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Welcome to the web edition of 
the 28th Young Research Fellows Meeting! 

 
The YRFM Organizing Committee is very 
proud to welcome scientists from 25 
countries, to celebrate the twenty-eighth 
edition of this annual meeting! Despite the 
pandemic and despite the forbidden travels 
thorough the world, we have the ambition to 
forget the worldwide depressive atmosphere 
by sharing together, in a friendly 
atmosphere, our common passion for 
science and researches in drug discovery. So, 
the organizing committee is happy to offer 
this year again both top-quality scientific and 
career sessions.   

Therefore, we are very grateful to our senior scientists A. Spivey (London), F. Rombouts 
(Belgium), J. Broggi (Marseille), E. Saada Bouzid (Nice), H. Munier-Lehmann (Paris), X. 
Morelli (Marseille), B. Liagre (Limoges), and D. Bonnet (Strasbourg) for accepting to give 
plenary session lectures. Their presence is the guarantee of the scientific excellence of the 
conference! Many thanks to them! We also welcome a prestigious keynote lecture given by 
P. Wu (Dortmund), who is the 2020 laureate for the 2020 SCT Award for young investigator 
in Medicinal Chemistry. Importantly, this web edition allows us to welcome for the very first-
time oral communication and flash posters form Asia (India), Africa (Ivory Coast, Senegal 
and Morocco) and South America (Brazil)! 
Take the opportunity to highlight your projects in this outstanding environment, and maybe 
to receive awards for your work! The career session will enable you to be interviewed and to 
discuss with professional recruiters belonging to major pharmaceutical companies, biotechs 
and start-ups. It will be also for you an opportunity to learn from people who created 
successfully their own company. 
The success of this meeting is recognized, as indicated by the number of sponsors issued 
from institutional and industrial partners, that you can discover in this book. Nevertheless, 
the SCT and the YRFM Organizing Committee are particularly indebted to the Dean of the 
Faculty of Pharmacy (Pr. Jean-Louis Beaudeux), and to all the members of our Faculty 
involved in this web-meeting (technical’s, communication’s and TICE’s teams). Thanks to 
them, the Young Research Fellows Meeting has truly the feeling to be “at home”! 
The pharmacist’s students of the Faculty are also involved in this meeting! You will receive a 
special “Youtube” link where several performances of our student’s associations (Pharma 
Dance, PharmaZik and Pom-Pom Pharma) have been recorded for your eyes only! 
  
We sincerely hope you will never forget this web-meeting! 
Welcome to YOUR web-YRFM 2021! 
 

“Bienvenue à Paris!” 
            The organizing committee       
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We acknowledge the Dean J.-L. Beaudeux for welcoming 
us in the Faculty of Pharmacy of Paris and we are 
grateful to different teams involved in this meeting: 

 Service intérieur (Mélanie Martin) 

 Service communication (Samantha Conti) 

 Service TICE (Virginie Lasserre) 
 

We are indebted to our financial supports, in particular the institutional ones: 
“Commission Recherche - Faculté de Santé, Université Paris” and the CNAM. 



 
Some words from Prof. Rebecca Deprez-Poulain, the S.C.T. President: 
 
Dear Young Research Fellows, Dear Colleagues, 
 

                                               
Société de Chimie Thérapeutique 

 
On behalf of the French Medicinal Chemistry Society (Société de Chimie Thérapeutique, SCT) we are welcoming 
you to the Young Research Fellows Meeting 2021 (Journées de Jeunes Chercheurs). 
 

28th Young Research Fellows Meeting   
Journées Jeunes Chercheurs  

 
The SCT supports its young members and acknowledges that The Young Research Fellows Meeting is a great 
opportunity for the future investigators in the field. Given the pandemia, the 28th Edition of the YRFM was thus 
maintained and transformed to a completely online meeting. 
 
I would like to thank the Organizing Committee  for setting up this meeting. With this two-day symposium the 
Committee did an excellent work to offer a great scientific event by gathering experts with outstanding contribution 
in medicinal chemistry and chemical biology.  
 
