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Letter from Guest Editor
Medicinal Chemistry Graduate Program
Drug Discovery and Design
A Program of Excellence

The Medicinal Chemistry Graduate Program “Drug Discovery and Design of the
University of Patras has completed its 17th year of operation. The Program, a joint
collaboration of the Departments of Chemistry, Medicine and Pharmacy, has been
successful with outstanding research and academic activities in the field of Medici-
nal Chemistry. The Program has attracted the interest of world leading scientists for
participation and research collaboration. Each year a distinguished scientist is hon-
ored for his/her contribution to Biomedical Research and Science.

So far the Program has honored outstanding scientists in the field: Harald zur
Hausen, Nobel in Medicine and Physiology (2014); Ada Yonath, Nobel in Chemistry
(2013); Kleomenis Barlos (2012); James D. Watson, Nobel in Medicine and Physi-
ology (2011); Andrew V. Schally, Nobel in Medicine and Physiology (2010); Dimit-
rios Nanopoulos (2009); Jean-Marie Lehn, Nobel in Chemistry (2008); Kyriakos Ni-
kolaou (2007); Aristidis Patrinos (2006); Charalambos Gavras (2005); Konstantinos
Sekeris (2004); Michael Maragoudakis (2003); Chris Platsoukas (2002); Athanasios
Giannis (2001); Vasso Apostolopoulou (2000).

The 15" Medicinal Chemistry Conference was held in the Cultural and Conference
Center of the University of Patras on April 9-11, 2014. The Guest of Honor was
Harald zur Hausen, Nobel in Medicine and Physiology. The title of Professor Harald
zur Hausen Lecture was Contributions of Infections to Human Carcinogenesis —
Mechanisms and Perspectives. Professor Hausen was honored by the Department
of Medicine of the University of Patras with the title of Doctor Honoris Causa.

The main research interests of the Program are focused on the Organic and Peptide
Synthesis of Biomolecules, Rational Design with Aided Computer and Modeling
Methods, Biological Evaluation in vivo and in vitro, Molecular Biology, Molecular
Medicine, Toxi-cology, Biochemical Analysis, Pharmacognocy, Pharmacokinetics,
Research Methods. The Program has organized, since 2000, fifteen Conferences
with International Partici-pation.

Over three hundred students have graduated so far from the Program with MSc and
PhD Degrees. The Program provides highly trained students to the benefit of the
European Economy and Society. Emphasis is given to applied pharmaceutical re-
search. Innovative Products and methods from the graduate students are published
annually in high stand Journals. Graduate Research is the Key for Progress and
Development in European and Worldwide dimension. The Program has been
evaluated as a Centre of Excellence in Greece for its outstanding academic activi-
ties. The Program is an example of Excellence in the country, relating basic re-
search with applied. It is the first graduate program in Greece, labeled by the title
Euromaster, after evaluation by the ECTN Association.

The Guest Editor, on behalf of the Postgraduate Program Committee, wishes to ex-
press his deep appreciation to all contributors of this Issue. We also thank the Edito-
rial Board of Review of Clinical Pharmacology and Pharmacokinetics, in particular
Journal Editors Prof. S. T. Plessas MD and Dr C. T. Plessas for the invitation and
for providing the suitable and high-stand forum through which important findings of
this research will become available to the scientific community.

The Guest Editor

John M. Matsoukas

Professor of Chemistry, University of Patras, Greece
Medicinal Chemistry: Drug Discovery and Design
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15" Medicinal Chemistry Conference

Forewords

Official Opening: Introduction

John M. Matsoukas
Professor of Chemistry, University of Patras, Greece

It is a great Honor and privilege for all of us, to welcome Professor Harald zur
Hausen in our Medicinal Chemistry Conference and in our University.

Professor Hausen has promptly accepted our invitation to participate in our 150
Conference, honoring our Program, our Students and our University. We are de-
lighted, grateful and honored that he is today with us.

Professor Hausen won the 2008 Nobel Prize for his Discovery on the Role of
the Human Papillomavirus in the cause of cervical cancer. This discovery is a
scientific breakthrough in the cancer rerearch.

Today, with joy and pride we welcome Professor Hausen in our University and
we celebrate his participation in our Conference.

Professor Hausen, from the deepest of our hearts, we all thank you for your
contribution to Science and Society.

We also thank Professor Hausen for his great support to Greece and the Greek
Universities with his letter Support for Greece, to the European Leaders. His let-
ter, which was published in Science, was co-signed by other 23 Nobel Laureates.
The letter had a great impact in Greece and Europe. Greece is not alone. Greece
will overcome the problem and will be again, as in the past, in the fronts of Sci-
ence, Innovation and Technology.

Professor Hausen thank you very much for your great contribution to Science
and Society!

&

Andrew V. Schally, Ph.D., MDhc (Multi), DSc hc

Miller School of Medicine, University of Miami, FL
Nobel Prize in Physiology or Medicine, 1977
It was my honor and pleasure in 2010 to participate in the 11" annual Medicinal
Chemistry Conference in Patras and present the story of the hypothalamic lu-
teinizing hormone releasing hormone (LHRH) also known as GnRH (gonadotro-
pin releasing hormone). LHRH is the main link between the brain, the pituitary
and the gonadal (reproductive) functions. The isolation and structural determina-
tion of LHRH, synthesis of LHRH and its analogs, the development of depot
preparations, and first basic studies on prostate cancer with agonists of LH-RH
were all carried out in my laboratory between 1970 and 1981. Later | participated
in the first clinical study with LH-RH agonists in men with prostate cancer. The
analogs of LHRH have many clinical applications in endocrinology, gynecology,
urology, pediatrics and oncology.

An interesting international collaboration on LHRH analogs and medicinal
chemistry in general was started with the group of Prof. John Matsoukas. In con-
nection with this, | want again to stress the importance not only of collaboration
between various disciplines like chemistry, biology, medicine and pharmacology
for progress in research but also of international cooperation in science and

9
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medicine. During many past years, we have been able to witness the significant
impact of international collaboration between my laboratory, hospitals and aca-
demic institutions in various countries including Greece, the land of Alcmaeon,
Hippocrates and Aristotle. Much valuable basic and clinical work was carried out
and subsequently published in top journals.

This year, the program committee has organized another conference in medici-
nal chemistry at the University of Patras. Prof. Harald zur Hausen, the winner of
the 2008 Nobel Prize in Physiology or Medicine was invited as the guest of honor
and plenary speaker for this 15" Medicinal Chemistry Conference. | want to con-
gratulate the program committee for following in the splendid tradition of previous
conferences. | also congratulate the students who will be presenting their re-
search achievements. | applaud the international collaboration for the progress of
science and humanity. / wish all participants the best of success.

May | also convey my warm congratulations for outstanding achievements to
the University of Patras on its 50" Anniversary together with my best wishes. It
has been a privilege for me to take part in the academic program of the University
of Patras.
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Contributions of Infections to Human Carcinogenesis - Mecha-

nisms and Perspectives

Harald zur Hausen and Ethel-Michele de Villiers
Deutsches Krebsforschungszentrum (DKFZ), Im Neuenheimer Feld 280, 69120 Heidel-

berg, Germany

Key words: Human carcinogenesis, mechanisms, perspectives, role of Infections

At present slightly more than 20% of the global
cancer incidence can be linked to infections. Al-
though approximately two thirds of infection-
linked cancers are linked to virus infections,
Helicobacter pylori, as a bacterium, also plays a
significant role. In addition, in Africa and South
East Asia parasitic infections are of local impor-
tance for carcinogenesis. The mechanism by
which infectious factors contribute to carcino-
genesis is increasingly understood. Some agents
act as direct carcinogens, where persistence and
expression of specific genes is a necessary pre-
condition for the resulting malignant phenotype.
Others seem preferentially to act as indirect car-
cinogens, commonly by inducing inflammatory
reactions with the production of mutagenic by-
products. Immune suppression induced by hu-
man immunodeficiency viruses frequently acti-
vates other latently persisting potential tumorvi-
ruses (e.g. Epstein-Barr virus, human Herpes
virus type 8 and others) and could result in can-
cer induction after about 3 to 15 years.

None of the known infections induces cancer as
a direct consequence of infection. The long la-

tency periods between initial infection and cancer
development, ranging in part up to 60 years, re-
sult from the requirement for additional modifica-
tions in host cell genes or within the persisting
viral genome. Without modifications, the affected
genes apparently play a protective role in pre-
venting cancer and developed during a long co-
evolution between the human host and potentially
carcinogenic agents.

Epidemiological data suggest the involvement
of additional infections in widespread human
cancers. This accounts in particular for cancers
of the colon, possibly also for breast cancer and
childhood leukemias and lymphomas. For colon
and breast cancer nutritional factors have been
incriminated, in particular the consumption of red
meat. The available data suggest a pivotal role of
beef (Bos taurus) meat and possibly dairy prod-
uct consumption. The isolation of novel viral
DNAs from cattle serum and successful transfec-
tion of this DNA into human cells will be reported.

Development of a Breast and an Ovarian Cancer Vaccine: What
have we achieved in 20 Years?

Vasso Apostolopoulos

College of Health and Biomedicine, Victoria University, Melbourne VIC Australia.

E-mail: vasso@scientist.com

Key words: Breast, ovarian cancer, vaccine

Targeting antigens to dendritic cell receptors has
recently become a popular approach to inducing

effective immune responses against cancer anti-
gens. Almost 20 years ago, however, we had
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demonstrated that targeting the mannose recep-
tor on dendritic cells lead to strong cellular im-
mune responses. We conducted over 16 human
clinical trials (Phase I, Il, Ilb) demonstrating the
effectiveness of oxidized mannan-MUC1 (M-FP)
in MUC1+ adenocarcinoma patients.

Breast Cancer Vaccine: In one frial, in a small
pilot Phase lll double blind placebo trial (con-
ducted by Prof Vassilaros, Prolipsis Medical Cen-
tre, Athens Greece), of direct M-FP injection, in
early stage breast cancer patients, after 5-8 years
the recurrence rate in patients receiving placebo
was 27 % (4/15) compared to no recurrences in
those receiving M-FP (0/16). We recently pub-
lished the 12-15 years follow-up of these patients
which showed that the recurrence rate in patients
receiving placebo was 60% (9/15). In those re-
ceiving immunotherapy (M-FP), the rate was
12.5% (2/16). We will now present the clinical
data follow up, 16.5 years later. The preliminary
evidence indicates that M-FP is beneficial in the
overall survival of early stage breast cancer pa-

tients. This long term clinical follow-up of patients
strongly supports the necessity for a large phase
Il study of direct M-FP injection in early stage
breast cancer patients, to evaluate immunother-
apy as an adjuvant treatment for breast cancer.
Ovarian Cancer Vaccine: Using an ex-vivo ap-
proach, rather than direct injection of M-FP, a
Phase | trial demonstrated that generation of pa-
tients cells ex vivo into dendritic cells, pulsed with
M-FP and re-injected back into the patients led to
strong cellular responses which were sustained
at 1 year in monitored patients. Two patients with
clearly progressive disease (ovarian and kidney)
at entry became stable after initial therapy and
underwent further treatment for over 3 years. This
data supported further clinical evaluation of den-
dritic cell-vaccine immunotherapy approach. In-
deed, the vaccine has been licenced as CVacTM,
has completed numerous trials, has been ap-
proved by regulatory agencies and is being
commercialised.

