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Abstract 

The octanol/water partition coefficients of six amphoteric drugs were investigated. Nitrazepam, albendazole and 
sulfadimidine are ordinary ampholytes, while pyridoxine, niflumic acid and terbutaline belong to the zwitterionic 
amphoteric compounds. The pH-partition profile of compounds showed maximum (parabolic) curve. Analyses of the 
UV spectra in aqueous and octanol phases at different pH values after partitioning equilibrium had been achieved 
proved the transfer of the neutral species into the octanol phase. The true partition coefficients were calculated 
from log Papp values using macroprotonation constants for ordinary ampholytes and microprotonation constants in 
the case of zwitterionic molecules. The results emphasize that only the true partition coefficient closely represents 
the intrinsic lipophilicity of zwitterionic amphoteric compounds. 

Keywords: pH-partition profile; Apparent-true partition coefficient relationship; Ordinary ampholyte; Zwitterionic 
ampholyte 

I. Introduction 

The lipophilicity of drugs plays an important 
role in their biological action. This property de- 
termines mainly the fate of drug in the body 
governing the absorption, distribution, storage 
and elimination processes. The oc tano l /wa te r  
partition coefficient is a generally accepted 
physico-chemical parameter  for characterization 
of lipophilicity. According to the Nernst law the 
true partition .coefficient (log P )  refers to the 
concentration ratio of unionized, monomer form 
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of the drug in the two phases. For ionizable 
molecules the partition coefficient experimentally 
measured at a certain pH is an apparent value 
(log Papp or log D). The relationships between 
log P and log Papp are well known for acids and 
bases (Eq. 1 and 2) (Leo et al., 1971). However, in 
the case of ampholytes the relation is not so 
evidently defined. 

log P = log Papp + log(1 + 10 pH-pKa) (1) 

log P = log Papp -b log(1 + 10 pKa-pH) (2) 

The amphoteric compounds can be classified 
into two main groups: ordinary amphoteric and 
zwitterionic amphoteric molecules (Albert and 
Serjeant, 1971). In the first group, where the 
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Scheme 1. (a) Protonation of ordinary amphoteric molecules. 
(b) Macro- and microprotonation of zwitterionic amphoteric 
molecules. 

protonation steps (Scheme la) are well separated 
from each other (generally A log K >  4) three 
species exist in solution: anion, neutral and cation. 
If specific ion-pair partitioning does not occur, 
only the neutral species of the three dissolves into 
the octanol phase. For such type of ampholytes 
the relationship between log P and log Papp is 
given by Eq. 3 (Asuero, 1988): 

log P = log Papp 

+ log(1 + 10 pH-pK'' + 10 pK'2-pH) (3) 

where PK~l and pK~2 are the macro- or stepwise 
protonation constants. 

In the group of zwitterionic ampholytes, unam- 
biguous definition of the partition coefficient can- 
not be found in the literature. In the most simple 
case of zwitterionic compounds, molecules with 
two proton-binding sites exist in four protonation 
forms in solution. Their protonation processes 
can be described by the equilibria shown in 

Scheme lb. While the macroprotonation con- 
stants quantitate the overall basicity of the 
molecule, the relevant microprotonation con- 
stants describe the basicity of individual func- 
tional groups and determine the pH-dependent 
concentration of protonation microspecies (No- 
szfil, 1989). 

