, being denoted for the sake of simplicity criterion for determining. Very low values ofsnsi(A) prove s
asbj andsjj, j=1,..., m may be examined by the goodness- that reliable spectrophotometer and experimental techniquss
of-fit test, cf. p. 101 in ref[9] or may be found in a previous  were used. The dissociation constant and two molar abso#p-

paper20] and also are explained in r¢&4]. tivities of haemanthamine calculated for 48 wavelengths af
21 spectra constitute 1008 unknown parameters which axe

3.6. Software used refined by SQUAD(84) or SPECFIT32 in the first run. Thesw
reliability of the parameter estimates may be tested with the

Computations were performed by regression analysis of use of following diagnostics. 3
UV-vis spectra using SPECFIT322]. The thermodynamic The first diagnostic value indicates whether all of thes

dissociation constantfy was estimated with the MINOPT  parametric estimates,r andsqr have physical meaning andsss

non-linear regression program in the ADSTAT statistical sys- reach realistic values. As the standard deviatis{ftgy Sqr) =

tem (TriloByte Statistical Software Ltd., Pardubi¢g},34] of parameters logqr ands(sqr) of parametersq, are signif-  za
icantly smaller than their corresponding parameter estimates
(Table 1), all the variously protonated species are statiStis

4. Results and discussion cally significant at a significance lewelk 0.05. The physical ss0
meaning of the dissociation constant, molar absorptivities
4.1. Estimation of the dissociation constants of four and stoichiometric indices is examined. The absolute valugs
drugs of s(B;), S(&j) gives information about the lakt-contour of = =4
the hyperparaboloid in the neighbourhood of the Pitin. 2
4.1.1. Haemanthamine For well-conditioned parameters, the lakstontour is a reg- .

The deprotonation haemanthamine LH form exhibits two ular ellipsoid, and the standard deviations are reasonably low.
sharp isosbestic points in spectra, and these two points indi-High s values are found with ill-conditioned parameters angk
cate one simple equilibrium. pH-spectrophotometric titration a “saucer”-shaped pit. The relatis{gj) x F, < gj should be =4
enables absorbance-response data (left 3D graph in the firstnet, whereF, is equal to 3. The set of standard deviationsgs
row of Fig. 1) to be obtained for analysis by non-linear re- of epqr for various wavelengthsy(eqr) =f(1), should have a as
gression, and the reliability of parameter estimaté&sypnd Gaussian distribution; otherwise, erroneous estimateg,of sso
¢£'s) can be evaluated on the basis of the goodness-of-fit testare obtainedrig. 1shows the estimated molar absorptivities:
of residuals (middle 3D graph in the first row Bfg. 1). of all of the variously protonated specigs ¢ 4, of haeman- s
The A—pH curves at 224 nm and 250 nm (right graph in the thamine in dependence on wavelength. 353
first row of Fig. 1) show that a dissociation constant can The second diagnostic tests whether all of the calculated
be indicated. However, as the changes in spectra are quitdree concentrations of variously protonated species on the dis-
small within deprotonation, both of the variously protonated tribution diagram of the relative concentration expressed as
species L and LH exhibit quite similar absorption bands. The a percentage have physical meaning, which proved to be the
shift of a band maximum to lower wavelengthes in the spectra case Fig. 1). The calculated free concentration of the basiss
set may also be indicated. The adjustment of pH value from components and variously protonated species of the chega-
6.3 to 8.4 causes the absorbance to change by 0.022 of thécal model should show molarities down to about 8®1. o
A—pH curve only, so that a monitoring both components L Expressed in percentage terms, a species present at abouts1%
and LH of protonation equilibrium is rather unsure. As the relative concentration or less in an equilibrium behaves as nu-
changes in spectra are very small, a very precise measuremerical noise in a regression analysis. A distribution diagram
ment of absorbance is necessary for the reliable detection ofmakes it easier to judge the contributions of individual species
the deprotonation equilibrium studied. to the total concentration quickly. Since the molar absorptiws

In the first step of the regression spectra analysis, theities will generally be in the range 301 Imol~tem™,
number of light-absorbing species was estimated by the IN- species present at less than ca. 0.1% relative concentration
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will affect the absorbance significantly only if theilis ex-

of LH and L.

The next diagnostic concerns the goodness-ofid.(1).

Fig. 1. Absorption spectra of the protonation equilibria of haemanthamine in dependence on pHCafR5St row: The 3D-absorbance-response-surface
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ues of absorbance, = Aexpjj — Acalcj,j- Examination of the a7
tremely high. The diagram shows the protonation equilibria spectra and of the graph of the predicted absorbance resporse-
surface through all the experimental points should reveal
whether the results calculated are consistent and whether
The goodness-of-fit achieved is easily seen by examination ofany gross experimental errors have been made in the mea-
the differences between the experimental and calculated val-surement of the spectra. One of the most important statisties

represents input for the SQUAD(84) and SPECFIT32 programs; the 3D-overall diagram of residuals indicates the quality of a goodnesa-gfHituhees

at two selected wavelengths. Second row: absorption spectra measured; spectra of molar absorptivities vs. wavelengths for all of the vanatedy prot