Sepsis Syndrome: From Research to Clinical Practice

C.A. Gogos and K. Akinosoglou

Department of Internal Medicine, University General Hospital of Patras, 26504, Rio,

Greece

Key words: Sepsis syndrome

Sepsis represents a systemic inflammatory syn-
drome in response to infection, and is character-
ized by hemodynamic instability, hematologic
parameter disturbance and multiple organ dys-
function. It currently remains a leading cause of
mortality following cardiovascular events, posing
significant financial burden on health care sys-
tems worldwide. Following trigger - usually con-
sisting of host cell damage or pathogen associ-
ated molecular patterns - by an infectious patho-
gen, an inflammatory cascade is initiated, leading
to pro-inflammatory agent secretion and immune
cell activation, local and systemic inflammation
and distant organ involvement. As time pro-
gresses, a compensatory anti-inflammatory re-
sponse characterized by exhaustion and sup-
pression of immune response takes place. The
tight balance between these two stages deter-
mines outcome. Currently, prompt management
with available antibiotics and intensive care rep-
resent the milestones of sepsis therapy. Even
though, a trend of decreasing mortality has been
observed during the last decades, incidence of

severe sepsis cases is increasing, due to growing
population of immune-compromised patients and
drug resistant pathogens. At the time, research
has focused upon attractive concepts of timely
identification of septic patients through study of
gene polymorphisms and product differential ex-
pression, therapeutic modulation of immune re-
sponse in different stages, as well as biomarker
identification for early diagnosis, prognosis and
follow up of septic patients; all with encouraging
pre-clinical results. Forward and reverse genetics
have provided some useful insight in potential
targets of future therapies, as well as, molecules
that could serve as future biomarkers of sepsis
time course, from early diagnosis to follow-up.
However, results have been diverse and thresh-
old values ambiguous in many of applied set-
tings. In terms of therapy, approximately thirty six
novel compounds, including pro- or anti-inflam-
matory mediators (i.e adhesion molecules, co-
agulation pathway mediators, cytokine/chemo-
kines, NO, lipid derivatives etc) have been tested
in clinical trials. Of those, 32 showed no clear
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benefit, 3 worsened outcomes, while very much
promising rhAPC has now been withdrawn. Lack
in clinical translation of experimental data so far
can be attributed in a variety of reasons, including
redundancy of immune system molecules and
overlapping pathways, need for multimodal
treatment approach strategy, as well as, over-

&
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simplistic experimental designs that fail to simu-
late complex clinical settings, individual or patho-
gen variation. Interestingly, it appears that at the
moment our rich armamentarium of bench re-
sources is a long way from reaching its bedside
target

Single Chain Insulins: Novel High Tech Products

K. Barlos and D. Gatos

Department of Chemistry, University of Patras, 26504, Rio, Patras, Greece

Key words: Insulins single chain: Novel products

H mpoivaouAivn gugpavicel 10 1% Tng avnidiaBnTi-
KAG dpdong TnG IvoouAivng. Map’ 6Ao ot givai
XNMIK& Kai BioAoyikd oTaBepdTepn a1r’ AUTHY, eV
Arav duvartd PEXPI OnueEPa va TTapaxbouv Tapd-
ywya TngG TTPoivoouAivng pe PeyaAltepn dpdaon
até autrjv Tou 45% Tng IvoouAivng. O Adyog eivai
o1 yia Tnv BioAoyikA dpdon eival ammapaitnTeG N
C-1eAIkn kapBoEulopdada Tng B-aAucidag kai n N-
TENKA apivoudda Tng A-aAuccidag TTou OTnv
TTPOIVOOUAIVN €ival DECUEUMEVEG.

Mapdraon NG dpAcNG TWV IVGOUAIVWDV ETTITUY-
Xavetar pe dUo0 BacikoUg TPOTTOUG. ZTOV TTPWTO
puBuICeTal TO ICONAEKTPIKG GNUEIO TNG IVOOUAIVNG
ME TPOTTO TETOIO TTOU QUTH va YiveTal dSuadIGAUTN
Kal va karapuBifetal oto KUTTOPO. AlaAuduevn
OTOOIOKA TTAPEXEI TTAPATETAUEVN TTPOCTACIO OTA-
BepoTroiwvTag Ta eTTiTeda IVOOUAivnGg GTOV opya-
VIOuO. ZTov OeUTEPO TPOTTO TTPOCTIOETAI Wia Au-
TOPIAN oudda oTnv TTAEUPIK auivopdda tTng C-
TeNIKAG Auaivng Tng B-aAucidag. H Autté@iAn o-
pada augaver TNV AUTOCUVEVWOT) TWV POpPiwV TNG
IVOOUAIVNG Kail TV PeyaAUTepn d1acUvoeon TNG UE
TNV aABoupivn. Me auTd Tov TPOTTO ETTITUYXAVETAI
Bpadcia atmroppdpnon atd To0 onueio NG éveong
KAl TTapaTeTapévn TTapouaia Tng opuovng oToug
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A-chain '

10TOUG, ME QTTOTEAECUO TTOPOTETOMEVN OpAoN.
2UuvOUQGCHOG TOU TTAEOVEKTAMATOG TNG XNMIKAG Kal
eVCUMIKAG OTaBePOTNTAG TNG TTPOIVOOUAIVNG Kal
TNG TPOTTOTTOINONG TWV IBIOTATWY TNG TTIOTEUOUE
OTI uTTopPOUV va emiTeUXBoUV oTa véa Pag TTapd-
ywya TnG IVoouAivng, ota otroia o1 dUo aAuaideg
A kai B ouvdéovTal ueTaglu Toug HECW diag TTAEu-
PIKAG KapPBofulouddag Tng A-aAucidag kai Tng
TTAEUPIKAG apivouddag TnG Auaivng TTou €upioke-
Tal OTO TEAIKO GKpo NG B-aAucidag. Zta trapd-
YWwya auTtd TToU TTapOUCIAlovTal OTO TTAPa KATW
oxAua, eicdyetal pia €1 TTAEOV yEQUPA HETAEU
Twv A kal B-aAugcidwv g voouAivng. Me autd
TOV TPOTIO QVOUEVETOI ONUAVTIKK augnon Tng
XNMIKAG Kol evCUUIKAG OTaBePOTNTO TWV VEWV
TTAPAYWYWY CUYKPIVOUEVWY HE TNV QUOIKH Iv-
oouAivn. Mepairépw BeATiwaon Twv 1IBI0TATWY TOUG
QAVOUEVOUUE HE TNV EI0AYWYHA PN QUOIKWY AUIVO-
E&wv oTIg aAuaideg. Me Tov TPOTTO QUTO ATTOTPE-
TTETAl N €VCUUIKA ATTOIKOOOUNGT| TOUG O€ CUYKE-
KpIMéva guTradnr onueia. Emi Aéov n TpiTn YEQU-
pa X-Y-Z petafl Twv aAucidwv JTTOpEi va oxe-
01a00¢i €101, WOTE va TTPoadideTal oTa VEQ TTAPA-
ywya n BEATIOTN SIAAUTOTNTA, AUTTOQIAIKOTNTA KOl
ouvartétnTa TTPOCdECNG OTOV UTTODOXEQ.
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MAcupikn Slacivdeon aAucidwv IVoouAivng. lvooulivn piag aAucidag.
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Immunotherapy of Experimental Autoimmune Encephalomyelitis
Using APC-targeted Myelin Peptides as Prophylactic and Thera-

peutic Vaccines

Vivian Tsevelekr Theodore Tsellos loannis Kanlstras Olga Koutsonl3 Irene
Frlllgou Vasso Apostolopoulos EIenr Dotsika®, John Matsoukas Hans Lass-

mann® and Lesley Probert'

Laboratory of Molecular Genetlcs 3Laboratory of Cellular Immunology, Hellenic Pasteur
Institute, Athens Greece; Department of Chemistry, University of Patras, Rio, Patras,

Greece;

“Immunology and Vaccine Laboratory, Burnet Institute, Melbourne, Australia,

5D|V|S|on of Neuroimmunology, Brain Research Institute, Vienna, Austria
Key words: Encephalomyelitis autoimmune, myelin peptides APC-targeted

Multiple sclerosis (MS) is a chronic inflammatory
disease of the CNS that shows autoimmune fea-
tures and causes demyelination, early axonal
injury and progressive neurological impairment.
Current treatments induce non-specific immune
or T cell suppression but are only partially effec-
tive and are often associated with adverse ef-
fects. Selective treatments that target the immune
cells involved in the pathological processes are
needed. One approach is to identify disease-
associated auto-antigens and to induce antigen-
specific T cell tolerance. Antigen-presenting cells,
including dendritic cells, are important for priming
T cell responses to antigen and for maintaining
peripheral tolerance. We tested mannan-peptide
conjugation as a method for targeting myelin pep-
tides to antigen-presenting cells to induce T cell
tolerance and resistance to central nervous sys-
tem (CNS) inflammation in a mouse model for
multiple sclerosis, named experimental autoim-
mune encephalomyelitis (EAE), that can be in-
duced in mice by immunization with the 35-55
peptide of myelin oligodendrocyte glycoprotein
(MOG). MOG peptide that was synthesized with a
(Lys-Gly)5 linker and conjugated to mannan poly-
saccharide in its oxidized (OM) or reduced (RM)
forms, but not unconjugated MOG or mannan,

protected mice against EAE when administered
in prophylactic or therapeutic protocols, with OM-
conjugated peptides giving best results. Protec-
tion was peptide-specific, resistant to immune
adjuvants and associated with normal T cell pro-
liferation and priming of Th1 and Th17 cell re-
sponses to antigen in vitro and in vivo but failure
of activated T cells to infiltrate the CNS and in-
duce demyelination. The mechanism of tolerance
appeared different to those previously described
for DC-induced tolerance because populations of
Th1 and Th17 cells, which are responsible for
inducing EAE, and CD4 Foxp3" regulatory T cells
expand efficiently in the periphery of OM-MOG-
treated animals. However, autoreactive T cells
isolated from the tolerized mice displayed func-
tional defects and the precise mechanism of OM-
MOG-induced tolerance is currently under inves-
tigation. Overall, our results show that APC-
targeting of myelin peptides by mannan conjuga-
tion is an efficient method for inducing peripheral
T cell tolerance and reducing sensitivity to CNS
autoimmune disease through the differentiation of
antigen-specific Th1 and Th17 T cells with com-
promised effector functions. This approach shows
promise as a therapeutic approach for the treat-
ment of multiple sclerosis.

Elmyelin, a Novel Potential Vaccine in the treatment of Multiple
Sclerosis: Preparation of IND File towards Phase | Clinical Investi-

gation

John Matsoukas, Maria-Eleni Androutsou

Department of Chemistry, University of Patras; Eldrug S.A, Patras Science Park, Patras,

Greece

Key words: Elmyelin, potential vaccine, multiple sclerosis, phase | clinical investigation
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Multiple sclerosis (MS) is an autoimmune disease
in which the body’s immune system mistakenly
attacks nerve fibres and their protective insula-
tion, the myelin sheath, in the brain and spinal
cord. Drug development for multiple sclerosis
(MS) faces numerous challenges, with many
drugs failing at various stages of development.
Therefore safety and efficacy should be the two
main topics to be considered in MS therapies.

This study includes the pre-clinical evaluation of
Elmyelin in several experimental models of MS.
Elmyelin is a mutated myelin epitope of MOG

protein conjugated to mannan and has been
evaluated in a number of in vivo and in vitro as-
says. This study focuses on the activities related
to the manufacture of the drug substance such as
the synthesis, highlighting the physicochemical
parameters and analytical methodologies. Toxic-
ity and stability studies are in progress with prom-
ising results so far. The final results will be in-
cluded in the Investigator Brochure, part of the
IND file to be submitted to the authorities for ap-
proval of Phase | clinical trials.

Hepcidin: A new Peptide Modulator of Erythropoiesis
Demetrios D. Vlahakos M.D.1, Athena Drakou, M.D.2

'Professor of Medicine and Nephrology, Research Fellow, Renal Unit, Attikon University
Hospital, Athens University School of Medicine, Athens, Greece

Key words: Hepcidin, erythropoiesis

Iron is essential for cell life and especially for
erythropoiesis, which is the major body consumer
of iron for red cell production. Ferroportin is the
major iron export protein located on the cell sur-
face of enterocytes, macrophages and hepato-
cytes, the main cells capable of releasing iron
into plasma for transport by transferrin.