The partitioning behavior of zwitterionic drugs 
has been investigated by many authors and con- 
tradictory results have been published regarding 
the partitioning species. Colaizzi and Klink (1969) 
found the pH-partition profile of several tetracy- 
cline antibiotics to be maximum shape and con- 
cluded that tetracyclines transfer into octanol in 
zwitterionic form presumably resulting from an 
intramolecular type of ion-pair formation. Later, 
in a group of /3-1actam antibiotics, the opposite 
behavior, minimum type log Papp ~ pH curve was 
registered (Purich et al., 1973; Irwin et al., 1988). 
Minimum partitioning occurred in the isoelectric 
region, suggesting that the zwitterion did not 
partition to a significant extent and the anion was 
found to be the major partitioning species. The 
obvious contradiction has been solved based on 
the following assumption (Purich et al., 1973). 
Two general types of ampholytes capable of form- 
ing zwitterions should be considered, depending 
on whether or not significant amounts of un- 
charged (neutral, XH °) species are present in the 
isoelectric region. Maximum partitioning into the 
lipid phase should occur if concentration of the 
two protonation isomers (neutral, XH ° and zwit- 
terion XH ±) is commensurable. Taylor and 
Cruickshank (1985) have drawn a similar conclu- 
sion in the case of the 0-blocker sotalol, where 
the partitioning of the minor species, the un- 
charged one (estimated concentration at isoelec- 
tric point 4.2%) is assumed and the partitioning 
of the zwitterion is excluded. From the experi- 
mentally obtained log Papp value (-0.79),  the log 
P of uncharged subspecies, designated as 'micro' 
partition coefficient was calculated (0.59). This 
term was used as a 'true' partition coefficient in 
our recently published paper (Takhcs-Novfik et 
al., 1992) for the investigation of lipophilicity of 
antibacterial fluoroquinolones. Here again the 
neutral species is postulated as the only partition- 
ing one based on theoretical considerations. A 
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general relationship was derived for zwitterionic 
drugs between log P and log Papp using micro- 
protonation constants: 

[XH°]o 
P =  [xn0  ] - - - -  ~ (4) 

[xn°]o  

P"PP = [X-]w+ [xn±]w + [xn°]w + [XH~-]w 

log P = log Papp 

+ log(1 

(5) 

1 ko ) 
+ k°[H+~ + k-'-f- + k°[H + ] 

(6) 
The aim of the present work was to extend the 

pH-partition profile investigation for different 
types of amphoteric molecules and to determine 
simple experimental evidence of the above-cited 
assumption: the partitioning of the neutral spe- 
cies. Six molecules were selected for this study 
(see structures in Fig. 1). Nitrazepam, albenda- 
zole and sulfadimidine are ordinary ampholytes, 
while pyridoxine, niflumic acid and terbutaline 
belong to the zwitterionic type. 

The apparent partition coefficients were mea- 
sured by the shake-flask method over a wide pH 
range, and the UV spectra of partitioning com- 
pounds in both phases were analyzed. 

2. Mater ia l s  and methods  

2.1. Materials 

Samples of model compounds were generously 
supplied by Chinoin Pharm. Works (albendazole), 
Gedeon Richter Chemical Works (niflumic acid) 
and EGIS Pharm. Works (terbutaline) or pur- 
chased from Reanal Co. Budapest, Hungary 
(nitrazepam, sulfadimidine, pyridoxine) and used 
without further purification. The n-octanol was 
HPLC grade (Aldrich). Britton-Robinson buffer 
(acetic, phosphoric and boric acids, each at 0 .04  
M, and 0.2 M sodium hydroxide) was used for 
the pH range 2-12, with the exception of pyridox- 
ine and terbutaline where S6rensen buffer 
(potassium dihydrogen phosphate and disodium 
phosphate dihydrate, each at 0 .067 M) was ap- 
plied in order to avoid complex formation with 
borate. For pH O and 1, 1 M and O.1 M hydro- 
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Fig. 1. Structure of model compounds. 
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chloric acid served as aqueous phase. 

2.2. Methods 

The apparent partition coefficients were mea- 
sured using the shake-flask technique at 25.0 + 
0.1°C. Most of the experimental circumstances 
were described previously (Tak~cs-Nov~ik, 1992). 
In this work a shaking thermostat (Lauda, M2OS) 
was used to equilibrate the organic and aqueous 
phases, and a Hewlett-Packard 8452A, UV-Vis 
spectrophotometer was used for spectrum regis- 
tration and absorption measurement. 

Each log Papp value is an average of a mini- 
mum of six parallel measurements, the standard 
deviation being generally less than 0.04 log P unit 
(see Table 1). 

