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LIPOPHILICITY DETERMINATION OF SOME
MONOAMINE OXIDASE INHIBITORS BY
REVERSED-PHASE THIN-LAYER
CHROMATOGRAPHY. THE EFFECT OF pH

TIBOR CSERHATI

Central Research Institute for Chemistry
Hungarian Academy of Sciences
P.O. Box 17, H-1525 Budapest, Hungary

ABSTRACT

The lipophilicity (Ry value) of 17 monoamine oxidase in-
hibitory drugs was determined by reversed-phase thin-la-
yer chromatography and the effect of various eluent addi-
tives such as acetic acid, sodiumacetate and sodium chlo-
ride on the retention was studied. Each drug exhibited
regular retention behavior, their R, value 1linearly
decreased with the increasing concentration of methanol
in the eluent. Acetic acid decreased the retention, the
effect was higher at lower acid concentrations which in-
dicates that the phenomena is of saturation character.
The effect of sodiumchloride and sodiumacetate was negli-
gible. The lipophilicity and specific hydrophobic surface
area values of the drugs were intercorrelated, however,
their information content is different, therefore their
simultaneous application in quantitative structure-acti-
vity relationship studies is recommended.

INTRODUCTION

In recent decades gquantitative structure-activity
relationship (QSAR) methods have found growing acceptance

1805

Copyright © 1993 by Marcel Dekker, Inc.



08: 37 25 January 2011

Downl oaded At:

1806

CSERHATI

TABLE 1.
Chemical Structures of Monoamine Oxidase Inhibitory

Drugs.
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and application not only in the design of new drugs, pes-
ticides, etc (1,2) but also in the study of various bio-
chemical (3) or biophysical processes (4). In the search
for the best correlation between chemical structure and
biological activity, a wide range of molecular parameters
have been applied in QSAR studies (5). Many of these pa-
rameters can readily be determined by various chromato-
graphic techniques (6). Chromatographic methods have some
advantages: they are rapid and relatively simple; very
small quantities of the substances are required and; the
compounds need not be very pure. Lipohilicity is the mo-
lecular parameter used most frequently in QSAR studies
(7,8). Lipophilicity can be determined via reversed-phase
high performance liquid chromatography (RP-HPLC) (9) and
by reversed-phase thin-layer chromatography (RP-TLC)
(10) . Recent research indicates that both methods are
equally suitable for the determination of lipophilicity
(11,12). The R, value (related to the molecular lipophi-
licity), determined through the use of RP-TLC, generally
linearly depends on the concentration of the organic com-
ponent in the eluent (13). In order to increase the accu-
racy of the 1lipophilicity determination, the Ry, value
extrapolated to zero organic component concentration (Ry,)
has been calculated from the linear correlation between
the actual Ry value and the concentration of the organic
component in the eluent (14). It has been additionally
stated that not only the RM value extrapolated to zero
organic component concentration but also the slope (b)
value of the linear correlation, is characteristic of the
lipophilicity (15). In the case of homologous series of
compounds the slope and Ry, values exhibited significant
linear correlation (16), but for a non-homologous series
both parameters were needed to describe the lipophilicity
accurately (17). The slope has been regarded as a charac-
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teristic of the specific hydrophobic surface area of the
compounds (18).

Monoamine oxidase inhibitory drugs are promising
therapeutic compounds (19,20), however, their exact mode
of action has not been elucidated in detail (21).

The objectives of our investigation were to deter-
mine for future QSAR calculations the lipophilicity and
specific hydrophobic surface area of 17 monoamine oxidase
inhibitory drugs and to find correlations between the va-

rious molecular parameters.

EXPERIMENTAL

Silkoplat plates (Labor MIM, Budapest, Hungary) wvere
impregnated with paraffin oil as described earlier (22).
The chemical structures of drugs are listed in Table 1.
The compounds were dissolved separately in methanol to
give a concentration of 5 mg/ml, and 2ul of solution were
spotted on the plates. The developments were carried out
in sandwich chambers, the running distance being about 16
cm. Water:methanol (methanol concentration varied between
0 - 60 vol.% in steps of 10 vol.%) mixtures containing
various quantities of acetic acid (0-1M end concentra-
tion), sodium acetate (0-0.7M) and sodium chloride (0-
0.7M) were applied as eluents. The application of acidic,
basic and neutral eluent additives were motivated by the
fact, that the pH (23) and salt concentration (24) may
considerably influence the reversed-phase retention beha-
vior of compounds with one or more polar substructures.
After development the plates were dried at 105°C, and the
spots were detected with iodine vapors. Each determina-

tion was run in quadruplicate. When the relative standard
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deviation of parallel determinations was higher than 8%,
the data were omitted from the calculations.