Anemia is a common complication of chronic
kidney disease (CKD) that develops early in the
course of CKD, and becomes increasingly severe
as the disease progresses. The management of
anemia in CKD patients requires an appropriate
balance between stimulating the generation of
erythroblasts with erythropoetin and maintaining
sufficient iron levels for optimum hemoglobin (Hb)
production. Thus, assessing iron status is integral
to both iron and anemia management in CKD
patients, as iron is essential for Hb formation.
Several factors may contribute to the develop-
ment of iron deficiency in patients with CKD, in-
cluding poor iron intake due to dietary restric-
tions, depression or cachexia, occult gastrointes-
tinal bleeding due to uremic gastritis, chronic use
of aspirin or anticoagulant agents, repeated phle-
botomies for laboratory evaluation, and increased
proinflammatory cytokines attending the uremic
syndrome.

Hepcidin, a 25-amino acid peptide exclusively
synthesized by the liver, is the main iron regula-
tory hormone via its ability to directly bind to fer-
roportin and decrease its functional activity by
causing it to be internalized from the cell surface
and degraded. The hepatocyte is thought to react

to either an increase in iron saturation of transfer-
rin or to increased iron stores in hepatocytes
themselves, by inducing the synthesis of hepcidin
by an as yet unknown mechanism. Thus the
physiological response to iron overload under
normal circumstances would be the hepcidin me-
diated shut down of iron absorption (enterocyte),
recycling (macrophage) and storage (hepato-
cyte).

In addition, the synthesis and release of hep-
cidin is rapidly mediated by bacterial lipopolysac-
caride and cytokine release, especially inter-
leukin-6. Thus, hepcidin gene is an acute-phase
responsive gene which is overexpressed in re-
sponse to inflammation. Cytokine mediated in-
duction of hepcidin caused by inflammation or
infection is now thought to be responsible for the
anemia of chronic disease, where iron is retained
by the key cells that normally provide it, namely
enterocytes, macrophages and hepatocytes. Re-
tention of iron leads to the hallmark features of
the anemia of chronic disease, with low transfer-
rin saturation and high ferritin levels. The nature
of the hepcidin receptor is presently unknown,
however an exciting future prospect may be the
development of agents to block the receptor in
order to treat the anemia of chronic disease.

In a recent prospective observational study in
iron-deficient adult nondialysis patients with stage
3, 4, or 5 CKD, we found that among various
demographic, clinical, hematological and bio-
chemical parameters, lower plasma hepsidin
level prior to treatment emerged, as an inde-
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pendent predictor of a clinically meaningful he-
moglobin response to IV administration of ferric
carboxymaltose (Ferinject). Similar, results have
been reported in cancer patients, in whom those
with the lower hepcidin levels were much more
likely to have positive response to the IV iron plus

darbepoetin combination. Therefore, we propose
that serum hepcidin levels could help to distin-
guish a subset of patients who may have relative
or absolute iron deficiency and may benefit from
IV iron therapy.

Biosensors: Progress and Prospective

Theodore Christopoulos

Professor, Department of Chemistry, University of Patras, Rio, Patras, Greece

Key words: Biosensors, progress, prospective

H mapouaiacon meplAapBavel pia TepIRynon oTIig
€€ENIEEIC OV €MOTAPN Kal TEXVOAoyia Twv Blo-
aioonTpwy yia TOV TIPOGOIOPIOHUO HIKPO- KOl
MOKpO-popiwv o€ TToIkIAia derypdtwy. H TTpdodog
OTNV YOVISIWUATIKA, TTPWTEOUIKA Kal JETaBOAOUI-
KA €dwoe wbnon otnv avamTtugn BioaicdNTHpwv
1600 yia TN dIdyvwaon Kai TTapakoAoudnon acBe-

VEIWV O00 KAl VIO TNV EPEUPEDT VEWV QAPUAKWV.
H mmpoodog oTnv vavoTtexvoloyia €xel TIPOCPEPEI
TANBWPa VAvVOOWMATIOIWY Kol VAVOOOUWY HE
KQIVOUPYIEG OTITIKEG, NAEKTPIKEG KAl PAYVNTIKEG
1010TNTEG, TTOPEXOVTAG VEEG OUVATOTNTEG YIA OTTAR
KaI Taxeia avixveuaon in vitro kai in vivo.

From the DNA Structure to Gene and to Genetic Medicine

G. Patrinos

Assoc. Professor of Pharmacogenomics, Department of Pharmacy, University of
Patras, Patras, Rio, Greece (gpatrinos@upatras.gr)

Key words: Genetic medicine, DNA, gene

Kd&Be utrépfaon oTnv 1ATPIKA ETTICTAMN, OTTWG TA
avTIBIOTIKG 1 Ta €uBOAIa, €ixe oav aTmmoTéAEoua
TNV BEATIWON TWV TTAPEXOUEVWV IATPIKWYV UTTNPE-
olwv 1T wEeAeia Tou acbevoug. H papuakoyovi-
OIWMATIKA eYKAIVIGZEl JIa véa €TTOX) OTNnV €€ato-
MIKEUPEVN 10TPIKN. H @apuakoyovIDIWMATIKA XpNn-
OlPOTTOIEl YEVETIKOUG OEIKTEG yIa TNV €€akpifwaon
TNG AVTATTOKPIONG £VOG aoBevoUg O GUYKEKPIWE-
VN QAPMAKEUTIKI aywyr HE OKOTIO TNV ETTITEUEN
eCaTopikeupévng BepaTreiag. AuTo KaTEaTn duvaTo
Ox1 govo atd Tnv diaAeukavon NG aAAnAouxiag
TOU avOPWITIVOU YOVISIWHUATOG GAAG Kal aTrd TIG
BeapaTIKEG TEXVOAOYIKEG €EENIEEIC TNG TeAeuTaiag
OEKAETIAG TNV WOpPIakr dlayvwaoTikr). H ¢apua-
KOYOVISIWUATIKA OXI JOvo CUuuBdAAel otnv €&el-
PEON EKEIVWV TwV a0BEVWVY OTOUG OTIoIOUG Eva
@dapuako Ba gival opiakd r Kalr KaBOAou emmw@e-
AEéG 1} akOun Kai €TMKIVOUVO aAAG Kal OTOV TTEPIO-
PIOUO TNG UTTEPKATAVAAWONG QOPHAKWY, MIOG Kal
TA QAPUAKA OPOUV ATTOTEAETUATIKA POvo aTo 30-

50% Twv acBevwyv. Emiong, n @apuakoyovidiw-
MaTIKA ETITPETTEN TNV ETTIAOYN TNG KATAAANANG, O€
€CATOUIKEUPEVO €TTITTEDD, OEPATTEIAG, WEIWVEI TIG
AvemmOUUNTEG TTOPEVEPYEIEG KAl PBEATIWVEI TNV
avTatrokpIon TwV aoBEVWV OE PIa CUYKEKPIPEVN
Beparreia.  EmimTAéov, n  @apPAKOyOVIOWMATIKA
BonBd& TIC QAPUAKEUTIKEG ETAIPEIEG va ETTITUXOUV
KOAUTEPEG KAIVIKEG BOKIUEG, va BeEATILOOOUV TNV
TTapaywyn QAapuAKwy, va UEIWCOUV ToV XPOVo,
KOOTOG KOl TTOOO0TO QTTOTUXIAG TwV KAIVIKWY 80-
KIMWV KAl va ETTAVOQEPOUV OTO EUTTOPIO PAPHAKA
Ta OTTOia €iXav aTTOTUXElI O TIPONYOUMEVEG KAIVI-
KEG BOKIMEG. [EVIKOTEPQ, N GAPUOKOYOVISIWHATIKA
EMTPETTEI TN UEIWON TOU KOOTOUG TNG I0TPOPAP-
MoKeuTIKAG TTEPIBaAYNG. lMapoAautd, Ba TpétTel
BaBuiaia va utrepmndnBoUlv NnOIKA, TEXVIKA Kal
KOIVWVIKA €UTTOdIO yIa Tnv KABIEpwar TNG Qap-
MaKOYoVISIWMATIKAG TNV KAIVIKA TTPAEN.
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Drug: Membrane Interactions and Drug Discovery

Thomas Mavromoustakos

University of Athens, ,Department of Chemistry, Laboratory of Organic Chemistry, Zogra-
fou 15771, Athens, Greece, tmavrom@chem.uoa.gr

Key words: Membrane Interactions, drug discovery

The biological membranes were considered in
the past as a barrier that allowed only necessary
and useful molecules to enter the cell. Today, the
knowledge at the molecular level of the role of
biological membranes has increased considera-
bly. The biological membranes constitute a com-
plex molecular system that governs biological
importance procedures. Different pharmaceutical

molecules in order to exert their biological action
must interact with their components. These drug-
membrane interactions can determine their bio-
logical action. Therefore, these interactions are
studied through biophysical methodologies in
order to comprehend on their mode of action and
design more efficient molecules.

The Smallest on line Bioreactor: Drug Development in the NMR
Tube
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1Department of Chemistry, 2Department of Biological Applications and Technologies,
University of loannina, Greece

®Patras Medical School, University Hospital of Patras, 4Department of Chemistry, Uni-
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Developing a new drug is a complex costly and
time-consuming process which can take 12-15
years and cost in excess of $1 billion. Currently,
innovative pharmaceutical companies are facing
huge financial problems due to the high attrition
rates in their drug discovery schemes and the
reduced likelihood of being able to produce a

blockbuster to the market. An ultimate key is thus
to reduce this attrition rate by transforming drug
discovery into a high-throughput, rational proc-
ess.

Natural products cover a very interesting
chemical space of biological relevance due to
their vast chemical diversity, and fine-tuning for
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optimal interactions with biological macromole-
cules through evolutionary selection. However,
their inherent scaffold intricacy and the associ-
ated complexity in their synthetic chemistry have
challenged their effective integration in the drug
discovery pipeline. To overcome this, we exploit
chemoenzymatic tools to regioselectively enable
rapid installation of chemical functional groups to
the natural product core. In order to successfully
elaborate the in situ and on line rapid enzymatic

product formation monitoring of the enzymatic
reactions the NMR tube was used as an efficient
small bioreactor and

Herein we will present the capability of utilizing
the NMR tube both as an efficient small enzyme
bioreactor to perform biologically orientated syn-
thesis but in the same time conducting hit to lead
optimization, two of the most crucial steps in the
early drug discovery process.

Macromolecular Micro-crystallography: Perspectives in Drug Dis-

covery

Irene Margiolaki

Section of Genetics, Cell Biology and Development, Department of Biology, University of
Patras, GR-26500 Patras, Greece, E-mail: imargiola@upatras.gr

Key words: Macromolecular micro-crystallography, drug discovery

The study of biological macromolecules in the
absence of good quality single crystals is a chal-
lenging field which attracts particular scientific
interest in recent years. The development of the
X-ray powder diffraction methods and algorithms,
has already allowed for the structural characteri-
zation of a range of proteins and has been estab-
lished by our group as a useful complementary
technique to the traditional single crystal diffrac-
tion techniques (1,2).

