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A good understanding of a baseline solubility charac-
terization is fundamental in order to guide the selection of 
formulation approaches and accurate predicts improve-
ments of API solubility and/or dissolution by both chemi-
cal (salts and prodrugs) and formulation (i.e. particle size 
reduction, lipid formulation and cyclodextrine complexa-
tion) approach. 

Solubility of Active Pharmaceutical Ingredient (API) 
has always been a concern for formulators, since inade-
quate aqueous solubility may limit bioavailability of oral 
products. In recent years, number of low solubility com-
pounds has increased within the pharmaceutical industry 
pipeline. This challenge has been faced by the pharmaceu-
tical industry by improving knowledge of important phys-
ico-chemical characteristic such as solubility, ionization 
constant and partition coefficient.  

Solubility of drugs is influenced by many variables 
(pH, solid state, presence of counter-ions, temperature, 
etc�). Even though a single point determination has some 
value, profiling the solubility of a compound as a function 
of one more of these variables often yields a wealth of 
information. 

A data fitting approach for determination of pH solu-
bility profile will be presented. Characterization of the 
solid in equilibrium with different solution media will be 
discussed.   

Biorelevant solubilities will be also taken in consid-
eration through the use of simulated gastro-intestinal flu-
ids. Building on the equilibrium solubility knowledge, 
these data will be used in order to speculate on a theoreti-
cal in-vivo profile to be correlated with drug product per-
formance.  
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Advanced forms of cancer are generally treated using 
chemotherapy drugs.  Unfortunately, many tumours are 
intrinsically resistant or develop this characteristic over the 
course of treatment, ultimately leading to continued 
growth and/or metastasis1.  Optimal distribution and deliv-
ery of cancer drugs plays a key role in their efficacy and is 
very dependent on the pharmacokinetics of the agent at the 
cellular and whole body levels2.   

Cellular protein transporters belonging to the AT-
Pase-Binding Cassette (ABC) family have a major role in 
the physiological transport of many pharmaceutical, par-
ticularly anti-cancer drugs3.  In cancer cells, over expres-
sion of these transporters (common for many resistant 
cancers) can lead to reduced intracellular anti-cancer drug 
concentrations, abrogating the activity of these agents.  
However, some of these transporters, especially P-
glycoprotein (P-gp, MDR-1, ABCB1), are significantly 
expressed in the organs of drug elimination and play an 
important role in the normal pharmacokinetic process of 
anti-cancer drug clearance, vital for terminating the acute 
toxicity of such agents4.  Most small molecules are sub-
strates for one or more of the ABC-transporters.  Hence, 
some established pharmaceuticals may have useful dual 
roles in cancer pharmacology in combination with existing 
treatments, while others may seriously augment the toxic-
ity and side effects of anti-cancer drugs.  The complexities 
of this type of endeavor were illustrated, decades ago, 
where the ability of the cardiovascular drug, verapamil, to 
inhibit P-gp initially demonstrated therapeutic promise but 
ultimately failed to provide increased therapeutic efficacy 
clinically because of unfavourable pharmacological inter-
actions in combination cancer treatment schedules4.   

Through the use of specific cell models, we have 
identified that the established Non-Steroidal Anti-
Inflammatory (NSAID) agent, sulindac, can inhibit the 
Multiple Drug Resistance  (MRP-1) transporter protein (an 
ABC transporter related to P-gp).  Our research illustrated 
that this effect was distinct to its anti-inflammatory action 
and could restore MRP-1-substrate cancer drug-sensitivity 
in relevant cancer cell models5,6.  MRP-1 is an attractive 
resistance target as it is commonly overexpressed in cancer 
but does not seem to play a major role in drug elimination. 



Chem. Listy 102, s179−s264 (2008)                            Konference SAL 2008                                                        Plenární předná�ky  

s188 

Through clinical collaboration we have evaluated this 
laboratory observation in a successful phase I study7,8 and 
the findings have now led to a phase II evaluation of sulin-
dac in combination with chemotherapy in advanced mela-
noma which is currently underway.  Screening of other 
small molecule agents has illustrated how drug transporter 
activity can be modulated but careful laboratory evaluation 
of the underlying mechanism of interaction with the trans-
porter is necessary to evaluate the likely clinical potential 
of such findings.   

