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Abstract — The H-bond donor and acceptor descriptors Cy and XC,, which are estimated directly from thermodynamic data of hydrogen
bonding, were successfully used for the correlation with permeability and absorption data for some chemicals and drugs. The evaluation of
different types of permeability test systems and of different classes of compounds showed that in addition to steric bulk effects both the H-bond
donor and acceptor strength play an important role in explaining differences in permeability and absorption of neutral chemical compounds
and drugs. However, because of the frequently observed intercorrelation between XC, and £C,, often only the more significant of them leads
to a significant regression coefficient in multiple linear regression equations. In cornparison with ZC,4 and/or ZC, less significant correlations
are obtained with the experimental parameter AlogP (the difference between the octanol/water partition coefficient logP,, and logP for the
system alkane or cyclohexane/water) which has to be considered as a composed descriptor containing H-bond donor as well as H-bond

acceptor effects. © Elsevier, Paris
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1. Introduction

The recognition of factors governing permeability and
absorption processes of chemicals as well as the devel-
opment of possibilities for their calculation is very
important for drug design. LogPo., the octanol/water
partition coefficient, is the most popular parameter for the
description of passive transport processes of chemicals in
organisms [1]. In 1974 Seiler proposed the experimental
AlogP parameter as the difference between logP,, and
logP for the system alkane or cyclohexane/water to
account for hydrogen bonding contribution to transport
processes [2]. Young and coworkers [3] applied the
concept of AlogP to design brain-penetrating H, hista-
mine receptor antagonists, while Scott et al. [4] correlated
the percutaneous absorption of a limited number of
compounds to AlogP. It has been shown by El Tayar et al.
[5] that AlogP reflects mainly the hydrogen bond donor
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ability of chemicals. Measurements of logP,, and AlogP
can be done only after the synthesis of the compounds.
That is why different procedures for the determination of
logPq.; and AlogP on an empirical or theoretical basis
have been developed during the last years. Based on the
so-called solvation equation several applications of hy-
drogen bond parameters (acidity o and basicity ) have
been presented to quantitatively describe drug transport
properties [6-8]. The solvation equation contains a rather
large number of descriptors including the excess molar
refraction, the solute dipolarity/polarizability parameter,
the solute hydrogen bond acidity, the hydrogen bond
basicity and the characteristic volume of McGowan. The
authors emphasize that hydrogen bond acidity and basic-
ity values “must be amended where necessary in order to
reflect possible multiple hydrogen bonding in solution”.

Raevsky et al. [9] proposed the following equation for
the quantitative description of the free energy of hydro-
gen bonds by means of the product of H-bond donor and
acceptor factors:

AG=KC, C,+k, ()
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where C4 and C, are free energy H-bond donor and
H-bond acceptor factors which characterize the relative
donor and acceptor strength of compounds.

Recently those factors were successfully used together
with polarizability (Pol, which quantitatively describes
bulk or volume-related effects) for the description of the
octanol/water partition coefficient [10-12] of neutral
organic compounds:

102P g, = 0.25(x 0.01)Pol — 0.68( 0.02)£C, — 0.01(+ 0.08);
n=234, r=0.961, s = 0.34, F = 1383, SDEP = 0.35.

(2)

In equation (2), £C, is the sum of the hydrogen bond
acceptor factor values of all substructures in a molecule
accepting H-bonds, # is the number of compounds, r is
the correlation coefficient, s is the standard deviation
between observed and fitted logP, F is the ratio of
(explained variance)/(unexplained variance), SDEP is the
standard deviation of the error of prediction, and the
values in parentheses are the 95% confidence intervals of
the regression coefficients.

Here it should be noted that the inclusion of the
H-bond donor descriptor XC,4 in equation (2) did not
improve the relationship despite the presence of eighty
H-bond donor molecules in the data set. So it is possible
to conclude on the basis of equation (2) that only the
H-bond acceptor ability plays an essential role for the
lipophilicity of organic compounds.

The H-bond descriptors C, and Cy4 (and also C,4, the
sum of the absolute values of the free energy H-bond
factors, characterizing the total H-bond ability of a
compound) have recently been used for the first time by
van de Waterbeemd et al. [13] to describe the Caco-2 cell
permeability of a few compounds.

The present report is devoted to the application of a
similar approach to the quantitative description of perme-
ability and absorption processes of chemicals and drugs
using only a few significant descriptors.