Protein polycrystalline samples consist of a large
number of randomly oriented microcrystals. They
often form in a short period of time and under
different conditions of physico-chemical environ-
ment. To date, our studies on Urate Oxidase (3)
and complexes of human insulin with organic
ligands (4,5), revealed a high degree of polymor-
phism, as well as crystalline polymorphs which
were not previously identified probably due to the
lack of adequate tools to characterize microcrys-
talline protein precipitates. Part of these results
and the potential use of the newly identified

polymorphs in future drugs to treat epidemics
such as diabetes correspond to the main topic of
this talk.
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Trametinib: The first Approved MEK Inhibitor for the Treatment of
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Dysregulation of the RAS/RAF/MEK/ERK signal
cascade has been detected in over 30% of all
human tumours and 70% of melanoma cases.
MEK inhibition has been the subject of intense
academic and industrial research and several
MEK inhibitors have entered clinical trials, how-
ever, only trametinib has shown efficacy and ac-
ceptable pharmacokinetic and safety profile. It is
the first drug of this type to receive regulatory
approval from the FDA. This presentation focuses
on the efforts in addressing the challenges in-
volved with developing the commercial manu-
facturing process for trametinib capable of deliv-
ering the drug substance within specifications
and on multi-kilogram scale. Central to this work
has been the control of several key impurities
based on extensive optimization experiments and
an understanding of the mechanisms involved in
the underlying processes spanning 10 synthetic
steps. Several novel chemistry aspects are dis-
cussed with particular emphasis on a forma-
midine reduction with unusual selectivity and a
novel rearrangement step.
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Design and Development of New Silver, Organotin, and Antimony
Metallo-drugs which Bind to Lipoxygenase and DNA, Modulating
their Function and Inducing Apoptosis
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The synthesis, characterization and biological
activity of a series of silver(l), tin(IV) and an-
timony(lll) complexes with thioamides or carbox-
ylic acids is reported. Silver(l) complexes with
arylphosphines (PR;) and/or thioamides (HD) or
carboxylic acids (HD or H.D) of formulae

[AX(HD)L, [AGX(PRs).]. [AGX(HD)I,, [AgX(HD)(PRs),], or
[Ag(D)(PRs),l, organctin(lV) complexes of formulae
[[RsSn(D)], [R;Sn(D)] {[RsSnL(D)] or [R,SnCID)] {R is
Phenyl, n-Butyl or Methyl-group}, and anti-
mony(lll) complexes of thioamides with formulae
{[SbX2(HD)4]" X}, [SbX5(HD),l, {[SbX2(HD),l},
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were synthesized and characterized by spectro-
scopic (NMR, IR, Raman, Mossbauer etc) and X-
Ray diffraction techniques. Theses complexes
cause in vitro cells death against leiomyosar-
coma (LMS), cervical (HelLa), ovarian (OAW-
42), breast, ER positive (MCF-7), breast, ER
negative (MDA-MB-231), lung (A549), renal
(Caki-1) cells and against the normal human lung
cell line MRC-5 (normal human fetal lung fibro-
blast cells) and normal immortalized human
mammary gland epithelial cell line (MTSV17)
through apoptosis. Their activities are compared
with that of cisplatin. Their mechanism of action
is studied by the mean of their inhibitory activity
towards the enzyme lipoxygenase (LOX) in rela-
tion to their binding properties to calf thymus
(CT) DNA. Conclusions are drawn on stru-
cture activity relationship.

47
Ad

a1
Sh

L

REFERENCES

1. Balas V.I., Banti C.N., Kourkoumelis N., Hadjikakou S.K.,
Geromichalos G.D., Sahpazidou D., Male L., Hursthouse
M.B., Bednarz B., Kubicki M., Charalabopoulos K. Nick
HadjiliadisN: Structural and in vitro biological studies of
organotin(lv) precursors; selective inhibitory activity against
human breast cancer cells, positive to estrogen receptors.
Aust. J. Chem. 65: 1625-1637 (2012)

2. Shpakovsky D.B., Banti C.N., Beaulieu-Houle G., Kour-
koumelis N., Manoli M., Manos M.J., Tasiopoulos A.J.,
Hadjikakou S.K., Milaeva E.R., Charalabopoulos K., Bakas
T., Butler I.S., Hadjiliadis N.: Synthesis, structural cha-
racterization and in vitro inhibitory studies against human
breast cancer of the bis-(2,6-di-tert-butylphenol)tin(IV) di-
chloride and its complexes. Dalton Trans. 41: 14568-14582
(2012)

3. Banti C.N., Giannoulis A.D., Kourkoumelis N., Owc-
zarzak A.M., Poyraz M., Kubicki M., Charalabopoulos K.,
Hadjikakou S.K.: Mixed ligand-silver(l) complexes with anti-
inflammatory agents which can bind to lipoxygenase and
calf-thymus DNA, modulating their function and inducing
apoptosis. Metallomics 4: 545-560 (2012)

“ e —

et



REVIEW CLINICAL PHARMACOLOGY AND
PHARMACOKINETICS INTERNATIONAL
EDITION 28: 21-46 (2014)
©PHARMAKON-Press

Abstracts Posters

Docking Studies on Coumarin and Quinolinone Derivatives as
sPLA; GIIA Inhibitors
S. Vasilakaki, T. Mavromoustakos, G. Kokotos
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Secretory phospholipase Az is an enzyme related
to inflammatory symptoms contributing to ara-
chidonic acid metabolism. It has been proved that
activity of sPLA, group IIA is associated with
inflammatory diseases such as rheumatoid ar-
thritis (1). We docked the substituted hetero-
cyclic systems of coumarin and quinolinone on
the active site of sPLA, GIIA (PDB:1KQU), using
the docking program GOLD 5.2. The structures
were sketched and optimized using Sybyl 8.0
molecular modeling package. The ring sub-
stitutions of the well known for their inhibitory
activity Methyl Varespladib and Me-Indoxam (2,3)
were applied on the heterocyclic systems of
coumarin and quinolinone. We also docked 2-
oxoamides derivatives of coumarin and qui-
nolinone based on the fact that long chain a-
ketoamide derivatives of a-amino acids have
been proved a novel class of inhibitors of sPLA;
GlIA (4).
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An inheritable genomic function, which is not
based on the sequence of the denuded DNA can
be characterized as epigenetic. Such functions
allow the same genotypes to give different phe-
notypes and there are a large number of

chemical modifications that affect different epi-
genetic levels. Genomic methylation patterns are
epigenetic changes that play a key role in the
growth of mammals and differentiate in cancer.
The enzymes responsible for the creation, main-
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tenance and differentiation of these patterns are
methyltransferases (Dnmts), which methylate, de
novo, certain spots on the DNA. These enzymes
show no sequence-specific affinity to DNA, so
guidance to specific epitopes and modulation of
the activity must be mediated by other molecules
with which they interact. The helicase p68, also
known as Ddx5, has been identified as directly
interacting with members of the Dnmts family and
is investigated as a potential tumor promoter. The
non-protein coding RNAs are believed to be an
additional level of epigenetic control due to their
ability to establish epigenetic milestones and
control gene expression. The effect of p68 on
them is clear, since it is an RNA helicase and it
collocates with RNA of all types, particularly in
the nucleus but in the cytoplasm as well. The
Ddx5 is a member of the DEAD-box protein

family and is an RNA-dependent ATPase. It also
effects genes and their transcription at the stage
of the initiation of transcription as a transcriptional
co-activator or a pro-transcriptional factor and
promotes cell proliferation and cell survival.

Through transfections of cell lines, immuno-
blotting biochemical techniques and immunocyto-
chemical and immunohistochemical techniques
the different expression levels of p68 helicase
were identified in a number of cell lines. Ex-
perimental protocols of cell culture were selected
for the in vitro study of the effect of Ddx5 on
growth of specific tumor cell lines. The study was
completed with in vivo experiments designed for
Cs7BI/6 mice, via intrapleural or subcutaneous
infusion of tumor cells genetically modified to
express different levels Ddx5.
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Imiquimod, is an imidazoquinoline, agonist of
TLR-7, with antiviral and immunomodulatory ac-
tivities (1,2). In this study, we isolated PBMC from
patients with recurrent Herpes labialis and health-
y subjects (controls) and cultured them zimiqui-
mod for 12h. At the end of the culture period, we
isolated the PBMC populations CD14+, CD3*CD25*,
CD3*CD8*CD25 and CD8-CD4*CD25 using magnetic
beads, extracted their RNA and performed real-
time-PCR to estimate the gene expression of
cytokines and the transcription factor FoxP3. Our
results show that imiquimod increased the base-
line expression of IL-6, IL-10, TGF-B1 and to a
lesser extend IFN-y in CD14" cells, and FoxP3

expression in CD3*CD25* cells, of patients, where-
as it did not affect the expression of IL-2, IFN-y
andIL-17 in any cell population. We conclude that
imiquimod affects specifically monocytes and T
regulatory cells whereas it has no effect on Help-
er and cytotoxic T-cells.
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Transdermal drug delivery systems offer pharma-
cological advantages compared to other routes of
administration. Our objective was a comparative

study of transdermal drug delivery using full skin
and stratum corneum which is the main barrier of
the skin. Various solvents/permeation en-hancers
such as azone, terpenes, glycols etc. were used
for the better diffusion of losartan through the
skin. The results showed that a significant higher
flux was achieved using the stratum corneum
which appears a threefold in-crease in the
diffusion flux (12.8 pg/cm2* h) com-pared to the
experiments using full skin (4.07 pg / cm?* h).
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Introduction: KRAS mutations are correlated with
activation of Nuclear Factor-kappa B (NF-kB) and
promote the progression of cancer. However, the
underlying mechanisms of oncogenic activation
of NF-kB are not very well understood.

Purpose of this study: Here, we investigate the
role of KRAS mutations in the constitutive and
inducible activation of NF-kB.

Material and Methods: Cancer cell lines isolated
from C57BL6 mice with (lung cancer adenocarci-
noma LLC, colon cancer adenocarcinoma MC38,
pleural mesothelioma AE17) or without (melano-
ma B16F10, pancreatic adenocarcinoma PANO02)
Kras mutations were transfected with a plasmid
reporter of NF-kB (NF-kB.GFP. Luciferase; pNGL).
The expression of Kras and inhibitor of NF-kB
kinases (IKKs) were modified with RNA interfe-
rence (RNAi) and/or overexpression plasmids.
The activation of NF-kB in cancer cells was
studied before and after treatment with more than

50 different ligands.

Results: We find that the constitutive as well as
the inducible activation of NF-kB after LPS/TNF is
not correlated with the presence of Kras muta-
tions in cancer cells. On the other hand, inter-
leukin (IL)-1beta induces the NF-kB activation
only in Kras-mutant cell lines. Our results indicate
that the silencing of Kras abrogates the IL1beta-
induced NF-kB activation, while the overexpres-
sion of Kras mutations in wild type Kras cell lines
is not sufficient for the induction of NF-kB by IL-
1beta. Further, we find that the oncogenic
activation of NF-kB in colon adenocarcima cell
line MC38 (AKrasG13R) is mediated via the
alternative pathway since it is inhibited by RNA
interference against Chuk and not by RNA inter-
ference against IKBKB or bortezomib.
Conclusion: KRAS mutations do not affect the
constitutive but they configure the inducible ac-
tivation of NF-kB, possibly playing a key role in
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inflammatory interactions between tumor and im-
mune cells.
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Salicylic acid (salH,) (or 2-hydroxy-benzoic acid),
is a precursor of aspirin, while it has been re-
cently shown that silver complexes of salH, pos-
sess strong antiproliferative activity (1). Lipoxyge-
nase (LOX), on the other hand, is an enzyme
which catalyzes the oxidation of arachidonic acid
to leukotrienes, in an essential mechanism for
the cell life, involving in inflammation mechanism
(1). LOX inhibition is found to induce apoptosis
(1). Thus, LOX inhibition provides a potential
novel target for the treatment and chemopre-
vention for a number of different cancers. More-
over, the biomedical applications and uses of
silver(l) complexes, are related to their antiba-
cterial (2) which appear to involve interaction with
DNA (2). Recently, silver(l) complexes have also
been studied for their antitumor activity (2,3).

