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tions to afford the hydroquinonelsemiquinone ‘activated’ species. We have 
previously shown that under chemical and radiolytic reductive conditions, 
indolequinone-drug conjugates (attached at the [3-indolyl]methyl position) 
are bioreductively-activated and subsequently release the drug. 
Here, we describe the synthesis and biological activity of indolequinone- 
mustard conjugates and shows that the mustard moiety is released prefer- 
entially under hypoxic conditions leading to a greater hypoxic cell kill when 
compared with the prodrug under normoxic conditions. 
Aims and Objectives: In this study, the T47D human breast tumour cell 
line was chosen as it has low levels of endogenous reductive enzymes and 
A549 cell lines which has high expression of reductive enzymes. The syn- 
thetic indolequinone analogues were evaluated for their cytotoxicity against 
the cell lines under both aerobic (air) and hypoxic (N2) conditions. The com- 
pounds were compared against MMC. 
Results: Overall, the novel analogues were more potent than MMC un- 
der aerobic condition and even more so under hypoxic conditions. All the 
compounds show greater hypoxic selectivity (HCR between 2.6-16.7) when 
compared to MMC (HCR 1.4-3.0) in the cell lines (see Table). 

DIU4 R A549 (uM) HCR 

Al H 0.024 + 0.004 0.005 * 0.002 4.6 

A2 Me 0.993 + 0.036 0.126 * 0.013 7.8 

61 H 0.194 * 0.026 0.034 * 0.0077 5.7 

82 Me 0.0415*0.112 0.0160 + 0.0049 2.6 

Drug R T47D (&M) HCR 

IC50 (a1r) IC50 (Nz) 

MMC 2.3 + 2.0 0.75 * 0.22 3.0 

Al H 1.265 + 0.352 0.44 * 0.166 2.3 

A2 Me 21.31 * 0.335 6.293 + 2.196 4.0 

61 H 7.34 + 1.36 0.44 * 0.20 16.7 

82 Me 7.46 + 0.75 0.46 + 0.14 16.2 

The lead compounds (Bl and 82) show greater selectivity in the T47D es- 
pecially under hypoxic conditions, which may be due to reduced enzymatic 
expression. 
Conclusion: The results indicated that the prodrug could efficiently re- 
lease the mustard preferentially under hypoxic conditions especially in cell 
lines where there is reduced expression of reductive enzymes. The mech- 
anism of delivery seems to suggest that the indolequinone class of biore- 
ductive prodrugs may retain the mustard (to some extent) in its inactive 
form under aerobic conditions (via electron withdrawing effects). However, 
under hypoxic conditions, the quinone is reduced to the hydroquinone (or 
semiquinone radical) resulting in the efficient release of the mustard moiety 
and causing enhanced cell kill. 
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Transmembrane inhibitors of ABC transporters 

C.J. Micheida, N.I. Tarasova, G. Amadei, Ft. Seth. National Cancer 
Institute-frederick, Molecular Aspects of Drug Design, SBL, CCR, 
Frederick, USA 

Drug resistance mediated by ABC transporters such as P-glycoprotein (P- 
gp), is a major problem for cancer chemotherapy. We showed previously 
that the function of polytopic membrane proteins such as G-protein coupled 
receptors could be inhibited by synthetic peptide analogs of transmembrane 
domains (TMs) of the protein. We developed a panel of highly specific pep- 
tide inhibitors of P-gp and of the recently discovered transporter ABCG2. 
The inhibitors, structural analogs of the TMs of the transporters, disrupt 
the assembly of the target proteins. Initially, the design of peptide inhibitors 
was based solely on the primary structures of the target protein. It allowed 
us to generate compounds that selectively inhibited the transporters with 
I& in 5-10 mM range. Optimization of the structures resulted in more than 
lo-fold increase in the potency. The major gain was due to more precise 
localization of the TMs that were initially predicted inconsistently by several 