species; distribution diagram of the relative concentrations of all of the variously protonated species. Third row: Kankare’s residual steatidarsk(;
residual standard deviation R.S.D., root mean square error RMS. Fourth row: average error criterion AE yBaritetion; scree test RPV.
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Fig. 2. Absorption spectra of the protonation equilibria of lisuride in dependence on pH @tazbdescribed ifig. 1

calculated is the standard deviation of absorbas(@g, cal- the standard deviation of absorbance when the minimizatien
culated from a set of refined parameters at the termination processterminates/A) = 0.35 mAU. Although this statistical sss
of the minimization process. It is usually compared with the analysis of residual20,34]gives the mostrigorous test of thesw
standard deviation of absorbance calculated by the INDICES degree-of-fit, realistic empirical limits must be used. The sta:
program[19], sc(A), and ifs(A) < s(A) or (A) < snst(A), the tistical measures of all residuaprove that the minimum of e
instrumental error of the spectrophotometer used, the fit is the eliptic hyperparaboloid is reachedTable J: the resid- s
considered to be statistically acceptafigt{le ). This proves ual standard deviatios{e) always has sufficiently low values, ss
that thesp(A) value is equal to 0.27 mAU and is quite close to lower than 1 mAU. The criteria of resolution used for the hysss
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Fig. 3. Absorption spectra of the protonation equilibria of metergoline in dependence on pHGaag%escribed ifig. 1

potheses were: (1) a failure of the minimisation processina Using the experimental and evaluation strategy, the pre-
divergency or a cyclisation; (2) an examination of the phys- tonation equilibria of lisuride able 2and Fig. 2), meter- s
ical meaning of the estimated parameters if they were both goline (Table 3and Fig. 3) and nicergoline Table 4and 4
realistic and positive; (3) the residuals should be randomly Fig. 4) were also examined. To test the reliability of the protaer
distributed about the predicted regression spectrum, and syshation/dissociation constants at different ionic strengths the
tematic departures from randomness were taken to indicategoodness-of-fit test with the use of statistical analysis of the
that either the chemical model or the parameter estimatesresiduals was applied, and the results are givalables 2—4 0
were unsatisfactory. For all four drugs studied the most efficient tool, such as the
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Table 1
The dependence of the mixed dissociation constants of haemanthamine on ionic strength using regression analysis of pH-spectrophotomeetric data wit
SPECFIT32, with the standard deviations of the parameter estimates in the last valid digits in brackets

The chemical model attained contains L, LH (25

lonic strength 14 Q027 Q041 Q068 Q137 Q164 Q233 Q26 0356 Q0451 Q547
pKa 1 7.194 (8) 7182 (5) 7162 (5) 7162(6) 7176(6) 7193 (4) 7214 (4) 7212 (10) 7234 (6) 7261 (5) 7278(7)
Goodness-of-fit test
RSSx 10° 0.46 018 021 021 024 013 012 05 0.23 016 03
s(A) (mAU) 0.71 043 047 05 0.52 035 036 Q76 052 044 058
The chemical model attained contains L, LH®7
lonic strength (D09 Q024 Q127 Q188 Q317 Q015 Q052 Q146 Q219 Q0328 Q421 0.537
pKa1 7.052 (7) 7032 (4) 7062 (4) 7080 (5) 7123 (5) 7035(4) 7052 (5) 7076(3) 7080(9) 7131(6) 7150(5) 7.165(7)
Goodness-of-fit test
RSSx 10° 0.23 053 039 048 043 024 052 049 017 059 0.2 0.28
s(A) (mAU) 0.69 054 071 061 Q72 041 065 086 058 063 0.37 0.38

The reliability of the parameter 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 prosgss(mAU) at 25°C (above) and 37C (below).

standard deviation of residuals, was applied. The standard de4.1.2. Lisuride a7
viation of absorbancgA) after termination of the minimiza- Lisuride also exhibits very small changes in spectra
tion process is always better than 1 mAU, and the proposalwithin the protonation of anion L. The adjustment of pHis
of a good chemical model and reliable parameter estimatesfrom 6.6 to 8.4 causes an absorbance change of 0.080:at
is thus proven. 226 nm only, what makes a monitoring of L and LH comza

Table 2
The dependence of the mixed dissociation constants of lisuride on ionic strength using regression analysis of pH-spectrophotometric dat&liWgh, SPEC
with the standard deviations of the parameter estimates in the last valid digits in brackets

The chemical model attained contains L, LH (25

lonic strength w17 Q072 Q099 Q167 Q195 Q29 0386 0.414 0.55
pKa1 7.858 (12) 7778 (14) 7849 (23) 1797 (22) 7873 (14) 7905 (16) 8002 (19) 7.978 (18) 8.030 (18)
Goodness-of-fit test
RSSx 10° 0.82 053 125 Q74 112 086 108 1.19 0.78
S(A) (mAU) 0.75 066 101 083 09 0.84 097 0.98 0.85
The chemical model attained contains L, LH (&)
lonic strength w17 Q044 Q099 Q195 Q263 Q0387 Q0596
pKa,1 7.557 (6) 7489 (13) 7558 (19) 7653 (10) 7629 (9) 7755 (12) 7863 (8)
Goodness-of-fit test
RSSx 10° 1.05 207 04 137 097 07 035
s(A) (mAU) 0.85 13 0.68 103 089 084 073