In the course of our studies in the field of
metallo-drugs (1-3), we have synthesized and
structural characterized a new mixed ligand Ag(l)
complex with salH, and ftris-p-tolylphosphine
(tptp) ligands of formula [Ag(tptp)2(salH)] (7).
The mechanism of inhibition activity of 7 and
its ligands, towards the catalytic oxidation of

linoleic acid to hydroperoxylinoleic acid by LOX
was subsequently studied kinetically and theo-
retically. The binding properties of 1 on calf thy-
mus (CT) DNA are also evaluated. In addition,
the cytostatic activity of 1 against human breast
adenocarcinoma cells (MCF-7) and human cer-
vix adenocarcinoma (HelLa) proliferation were
measured. The results are compared to that of
cisplatin.
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In the present work, the synthesis and char-
acterization of new neutral mixed ligand com-
plexes fac-LM(NO)(U)(CO)g] is described, where
M is Re or *™Tc, NO is quinaldic acid which acts

as a bidentate monoanionic ligand and L' is imi-
dazole (im) or tert-butylisocyanide (tisc) or cyclo-
hexylisocyanide (cisc) which acts as a mono-
dentate ligand. Quinaldic acid reacts with the
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[NEts]2[ReBr3(CO)s] precursor and generates the
intermediate aqua complex fac-[Re(NO)(H20)(CO)s],
1. Subsequent addition of the corresponding L'
produces the mixed ligand complexes fac-
[Re(NO)(L')(CO)], 2 L' =im, 3: L' =tisc, 4 L' =
cisc. All rhenium complexes have been chara-
cterized by elemental analysis, spectroscopic

Synthesis,

methods and X-ray crystallography. At techne-
tium-99m level, the analogous complexes were
prepared in high yield. The stable rhenium and
technetium-99m fac—[M(NO)(L1)(CO)3] complexes
may be used as new building blocks in Radio-
pharmaceutical Chemistry.

Characterization and Biodistribution of new fac-

[M(NO)(L")(CO)3] Mixed Ligand Complexes for Imaging of Alzhei-

mer’s Disease

C. Triantis’, A. Lazopoulos1, M. Sagnouz, M. Pelecanou?, I. Pirmettis', M. Papa-

dopoulos’

"INRASTES and 2/B-A, NCSR Demokritos, Agia Paraskevi, Athens, Greece
Key words: Fac-[M(NO)(L")(CO)s], Alzheimer’s disease

Complexes of ggmTc, which is the radionuclide of

choice in Nuclear Medicine, are studied as po-
tential diagnostic tools for Alzheimer’s disease. In
the present work the synthesis, characterization
and evaluation of the neutral mixed ligand
complexes fac-[M(NO)(L1)(CO)3], where M is Re
or ¥™T¢, NO is the bidentate ligand quinaldic acid
and L' is N-[4-(benzothiazol-2-yl-phenyl1)-3-iso-
cyano-propionamide is presented. The L bears
the isocyanide group, which can act as a mono-
dentate ligand, and the 2-(4’-aminophenyl)benzo-

thiazole moiety which binds with high affinity to
amyloid plaques of Alzheimer’'s disease. By
employing the fac-[Re(CO)s]" synthon, the fac-
[Re(NO)(L1)(Cogg], 1, was prepared by a two step
procedure. At mTg level, the analogous fac-
[P*"Tc(NO)(L')(CO)s] complex, 7", was prepared
in high radiochemical purity. Complex 1" is stable
and lipophilic. Its biodistribution in normal mice
showed that it crosses the blood brain barrier to
an adequate degree (0.42% 1D/g).
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Hydroxytyrosol (HT) is one of the most important
phytochemical constituents of olive oil incorpo-
rateed in the aglycon of oleuropein. HT posses-
ses a very interesting pharmacological profile
ranging from antioxidant, antimicrobial and anti-
inflammatory to LDL oxidation inhibition and
capacity to reduce the risk of coronary heart dis-
ease and atherosclerosis.The aim of the present
research project is the design, synthesis, struc-

ture elucidation and conformational analysis of
novel HT analogues. The structure-activity rela-
tionship information extracted by this study will
help define the structural and electronic require-
ments to achieve optimum combined antioxidant
and COX-2 inhibitory activity, identify lead com-
pounds and design novel compounds with pro-
mising bioactivity profile.
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We present a simple methodology for the si-
multaneous identification and determination of
biogenic amines in food matrices, based on the
use of a stable isotope-coded derivatization and
liqguid chromatography tandem mass spectro-
metry. The tagging reagent was envisaged in N-
hydroxysuccinimidyl ester of do/ds-4-methoxyben-
zoic acid (do/d3-4-MBA-OSu), which mainly fun-
ctionnalizes primary amines and can be prepared
easily from commercialy available sources. The
identification and structural characterization of
tagged biogenic amines was exploited in MALDI
MS and MS/MS. Multiple-reaction monitoring in

H
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Biogenic amines used for analysis

combination with Standard Isotope Dilution (SID-
MS) has been applied in the assay of biogenic
amines in different food stuffs, providing a me-
thod whose reliability is confirmed by the values
of accuracy and by the calculated analytical para-
meters.

REFERENCES

1. Mazzotti F., Benabdelkamel H., Di Donna L., Athanasso-
poulos C.M., Napoli A., Sindona G.: Light and heavy dansyl
reporter groops in food chemistry: amino acid assay in
beverages. J. Mass Spectrom. 47: 932-939 (2012)

&

Citrullinated Analogues of MBPs,.9s in the Immunotherapy of Mul-
tiple Sclerosis

Constantina Christopoulou’, George Deraos?, George Agelis®, John Matsou-
kas"

1Department of Chemistry, University of Patras, 26500, Patras, Greece, 2EIdrug S. A,
Pharmaceutical Company, 26504, Platani, Patras, Greece

Key words: MBPs.-9s (Dirucotide), citrulinated analogues, multiple sclerosis

Multiple Sclerosis (MS) is an autoimmune in-
flammatory disease of the Central Nervous Sys-
tem (CNS). It is caused by the coordinated attack
of the immune system against the myelin, re-

sulting in inflammation in axons and the appear-
ance of neurological dysfunction. Several epito-
pes are involved in the pathogenesis of MS, in-
cluding the myelin basic protein (MBP). A char-
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acteristic of MBP is the large number of post-
translational modifications, such as deimination,
an enzymatic reaction resulting in the conversion
of arginine to citrulline. Citrullination of MBP leads
to loss of positive charge of the side group of ar-
ginine, causing disruption of MBP around axons.
Previous studies in PBMCs (Peripheral Blood
Mononuclear Cells) with citrullinated peptides,
showed an increase of T-regulatory cells, which
are very important for MS patients. In this work,
citrullinated modified analogues of the epitope
MBPsg2.9s (Dirucotide) were synthesized for the
first time, in order to achieve their biological
evaluation. The synthesis of these analogues

27

was accomplished using the conventional man-
ner of peptide synthesis as well as a microwave
peptide synthesizer.
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Molecular Mechanisms of
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Human Colon Cancer Resistance to
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The development of chemoresistance in colon
cancer is a major problem in cancer treatment.
Integrin-linked kinase (ILK), an intracellular seri-
ne/threonine kinase located in focal adhesions, is
implicated in human colon cancer progression
(1,2). In this study, we investigate the role of ILK
in chemoresistance mechanisms in human colon
cancer, as well as its significance as a thera-
peutic target and predictive biomarker. ILK si-
gnaling pathways are investigated in cell lines (in
vitro) and in human colon cancer tissue samples
(in vivo) in relation with i) response to chemo-
therapeutic drugs and ii) expression of cancer

stem cell (CSC) and Epithelial-mesenchymal
transition (EMT) markers. Also, we will evaluate
the impact of ILK drug-targeting in chemore-
sistance, and CSC with EMT marker expression
in resistant and non resistant cell lines.
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Through the allometric scaling, a population
pharmacokinetic model was developed, for the
estimation of pharmacokinetic parameters in
mice, using experimental data from human pa-
tients. The drug used for modeling (scaling down)
was the pyrazinamide. Using the NONMEN pro-
gram and via simulations the pharmacokinetic
parameters of clearance (Cl), volume of di-
stribution (Vd), absorption rate constant (k) and
half-time (t12) in mice were estimated, which
were found to be 0.0123L/h, 0.016L/h, 0.7688 h™
kar 0.901h respectively. Afterwards, the optimal

dose scheme in mice was estimated after in-
travenous administrationofpyrazinamide in order
to achieve thedesired therapeutic effect. Two
possible dose schemes were found: 25 mg/kg per
3 hours and 35 mg/kg per 6 hours. Finally, the
idealexperimental protocol of pyrazinamide admi-
nistration in mice was designed (minimum
number of animals, minimum number andexact
time points) in order to validatethe population
pharmacokinetic model and aLC-MS/MS method
was developed as well, for the determination of
pyrazinamide in mice plasma.
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Dimitrios Xanthopoulos, Christina Kyrkou, Maria Kokkoti, Eftichia Kiritsi,
Kyriakos C. Prousis, Spyros Zografos, Theodora Calogeropoulou, Panagiotis
Zoumpoulakis

Institute of Biology, Medicinal Chemistry and Biotechnology, National Hellenic Research

Foundation, Vas. Constantinou, Athens, Greece

Key words: Bio-inspired tyrosinase modulators

Tyrosinase is a copper-containing oxidase which
catalyzes the rate limiting step in mammalian me-
lanogenesis and enzymatic browning of mainly
fruits and mushrooms. Therefore the discovery
and development of tyrosinase inhibitors is of
interest in both food and cosmetic applications
(1). Bioinspired compounds were synthesized as
novel tyrosinase modulators and were evaluated
in vitro using the isolated enzyme from Agaricus
bisporus (2). In silico docking studies were per-
formed in an effort to rationalize the differences in
their biological profiles. Our results suggest that
the critical factor for the binding of the novel in-

hibitors is the interaction between a deproto-
nated carboxyl group with the coppers of the
active site, while the presence of a catechol
moiety can be possibly related to agonistic ac-
tivity.
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Multiple Sclerosis (MS) is an immunologically
controlled, inflammatory, demyelinating disease,
characterized by destruction of the white matter

(myelin) of the central nervous system (CNS),
leading to serious medical conditions like pa-
ralysis. The main cause of the disease is still un-
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clear. However, it is believed to be mediated by
an autoimmune T cell response directed to the
proteins of the myelin sheath, such as myelin
basic protein (MBP), proteolipid protein (PLP)
and oligodendrocyte glycoprotein (MOG). The T-
cell response is triggered by the formation of the
trimolecular complex between the major histoco-
mpatibility complex (MHC), the immunodominant
myelin protein epitopes and the T cell receptor
(TCR). Herein we report the synthesis of non-
peptide analogues, with the ability to simulate the
immunodominant epitope 83-99 of MBP. These
analogues were designed to block the formation
of the trimolecular complex and therefore the T-
cell activation. More specifically, indole analo-
gues were synthesized with substitution in posi-
tions 2 and 4 or 6. The synthesized molecules
contain a carboxyl group in position 2 and a
phenylamino or benzylamino group in position 4
or 6. The synthesis of the indole ring was
achieved by Fischer reaction followed by catalytic
hydrogenation, arylation or reductive amination
and ester hydrolysis. These molecules were
purified using column and liquid chromatography
and they were identified by mass spectrometry

and "H-NMR.
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The increasing consumer awareness and sci-
entific evidence has led to an increased demand