available computer programs. A novel 96.well plate assay was developed 
based on the efflux of fluorescent ABCG2 substrate, BODIPY-prazosin, and 
was used for structure-functional characterization of transporter inhibitors. 
The most potent inhibitors of ABCG2, which is a 6 TM protein, were de- 
rived from TMs 1, 2 and 4 (I&,, 0.1-l mM). Analogs of domains 5, 6 and 
11 of P-gp were found to be the most active in inhibiting efflux of fluores- 
cent substrate of this 12.TM pump. The minimal length for an active pep- 
tide was 15 amino acids, including the negatively charged residues added 
for membrane orientation and solubility, which is significantly shorter than 
the thickness of the plasma membrane. Thus, a truncated peptide derived 
from TM5 of P-gp, YASYALAFWYGTDD, was as potent as cyclosporin, 
the standard for in-vitro P-gp inhibition, the full length 23.residues long pep- 
tide was 5-fold more potent. Circular dichroism and fluorescence studies 
of TM peptides in lipid micelles indicated significant differences between 
the domains in terms of degree of helicity, ability to form regular structures 
and entry into lipid bilayers. SAR studies of P-glycoprotein and ABCG2 in- 
hibitors strongly suggest that potent and selective inhibitors of ABC trans- 
porters can now be developed based solely on the primary structures of the 
target proteins. Retro-inverse peptides synthesized from D-amino acids and 
peptido-mimetics of the a-helices are now being investigated as improved 
rationally designed ABC transporter inhibitors. 
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The synthesis of hypoxia-selective nitroaromatic 
compounds as bioreductive drug delivery agents 

A. Nakamya, I.J. Stratford, S. Freeman, M. Jaffar. The University Of 
Manchester, School Of Pharmacy And Pharmaceutical Sciences, 
Manchester, United Kingdom 

Hypoxic (Ischaemic) cells exist due to the poor and disorganised vascu- 
lature that is present in most solid turnours. These cells are generally re- 
sistant to conventional radiotherapy and some chemotherapy. Bioreduc- 
tive prodrugs, for example tirapazamine and Mitomycin C, were designed 
to target hypoxic cells of solid turnours. Under hypoxic conditions, these 
drugs are activated by reductive enzymes such as nitroreductase (NTR), 
DTdiaphorase (DTD) and cytochrome P450 reductase (cP450R) to afford 
the active species. The reaction involves a series of one-electron reduction 
processes first to the hydroxylamino (4 electron reduction) and then to an 
amino (6 electron reduction) group which is the active trigger. This concept 
has recently been extended to develop these agents as hypoxia-selective 
drug delivery systems. We have designed and synthesised novel bioreduc- 
tive prodrugs, which comprise of a nitroaromatic trigger joined to the ther- 
apeutic drug by a propenyl, carbamate or urea linker. The trigger domain 
controls the tumour cell selectivity of the prodrug as it undergoes reduction 
only under hypoxic / reductive conditions. The linker deactivates the cyto- 
toxic moiety. Upon bioreduction, the activation signal is transmitted from the 
trigger through the linker to cause the release of the active drug. A series of 
N-(1 -(2,4-dinitrophenyl)ethyl urea derivatives bearing either an aromatic or 
an aliphatic nitrogen mustards have been synthesised (see Figure 1 for an 
example). 

Flgure 1. 

It is anticipated that under appropriate reductive conditions, the ortho nitro 
moiety of the trigger component of the prodrug will be reduced to the corre- 
sponding reactive amino derivative. Cyclisation of the trigger onto the linker 
will cause selective release of the cytotoxic mustards in hypoxic cells. These 
toxic mustards would then diffuse and kill neighbouring non-hypoxic tumour 
cells (by-stander effect). We have shown that under biomimetic chemical re- 
duction (NaBH4 in presence of 10% Pd/C), the orthonitro group is reduced 
to the amino moiety causing a “through space” cyclisation to con-currently 
release the therapeutic drug. This technology, therefore, can be used to 
deliver cytotoxic drugs, enzyme inhibitors or diagnostic imaging agents to 
hypoxic turnours. 