Clinical evaluation of the potential of established 
pharmaceuticals for combination cancer therapeutic appli-
cation is an attractive drug development path as, typically, 
the pace of clinical translation of such regimens is much 
more rapid with a greatly reduced burden of pre-clinical 
testing required prior to early phase trials.. 
 
This work was made possible by a PRTLI cycle III award 
from the Irish Higher Education Authority and funding 
from Cancer Research Ireland (CRI 03OCO). 
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Crystal structure analysis is one of the most important 

physico-chemical methods of solid state studies and be-
comes now almost inevitable stage in the course of drug 
investigations.  

This lecture will be focused on the X-ray crystal 
structure analysis (XCSA), though also neutrons and elec-
trons can be used in a similar way. In XCSA the X-ray 
beam is diffracted on the electrons belonging to atoms 
ordered in the crystal. The so-called diffraction patterns, 
from which the information about the directions and the 
intensities of the diffracted beams can be extracted, are 
collected with the use of special equipment called diffrac-
tometer and interpreted mathematically. The result is the 
three-dimensional electron density distribution from which 
we can read out the atom positions and, at the same time, 
the geometry of the molecules, the bond lengths and bond 
angles as well as torsion angles. Also the intermolecular 
interactions such as hydrogen bonds, van der Waals and π-
π, dipol-dipol and others can be localised and character-
ised.  

There are two main types of XCSA, namely the single 
crystal structure analysis (SCSA) and the polycrystalline 
or powder crystal structure analysis (PCSA). The first of 
them is most often used for crystal structure determination, 
the other is mainly employed as a method of identification, 
but thanks to recent development of PCSA, it may also 
replace SCSA in cases, when the single crystals cannot be 
obtained. 

The following aspects of SCSA application in drug 
investigation will be described as the most interesting and 
important: 
− determination of the 3D structure of drug and poten-

tial drug molecules with stress on their absolute con-
figuration and conformational preferences as well as 
the ability to interact with their environment. As ex-
amples the antimalarial, anti-HIV drugs and potential 
drugs, as well as some reactivators of the acetylcholi-
nesterase inhibited by phospho-organic compounds 
will be given; 

− structure determination of protein (especially en-
zyme) complexes with small molecules; as examples 
the anticancer and some other drugs will be given. 
The application of both, SCSA and PCSA will be 

characterised in treatment of the strictly crystallographic 
problem of drug polymorphism; the examples of the ef-
fects of this phenomenon on solubility and availability of 
drugs will be given.  
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We have developed several routes to various di-
azenes. A typical one is shown on Scheme. Thus, the addi-
tion of monosubstituted hydrazine 2 to the isocyanate 1 
results in the formation of 1,4-disubstituted semicarbazide 
3. Oxidation of 3 to give 4 is usually performed with either 
N-bromo-succinimide/pyridine or ceric(IV) ammonium 
nitrate (CAN). The most convenient route to unsymmetri-
cal diazene-di-car-boxa-mide 4c is a substitution of the 
alkoxy group in the diazene 4b employing a primary 
amine as a nucleophile. Diazenes 4b as well as their 
dialkoxy analogs are useful reagents for electrophilic ami-
nation of various aromatic compounds. In some cases, the 
amination process can be accompanied by a halogen mi-
gration or by further transformation of an aminated prod-
uct. 

 
 
 
 

 Several diazenes of type 4a�4c were found to pos-
sess antitumoral activity. Namely, they inhibit the growth 
of different tumor cell lines. Some of them also reduced 
the survival of drug-resistant cells, thus offering a new 
hope for the success in cancer therapy. In addition, most of 
diazenes are well recognized selective oxidants of various 
thiols, including natural ones. This characteristic can be 
crucial in controlling the ratio between monomeric and 
dimeric glutathione. 