for wholesome and safer food, free from patho-
genic microorganisms, microbial toxins, chemical
contaminants, and excessive additives. In this re-
spect, both industry and the research community
have recently focused on the development of fun-
ctional foods or food supplements, which claim to
provide health-promotion or disease prevention
benefits beyond their basic nutritional value. A
significant part of the functional food market is
represented by probiotics, which are foods con-
taining live bacteria that can positively affect
human health by altering their intestinal microflo-
ra when consumed in adequate amounts. The
most frequently used probiotics are lactic acid
bacteria, mainly Lactobacillus and Bifidobacteri-
um spp., as well as some Enterococcus, Strepto-
coccus, Leuconostoc, Saccharomyces spp., etc.
The close relationships between gut microbiota,
nutrients, health and disease, have led to in-
creasing interest in using probiotics and prebio-
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tics, i.e. non-digestible substrates that can be uti-
lized by probiotics in the gut stimulating their
growth and viability. The combined use of probi-
otics and prebiotics is known as synbiotics. Sac-
charomyces boulardii is yeast widely used as
medicine to prevent and treat intestinal disorders.
Plant components, such as mastic resins (Pista-
cia lentiscus L., P. terebinthus L., etc.), have also
been used traditionally and commercially, for their
medicinal properties (healing, antioxidant, antiba-
cterial, antiinflammatory) as well as for the treat-
ment of the symptoms of dyspepsia. In this study,
(a) liquid (cell suspension in aq resin extract) and
(b) solid formulations (cells entrapped in resin
pellets) of P. terebinthus resin (mastic of Paphos)
with S. boulardii are proposed for possible medi-
cinal uses. The viability of S. boulardii in these

formulations will be evaluated during storage as
well as in acidic solutions simulating gastric acid.
The morphology of entrapped cells will be obser-
ved by SEM. Finally, the formulations will be
analyzed for their antioxidant capacity and total
phenolics contents, as well as for sugars, organic
acids, and aroma-active volatile compounds by
classic and instrumental techniques (HPLC, GC,
GC/MS).
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Our study is focused on the development of a
reliable and reproducible immunoassay for the
evaluation of collagen and keratin-based decay of
organic materials constituting natural and cultural
heritage. Therefore, polypeptide models consist-
ing of the characteristic amino acid pattern of
keratin and collagen were designed, synthesized
and identified. Ac-YRSGGGFGYRGGGFGYRS-
B-Ala-NH2, model peptide of the N-terminal part
of Type Il keratin, [Pro-Cys(Acm)-Gly],, model
peptide of the C-terminal domain of Type | keratin
and [Pro-Ser(OBzl)-Gly], model peptide of colla-
gen, were administrated to animals for the in-
duction of specific antibodies (1,2). Anti-[Pro-
Ser(OBzl)-Gly], and anti-collagen antibodies
were tested against collagen isolated from bone,
parchment and commercial collagen. Antibodies
against Ac-YRSGGGFGYRGGGFGYRS-B-Ala-NHz, [Pro-
Cys(Acm)-Gly], and antibodies recognizing the N-

Heritage, deterioration,

organic materials, keratin, collagen

terminal, the C-terminal and the internal part of
keratin were assayed for their binding to keratin
from wool and commercial keratin.

It is concluded that the combined application of
antibodies originated from collagen or keratin, as
well as from the corresponding peptide models is
a valuable tool in determining the extent of the
decay of organic materials consisting our cultural
heritage.
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A computational Virtual Screening workflow using
ChEMBL database in combination with Molecular
Docking, 3D-QSAR CoMSIA and Similarity
Search was applied with the aim to identify N-
substituted indole analogues acting as inhibitors
of HCV replication (Scheme). All the 41 com-
pounds under study were docked in the “Palm II”
allosteric site of the crystal structure of the
enzyme HCV RNA-dependent RNA polymerase
(NS5B GT1b) (1-3). The docking pose of each
compound was subsequently used in a receptor-
based alignment for the generation of the
CoMSIA fields. The best CoMSIA model was
derived using the steric, hydrophobic, and H-
bond acceptor fields. The statistical parameters
of the CoMSIA model are ONC = 6, q2 = 0.632,
SEP = 0.453, SEE = 0.120, F = 131.324 and R? =
0.974 for training set and R? = 0.727 for validation
set, showing a good predictive ability of the
model (4). This framework gives insight into the
structural characteristics that affect the binding
and the inhibitory activity of these analogues on
HCV RNA polymerase.

The obtained in silico model was subsequently
utilized to predict the activity of novel compounds
prior to their synthesis and biological tests, within
a virtual screening procedure. The ChEMBL
database was exploited to dispose compounds
containing the indole scaffold that are predicted
to possess high activity and thus can be
prioritized for biological screening. The approach
revealed 18 promising chemistry driven com-
pounds with potential high activity, while three
from those have been already tested and
possess high potent antiviral activity against HCV
infected in hepatoma cells in nanomolar scale (4).

The encouraging results indicate that the pro-
posed methodology can be generalized as a
rational drug discovery tool for the identification of
new leads for a broad spectrum of diseases.
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Surfactants increase the solubility of poorly water-
soluble drugs. Due to their amphiphilic nature,
they form micelles in aqueous media with the
polar head facing towards the exterior, while the
non-polar tail is oriented towards the core of the
structure. Micelles often are used as drug carriers
with the added benefit of increasing the bio-
availability of the drug, as they can remain in the
blood stream long enough to provide gradual
accumulation in the required area and their sizes
allow them to accumulate in areas with leaky
vasculature (tumours) (1). In the present study,
the cationic surfactant hexadecyltrimethylam-
monium bromide, an effective antiseptic agent
and potential anticancer agent (2), was used for
the encapsulation of the silver(l) complex,
{[Ag(PhsSb)s(salH)} (compound 1) (PhsSb = ftri-
phenylstibine and salH, salicylic acid). The
compound 7 was synthesized and characterized
by m.p., vibrational spectroscopy (FT-IR), 'H-,"*C-
NMR, UV-Vis spectroscopic techniques and high
resolution mass spectroscopy (HRMS). Single
crystal X-ray diffraction analysis was performed
for the characterisation of the structure at
ambient conditions. The stability of the complex
in aqueous solution has been verified by means
of '"H-NMR, UV-Vis and conductivity measure-
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ments. The solubilisation of the potential anti-
cancer compound 7 (3,4) was investigated by X-
ray fluorescence (XRF) and scanning electron
microscopy (SEM). The concentration of the
complex in the micelle was determined via TG
analysis. The in vitro cytotoxic activity (cell
viability) of the micelle against HelLa (human
cervical) and MCF-7 (human breast) cells was
evaluated. The cytotoxic activity of the compound
1 has also been tested for comparison.
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The peptide hormone oxytocin (OT) is a cyclic
nonapeptide. The widespread allocation of OT
receptors (OTRs) in the central nervous system
has firmly established OT as a central neuro-
transmitter with roles in reproductive and social
behaviors (1). The last years, a new role of OT in
the pathology of cancer is promoted (2). Several
tumor types have been reported to express OT
receptors (OTRs) including primary breast can-
cers, endometrial carcinomas, neuroblastomas,
glioblastomas. Towards this direction, studies on
breast cancer cells proliferation of OT analogues
were performed. The peptides were prepared by
standard SPPS methods (3), analyzed by ana-
lytical HPLC and their identity confirmed by
Electro-Spray MS. Results showed that the effect

of OT analogues on the prolifera-tion of breast
cancer cells depends on the mo-difications of
Oxytocin molecule.
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The peptide hormone oxytocin (OT) is a cyclic
nonapeptide. The widespread allocation of OT
receptors (OTR) in the central nervous system
has firmly established OT as a central neuro-
transmitter with roles in reproductive and social
behaviors (1). In the last years, a new role of OT
in the pathology of cancer is promoted. Towards
this direction, conformational analysis of OT,
[Mpa', D-Tyr(Et)’JOT (1) and [Mpa', D-Tyr(Et)?,
D-Thi°JOT (2) was performed. NMR spectroscopy
(1D 'H, 2D TOCSY and 2D NOESY) was
employed in order to elucidate the structure of OT
and its analogues. Molecular Dynamics simula-
tions under NMR-NOE constraints of OT and the
two analogues, provided structure-activity possi-
bly explaining the different biological profiles.
Both OT and analogue 7 form a S-turn involving

the residues in positions 2-5, which is crucial for
the biological activity (2;. In contrast, the re-
placement of lle® by D-Thi® in analogue 2 induced
conformational changes causing the loss of (-
turn.
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Sol-gel encapsulation of flavonoids and flavonoid
extracts with specific physicochemical properties
and biological functions within robust polymer
matrices remains a challenging task, despite ex-
tensive research in the field of drug delivery
systems. Numerous studies have been reported
in the field of sol-gel processes, describing a di-
verse spectrum of physical and chemical packing
properties of sensitive biomolecules encapsula-
ted in silica matrix. In this project, classical sol-gel
synthesis approaches have been used under mild
conditions in order to minimize the denaturing
effects on encapsulated active flavonoids. The
silica templated matrix was obtained by using two
types of surfactants bearing different alkyl chains
(CTAB, PEG-3000) as structure-directing agents
for the silicon oxide framework. An organic pre-
cursor of silicic acid (triethoxymethylsilane) was
used and processed through competitive hydroly-
sis and polycondensation reactions under con-

trolled directions, assured by the presence of an
oriented template. Silica materials, thus obtained,
were used for encapsulation of catechin as the
bioactive target molecule. The synthesis of en-
capsulated nanocompounds was achieved by
taking into consideration the specific interaction
between the colloidal gel precursors and mole-
cular structure(s) of the selected biomolecule.
The main objective was to improve the encap-
sulation conditions for the specific type of biomo-
lecules, seeking the highest stability and fun-
ctionality without loosing the quality of the flavo-
noid properties, particularly antioxidant and opti-
cal properties, like fluorescence. The structural
properties of the encapsulated samples were
studied by FT-IR and UV-Vis spectroscopy, TGA,
SEM/EDX analysis, and XRD. The size distri-
bution of synthesised polymeric silica mate-rials
were investigated by BET, {-potential and particle
size analysis.
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One of the major components of the extracellular
matrix is glycosaminoglycans (GAGs), anionic li-
near heteropolysaccharides, which regulate seve-
ral important processes. The methods used for
the structural determination of GAGs include
isolation, enzymatic digestion and analysis with
separation techniques, usually HPLC and capil-
lary electrophoresis. In the present study, micro-
Raman spectroscopy was employed for the iden-
tifycation of GAGs in their mixtures. The impor-
tant advantage of the technique lies on the fact
that analysis is done simultaneously for all con-
stituents with no need for previous separation.
Chondroitin sulfate, heparin and dermatan sulfate
in binary and ternary mixtures were studied. The

comparison of the spectra of the mixtures to the
relative standard spectra resulted in identification
and discrimination between GAGs, based on the
characteristic vibration frequencies of the functio-
nal groups. Deconvolution of peaks using the
appropriate software was necessary for the
analysis. The identification of heparin was easily
done using the peaks at 826 cm™”, 896 cm™, 1047
cem™ and 1071 cm™, while for dermatan sulfate
the relatively weak vibrations at 809 cm”, 866
cm™, 978 cm™ and 1066 cm™ were used. Chon-
droitin sulfate proved the most difficult component
to spot due to a lesser number and weak in
intensity characteristic peaks (at 846 cm', 950
cm™ ka1 997 cm™).
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Active Pharmaceutical Ingredient (API) Warfarin
Sodium, used as an anticoagulant, can be found
in three formulations: as a tablet, oral suspension
(syrup) and dilution for injections. In the present
study a method of quantitative analysis of API in
the syrup was developed, using Raman spec-
troscopy. API in suspension is both in diluted and
in solid form, whereas some excipients are in
form of insoluble particles. With the proposed
methodology the sample was analyzed without
any special treatment (e.g. dilution or separation
from placebo or from the insoluble particles) as
other analytical techniques require. For the quan-
titative analysis the ratios of vibration peaks’