2. Results

Before a correlation can be derived between physico-
chemical or other descriptors and permeability or absorp-
tion the quality of the available permeability and absorp-
tion data has to be considered. Unfortunately in most
cases there are not enough data obtained under the same
experimental conditions and in the same laboratory. The
combination of such data of different authors in a
common fraining set is problematic and may distort the
physicochemical meaning of observed regression equa-
tions. That is why in the present investigation the authors
decided to derive correlations between permeability or
absorption and physicochemical descriptors for separate
data sets of compounds.

2.1. Human red cell basal permeability (BP) of alco-
hols, water, urea and thiourea

The set contains ten rather simple compounds. The cell
membrane permeability data (log[BP]) and lipophilicity
values in table I are taken from Stein [14]. The perme-
ability has the dimension of cm/sec and is the speed with
which a diffusant moves across the medium considered.
The basal permeability (BP) is the permeability in the
absence of any specific transport pathway (i.e. observed
after inhibition of active transport mechanisms). Table 1
also contains polarizability and H-bond donor and accep-
tor data calculated for those compounds. The correlation
of the permeability data with lipophilicity is rather poor:

log[BP] = - 3.31(x 1.75) + 0.79(+ 0.81)logP oo 3)

n=10, r=0.619, s = 1.86, r.,> = - 0.056.

In this equation r,, is the ‘leave-one-out’ cross-validated
correlation coefficient (observed vs. predicted log[BP],
re,> = 1 - PRESS/MS, PRESS = Prediction Error Sum of
Squares, MS = Sum of Mean Squares).

Table 1. Human red cell basal permeability (BP, cm/s), lipophilicity (logP), polarizability (Pol), and H-bond acceptor/donor ability

(2C,, £C,) of alcohols, water and (thio)urea.

No. Compound logPo Pol 2C, 2Cy log[BP] s, log[BP] ..
(eq. (5))
1 Erythritol -2.92 10.66 6.48 -7.06 -8.17 -8.30
2 Ethanediol -1.92 5.72 3.14 -3.32 ~4.54 -4.28
3 Ethanol -0.32 5.08 1.82 -1.42 -2.68 -2.23
4 Glycerol -2.55 8.19 4.81 -5.19 -6.80 -6.29
5 n-Hexanol 2.04 12.42 1.79 -1.59 -2.06 -2.41
6 Methanol -0.74 3.25 1.76 -1.50 -2.43 -2.32
7 n-Propanol 0.34 6.92 1.60 -1.27 -2.19 -2.07
8 Thiourea -1.14 8.08 5.61 -5.00 -5.96 ~6.08
9 Urea -2.66 5.72 3.44 -5.00 -6.11 -6.08
10 Water -3.80 1.41 1.44 -2.88 -2.92 -3.80




According to Stein [14], Anderson et al. [15], and Lien
et al. [16] the molecular bulk effect descriptor log[Mo-
lecular Weight] should be considered as a factor influ-
encing permeability processes. And indeed a significant
equation was obtained using logP and log[MW] (inter-
correlation: r = 0.276), whereas (logP)2 was not signifi-
cant:
log[BP] = 9.49( 3.60) + 1.06(x 0.28)logP ~ 7.01(x 1.95)log[MW1;  (4)

n=10, r=0.972, s = 0.59, r., = 0.939.
However, for this set of compounds an excellent one-
parameter correlation was obtained using only the
H-bond donor strength. This correlation could not be
improved by adding log[MW].

log[BP] = - 0.70( 0.64) + 1.08(x 0.16)XCg; (5)
n=10, r=0.983, s =043, r_, =0.976.

The H-bond acceptor strength (XC,) is also significantly
correlated with log[BP], but the statistical criteria indi-
cate a lower significance as compared with equation (5):

log[BP] = - 0.76(x 1.19) — 1.14(x 0.33)2C,; (6)
n=10, r=0.943, s=0.78, r,, =0.913.
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A strong intercorrelation between the two descriptors 2Cy
and XC, (r = 0.928) does not permit to use them simul-
taneously (see also Discussion). Nevertheless, it is obvi-
ous from this first data set that the H-bond ability plays an
essential role in the human red cell basal permeability. In
this data set as well as in all others discussed in this paper
the authors have also systematically investigated the use
of the hydrogen bond descriptor £C,q mentioned in the
introduction (XC,g, the sum of the absolute values of the
free energy H-bond factors, characterizing the total
H-bond ability of a compound). However, in no case a
correlation of permeability with this parameter was found
with a significantly better predictive power. The reason
for this result is possibly the contribution of both IZC,l
and [ZC,l to £C,4 with a fixed weight of one.