Furthermore, diazenedicarboxamides 4c are effective 
inhibitors of D-alanine:D-alanine-ligase (isoform DdlB) 
from Escherichia coli. They also possess anti-bacterial 
activity, what qualifies them as a promising starting point 
for further development towards new antibiotics. 

A simple method for the preparation of 1,3-di-

aryltriazenes 5 and the synthesis of N-acyl-triazenes 6 as 
new reagents for N-acylation will be presented. It is impor-
tant to note that compounds 6 can serve as mild and selec-
tive agents for N-acylation in various solvents, including 
protic ones. Very recent results on antitumoral activity of 
selected 1,3-diaryltriazenes and their N-acyl analogues will 
also be discussed.  
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Chemistry focuses on a construction of a variety of 
materials of the practical importance and applications, as 
drugs, preservatives, flavors and so on and the point of the 
current strategy for the molecular production is a property 
oriented synthesis. In this context, molecular design is 
a drug development option that uses fully rational schemes 
for drug discovery. A drug molecule is a man-made effec-
tor designed or discovered in other way to fit the biologi-
cal counterpart (receptor) and produce the required action 
allowing us for the manipulation of biological effects.  

Quantitative Structure Activity Relationship (QSAR) 
approach is a molecular design strategy based at mapping 
structure to property. In principle, this should transform 
molecular data to drugs. Although drugs get better and 
better imitating natural biological effectors, the practical 
impact of QSAR in pharmaceutical research is still below 
the expectations. On the other hand, a significant develop-
ment can be observed along two last decades. The method 
originated from the Hansch analysis based on the logP and 
Hammett constant evaluated towards a growing impor-
tance of a three dimensional (3D) molecular structure.  

Multidimensional (m)-QSAR is a method for model-
ing the relationship between multidimensional molecular 
descriptors1 and biological activity. The expansion of 
QSAR dimensionality resembles a way in which we refer 
to the protein structure. A sequence of amino acids defines 
the primary structure, a specific local geometry indicates 
secondary structure, overall protein shape describes the 
tertiary structure and the effects resulting from the interac-
tions with another protein molecule is explained in quater-
nary protein structure. Thus, the 3D QSAR data refer to 
the molecular descriptors of the static 3D molecular repre-
sentations; 4D QSAR involves multiple conformation 
poses of the effectors; 5D QSAR supplements this with 
multiple induced fit-scenarios; and 6D QSAR additionally 
includes with multiple solvation states.  

Technically, the traditional Hansch QSAR method 
uses the regression method to investigate a relationship 
between hydrophobic parameters and/or Hammett con-
stants (X-block data) and biological activity (dependent 
variable or Y). Formally, this can be achieved with a sim-
ple mathematical approach that does not need in silico 
computations. Although such an approach can be extended 
into multidimensional problem by the combination of sev-
eral parameters as independent variables, usually 
a dimensionality of X is lower than this of Y. Instead, in 
m-QSAR we are to solve much more complex problem 
where a dimensionality of X is much higher than the di-

mensionality of Y. Robust modeling using Partial Least 
Squares (PLS) is a default solution in such a case.  

In general, data elimination, selection or filtering are 
the methods that can be used for pharmacophore mapping 
in m-QSAR. Hopfinger�s 4D QSAR uses genetic algo-
rithms for variable selection2. Comparative Molecular 
Surface Analysis3 is coupled with a variant of UVE-PLS4 − 
Iterative Variable Elimination PLS (IVE-PLS)5,6. Gener-
ally, data elimination does not increase the predictive 
power of the models, especially in the test set, but enables 
one to identify variables of the highest contribution, and 
thus to visualize the QSAR model. Data selection is a re-
cent trend in m-QSAR modeling7. 