areas of API (1573 and 1612 cm™) to the area of
two peaks of the excipients at 923 and 1462 cm™,
was calculated. A calibration line was constructed
using as standards dilutions of the commercially
available syrup. Due to the presence of insoluble
particles (APl and excipients) and to the small
laser’s spot area on the syrup a drop the sample
was placed on a glass slide with gold reflected
surface (mirror) substrate. The slide was then
rotated using a home-made apparatus. In this
way it was possible to collect the Raman signal of
a spectrum from the circumference of a circle
formed during sample’s rotation minimized under-
sampling problems.
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Multiple sclerosis (MS) is a CD4" T cell mediated
chronic inflammatory disease of the central
nervous system (CNS) characterized by discrete
areas of inflammation followed by demyelination
and paralysis. Myelin basic protein (MBP) is one
of the major autoantigens defined in MS, with
enchephalitogenic T cell epitopes, MBPg3.g99 being
a major one. A new approach is the introduction
of rationally designed cyclic peptides or a non-
peptide-mimetic drug molecule resembling in the
pharmacophore groups that NMR studies and
molecular modeling results in a study with the
receptor complex. In this study, linear and cyclic
analogues of MBP83-99 and MOG35-55 were

tested for their binding ability with HLA-DR2b and
HLA-DR4 alleles. The results showed that cyclic
analogues could bind with high affinity to HLA-
DR2b and HLA-DR4 as well as the linear
counterparts.
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Heterocycle derivatives of 1,2,4-triazole and
1,3,4-thiadiazole show a broad spectrum of phar-
macological properties (1). Also the condensation
of these rings, triazole and thiadiazole, gives
1,2,4-triazolo-[3,4-b]-1,3,4-thiadiazole (2). These
compounds show antibacterial, antimicrobial,
antiviral, anti-inflammatory and anticancer active-

ty. Based on the above a series of 3-[2-(N-di-
methylsulfamoyl)-4,5-dimethoxybenzyl]-6-phenyl-
1,2,4-triazolo-[3,4-b]-1,3,4-thiadiazole derivatives
with general chemical structure | were synthe-
sized in order to study their anticancer activity.
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Aflatoxins belong to the class of mycotoxins and
they are among the most toxic and carcinogenic
natural substances. Especially the aflatoxins
AFB1, AFB2 kai AFM1 are the most commonly
found and AFB1 is the most carcinogenic of all.
As a result, big efforts are made for their de-
tection and quantitation through a variety of
techniques, such as ELISA and monoclonal anti-
bodies. These techniques require the synthesis of
derivatives of aflatoxins capable to form protein
conjugates. Usually, derivatives with carboxylic

groups are synthesized through attachment to the
carbonyl group of the aflatoxin. Alternatively,
derivatives bearing amino groups could be used
for attachment to certain cases of proteins. Thus,
in the present work methods to obtain such
aminoderivatives are studied. In the method that
is presented the high cost aflatoxin is connected
with the amino containing part at the last step
through a well known in the area of aflatoxins
reaction with a hydroxylamino derivative.
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Methimazole (MMI) is sulfur containing imida-
zole compound and it is the most common used
anti-thyroid drug for the treatment of Graves’
disease (1). Because of its antioxidant activity,
the coordination of MMI with transition metal
ions, is of great interesting (2). Silver(l) comple-
xes with tertiary phosphines were investigated for
their tumoricidal properties making possible the
assessment of a structure-activity relationship
(SAR) (2). Therefore the relation of the comple-
xes’ antibacterial activity, with the nature of their
ligands, their volume, shape (3), the geometry
around silver ion and their interaction with DNA
(3) is a matter under consideration. Here we re-
port the synthesis and structural characteriza-tion
of the new silver(l) complex with triphenylphos-
phine and mmi with formula [Ag2Bra(tpp)2(mmi)z].
The antimicrobial activity against E.Coli and P.

aeruginosa and its binding properties towards
DNA, lipoxygenase (LOX) and glutathione is
studied. The results are compared with the
corresponding one found for [AgCl(tpp)mmil.
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AMPs have a broad-spectrum of action against
both Gram (-) and Gram (+) bacteria as well as
fungi, and viruses (1-3). In the present study, ca-
tionic helical peptides of the following type were
synthesized in order to develop new antibiotics:
H-RWLRLLWRFLRL-NH2, (RWLRLLWRFLRL)2K-Ahx-NHz,
XLFDIIKKIAESF-NH, (where X = G, A, V, L) and
XLLKFIKKLL-NHz (where X = G, K, R). Synthesis
was performed by the conventional stepwise
Fmoc/tBu solid-phase method. The peptides
were purified by RP-HPLC and identified by ESI-
MS. The above peptides were tested for their
antimicrobial activity against Gram(-) bacteria,

Gram(+) bacteria and fungi. The peptides were
also tested for their hemolytic activity against
human erythrocytes.
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Naturally occurring retinoids and their synthetic
analogues (e.g. acitretin), play an important role
in many biological functions, such as vision,
growth, reproduction and cell differentiation. They
are administered as drugs of choice in dermatolo-
gical disorders, in chemoprevention and cancer
treatment. Moreover retinoic acid (ATRA) is re-
ported as stem cell and cancer stem cell differ-
rentiation factor (1), Recently, we have reported
convergent methodologies for the synthesis of
acidic retinoids, leading to acitretin (ACI) and
analogs (2). Based on these protocols we present
here in this work, the total synthesis of new
acitretin analogs, bearing aromatic/ heteroaroma-
tic rings with changes in the lipophilic part, sui-

table for QSAR studies. Thus, we expect that the
biological evaluation of the latter, both as anti-
cancer and cancer stem cell differentiation agents
should reveal key structural elements, response-
ble for their activity and lead us to the rational
design of more potent analogs.
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re-sistance. Nat. Rev. Cancer 5: 275-284 (2005)
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D., Papaioannou D., Maroulis G.: Syntheses, antiproliferati-
ve activity and theoretical characterization of acitretin-type
retinoids with changes in the lipophilic part. Eur. J. Med.
Chem. 46: 721-737 (2011)
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The aim of this project was to study the reduction
of resin‘s loading of esterified pseudoprolines on
2- chloro-trityl chloride resin in order to cogitate
and realize the synthesis of fragments of
antidiabetic drugs, Liraglutide and Pramlintide, by
replacing a dipeptide in the peptide sequence
with the corresponding pseudoproline in order to
increase the solability of the peptide and avoid
racemization in the C terminus of Pramlintide’s

fragment at the fragment coupling (1). The frag-
ments of the drugs were synthesized by fragment
coupling and step by step method using the
technique of solid phase peptide synthesis in 2-
chloro-trityl chloride resin. The results of this work
will help to simplify the synthesis of these frag-
ments of drugs and develop them as pharmaceu-

tical products.
1. http://en.wikipedia.org/wiki/Pseudoproline

Synthesis of pyrrole analogues for the inhibition of T cell activation
Marios Konstantinou, Dora Dimitriou, Theodore Tselios

Department of Chemistry, University of Patras, 26504 Rio, Patras, Greece
Key words: Pyrrole analogues, inhibition of T cell activation, Synthesis

Multiple sclerosis (MS) is a chronic inflammatory
and demyelinating disease of the central nervous
system (CNS) which leads to serious pathologies
such as paralysis. The main theory for the
disease is one of the autoimmune responses of
encephalitogenic T cells directed from the pro-
teins of the myelin sheath such as myelin basic
protein (MBP), proteolipid protein (PLP) and oli-
godendrocyte glycoprotein (MOG). The response
of T-cells activated by the formation of the tri-
molecular complex between the major histocom-
patibility complex (MHC or HLA), immunodomi-
nant epitopes of myelin proteins and receptor en-
cephalitogenic T-cells (TCR). Herein, we report
the synthesis of pyrrole analogues in order to
block the formation of the trimolecular complex
and to inhibit the activation of encephalitogenic T
cells. The pyrrole analogues were synthesized
using the 2 or 3 carboxyl pyrrole as starting
material followed by N benzylation, amidation and
guadinylation. The synthesized molecules were
purified using liquid chromatography and they
were identified by mass spectrometry and 'H-
NMR.
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Multiple Sclerosis (MS) is an immunologically
controlled, inflammatory, demyelinating disease,
characterized by destruction of the white matter
(myelin) of the Central Nervous System (CNS)
(1). The main cause of the disease is still unclear.
However, it is believed to be mediated by an
autoimmune T-cell response which is triggered by
the formation of the trimolecular complex be-
tween the Major Histocompatibility Complex
(MHC/HLA), the immunodominant myelin protein
epitopes such as the Myelin Basic Protein (MBP)
and the T-cell receptor (TCR) (2). In this project a
detailed mapping of the interactions that occur
during the creation of the trimolecular complex
MHC-peptide antigen-TCR took place. The men-
tioned procedure provides the conformational
characteristics that are essential for the rational
design of inhibitors (3,4). The new molecules
were designed to prevent the formation of the
trimolecular complex and the further multiplication
and activation of T-cells that are involved in MS.
Several Molecular Docking simulations took place
as well as Molecular Dynamic experiments which
were carried out by using the MOE software in a
LINUX operating system and the crystal structure
(pdb: 1YMM) (5,6).
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A new therapeutic approach for the inhibition of
the Renin-Angiotensin system is the transdermal
administration of AT1 antagonists (Sartans)
which has many advantages over the conven-
tional routes of administration. Our objective was
to investigate the in vitro transdermal delivery of a
new synthesized Sartan (BV6Na) in human skin
using franz cells and various solvents/permeation
enhancers in an effort to find the most appro-
priate delivery system. Moreover, the produced
suspension was in vivo evaluated, recording the
antihypertensive response of Wistar rats after 3,
6, 8 and 24 hours of transdermal administration.
The results showed that the synergistic effect of
three permeation enhancers significantly impro-

ves the permeability of the substance. The
maximum quantity of the Sartan which penetrated
the skin was 4.82 pg/cmz, while antihypertensive
effect was achieved in the period of 6 to 8 hours
after the transdermal administration. According to
these results, the transdermal route of admini-
stration may be feasible and represent a new
therapeutic approach for the treatment of hyper-
tension.
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H-Gly-lle-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser-Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Glu-OH
|

H-Phe-Val-Asn-GIn-His-Leu-Cys-Gly-Ser-His-Leu-Val-Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-OH

1

Insulin is a hormone which is considered to be a
relatively short protein, consisting of two polype-
ptide chains (A and B) which overall contain 51
amino acids, 21 in A chain and 30 in B chain. It
has three disulfide bonds, from which two of them
hold the two chains, while the third locates in A
Chain. Insulin plays a key role in the metabolism
of carbohydrates of the body and its deficiency
causes the disease of diabetes (type 1 or type 2).
In this research project design and synthesis of a
modified single-chain insulin analog was formed,
with main object the increase of its stability
against proteolytic enzymes, while maintaining its
biological activity. For this purpose in this syn-

29
thesis the Asn A21 is replaced by Glu, without
any change in bioactivity, while Thr B30 is
absent. Apart from the three disulfide bonds
containing in the molecule of insulin, another
amide bond was developed between the side
carboxyl group of Glu and the side amino group
of Lys B29, which will provide the stability of the
molecule against hydrolysis, converting it into a
long-acting insulin.