I am, on behalf of the SCT, thankful to the international speakers from academia and industry that accepted 
to share their expertise with the audience (Dr Munier-Lehmann, Dr Morelli, Dr Bouzid, Pr . Spivey, Dr Rombouts, 
Pr Liagre, Dr Bonnet, Dr Broggi). The conferences will tackle key up-to-date themes such as new chemical 
modalities like macrocycles, probes and chemical tools, precision medicine through novel mode of actions, 
natural compounds synthesis and protein mimicry, protein-protein interactions, compounds for photodynamic 
therapy, … 
 
It is of utmost importance that Young Researchers are provided with slots for communications and 
poster presentations as face to peers essential experience at the beginning of the career, even in this context. 
Thus 18 oral presentations and 20 flash poster presentations have been allocated to participants. We are looking 
forward to discover the great works through these presentations and posters. 
 
In the continuing efforts of SCT to support and accompany young talents, career sessions have been also 
maintained to offer YRF individual online one-to-one meetings with human resource managers from major 
pharmaceutical companies as well as from start-ups. We thank warmly all the contributors for their enthusiastic 
engagement on these sessions. 
 
To recognize young talents and shed light on their work, the SCT is continuingly distributing prizes and 
awards. Young Research Fellows with the best oral communications and poster presentations will be awarded 
and offered a registration to an international congress.  
  
Importantly, with your registration to this YRFM, you are automatically member of our Society for 2021. 
You will thus benefit from a very competitive registration fee for our main scientific events, such as our 
International Conference on Medicinal Chemistry (RICT 2021) to be held online in July 2021. You will have also 
the opportunity to have access to free webinars and support for your career (New in 2021). On all these 
forthcoming events and offers you can find more information on our web-site (www.sct-asso.fr) or social networks 
(Twitter LinkedIn). 
 
Finally, the SCT especially acknowledge our industrial and academic sponsors for their financial support.  
 
The SCT-YRFM is a decades-long success. This year edition will gather about 250 participants and show the 
continuing international attraction of this event. We wish you all an excellent symposium with good scientific 
discussions and we hope to see you soon at another event of the SCT. 

             
Pr Rebecca Deprez-Poulain, 
SCT President. 

 
 

http://www.sct-asso.fr/
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Journées Jeunes Chercheurs 
     Young Research Fellow Meeting 

 
PROGRAMME 

 

Thursday, February 11th 
 

08h50 – 09h00 : Introductive remarks 
    
09h00 – 09h30 : Opening Lecture.  
 Hélène Munier-Lehmann (Institut Pasteur, Paris)  
 Chemical tools to get insight nucleotide metabolism. 
 
09h40 – 11h00 :  Oral Communications session 1. 
 
09h40 – 10h00 :  OC 01 : Elizabeth Goya-Jorge, Facultat de Farmacia, U. Valencia, 

Spain.  
Newly synthesized triarylmethanes discovered ligands of the aryl 
hydrocarbon receptor. 

  
10h00 – 10h20 : OC 02 : Clémentine Pescheteau, ICOA, U. Orléans, France.  

Design and synthesis of dual inhibitors of DYRK1A/CLK1 kinases 
involved in neurodegenerative diseases..  

 
10h20 – 10h40 : OC 03 : Carlotta Pontremoli, Department of Chemistry, U. Torino, 

Italy.  
 Squaraine dyes as fluorescent turn-on probes for the detection of mucin.  
 
10h40 – 11h00 :  OC 04 : Romain Paoli-Lombardo, ICR, UMR 7273, U. Marseille, 

France.  
Pharmacomodulation and optimization of new 
3-Nitroimidazo[1,2-a]pyridines substrates of NTR1 against kinetoplastids.  

 
 
11h00 – 11h30 :  Coffee break 
 
11h30 – 11h10 : Plenary lecture. 
 Xavier Morelli (CRCM, Marseille, France)  

Interactive drug discovery targeting protein/protein interaction: the 2P2I 
approach 

 
12h10 – 12h0 :  Flash Poster Presentation. Session 1 

FP01 : Cosmin Butnarasu, Torino, Italy.  
FP 02 : Ameni Hadj-Mohamed, Paris, France.  
FP 03 : Julia Macyszyn, Warsaw, Poland.  