Basically, it is believed that traditional QSAR does 
not take into account receptor dependent (RD) data, or in 
other words, that it works in a receptor independent (RI) 
mode. Formally, this is not a whole true because even the 
most simple QSAR model includes at least one receptor 
dependent variable, i.e., biological activity. However, in 
m-QSAR we can observe a significant unbalance between 
the massive RI data describing ligands and a single num-
ber describing the ligand-receptor interactions. The noise 
due to the molecular recognition uncertainty in traditional 
RI m-QSAR cannot be eliminated but by the inclusion of 
the receptor data. However, a complex nature of ligand-
receptor interactions limited the development of the RD 
m-QSAR. Eventually, with a steady increase of computa-
tional power novel RD QSAR methods appeared. This can 
be divided upon the ligand and receptor representation 
types applied. Thus, the single receptor and the single 
ligand data are used in RD 3D-QSAR; the single receptor 
and the multiple ligand data � in RD 4D-QSAR; the multi-
ple receptor and the multiple ligand data − in RD 5D�
QSAR, which is supplemented by multiple solvation data 
in RD 6D�QSAR8.  

ADMET in silico modeling is expected to be a way 
towards prediction paradise9 and the membrane interac-
tions (MI) QSAR approach is a recent RD m-QSAR 
scheme developed to predict ADMET parameters2. Photo-
dynamic therapy (PDT) or surface dyeing are important 
examples that can profit from this method. 
  
The financial support of the KBN Warsaw under grants 
no. R0504303 and N507081033 is gratefully acknowl-
edged.  
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Novel chemotherapeutics with marked and selective 

anti-tumour activity are essential to develop, particularly 
those that can overcome resistance to established agents. 
Iron (Fe) is a crucial nutrient required for cell cycle pro-
gression and DNA synthesis and represents a novel mo-
lecular target for the design of new anti-cancer drugs.  The 
aim of this current study was to evaluate the anti-tumor 
activity and Fe chelation efficacy of a new class of Fe 
chelators, namely the d-2-pyridylketone thiosemicarba-
zone (DpT) series of ligands.  

Our studies using these chelators (Whitnall, M. et al. 
(2006) PNAS USA 103(20):7670-7675) demonstrated 
broad anti-tumor activity in 28 different tumor cell lines. 
Moreover, the compounds could overcome resistance to 
established anti-tumor agents. The in-vivo efficacy of the 
most effective chelator identified, Dp44mT, was assessed 
using a panel of human xenografts in nude mice. These 
tumours included melanoma, lung carcinoma, ovarian 
carcinoma and brain (neuroepithelioma). After 7 weeks, 
net growth of a melanoma xenograft in Dp44mT-treated 
mice was only 8% of that in mice treated with vehicle. In 
addition, no differences in these latter animals were found 
in hematological indices between Dp44mT-treated mice 
and controls.  

No marked systemic Fe-depletion was observed com-
paring Dp44mT- and vehicle-treated mice, probably due to 
the very low doses (0.4−0.75 mg/kg/day) required to in-
duce anti-cancer activity. Interestingly, Dp44mT caused 
up-regulation of the Fe-responsive tumor growth and me-
tastasis suppressor, N-myc downstream regulated gene-1, 
Ndrg1, in the tumor but not the liver, indicating a potential 
mechanism of selective anti-cancer activity.   

Further studies indicated that the potent anti-tumour 
activity of the DpT chelators was due to the intracellular 

formation of a redox-active Fe complex (Richardson, D.R. 
et al. (2006) J. Med. Chem. 49:6510-6521). Indeed, the 
high efficacy of these compounds was related to the 
�double punch� mechanism. That is, the ability of the che-
lator to bind Fe which is essential for tumour cell growth 
followed by the redox cycling of the Fe complex to gener-
ate cytotoxic free radicals. Further studies by our group led 
to the design and synthesis of even more effective agents 
known as the BpT series of chelators (Kalinowski, D et al. 
(2007) J. Med. Chem. 50:3716-3729). Again, the efficacy 
of these latter compounds is related to their ability to form 
a redox-active Fe complex. 

In summary, these results indicate that the novel Fe 
chelators have potent and broad anti-tumor activity and 
can overcome resistance to established chemotherapeutics 
due to their unique mechanism of action. 

 
 
 
 
 
 
 

 
 