The protonation macroconstants were deter- 
mined by potentiometry (pyridoxine, terbutaline) 
or spectrophotometry using standard methods 
(Albert and Serjeant, 1971). The protonation mi- 
croconstants were calculated from the protona- 
tion macroconstants and the experimentally de- 
termined k z tautomerization microconstant. A 
detailed description of the method and microcon- 
stant values will be published elsewhere (Tak~cs- 
Nov~ik et al., 1994), similarly to the details of the 

deductive method for terbutaline (Tak~cs-Nov~k 
et al., 1995). In the present paper only the macro- 
and microconstants used for the calculation of log 
P are involved. 

3. Results and discussion 

3.1. pH dependence of log Papp 

The apparent partition coefficients of the ex- 
amined compounds are summarized in Table 1. 
Each compound was measured at seven different 
pH values including the one proximate (+0.3 
unit) to the isoelectric point. 

The pH-partition profile of molecules (Fig. 2) 
shows a maximum type (parabolic) curve in all 
cases. As a common feature the compounds ex- 
hibit the highest lipophilicity at the isoelectric 
region independently of the absolute value of the 
lipophilicity and the pH of the isoelectric point. 
Athough these latter two parameters range over 
quite a wide interval, there is no difference in the 
partitioning behavior of the ordinary and zwitteri- 
onic compounds, which supports the assumption 
about partitioning of the neutral species in both 
groups. However, the shape of these curves is 

Table 1 

The apparent partition coefficients of model compounds 

Nitrazepam Albendazole Sulfadimidine 

pH log Papp pH log Papp pH log Papp 

2.00 0.82 + 0.02 

3.00 1.36 + 0.04 

5.00 2.01 + 0.04 

7.15 a 2.07 + 0.01 

9.00 2.06 + 0.03 

11.00 1.50 + 0.03 

12.00 0.60 + 0.02 

Pyridoxine 

1.00 - 1.09 + 0.04 

2.00 - 0 . 1 0  + 0.02 

3.40 1.07 + 0.04 

6.65 a 1.22 + 0.01 

7.40 1.23 + 0.01 

10.00 0.96 + 0.02 

12.00 - 0 . 6 9  + 0.06 

Niflumic acid 

pH log Papp pH log Papp 

1.00 - 1.40 + 0.02 

2.00 - 0.45 + 0.03 

3.00 0.13 + 0.03 

5.00 a 0.15 + 0.04 

7.00 0.14 + 0.02 

8.00 - 0.37 + 0.03 

9.00 - 1.09 + 0.05 

Terbutaline 

pH log Papp 

5.00 - 0 . 9 8  + 0.04 

6.00 - 0.72 ___ 0.03 

7.00 a - 0.73 + 0.03 

8.00 - 0.72 + 0.03 

9.00 - 0.84 + 0.05 

9.20 - 0.91 + 0.04 

10.00 - 1.16 + 0.04 

0 0.97 + 0.09 

1.00 2.21 + 0.01 

2.00 2.88 + 0.04 

3.60 a 2.95 + 0.08 

5.00 2.93 + 0.04 

6.00 2.21 + 0.02 
7.00 1.31 + 0.02 

7.00 - 2.10 + 0.17 

8.00 - 1.02 + 0.07 

9.00 - 0.42 + 0.04 

9.80 a - - 0 . 3 6  + 0.04 

10.50 - 0 . 4 5  + 0.05 

11.00 - 0 . 6 3  + 0.04 

12.00 - 1.83 + 0.02 

a p H  near to the isoelectric point. 
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very characteristic: for the ordinary ampholytes 
the curves have a flat plateau, while curves of 
zwitterionic compounds show a peaked parabolic 
shape. 

These phenomena can be appropriately ex- 
plained on the basis of the different dissociation 
ability of compounds. In the group of ordinary 
amphoterics the neutral (XH) form predominates 
over a wide pH range. In the group of zwitteri- 
onic amphoterics, due to overlapping protonation 
processes, the concentration of microspecies (that 
of the partitioning XH ° as well) changes rapidly 
within a narrow pH range. 

3.2. Investigation of species partitioning into oc- 
tanol 

Nitrazepam has been proved to be a good 
model for ordinary amphoteric molecules to study 
the partitioning species by a very simple spec- 
trophotometric method. Fig. 3 shows the protona- 

I°gPapp 1 

3,004 

2,0( :epam 

1,0C 

-1,0C 

Ibendozote 

te rbuta l ine  

-2,00 L 
0 2 4 6 8 10 12 pH 

Fig. 2. The pH-parti t ion profile of  model compounds.  