The reliability of the parameter estimates found is proven with goodness-of-fit statisticaserL

Table 3
The dependence of the mixed dissociation constants of metergoline on ionic strength using regression analysis of pH-spectrophotometrRE@E Wk S
with the standard deviations of the parameter estimates in the last valid digits in brackets

The chemical model attained contains L, LH (Z5

lonic strength 06 0071 Q123 0209 0346 0415 0552
pKa,1 7.592 (2) 7589 (4) 7577 (3) 7607 (2) 7638 (2) 7635 (3) 7667 (2)
Goodness-of-fit test
RSSx 10° 0.12 032 a7 0.2 0.18 031 038
s(A) (MAU) 0.37 059 09 043 042 06 0.63
The chemical model attained contains L, LH (&)
lonic strength ®13 Q044 0071 Q14 0168 0359 0455 0.55
pKa,1 7.327 (3) 7317 (3) 7289 (3) 7297 (2) 7282 (4) 7324 (2) 7337 (4) 7.367 (2)
Goodness-of-fit test
RSSx 10° 0.31 017 034 011 043 019 029 0.18
S(A) (MAU) 0.58 044 061 036 071 045 059 0.46

The reliability of the parameter estimates found is proven with goodness-of-fit statisticaserL
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Fig. 4. Absorption spectra of the protonation equilibria of nicergoline in dependence on pHG&25escribed ifig. 1

ponent rather difficult to determind-ig. 2). The best re-

ation of absorbanceg(A), these being mostly under | mAU 41

gion of the spectrum seems to be 215-358 nm. The curves(Table 3. This goodness-of-fit proves a sufficiently reliables

of the molar absorption coefficients for the forms L and
LH cross at wavelengths 250 and 280 nm, forming two
isosbestic points. Most of the selected methods of fac-
tor analysis by the INDICES algorithm lead to two light-

absorbing componentsinthe equilibrium mixture. Even small

estimates of the dissociation constant and molar absorptien
coefficient.

434

435

4.1.3. Metergoline
The structure of the metergoline molecule is similaks

changes in the spectra of the proposed chemical model ofto lisuride but the spectrum is quite different. This diss:

lisuride protonation led to small values of standard devi-

similarity is caused by various substituents on the basie
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The dependence of the mixed dissociation constants of nicergoline on ionic strength using regression analysis of pH-spectrophotometrie B&talWaRh,S
with the standard deviations of the parameter estimates in the last valid digits in brackets

The chemical model attained contains L, LH (25
Q038
787 (3)

lonic strength 16
pKa1 7.893 (3)
Goodness-of-fit test

RSSx 10° 0.8

s(A) (mAU) 0.87

The chemical model attained contains L, LH (&)

lonic strength o1
pKa1 7.685 (4)
Goodness-of-fit test

RSSx 10° 0.64

S(A) (mAU) 0.76

0.56
Q076

Q009
7644 (3)

027
052

089
087

056

7879 (3)

7631 (4)

0112 0167 0208 0263 0304
7868 (3) 7865 (3) 7874 (4) 7882 (4) 7883 (4)
07 101 135 143 092
079 103 113 114 093
Q09 0122 Q175 0255 0363
7624 (3) 7629 (3) 7675 (3) 7708 (4) 7732 (3)
044 039 041 05 035
063 061 061 069 057

The reliability of the parameter estimates found is proven with goodness-of-fit statisticaserL
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Fig. 5. Dependence of the mixed dissociation const&gtgs four drugs on the square root of ionic strength, which lead to the parameter estimates af p

25°C and 37C.

molecule.Fig. 3 shows that the protonation of metergo- 4.2. Thermodynamic dissociation constants 453
line is followed by large changes in spectra particularly in
the range 215-310 nm. For large changes in spectra, the re- The thermodynamic dissociation constants of the um:
gression analysis was quite reliable and a goodness-of-fitknown parameter K1 were estimated by applying auss
test proved a very close curve fitting, the calculated stan-
dard deviation of absorbansg) mostly being under | mAU

(Table 3.

4.1.4. Nicergoline

Table 5

Thermodynamic dissociation constants for haemanthamine, lisuride, me-
tergoline and nicergoline at two selected temperatures with the standard
deviations in the last valid digits in brackets

Nicergoline exhibits one protonation equilibrium. The PKa
protonated form LH exhibits high values of molar absorp- 25°C 37°C
tion coefficients in comparison to the deprotonated form L Haemanthamine 7.22 (1) 7.05 (2)
(Fig. 4). Protonation causes large changes in the spectra, and.isuride 7.87 (1) 7.59 (1)
therefore, the determination of the dissociation constant is Metergoline 7.62(1) 7.38(1)
Nicergoline 7.94 (1) 7.69 (1)

easy and reliableTable 4.
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