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Strategy of molecular design of drugs: the unification of macro-properties and
micro-structures of a molecule

GUO Zong-ru

Abstract:

The interaction of a drug with the organism involves both the disposition of a drug by the organism and
the action of a drug on the organism. The disposition of various exogenous substances, including drugs,
complies with general rules. The underlying physical and chemical changes to different drugs in view of
time and space, i.e. pharmacokinetics, share common characteristics, that is the tout ensemble of a
molecule and its macroscopic properties convey direct effect on the pharmacokinetic behavior as the
tendency and consequence of biological evolution. The action of a drug on the organism, on the other
hand, implicates the physico-chemical binding of a drug molecule to the target protein, which induces
pharmacological and toxicological effects. The biological reactions, no matter beneficial or adverse, are
all specific and individual manifestation of the drug molecule and determined by the interactive binding
between definitive atoms or groups of the drug molecule and the macromolecular target in three-
dimension. Such critical atoms, groups, or fragments responsible for the interaction reflect the
microscopic structures of drug molecules and are called pharmacophore. In this context, a drug
molecule is presumed as an assembly of macroscopic property and microscopic structure, with the
macroscopic properties determining the absorption, distribution, metabolism and elimination of drugs
and the microscopic structure coining pharmacological action. The knowledge of the internal relationship
between macroscopy/microscopy and PK/PD conduces to comprehension of drug action and guides
molecular drug design, because this conception facilitates the identification of structural features
necessary for biological response, and the determination of factors modulating the physico-chemical and
pharmacokinetic properties. The factors determining macro-properties include molecular weight,
solubility, charge, lipophilicity (partition), and polar surface area, etc., which are destined by molecular
scaffolds and/or side chain(s) apart from pharmacophore. The features of micro-structures contributing
to specific activity contain hydrogen bonding donor and acceptor, positive and negative charge centers,
hydrophobic centers and centers of aromatic rings. Different combinations and spacial arrangements of
these features determine the distinct activity presented. The macro-property and micro-structure are
integrated into a single molecule, and are inseparable. The macro-property reflects overall contribution
of atoms and groups in the micro-structure. On the other hand, structural changes aimed to adjust
macroscopic property usually alter the relative position of the microscopic structure. The goal of
molecular drug design is to integrate the macroscopic and microscopic factors in optimized manner. In
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the early stage of molecular design, both macroscopic property and microscopic structure should be
considered to make pharmacodynamics, pharmacokinetics, and physico-chemical properties in optimal
match. Therefore, it required the existence of structural overlapping among acceptable
pharmacokinetics, visible developing potential and specific pharmacodynamics. The larger the scope of
overlapping, the higher the possibility to be a drug.
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