0 0 0 H # H // // 
pKo,:33 l x.-c> pKo :.0 

3 7 11 pH 

Fig. 3. The protonation of nitrazepam and distribution of its 
species. 

tion scheme of the molecule and the pH-depend- 
ent distribution of the differently protonated 
forms. It is well known that characteristic UV 
spectra belong to these forms (Aboul-Enein et 
al., 1980). 

Upon the determination of log Papp values the 
UV spectra of nitrazepam were registered in both 
aqueous and octanol phases at different pH val- 
ues, after partitioning equilibrium had been 
achieved. The three significant states are repre- 
sented by Fig. 4. While in the aqueous phase the 
spectrum of the cation (pH 2), neutral (pH 7) and 
anion forms (pH 12) is registered, in the octanol 
phase the spectrum of the neutral form was ob- 
tained at all pH values. 

Investigation of albendazole has led to identi- 
cal results. The pK a values are 3.37 and 9.93, the 
neutral form being present from pH 5.4 to 7.9. 
On structural bases the protonations cause only 
small shifts in the UV absorbance, therefore, this 
molecule is less suitable for demonstration. 

In spite of our expectation, sulfadimidine pro- 
duced different UV spectra in the two partition- 
ing phases at the isoelectric point (see Fig. 5). 
This apparent contradiction can be solved consid- 
ering the existence of uncharged sulfadimidine in 
two tautomeric (amido and imido) forms. As was 
established by Bult and Klasen (1978) in a com- 
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prehensive spectrometric study of sulfonamides, 
the amido form exists in less polar organic solvent 
and has a spectrum with one main band. In the 
spectrum of the imido form there are three well 
separated absorption maxima and this form is 
present in aqueous solution. In accordance with 
this, we found the appearance of the amido form 
of neutral sulfadimidine in octanol phase. 

Pyridoxine was selected as a good model of 
zwitterionic amphoteric molecules, since it is 
known to exist as a zwitterion in aqueous medium 
as proved by spectroscopy (Lunn and Morton, 
1952). The protonation scheme and the relevant 
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Fig. 4. UV spectra of nitrazepam in aqueous (broken line) and 
in octanol (continuous line) phases at different pH values. 
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Fig. 5. UV spectra of sulfadimidine in aqueous (broken line) 
and in octanol (continuous line) phases at different pH values. 

constants, together with the microspeciation, are 
shown in Fig. 6. The protonation of the molecule 
has a very significant influence on the UV spec- 
trum. The cation ~ zwitterion equilibrium results 
in an intense bathochromic shift (from 291 to 324 
nm) over the pH range 3-7, the zwitterion 
anion equilibrium leading to a smaller shift to 
lower wavelength (from 324 to 312 nm) at pH 
above 7. In organic solvents with low dielectric 
constant the spectrum of the neutral pyridoxine 
was assigned and characterized by one maximum 
at 289-292 nm (Metzler and Snell, 1955). 

Our results are in complete accordance with 
the above findings. As visible from Fig. 7, in the 
aqueous phase at the pH of the isoelectric point, 
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the spectrum of the zwitterion was registered 
while that characteristic for the neutral species 
was obtained in the organic phase. This can be 
considered as very simple but exact experimental 
evidence for the partitioning of the neutral species 
even when it is the minor component. 

The same conclusion could be drawn from the 
investigation of niflumic acid. Our previous study 
on its acid-base properties revealed the predomi- 
nance of the zwitterionic form in aqueous solu- 
tion (log k ° = 3.88, log k~ = 5.12, log k ° = 3.37, 
log k~ = 2.13, unpublished results). Analyses of 
the spectra in the partitioning phases at pH val- 
ues of 0, 3.6 and 7 showed significantly different 
spectra for the cation, zwitterion and anion, while 
identical spectra were obtained in octanol phases 
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Fig. 7. UV spectra of pyridoxine in aqueous (broken line) and 
in octanol (continuous line) phases at different pH values. 

cation an ion 

o ~. pH 
Fig. 6. Protonation of pyridoxine and distribution of its mi- 
crospecies (protonation macro- and microconstants were taken 
from work of Metzler and Snell, 1955). 

at any pH (Fig. 8). It was identified as that of the 
neutral species by comparison with spectra in 
dioxane and cyclohexane and with spectra of its 
O - C H  3 es ter  and N - C H  3 pyridinium salt deriva- 
tives. 

