The lipophilicity mirage: logD as an endpoint in drug discovery
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Introduction

logD and dose related parameters

Several metrics and rules such as LLE or Lipinski rules incorporate lipophilicity and
are often seen as valid endpoints in drug discovery, which is in fact a Fata Morgana
(eng. Mirage). This italian phrase is derived from Latin meaning "fairy", from the
belief that these mirages were fairy castles in the air to lure sailors to their death.
These mirages distort the object which they are based on significantly, often such
that the object is completely unrecognizable [1]. The use of distribution and
partition coefficients to explain biological potency ranges back into the first half of
the 20th century [2,3,4] and was further developed by Hansch [5]. The octanol
water partition coefficient (logDoctanol/water) is defined as the logarithm of the ratio of
the concentration of all ionized and un-ionized forms at a specific pH in the two
phases. The conceptual simplicity and appealing correlations between
logDoctanol/water and e.g. potency and pharmacokinetic parameters has put it in focus
for many discussions with tremendous impact in drug discovery.

Lipophilicity can be strongly correlated to physico-chemical parameters like
solubility or permeability which are related to bioavailability. The same is true for
the most important complex endpoint in medicinal chemistry the dose to man.
logD may influence simultaneously in a non-linear way all dose dependent
parameters such as potency, clearance (CL), fraction unbound (fu) and volume of
distribution (Vss). Any optimisation strategy based on bulk properties such as logD
does not capture the underlying complexity [6,7].
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It was noted that the prediction of the biological
activity did not improved while using logP
alone, but in combination with Hammett’ s
sigma.
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Figure1: Meyer-Overton correlation with olive oil (Source: Wikipedia)

logD and the chemical potential

Vss

To identify specific interactions or highlight possible sweet spots for optimisation, a
reference point needs to be defined. To account for specific interactions it has
become popular to use LLE defined as –log(potency)-logD. In biological systems it is
natural to use as reference the chemical potential in aqueous phase of
pharmacological active compounds. Differences in logD have become a surrogate
measure for the difference in the chemical potential between compounds, but the
choice of logDoctanol/water is arbitrary. Several other solvents (e.g. hexadecane,
cyclohexane) or Reverse-phase high-performance liquid chromatography were
used with success in the past depending on the system under research.
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•Chemical structure (chemical work)
• Electrostatics (electrical work)
• Concentration (osmotic work)
• Mass (gravitational work)
• Volume (work against applied
pressure)
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Figure2: Correlation of logDoctanol/water measured with shake flask for 246
compounds with different dose relevant PK parameters [8]

Summary
The lipophilic/hydrophobic character of a molecule will influence most
parameters used in drug design. This influence should be carefully
studied and accounted for in interpretation of experimental signals.
Failure to do so will lead to driving design on non-relevant signals.
Therefore it should not be expected to find linear correlations of logD to
complex, composite parameters. Bulk properties such as logD does not
capture the underlying complexity and the net contribution of lipophilicity
to in-vivo endpoints can be considerably smaller than often assumed.
With LLE as one way to attempt to separate bulk effects from more
relevant specific signals, the choice of octanol as reference system and
pIC50-values should be used with care and specific limits are to be
avoided.