2.2. Permeation of non-electrolytes through cells of
the alga Chara ceratophylla

This set of compounds has been studied by Lien et al.
[16]. Table II contains the data of permeability (log [Per)),
ether/water partition coefficients (logP,,,), polarizability,
and H-bond strength of the compounds. The cited authors

Table II. Permeation (log[Per]) of various non-electrolytes through Chara ceratophylla cells, ether/water partition coefficient

(logP,,,,), polarizability, and H-bond strength.

No. Compound log[Per] logP.,., Pol 2C, 2Cq4

1 Trimethylcitrate -0.6198 -0.367 19.21 9.00 -1.92
12 Cyanamide -0.6778 -0.959 3.98 4,96 -2.50
13 i-Valeramide -0.7212 —0.770 11.58 4.41 —4.16
14 Butyramide —0.7696 -1.237 9.75 4.41 —4.16
15 Propionamide -0.8861 ~-1.886 791 4.41 —4.16
16 Monochlorhydrin -1.0458 -1.097 9.48 3.76 -3.53
17 Propyleneglycol -1.0605 -1.620 7.55 3.24 -3.53
18 Glycerinethylether -1.1135 -1.585 11.86 4.94 -3.55
19 Formamide -1.1135 -2.854 4.24 4.36 -3.38
20 Succinimide -1.2291 -1.509 9.13 6.68 -2.10
21 Diethylurea -1.2291 -1.721 13.06 5.27 -3.86
22 Acetamide -1.2757 -2.602 6.08 4.28 —4.16
23 Glycerinemethylether -1.3665 -1.721 10.30 499 -3.53
2 Ethyleneglycol -1.3665 -2.167 5.72 3.14 -3.32
24 Dimethylurea -1.4685 -2.337 9.39 5.27 -3.86
25 Monacetin -1.7959 -1.387 11.65 5.68 -3.53
26 Ethylurea -1.9208 -2.387 9.39 5.27 —4.43
8 Thiourea -2.1135 -2.201 8.08 5.61 -5.00
27 Methylurea ~2.1675 -2.921 7.55 5.27 —4.43
28 Lactamide -2.2518 -2.745 8.55 6.08 -6.03
9 Urea -2.3979 -3.328 5.72 3.44 -5.00
29 Dicyanodiamide -2.9586 -2.538 8.29 11.24 -6.48
4 Glycerine -3.1308 -3.180 8.19 4.81 -5.19
30 Mucic acid diethylester -3.2757 -2.060 22.53 11.10 -7.48
31 Malonamide -3.8539 -3.523 9.54 8.82 -8.32
1 Erythritol —4.3372 -3.959 10.66 6.48 -7.06
32 Arabinose —4.5086 -4.301 12.36 8.14 -8.29
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obtained the best one-parameter correlation with logP,,,.
For those 27 compounds for which we could estimate
H-bond factor values a correlation with r=0.830 was
obtained with logP,,,,.

Using H-bond donor strength values instead of logP a
statistically significant improvement of the correlation
was achieved:

log[Per} = 0.83(+ 0.57) + 0.59(x 0.12)ZC; Q)
n=27,r=0903, s=0.49, r_, =0.885.

In this set a significant intercorrelation of XC, and
logP,,,, is found (r=10.741). So it is not possible to use
them together. The addition of other descriptors (XC,,
Pol, MW or log[MW]) to equation (7) did not improve
the result. It can be concluded that also in the case of the
permeation of various non-electrolytes through Chara
cells the H-bond donor strength plays a very important
role. And again the permeability decreases with increas-
ing H-bond donor strength.

2.3. Absorption and intraduodenal (id) bioavailability
of azole endothelin antagonists

In the remarkable article of von Geldemn et al. [17] it
has been attempted to use AlogP (AlogP =1ogPo.on —
10gP,., hexane) to improve the design of azole endothelin
antagonists. By modification of the lead compound 33

(changing strong H-bond donor groups to H-bond accep-
tor or non-H-bonding groups) the bioavailability (in-
traduodenal absorption) in the rat as measured by the
‘area under the serum level vs. time curve’ in the first
60 min after intraduodenal injection (AUC,,) was in-
creased by a factor of 400. In addition to this very
important practical result the authors found a dependence
of the bioavailability on AlogP.

Von Geldern et al. assume their AUC;, results to
represent mainly intestinal drug absorption. In principle
AUC,, is a bioavailability parameter and not necessarily
a descriptor of pure absorption processes. Therefore,
AUC,, is certainly also influenced by metabolism or by
distribution into lipid compartments. On the basis of the
available data there is no way to separate the contribution
of these effects to AUC,; from absorption. However, the
assumption of von Geldern et al. is supported by the fact
that the data have been collected only during the first hour
after the intraduodenal administration.