Barlos K., Gatos D., Hatzi O., Koch N., Koutsogianni S.:
Synthesis of the very acid-sensitive Fmoc-Cys(Mmt)-OH
and its application in solid-phase peptide synthesis. Int. J.
Peptide Protein Res. 47: 148-153 (1996)
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Copper is an essential trace element encounter-
ed in a variety of aerobic organisms. As a metal
ion, it is intimately linked with many cellular en-
zymes and proteins of variable function(s), in-
cluding ceruloplasmin and superoxide dismutase.
Copper appears in two biologically relevant

oxidation states, Cu(l) and Cu(ll). As a redox
active metal ion, it contributes to the production of
free radicals and Reactive Oxygen Species
(ROS) through Fenton and Fenton-Weiss re-
activity. The very same properties, however, that
render copper a quintessential metal ion might
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also turn it into a metallotoxin. To this end,
changes in the cellular physiological levels of
copper lead to chemical reactivity inflicting severe
perturbation upon its homeostasis and concomi-
tant increase in cell death due to oxidative stress.
The purpose of the present work was a) the
assessment of the effect of the soluble form of
cis-copper glycinate on the isolated sciatic nerve
fibers, and b) to assess the potential neuroprote-
ctive action of known chelators and antioxidant
molecules (NAC, EDTA, QA) against Cu(ll) toxi-
city, on rat sciatic nerve. The methodology em-
ployed in this investigation was based on the
sciatic nerve of the rat isolated in a three-
chamber recording bath which consists of sti-
mulation, incubation and recording chamber. As

an indication of the vitality of the nerve fibers the
compound action potential (CAP) was recor-ded
every second for over 24 h. To achieve direct
contact of the nerve fibers with the specific form
of soluble Cu(ll), the epineurium was re-moved.
The recording bioelectric response, CAP, was
effected when the part of the nerve in the in-
cubation chamber was exposed to various
concentrations of Cu(ll). The collective results in-
dicate a) a clear concentration-dependent copper
toxicity between 75 to 500 uM, linked to the
emerging ROS, b) neuroprotective effect of N-
acetylcysteine (NAC) dependent on the con-
centration of Cu(ll) c) clear neuroprotective action
of the metal chelator molecule EDTA, and d) no
neuroprotective effect by quinic acid (QA).
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The development of new therapeutics and dia-
gnostics that act only where needed is a major
challenge to the cell membrane penetration and
selectivity of the intracellular drug delivery.Our
study is focused on the development of new Cell
Penetrating Molecular Transporters (CPMT),
which overcome the above barriers and provide
extracellular enzymatic resistance, redox sensiti-
ve pro-drug linkages and intracellular release of
the biomolecule or drug. A multifunctional folda-
mer carrier Ac-(Lys-Aib-Gly)s, named SOC (Se-
quential Oligopeptide Carrier), which incorporates
lysine for covalently anchoring the bioactive mo-
lecules, will be applied as CPMT. SOC carrier
adopts helical conformation and has been exten-

sively used in our laboratory as a multifunctional
scaffold (1). Selected molecules will be conjuga-
ted to the LysN®H, groups via the formation of an
oxime carrier-biomolecule linkage. Reduction of
the oxime linkage, by using a Cytochrome Re-
ductase system, isolated from pig liver micro-
somes, will permit the intracellular release of the
biocargo (2).
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The antibiotic chloramphenicol (CAM) inhibits
protein biosynthesis by targeting the peptidyl
transferase (PTase) center on the large riboso-
mal subunit. CAM has been widely used clini-
cally, despite its adverse effects on hematopoietic
system. The presence of active trans-membrane
transporters for polyamines in cells and the po-
sitive effect that polyamines exert on CAM
binding to the ribosome gave us the impetus to
synthesize and evaluate polyamine-CAM conju-
gates. Results from cell-free system experiments
using a series of polyamine-CAM conjugates
showed that the most effective compound was
KA240, in which a dibenzylated spermidine
(SPD) substitutes for the dichloro-methyl edge of
CAM. They also indicated that KA240 behaves as
a slow-binding inhibitor, following a two-step
mechanism. For the characterization of the initial
(Cl) and final (C*l) complex between KA240 and

ribosome, we applied time-resolved footprinting
analysis. The data revealed that KA240, after a
transient initial binding within the catalytic center,
causes a Tr-stacking interaction with nucleotides
U2585 and U2586 of 23S rRNA through its diben-
zylated edge, while preserving its accommoda-
tion within the catalytic center. Given that U2585
possesses a critical role in the rotary motion of
aminoacyl-tRNA towards the ribosomal A-site,
our results suggest that KA240, except for com-
petively inhibiting the PTase center, impedes
functional accommodation of ribosomal substra-
tes and simultaneously reduces the binding
energy for CAM binding to the ribosome. Mo-
lecular dynamics confirmed the results of time-
resolved footprinting analysis, strengthening the
importance of KA240 as an important lead
compound for further studies.
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In recent years, the hydrophobic active sub-
stances have led researchers in new formulation
approaches to enhance bioavailability and disso-
lution rate. The active substance Brinzolamide
belongs to the class of carbonic anhydrase inhi-
bitors, which causes reduction of intraocular
pressure in patients suffering from glaucoma. The
technique of inclusion complexation using cyclo-
dextrins, as part of solid dispersions, is con-
sidered as a promising technique for increasing
the solubility of hydrophobic active substances. In
the present study, inclusion complexes of Brin-
zolamide: Hydroxypropyl-beta-Cyclodextrin, in
various molecule ratios, was prepared using the
technique of freeze drying. The effect of Hydroxy-
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propyl-beta-Cyclodextrin on Brinzolamide solubili-
ty and association constant Kc was determined
by phase-solubility studies via Higuchi & Connors
method. The techniques used for characterization
of the inclusion complex is the Fourier transform
infrared spectroscopy (FT-IR), Differential Scan-
ning Calorimetry (DSC), X-ray crystallography
(XRD) and Scanning Electron Microscopy (SEM),
while Dissolution experiments were performed in
a Distek Dissolution Apparatus at 37 °C using as
dissolution medium simulated organic tears.
The determination of dissolution rate and phase
solubility studies was carried out via HPLC
method.
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Figure 1. The binding mode of two representative coumarin
and quinolinone derivatives in the sPLA; GIIA active site.

Secretory phospholipase Az (sPLA2) is an en-
zyme related to inflammatory symptoms as it
contributes to arachidonic acid metabolism. It be-
longs to the PLA; superfamily, which cleaves sn-
2 acyl-chain of glycerophospholipids, releasing
arachidonic acid. It has been proved that activity
of sPLA, group IlA is associated with functional
coronary stenosis (1), carotid atherosclerosis (2),
multifarious proatherogenic actions in the vessel
wall (3) and certain types of cancer (4).

Methyl Varespladib and Me-Indoxam are hetero-
cyclic substituted systems that have shown potent
inhibitory activity against sPLA; including GIIA (5).
On the basis of these premises, we decided to
study the heterocyclic systems of coumarin and
quinolinone substituted by an a-ketoamide group
in the 3 or 4 position, a 2-methoxyacetic acid
group in 5 or 6 position and a phenyl group in the
case of quinolinone analogues. Docking calcula-
tions were performed in the active site of sPLA;
GIlIA (PDB:1KQU), using the docking program
GOLD 5.2. The structures were sketched using
Sybyl 8.0 molecular modeling package and

0 _~o

Figure 2. The binding mode of two representative2-
oxoamides derivatives in the sPLA; GIIA active site.

optimized using the Powell energy minimization
algorithm of Sybyl 8.0. Structures substituted in 4
and 6 positions presented a better binding mode
and they were able to create hydrogen bonds with
the amino acids of the active site and interactions
with Ca®" which is involved in the catalytic me-
chanism (Figure 1).

Also, long chain a-ketoamide derivatives of a-
amino acids have been proved a novel class of
inhibitors of sPLA; GIIA by Kokotos et al (6).
Based on this, we designed and docked some a-
ketoamide derivatives of valine (Figure 2). Most of
the structures docked, had the desirable binding
motif leading us to the conclusion that in vitro
studies of these molecules should be carried out.
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knock-out. Calculation of the band area ratio

Raman spectroscopy is a vibrational, non-de-
structive analytical technique with in vivo capa-
bilities, suitable for chemical characterization of
biological tissues at molecular level. In the
present work, it was employed for the evaluation
of the collagen network quality in femurs of
animal models. Collagen secondary structure is
reflected at the vibrations under the amide |
envelope (1600-1720 cm™) in a bone spectrum. It
is known that non-reducible cross-links resulted
in a band at 1668 cm™ and reducible cross-links
in a band at 1690 cm™. Two groups of animals
were used in the study, the wild-type and the

[1668 cm™ / 1690 cm™], revealed a substantial
decrease (29%) for the knock-out mice compared
to the wild-type. This may arise from a decrease
in the amount of the non-reducible (trivalent)
cross-links due to decreased formation of them
from the reducible (divalent), and/or an increased
amount of the reducible or increased formation of
them. Thus, fibers appear less strongly intercon-
nected in knock-out mice than in wild-type, which
can have a serious impact on bone fracture
durability.
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The toroidal shape of B-CD (left) and the proposed complex of silybin A (in green) with B-cyclodextrin (gray) (right).

Milk thistle has been used since ancient times to
treat a range of liver and gallbladder disorders,
such as hepatitis, cirrhosis as well as other
gastrointestinal problems. The bioactive phyto-
chemical of this plant is silymarin while the main
ingredient of the silymarin complex is silybin,
which is present as a mixture of two diaste-
reomers A and B. Silymarin/silybin is considered
to be a very safe compound and there are only
few reports on its adverse effects. It has lately
received attention due to its anticancer and
chemopreventive actions. Additionally, references
in bibliography have mentioned neuroprotective
and cardioprotective activities. As the interest on
this compound keeps growing, the limited bio-
availability as well as its low water solubility
remain the main problems for wider use. The
utilization of cyclodextrins (CDs) and their syn-

thetic derivatives have been extensively exploited
to improve certain properties of the drugs, such
as solubility and bioavailability. The enhanced
drug activity and selective transfer or the sup-
pression of side effects can be achieved by in-
clusion complex formation. Since Silybin pos-
sesses five hydroxyl groups and three aromatic
rings, CDs are particularly suitable for the in-
crease in solubility as well as for the protection of
the compound. In the present study we have
used both solid state and high resolution liquid
NMR spectroscopy as well as Molecular Dy-
namics calculations to detect the molecular
interactions of silybin A with 3-CD and 2-
hydroxypropyl-B-CD. A description of the (silybin-
CD) system is offered in the right side of the
following scheme.
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Multiple Sclerosis (MS) is considered to be an
autoimmune disease characterized by an influx of
T cells, B cells and macrophages through the
disrupted blood brain barrier and induce inflame-
mation and demyelination (1). Although the etio-
logy of MS remains unclear, there is evidence
that T cells recognizing encephalitogenic epito-

pes of myelin proteins, such as MOG, playing a
pathogenic role in the induction of MS (2). Mo-
dern approaches for the treatment of MS involve
the design and synthesis of altered peptide ana-
logues of immunodominant myelin epitopes. Cy-
clization of peptides is of great interest, since the
limited stability of linear restricts their potential as



15" CONFERENCE MEDICINAL CHEMISTRY: DRUG DISCOVERY AND DESIGN, PATRAS, HELLAS 47

therapeutic agents (3). Herein, we designed and
synthesized cyclic peptides by mutating crucial
TCR contact residues based on the MOGss.s5
immunodominant epitope. In particular we have
synthesnzed cycllc APLs by mutating Arg*' with
Ala or Arg"" and Arg* with Ala. The peptides
were synthesized in solid phase following the
Fmoc/tBu methodology and the DIC, HOBt as
coupling reagents. Cyclization was achieved
using TBTU, HOAt and collidine reagents. The
purity of final products was verified by RP-HPLC
and their identification was achieved by ESI-MS.
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N-(B-D-Glucopyranosyl) Amides as Glycogen Phosphorylase In-
hibitors: Synthesis and Biological Assessment

Vanessa Parmenopoulou’, Stella Manta’, Stavroula Zissopoulou”, Athma Dimo-
poulou leolaos Kollatos', Evagelia Geladarl Anastassia L. Kantsadi®, Dimitri
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Laboratory of Bio-organic Chemistry,
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Glycogen phosphorylase is a validated target for
the development of type 2 diabetes treatments.
For this reason, N-acyl-B-D-glucopyranosyl ami-
des were synthesized and their inhibitory potency
was assessed in vitro. Their inhibition constants’

values ranged from 5 to 377 puM.

Somsak L.: Glucose derived inhibitors of glycogen phos-
phorylase. Comptes Rendus Chimie 14: 211-223 (2011)
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