In the case of terbutaline, UV spectroscopy is 
less suitable for the demonstration of partitioning 
of the neutral form because here the uncharged 
species has the same spectrum as that of the 
cation form. The protonation of the amino group 
does not cause a shift in bands due to its distance 
from the chromophore. Of course, the spectrum 
of the zwitterion at the isoelectric point and the 
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dianion form at pH 12 in the aqueous phase are 
different from that of the neutral one obtained in 
octanol (spectra not shown). 

3.3. Intrinsic lipophilicity of amphoteric molecules 

The above findings support the applicability of 
Eq. 3 and 6 for the calculation of the true parti- 
tion coefficient of ordinary and zwitterionic am- 
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Fig. 8. UV spectra of niflumic acid in aqueous (broken line) 
and in octanol (continuous line) phases at different pH values. 

T > KI TH- K2 . TH 2 K3 TH~ 

Scheme 2. Protonation of terbutaline ( ~  represents the 
three protonation sites of the molecule without indication of 
the relevant valency of nitrogen). 

pholytes, respectively. Eq. 6 has been derived for 
zwitterionic compounds with two proton-binding 
sites. However, one of our model compounds, 
namely terbutaline, has three ionizable functional 
groups. In such a case, eight differently proto- 
nated microspecies exist in solution and 12 micro- 
constants are necessary to describe the system 
(see Scheme 2). On the bases of the spectroscopic 
evidence that the neutral microspecies dissolves 
into octanol, a similar relation can be derived 
between log P and log Papp for trifunctional 
compounds: 

1 
log P = log Papp + log 1 + 

k~kC[H+] 2 

k ~  1 1 
+ + - - + - -  

B C + kAckA[H ] kaC[H +] k a [H +] 

) + + kAa----c + kAc[H+ ] (7) 

Microconstants necessary to calculate the log 
P value are: log k c =  10.54, log k~ = log kA c = 
10.08, log ks c = 9.33, log kAc = 9.58 and log kAac 
-- log kCAa = 8.87 (Tak~ics-Nov~k et al., 1995). 
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Table 2 
Intrinsic lipophilicity of model compounds expressed by the 
true log P value 

Compound log P 

Nitrazepam 1.96 a +0.13 n = 5 
Albendazole 1.27 a __+ 0.04 n = 5 
Sulfadiminide 0.19 a _{_ 0.09 n = 5 

Pyridoxine 0.33 b + 0.08 n = 5 
Niflumic acid 4.43 b +0.14 n = 5 
Terbutaline 0.90 c + 0.02 n = 3 

Based on: a Eq. 3, b Eq. 6, c Eq. 7. 

The log P values of the model compounds 
were calculated using Eq. 3, 6 and 7 (Table 2). 
These are averaged values obtained from five log 
Papp values omitting data gained at the two ex- 
treme pH values. For terbutaline we could aver- 
age only three data because above pH 10 the log 
P values increased continually, indicating ion-pair 
partitioning of the compound in this region. 

On comparing the data in Table 1 and 2, it 
becomes evident that in the group of ordinary 
ampholytes there is no greater difference than 
the experimental error between log Papp (at the 
pH of the isoelectric point) and log P values. 
However, in the case of zwitterionic compounds 
the true partition coefficients are than one order 
of magnitude greater than the log Papp values, 
since the concentration of neutral species is low, 
relative to the other ones existing in the aqueous 
phase. 

This serves to underline our previous state- 
ment (Takfics-Novfik et al., 1992) that only the 
true partition coefficient closely represents the 
intrinsic lipophilicity of amphoteric compounds 
and these are the data suitable for application in 
QSAR studies. 
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