Table Il contains the data for log[AUC,;] (AUC in
M x min/mL), AlogP, polarizability and H-bond strength
for compounds 33-46. The correlation for nine com-
pounds where quantitative data for AUC,, and AlogP was
available is presented in the following equation:

10g[AUC,,] = —2.93(+ 2.25) — 0.98(x 0.49)AlogP; 8)
n=9,r=0871, s=044, r_, =0.66l.

Table III. Absorption data (AUC,4 [ug x min/mL], and 1og[AUC,] [M x min/mL]), AlogPq, ¢y« Polarizability, and H-bond factor

values for azole derivatives.

CH;

‘

O G

No. X Y Z AUCy log[AUC];y AlogP Pol 2C, 2Cy
33 NH NH NH 0.26 -9.303 5.92 60.20 19.80 -11.34
34 NCH; NH NH 6.2 -7.937 5.40 62.04 18.30 -9.01
35 0] NH NH 10.1 -7.715 > 6.2 59.00 18.17 -9.01
36 NH NCH, NH 14.8 -7.559 > 6.0 62.04 18.30 -9.41
37 NH 0] NH 20.8 -7.401 > 6.1 59.00 18.17 -9.41
38 NH CH, NH 4.9 —-8.027 > 6.2 60.56 17.44 -9.41
39 NH NH o 11.6 -7.655 > 6.1 59.00 16.40 -9.28
40 NCH, NH o 50.0 -7.032 4.05 60.83 16.40 -6.95
41 (0] NH (0] 81.5 -6.809 4.66 57.80 16.27 -6.95
42 NH NCH, (8] 59.0 -6.96 4.59 60.83 16.40 -7.35
43 NH o o 48.9 -7.031 4.04 57.80 16.27 -7.35
44 NH CH, (o} 17.5 -7.475 4.16 59.36 15.54 -7.35
45 NCH, o) 0 110.3 -6.688 3.82 59.63 16.34 -5.02
46 0] 0) 0 105.8 -6.696 3.71 56.59 15.17 -5.02




It is obvious that the variation in log[AUC,,] is much
better described and also predicted (compare r_, values!)
by the H-bond donor strength than by AlogP:

log[AUC;,] = - 4.32(x 1.05) + 0.41(x 0.14)ZC,; (€)]
n=9, r=0935, s=0.32, r.,=0.818.

The corresponding equation for the whole set of com-
pounds is:

log[AUC,,] = —4.70(z 0.95) + 0.34(+ 0.11)2C,; (10)
n=14, r=0.882, s=0.34, r_, =0.787.

Again the H-bond donor and H-bond acceptor strengths
are intercorrelated (r = 0.845, n = 14; plot log[AUC,4] vs.
2C,: r=-0.807, n = 14). The reason for the frequently
observed XC,/ZC, intercorrelation is that many hetero-
atom groups not only contain H-bond acceptor atoms (O,
N, S) but also H-bond donor groups. However, in the case
of this set of compounds the importance of the H-bond
donor strength as the most influencing factor for the
biological effect is obvious. The change of a -NH- group
in compound 39 to -NCH;~ (compound 40) does not
change the C, value but changes essentially C, and as a
result changes the activity value. A comparison of the
data for compounds 39 and 45 leads to the same conclu-
sion. Compounds 39-43 and 45 have approximately the
same LC, values but differ essentially in XC, values. The
consequence is that for this small group of compounds
the activity is changed by a factor of 10.

In the discussed set of compounds there are also
correlations of AlogP with XC,, ZC, (EC, vs. 2C,:
r=-0.888) and with £C,,:

AlogP = 1.84(x 0.99) — 0.36(z 0.13)EC,; (11)
n=9, r=0926, s =0.30 r., = 0.898;
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AlogP = — 3.54(z 3.02) + 0.48(= 0.18)C,; (12)
n=9,r=0922, s=031, r,, = 0.893;
AP = - 0.75(x 1.53) + 0.22(= 0.06)=C, ; (13)

n=9, r=0951, s=0.25, r,, =0.924.

Although these equations have been derived from only
nine measurements this result shows that AlogP seems to
reflect not only the H-bond donor strength of compounds
[5], but also the acceptor strength and possibly also other
factors [18]. However, if the easily estimated
HYBOT-H-bond factor values can explain a well defined
part of the experimental parameter AlogP and give better
correlations with biological properties the advantage of
the first is obvious.

