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Cantharidin is a naturally occurring compound in the Spanish Fly and Chinese Blister
Beetle and it also happens to be a very effective anti-cancer agent. Unfortunately, it is a
bit too effective. With a lethal limit of 1mg/kg, it will most likely get rid of the cancer
when administered to a patient, but will also most likely be fatal to them in the process.1
Given the potential of cantharidin, the present research effort seeks to devise a potent
analog based on the cantharidin structure that will be just as effective against cancer, but
at the same time have a greatly decreased toxicity level. The approach to developing the
optimal analog is based on an integrated analysis of synthesis, biochemical testing and
molecular modeling techniques. A systematic analysis of the structure of cantharidins
and the requirements for binding to its target protein led to the design of over 100
analogs. This was done by altering the original cantharidin molecule in certain places,
such as the bridgehead position and double bond, which were believed to change the
efficacy and/or toxicity of the analogs. Previous studies showed an oxygen atom at the
bridgehead position is directly related to the inhibition.2 Each new analog was designed,
model built and then optimized using the AM1 semi-empirical program.3 Charges were
calculated and the optimized structures were analyzed. Of the original 100 designed, 9
were synthesized and their efficacy was tested by administering them to Human HepG2
hepatocarcinoma cell lines. Analog activity was assessed by measuring cell growth. Of
the nine synthesized and tested cantharidin analogs, only one possessed similar effects to
that of the parent compound. Within the cell, cantharidin inhibits protein phosphatase 2A
(PP2A), a major regulator of phosphorylation associated with tumor initiation and
growth. The analogs were modeled into the active site of the PP2A to identify potential
structure activity relationships (SARs).4 This process showed that there is no clear-cut
relationship between analog efficacy and the bridgehead oxygen. Relationships were
analyzed between bridgehead atom, bridgehead charge, open/closed ring formations and
the presence of a double bond and none alone were responsible for their efficacy. There
was some association of the bridgehead structure and the ring structure with PP2A
inhibition and cell growth effects respectively. Future work suggests SAR models, based
on the relative charges and positions of the bridgehead atom and the double bond.
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