
NEW VOICES IN CHEMISTRY

D
rug development remains

one of the most vibrant and
widely appreciated chemical
research activities. One exciting
new area involves functional

pharmaceuticals, which are synthetic
agents rationally designed to promote a
given chemical transformation or desired
supramolecular effect. 

Within the context of this paradigm, our
own research efforts have made us keenly
aware of the potential value of anion bind-
ing and redox mediation as leitmotifs for
further development. These themes con-
verge in the case of Xcytrin, a
gadolinium texaphyrin-based
drug being developed by Phar-
macyclics. Xcytrin is now under-
going phase III clinical testing
as an adjuvant for the whole-
brain radiation therapeutic treat-
ment of brain metastases; it has
been found to mediate its effect,
at least in part, as the result of a
catalytic redox cycle that involves
ascorbate anion binding and sub-
sequent production of hydrogen
peroxide.

Useful as they are in terms of
explaining the mode of action of
Xcytrin, anion recognition and
redox mediation are also open-
ing up new horizons in the
search for pharmaceutical leads. 

Anions play critical roles in
processes as diverse as energy transduction,
osmotic pressure regulation, and the manip-
ulation and storage of genetic information.
Not surprisingly, considerable effort has
been devoted of late to the generation of
synthetic receptors capable of binding
anions. This research, in turn, is leading to
new strategies for drug development. One
strategy, being pursued actively by Profes-
sors Javier de Mendoza, Autonomous Uni-
versity of Madrid; Jean Chmielewski, Pur-
due University; and Sames Sicsic, University
of Paris, South, involves generating recep-
tors for the carboxylate “ends” of HIVpro-
tease monomers, thereby precluding assem-
bly into active dimers.

Anion recognition also shows promise
in the area of cystic fibrosis. This genetic
disorder is characterized by the presence
of misregulated chloride anion channels
and a corresponding inability to control
the flux of the all-important anion. An
intriguing functional drug-based approach
would involve the use of synthetic chlo-
ride anion-transporting agents to improve
membrane permeability. Related transport
enhancement approaches could increase
the bioavailability of phosphorylated
drugs, including nucleotide-type antivirals.
Meanwhile, an ability to effect both effi-

cient phosphate anion recognition and
concomitant phosphodiester hydrolysis is
considered a key predicate to the devel-
opment of fully viable antisense agents
(that is, artificial ribozymes).

Like anions, redox processes are central
to life. Agents that interfere with these
processes—cyanide anion, for example—
have long been appreciated for their toxic
properties. Recently, however, it has be-
come appreciated that the appropriate
manipulation of redox processes can have
a salutary effect. This is particularly true as
far as the production and removal of
so-called reactive oxygen species (ROS) is
concerned. 

ROS—singlet oxygen, hydroxyl radicals,
superoxide anion, hydrogen peroxide, per-
oxynitrite, and others—are correlated with
many disease states, including cancer,
Parkinson’s disease, inflammatory disease,
diabetes, heart attack, and stroke. Led by
researchers at Eukarion, MetaPhore, Phar-
macyclics, and academic laboratories
including those of Professors John T.
Groves, Princeton University, and John P.
Crow, University of Alabama, Birmingham,
considerable current work is focused on
using metal complexes to decompose var-
ious ROS. Meanwhile, a different approach,
which involves the use of appropriate elec-
tron-rich organic agents to prevent ROS
buildup under conditions of oxidative stress
(for example, reperfusion injury), is being
pursued at Galileo Laboratories.

Agents whose mode of action is predi-
cated on ROS production are farther along
in development than the mostly preclinical
efforts described above. In fact, the natu-
rally occurring anticancer agent bleomycin

is thought to operate via a Fen-
ton-like oxygen-activation mech-
anism. Meanwhile, other agents
that produce ROS, as a result of
their intrinsic characteristics
(such as Xcytrin) or external
stimuli (for example, light in the
case of photodynamic therapy
photosensitizers), are progress-
ing toward or have already ob-
tained approval from the Food
and Drug Administration. In all
cases, the key to success appears
to be an ability to produce ROS
in a tissue-selective manner—say,
at a cancerous site. 

Although Xcytrin is still the
subject of ongoing study, it ap-
pears that tumor biolocalization
is abetted by the same inherent
redox properties that make the

drug effective in enhancing radiation. This
finding raises the intriguing possibility that
redox tissue targeting, and redox mediation
per se, could represent an important new
direction in drug development. To the extent
that this is true, it would add excitement to
the fast-emerging area of functional phar-
maceutical research.
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