2.4. Human skin permeability coefficients (log k,) of
phenols

Data on logk, (permeation rate &, in cm/s) were taken
from El Tayar et al. [5] and have been measured by
Roberts et al. [19]. Those data together with polarizabil-
ity, H-bond strength, and AlogPq, ., values are listed
in fable IV. The correlation of permeability with AlogP is
rather poor:

logk, = — 4.44(x 0.54) - 0.38(+ 0.21 )AlogPOCH,ep‘; 14)
n=17,r=0.704, s=043, r,, =0.342.

At the same time for this data set a rather good correlation
between permeability and H-bond donor strength was
derived, whereas the consideration of Pol, £C,, and £C,,
did not improve significantly the statistical criteria:

logk,, = - 3.39(x 0.59) + 0.71(+ 0.21)2Cy; (15)
n=17,r=0.883, s=0.28, r_, =0.814.

Table IV. Human skin permeability coefficients (logk,, k, in cm/s), polarizability, AlogPoc_neprane and H-bond strength of phenols.

No. Compound Pol AlogP xC, 2Cy logk, logk,
(eq. (16))
47 Phenol 10.71 2.16 1.37 -2.49 —-5.64 -5.52
48 Resorcinol 10.98 4.85 2.36 -5.00 -7.18 -7.04
49 p-Nitrophenol 12.55 391 2.43 -3.65 -5.81 -5.88
50 m-Nitrophenol 12.55 3.40 3.26 -3.49 -5.81 -5.78
51 p-MeOOC-phenol 14.81 2.09 3.54 -2.73 -5.60 -5.29
52 m-Cresol 12.54 2.31 1.47 -2.44 -5.37 -5.34
53 o-Cresol 12.54 1.70 1.61 -2.27 -5.36 -5.28
54 p-Cresol 12.54 2.29 1.31 -2.44 ~5.31 -5.34
55 2-Naphthol 17.98 1.07 1.99 —2.64 -5.11 -5.17
56 o-Chlorophenol 12.64 0.10 1.92 -2.18 -5.04 -4.98
57 p-Ethylphenol 14.38 2.14 1.32 -2.44 -5.01 -5.21
58 3,4-Xylenol 14.38 1.95 1.52 -2.28 -5.00 -5.10
59 p-Bromophenol 13.33 2.68 1.55 -2.83 -5.00 -5.10
60 p-Chlorophenol 12.64 2.50 1.61 -2.91 -5.00 ~-5.47
61 Thymol 18.05 1.68 1.60 -2.01 -4.83 -4.70
62 2,4,6-Trichlorophenol 16.49 2.79 2.61 -2.21 —4.78 —4.54
63 2,4-Dichlorophenol 14.56 1.69 2.27 -2.48 —4.78 -4.93
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In contrast to Pol, however, log[MW] (intercorrelation
r = 0.640) in this case significantly improved the descrip-
tion of logk,:

logk, = — 8.72(x 2.79) + 0.67(x 0.15)EC, + 2.47( 1.28)log[MW];  (16)
n=17,r=0949, s =0.20, r,, = 0.915.

For this set of phenols a significant correlation is found
between AlogP and £C, whereas the statistical criteria of
correlations with £C,, £C,4 or with X£C, and ZC, are
much poorer:

AlogP = — 1.02(+ 1.28) — 1.22( 0.45)2C,; (17)
n=17, r=0.828, s =0.62, r., = 0.776.

2.5. Human skin permeability coefficients (log k,) of
alcohols and steroids

Data on logk,, were also taken from El Tayar et al. [5]
and have been measured by Scheuplein et al. [20, 21].
Like in the preceding section the data reflect the perme-
ation of compounds through the human skin. However, as
the phenol data and the alcohol/steroid data have been
observed in different laboratories, we (also) prefer to
consider these data sets separately. The permeability data
of alcohols and steroids together with polarizability,
AlogP o nep» and H-bond strength values are presented
in table V.

The correlation of permeability with AlogPo pep: 18
rather poor:

logk, =~ 3.76(x 1.16) ~ 1.25(+ 046)Al0gPoc eps (18)
n=22 r=0789, s=073, r,, =0.738.