It was assumed that the concentration of methanol (x,
vol.%)), acetic acid (x, M), sodium acetate (x; M) and so-
dium chloride (x, M) may simultaneously influence the 1li-

pophilicity of the drugs:

Ry = Ry + by.%x; + by.X%, + by.x;3 + by.xy + bs. log x, 1.

where Ry, = lipophilicity value extrapolated to zero me-
thanol, acetic acid, sodium acetate and sodium chloride
concentrations; b, = specific hydrophobic surface area;
b,; = sensitivity of the retention to acetic acid, sodium
acetate and sodium chloride concentrations.

The inclusion of the logarithm of the acetic acid
concentration in Eq.1 was motivated by the fact that the
dependence of R, values showed a marked nonlinear (satu-
ration-like) dependence on the acetic acid concentration.

To select the independent variables significantly in-
fluencing the lipophilicity of the drugs stepwise regres-
sion analysis was used (25). The calculation was carried
out separately for each compound according to Eq.1. The
number of the accepted variables was not limited and the
acceptance limit was set to 95% significance level. To
find the similarities or dissimilarities between the
effect of various eluent additives, linear correlations
were calculated between the R, values of the compounds
determined at 30% methanol and 0.7 M eluent additive
concentrations.

To test the validity of the hypothesis discussed in
refs 15-17, linear correlations were calculated between

the Ry, and b; values of eq.l.

b, = a + b.Ry 2.
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Figure 1. Effect of 1M acetic acid-water mixtures on the
Ry value of compounds 3 (1), 5 (2) and 9 (3).

RESULTS AND DISCUSSION

The retention of compounds decreases in the present
of acetic acid (Fig.l). This observation can be explained
either by the salting-in effect (the dissociated drugs
are better soluble in the agueous phase) or by the compe-
tition between acetic acid and solutes for the free sila-
nol groups on the silica surface resulting in decreased
retention capacity. The effect of acetic acid depends on
the chemical structure of the solute, the retention order



08: 37 25 January 2011

Downl oaded At:

MONOAMINE OXIDASE INHIBITORS 1811

RM

200

2
x\'x\.x X
x
o)
O\
o\o_o 3 0 o
0.50
0 09

1M Acetic acid vol. ratio

Figure 2. Effect of 1M acetic acid-1 M sodiumchloride
mixtures on the R, value of compounds 3 (1), 5 (2) and 9

(3).

changes at higher acid concentrations. Very low concent-
rations (0.025 M) of acid drastically decrease the reten-
tion of MAO inhibitors, however, higher concentrations
have a lower effect on the retention. This observation
can be explained by the supposition that the dugs are in
dissociated form at low acetic acid concentrations and
the further increase of acidity has no effect on the
dissociation. Sodium chloride has a negligible effect on
the retention behavior of solutes (Fig.2) that is the
grade of dissociation of MAO inhibitory drugs rather de-
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TABLE 2.
Dependence of the R, Value of Monoamine Oxidase Inhibi-
tory Drugs on the Methanol Concentration (x,) and on the
Logarithm of Acetic Acid Concentration (%;). Results of
Stepwise Regression Analysis. Numbers Refer to Drugs in
TABLE 1. (p.c.% = path coefficient in percent)

Ry = Ry + b;.%, + bs.log x,

Para- Number of drugs

meter 1 2 3 4 5 6 7
n 32 32 32 32 32 31 32
Ryo 54.8 71.76 120.3 37.3 53.1 131.6 110.3
b, -2.11 -2.84 -3.86 -1.78 -1.94 -2.97 -2.82
Sy 0.12 0.14 0.15 0.15 0.11 0.22 0.11
bs -23.0 =-25.1 -20.8 =-22.0 -28.1 =-34.1 =22.1
Sps 2.58 3.10 3.20 3.13 2.30 5.14 2.46

p.c.;% 66.31 70.82 79.92 63.38 59.64 67.18 73.19
P.C.s% 33.69 29.18 20.08 36.62 40.36 32.82 26.81
r? 0.9353 0.9334 0.9587 0.8558 0.9338 0.8746 0.9556
Fo. 134.9 170.8 336.5 86.1 204.4 97.6 311.9
Feoy 8.85 8.85 8.85 8.85 8.85 8.93 8.85