Interestingly for this data set a significant regression
equation was obtained on the basis of both H-bond
parameters. The low correlation between £C, and XC,
(r=0.527) permits to use the two parameters simulta-
neously:

logk, = — 4.88(+ 0.48) — 0.31(x 0.10)ZC, + 0.23(x 0.17)XCy; (19)
n=22,r=0912, s =0.50, rcv—0889

It is interesting to note that for this group of compounds
there is no significant correlation between AlogP and XC,4
(r =-0.583). However, there is a moderate correlation
between AlogP and XC, (which is not improved by the
addition of XC,) and a slightly better correlation between
AlogP and £C,:

AlogP = 1.42(z 0.38) + 0.22(+ 0.07)ZC,; (20)
n=22, r=0827, s =042, r,, =0.782.

AlogP = 1.32(= 0.39) + 0.16(+ 0.05)XC,; 21)
n=22,r=0.834, s=041, r,, =0.789.

Table V. Human skin permeability (logk,, k, in cm/s), polarizability, AlogP o peptanes H-DoOnd ability, length L, and width W (in A)

of alcohols and steroids.

No. Compound Pol AlogP  XC, 2Cy L w logk, logk, logk,
(obs)  (eq. (24)) (eq. (25)

6 Methanol 3.25 2.03 1.76 -1.50 291 1.809 -6.56 -6.20 -6.82
3 Ethanol 5.08 1.79 1.82 -1.42 4.18 1.806 -6.56 -6.14 -6.56
7 1-Propanol 6.92 1.77 1.60 -1.27 5.46 1.806 -6.41 -5.93 -6.15
64 1-Butanol 8.75 1.58 1.83 -1.32 6.72 1.806 -6.16 -5.98 -5.99
65 1-Pentanol 10.5 1.96 1.79 -1.31 8.00 1.806 -5.78 -5.89 -5.70
5 1-Hexanol 12.4 1.58 1.79 -1.59 9.26 1.806 -5.44 -5.88 -5.50
66 1-Heptanol 14.2 1.74 1.79 -1.37 10.5 1.806 -5.05 -5.76 -5.17
67 1-Octanol 16.0 1.35 1.79 -1.35 11.7 1.806 —4.84 -5.69 -4.90
68 Progesterone 36.3 2.47 4.57 0.00 12.2 6.079 -6.38 -5.91 -6.16
69 Pregnenolone 36.8 2.51 3.89 -1.48 13.0 6.103 -6.38 -5.92 -6.03
70 HO-Progesterone 36.9 2.34 5.84 -2.13 13.0 6.068 —-6.78 -6.98 -7.01
71 HO-Pregnenolone 37.4 2.80 5.20 -3.61 13.8 6.096 -6.78 -7.01 -6.92
72 Deoxycorticosterone 36.9 2.40 6.14 -1.66 12.9 6.064 -6.90 -7.01 -7.06
73 Testosterone 33.1 2.90 4.68 -2.13 10.8 6.064 -6.95 -6.58 -6.96
74 Cortexolone 37.1 3.52 8.32 ~-1.66 14.1 6.062 -7.68 -8.03 -7.71
75 Corticosterone 37.6 3.56 7.67 -3.04 12.8 6.089 ~1.78 -8.03 -8.04
76 Cortisone 377 1.97 7.89 -3.79 134 6.072 -8.56 -8.31 -8.19
77 Hydrocortisone 38.2 3.57 8.98 -5.19 12.9 6.098 -9.08 -9.13 -9.09
78 Aldosterone 39.3 3.78 9.28 -3.79 12.7 6.425 -9.08 -8.90 -8.97
79 Estrone 30.5 2.28 3.61 -2.40 11.7 6.071 -6.00 -6.24 -6.41
80 Estradiol 31.0 2.89 3.49 —4.53 11.7 6.052 -7.08 —6.66 -6.85
81 Estriol 31.6 3.11 5.34 —-6.66 12.4 6.066 -7.95 -8.01 -7.97




Also for the subgroup of the steroids in fable V the
statistical criteria of the two parameter equation for logk,
are very good:

logk, = — 4.36( 0.61) — 0.38(x 0.09)ZC, + 0.24(+ 0.1DEC; (22)
n=14, r=0.961, s = 0.30, r,, = 0.939.

Because of systematic deviations between observed logk
values and those calculated for the alcohols by equatlon
(19), the steroids and alcohols were investigated sepa-
rately in more details. For the alcohols the best correla-
tion was obtained with their polarizability:

logk,, = - 7.29(x 0.33) + 0.15(x 0.031)Pol; (23)
n=8, r=0979, s =0.15, r_, = 0.954.

The virtually constant XC, and £C, values of the alcohols
were non-significant for the description of logk,.

In contrast to the alcohols in the subgroup of the
steroids the polarizability was not significant if added to
equation (22). This is not unexpected as for these com-
pounds Pol is almost constant. By combining steroids and
alcohols and using Pol as an additional descriptor the
following highly significant correlation was obtained (in
contrast to [5] without exclusion of cortisone 76):

logk, = — 5.14( 0.45) — 0.47( 0.14)C, (24)
+0.23(x 0.14)£C, + 0.038(z 0.027)Pol;
n=22, r=0941s=042, r., = 0914,

Interestingly in this equation the regression coefficient of
Pol deviates significantly from that of the preceding
correlation, whereas the other slopes are similar to those
of equation (22). Furthermore, there is still a systematic
deviation in the calculated logk, values of the alcohols
(see table V). Possibly the bulk gescnptor Pol is here (in
equation (23)/(24)) mainly a descriptor of the bulk in one
dimension (i.e. molecular length). Obviously the almost
constant molecular shape of the steroids differs from the
shape of the n-alkanols. If the indicator variable I 4 is
added to indicate the deviating molecular width of the
steroids (i.e. I 09 = 1 for steroids, /. ,;q =0 for alco-
hols) a correlation is obtained (r=0.968, s=0.32,
r., = 0.944) that shows no systematic deviation for the
calculated logk, values of the alcohols. Unfortunately,
there are sigmﬁcant cross-correlations between 7. oiq,
Pol, and 2C, (maximum: r = 0.966, I .4 Vs. Pol).
To investigate the assumption that the molecular length
L and width W (in A) is important for this data set we
determined both by the ALCHEMY 2000 program pack-
age (see Methods, zable V). Interestingly a highly signifi-
cant equation is obtained if Pol and I, ;4 are replaced by
L and W:

logk, = —6.14(x 0.39) — 0.42(x 0.07)ZC, (25)
+0.23(x 0.08)ZC, + 0.21(= 0.06)L - 0.11(x 0.10)W;
n=22,r=0984, s=0.23, r,, = 0974.

The highest descrlptor intercorrelation for this equation
(W vs. 2C,: r* =0.656) is at an acceptable level. The
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observation that the permeability increases with length L
and decreases with width W seems to be reasonable. As
the highly structured phospholipid bilayers in cell mem-
branes consist mainly of parallel, long alkyl chains
attached to polar headgroups it may be expected that
molecules with similar properties (i.e. long and narrow
shape) will pass these domains with more ease than
sterically demanding solutes [22, 23].

3. Discussion

Detailed knowledge of the influence of molecular
properties on solute permeabilities is helpful in under-
standing the mechanisms by which various solutes per-
meate through the skin [15, 23] or through lipophilic
barriers separating aqueous phases (e.g. blood brain
barrier, red cell membrane, cell walls of microorganisms,
etc.). For a long time molecular descriptors like logP,
molecular volume or molecular weight, etc., have been
used in structure/property—permeability relationship
analyses [1, 14-16, 24, 25]. Later also AlogPocoH-alkane
values have been considered in several papers [3-5, 17]
to describe mainly H-bond donating effects of permeants.
Recently the influence of hydrogen bonds on permeabil-
ity processes has been investigated in more details by
differentiating between H-bond acidity and H-bond ba-
sicity [6-8, 23]. In this paper we analyzed the possibility
to describe H-bond effects on solute permeation using
HYBOT acceptor and donor factor values (XC,, XCy)
[9-13, 26] that are easily accessible for a large number of
compound classes.

Five literature data sets providing data on the perme-
ation or absorption behavior of different classes of
compounds in different test systems have been analyzed.
In no case the permeability of membranes was found to
be improved by solute hydrogen bonds. On the contrary
the permeation through lipophilic phases was in all cases
negatively dependent on the strength of the overall
hydrogen bonding effect, irrespective of the H-bond
donor or acceptor effect of permeants. Qualitatively, this
may be somewhat obvious. However, though results of
five data sets were available we could not obtain a
consistent model of the real situation. Only in one data set
(alcohols and steroids, table V) correlations (equation
(24)/(25)) were found that contained both £C, and £C, as
significant descriptors among others. On the other hand,
the other four data sets could be best described by using
only XC, values. Nevertheless, two of these data sets
(tables I and III) also showed slightly less significant
relationships with £C, that indicate reduced permeability
with increasing £C, values. Two explanations are con-
ceivable for this result: First, there is simply a chance (?)
intercorrelation between X£C, and £C, leading to signifi-
cant relationships with one or the other; or second, both
H-bond donor and acceptor effect are important physico-
chemical properties for permeation processes. However,



806

because of the intercorrelation, only the more significant
of them leads to an unbiased, significant regression
coefficient in the dual parameter equation. To enable the
recognition of the correct explanation we performed
principal component analyses with subsequent VARI-
MAX rotation of the components [27, 28]. By this
procedure orthogonal principal components (PCs) were
obtained from the intercorrelated ZC, and £C, variables.
According to the loadings of the original descriptors on
the PCs the latter represent mainly one or the other of the
former descriptors. For instance table VI shows that the
first principal component (PC1) derived from the £C, and
XC, values of table I contains mainly the information of
2C,, whereas PC2 corresponds to XC, (loadings are
identical with correlation coefficients between original
variables and PCs!).