Para- Number of drugs

meter 8 9 10 11 12 13 14

n 32 30 32 25 31 32 32
Ryo 82.0 130.8 57.9 132.2 141.3 64.2 55.4
b, -2.32 -2.60 -~-1.80 =-4.32 -2.65 -1.52 -1.87
Sy, 0.18 0.12 0.11 0.32 0.16 0.12 0.11
b -19.6 -55.1 -20.5 -26.1 -20.71 -20.73 -21.9
Sys 3.88 3.17 2.35 6.94 3.86 2.62 2.30

p.c.,%$ 71.77 55.78 65.24 78.27 75.03 61.10 64.60
p c.s% 28.23 44.22 34.76 21.73 24.97 38.90 35.40
0.8553 0.9562 0.9124 0.8947 0.9034 0.8666 0.9222
Fnk 85.7 294.6 151.0 93.5 130.9 94.2 172.0
Feogy 8.85 9.02 8.85 9.47 8.93 8.85 8.85

Para- Number of drugs

meter 15 16 17
n 32 32 32
Ryo 107.9 90.3 111.4
b, -2.89 -2.38 -2.73
Sy 0.16 0.12 0.13
by -41.0 -23.0 -21.6
Sys 3.49 2.66 2.71

p.C.;% 60.13 68.90 73.01
p c.s% 39.87 31.10 26.99
0.9309 0.9314 0.9436
Fum 195.3 196.8 242.7
Fgoo4 8.85 8.85 8.85
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Figure 3. Relationships between the R, values of MAO
inhibitors determined in 1 M sodiumchloride:methanol 7:3
v/v, in 1 M sodiumacetate:methanol 7:3 v/v (curve A} and
in 1 M acetic acid:methanocl 7:3 v/v (curve B).
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TABLE 3.

Parameters of Linear Correlations between the R, Values
Determined in the Presence of Acetic Acid, Sodiumacetate
and Sodiumchloride. n = 15

I. Ry(acetic acid) = a + b.Ry(sodiumchloride)
II. Ry(sodiumacetate) = a + b.Ry(sodiumchloride)
ITI. Ry(acetic acid) = a + b.Ry(sodiumacetate)
Parameters No of equation
I IT IIT
a -28.58 9.13 -28.50
b 0.42 0.98 0.39
r 0.8923 0.9570 0.8459
by
-09

106 - -2
by=-106-1.64 1072 Ryg

\ 0 r=07575 rgqg g, =07246
- a d&] ’

| 1 | l ] ] I

-4.5
0.20

1.60

Figure 4. Correlation between the lipophilicity (Ry,) and
specific hydrophobic surface area (b,) of MAO inhibitors.
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pends on the pH than on the ionic concentration of the
environment.

The parameters of equations describing the depen-
dence of R, values on the methanol, acetic acid, sodium
acetate and sodium chloride concentrations are compiled
in Table 2. Sodium acetate and sodium chloride have no
significant influence on the retention, the R, values
depended on the methanol concentration and on the loga-
rithm of the acetic acid concentration. The equation
selected by the stepwise regression analysis fits well to
the experimental data, the significance level being over
99.9% in each case (compare calculated F values with the
corresponding tabulated ones). The equations explain
about 85-95% of the total variance (see r’ values). The
impact of both independent variables is commensurable,
but the methanol concentration exerts a higher effect on
the retention than the acetic acid concentration does
(compare path coefficient values).

The Ry, values determined in the presence of various
eluent additives are correlated (Fig.3), that is, each
data set can be used for QSAR studies. The parameters of
linear correlations are compiled in Table 3. Each equa-
tion fits well to the experimental data the significance
level was over 99.9% (see r values). The slope (b) values
clearly show that the highest differences between the Ry
values of MAO inhibitors can be expected in acidic envi-
ronment. This finding suggests that the most effective
reversed-phase separation of the drugs can be achieved in
acidic eluents. A highly significant (significance level
over 99.9%) linear correlation was found between the p¥,
and b, values of egquation 2 (Fig.4). This finding indi-
cates that the 1lipophilicity and specific hydrophobic
surface area of these MAO inhibitors are intercorrelated
and they form a homologous series of compounds. However,
we have to emphasize that the correlation is not strong
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enough to substitute the parameters with each other in
QSAR calculations. Their information content is somewhat
different, therefore their separate application in the

further calculations is proposed.
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