Table VI. Loadings of £C, and XC, (table I) on Varimax-
rotated principal components.

PCI PC2
xC, 0.829 -0.560
3C, ~0.560 0.829

Using the largely separated H-bond acceptor and donor
effects as expressed by the principal component scores
the basal permeability data of table I could be described
by the following highly significant equation:

log[BP] = —4.39(x 0.31) -1.38(x 0.32)PC1(=XC,) (26)
+ 1.71(x 0.32)PC2(=XC,);
n=10,r=00987, s=041.

Similar results were also obtained for the algal cell
permeability data and for the bioavailability of the azole
endothelin antagonists. The only exception was the phe-
nol skin permeability data set of table IV that showed a
significant correlation only with the PC corresponding to
2C,. Possibly the reason for this observation is the rather
small range of X£C, values (minimum 1.32, maximum
3.54), whereas the range of £C, values (min. — 5.0, max.
—2.01) is more extended.

The overall result of this analysis is our conviction that
— in addition to steric bulk descriptors — both H-bond
donor and acceptor effect are important physicochemical
properties for permeation processes (see also [13]). How-
ever, because of their frequently observed intercorrela-
tion, only the more significant of them leads to an
unbiased, significant regression coefficient in multiple
linear regression equations.

4. Conclusion

Instead of the experimental parameters logP or AlogP
the H-bond donor and acceptor descriptors (£C,4 and £C,)

are proposed as parameters for modeling the relationships
between the physicochemical properties of chemicals or
drugs and their permeability and absorption behavior, It is
not necessary to synthesize a compound for an a priori
estimation of £C, and XC, values as these can be easily
calculated by the program HYBOT. The often used
experimental parameter AlogP should be avoided as it
inclucles not only the H-bond donor property of a solute
but also other possible interactions.

5. Methods

5.1. Determination of descriptor values and statistical
data analysis

All information about the H-bonding strength of
chemical compounds and drugs was obtained by means
of the commercially available program package
HYBOT-96 (HYdrogen BOnd Thermodynamics) [11, 12,
26]. The program package contains databases for the free
energy, enthalpy and H-bond descriptor values for 414 H-
bond donors and 1298 H-bond acceptors that have been
calculated on the basis of the multiplicative approach [9].
By knowing C, values for 414 H-bond donors and C,
values for 1298 H-bond acceptors, it is possible to esti-
mate free energy values for 537 372 H-bond complexes
(in [8] H-bond acidity data for 150 compounds and
basicity data for 500 H-bond acceptors are given, provid-
ing the possibility to estimate free energy values for only
75 000 H-bond complexes). The prediction procedure for
H-bond factors in HYBOT is based on the search of the
nearest neighbor in the data base of factor values and is
carried out by fragmentation of molecules with subse-
quent analysis of the structural environment of
H-bonding atoms according to [29].

The polarizability values for the compounds were
calculated on the basis of an additive scheme [30] by our
special program. The molecular length L and width W (in
A) for the alkanol/steroid data set (table V) was deter-
mined by the ALCHEMY 2000 package (Tripos Assoc.
Inc., S$t. Louis, MO). The flexible alkanols were con-
structed in the fully extended conformation. After mo-
lecular mechanics geometry optimization the length L
was calculated as the distance between the OH hydrogen
atom and the most distant H atom of the terminal methyl
group, whereas the width W corresponds to the distance
between two methylene group H atoms. In the geometry
optimized steroids the length L is the distance between
the carbonyl oxygen atom at the steroid 3-position (or
corresponding 3-OH hydrogen) and the most distant atom
at the opposite side (an atom within a substituent in 17- or
16-position). The steroid width W corresponds to the
distance between the equatorial H atoms in positions 7
and 12 (however, for corticosterone, hydrocortisone:
7-H.4/11-OH hydrogens; aldosterone: 7-H,/OH hydro-
gen atom of the 13-CH-OH group).



Multiple linear regression and principal component
analyses were performed by means of in-house programs
(KJS).
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