28th 



FP 04 : Rostyslav Bardovskyi, Nice, France.  
FP 05 : Gladis E H Edinsha, Nagercoil, India.  
FP 06 : Lucile Brier, Lille, France.  
FP 07 : Déto Ursul Jean-Paul N’Guessan, Abidjan, Ivory Coast.  
FP 08 : Kévin Brugermann, ICOA, Orléans, France.  
FP 09 : Ayoub El Mahmudi, Rabat, Morocco.  
FP 10 : Ye Xiaoqing, Faculty of Pharmacy, Paris, France. 
 

12h30 – 14h00 :    Lunch break 
 
14h00 – 14h40 :  Plenary lecture.  

Esma Saada Bouzid (CAL, Nice, France)  
Precision medicine in oncology.  

 
14h40 – 15h40 : Oral Communications session 2 
  
14h40 – 15h00 :  OC 05 : Joanna Miszkiewicz, Inter-Faculty Individual Studies in 

Mathematics and Natural Sciences, Warsaw, Poland.  
Designed RNA enzyme as a potential antibacterial.  

 
15h00 – 15h20 :  OC 06 : Antoinette Keita, UMR IRD 261 MERIT, Faculty of 

Pharmacy, U. Paris, France.  
Simplified alkaloid mimics in the fight against malaria hepatic stage.  

 
15h20 – 16h00 :  Keynote lecture.  
 SCT award in medicinal chemistry.  
 Peng Wu (MPI, Dortmund, Germany) 

Small molecules targeting protein–RNA interactions as chemical 
probes and therapeutic leads 

 
 

16h00 – 16h30 :  Coffee break 
 
16h30 – 17h10 :  Oral Communication session 3 
 
16h30 – 16h50 :  OC 07 : Asma Sellami, GBCM – EA 7528, CNAM, Paris, France.  

Predicting potential EDCs binding to ERα using a pipeline combining SB 
and LB in silico methods.  
 

16h50 – 17h10 :  OC 08 : Fancesco Mesiti, Net4Science, Catanzaro, Italy.  
 The influence of 4-oxoquinoline tautomerism in the MAOs inhibition.  
 
17h10 – 17h50 :  Plenary Lecture.  
 Alan C. Spivey (Imperial College, London)  

A natural product synthesis, meta-functionalisation of aryl boronates & 
protein structure mimicry.  

 
18h00 – 20h00 : Pharma welcomes you!  
 

Enjoy the artists of the Faculty of Pharmacy, music and show by our pharmacy’s 

students. 



    
 
 
 

Friday, February 12, 2019 
 

09h00 – 09h40 :  Plenary Lecture.  
 Frederik Rombouts (Janssen Pharmaceutica NV, Belgium)  

Synthesis of macrocyclic MCL-1 inhibitors with optimized 
physicochemical properties using Petasis approach.  

 

09h40 – 11h00 :  Oral Communication session 4 
 
09h40 – 10h00 :  OC 09 : Manon Mirgaux, LBS, U. Namur, Belgium.  

Crystallography and Molecular Dynamics of hIDO1 to assist structure-
based drug design.  

 
10h00 – 10h20 :  OC 10 : Alessandra Corio, LCBPT-UMR 8601, U. Paris, Paris, 

France.  
Design and synthesis of Red-SMU1 disruptors as new antiviral agents 
against Influenza A virus.  

 
10h20 – 10h40 :  OC 11 : Florentina Geanina Lupascu, University of Medicine and 

Pharmacy “Grigor T. Popa” Iasi, Romania.  
Co-encapsulation of pioglitazone and curcumin into chitosan nanoparticles 
and in vivo antidiabetic potential.  

 
10h40 – 11h00 :  CO 12 : Fatma Zahra Thari, Laboratory of Pharmacology and 

Toxicology Faculty of Medicine and Pharmacy, U. Mohamed V, 
Rabat, Morocco.  
Thiazolidine-2,4-dione derivatives: Synthesis, α-glucosidase and α-
amylase inhibition potential and acute toxicity evaluation.  

 
11h00 – 11h30 :  Coffee break.  
 

11h30 – 12h10 :  Plenary Lecture.  
Bertrand Liagre (University of Limoges, France)  
Photodynamic therapy activity of a new porphyrin-xylan-coated silica 
nanoparticle in a human colorectal cancer in vivo model.  

 

12h10 – 12h30 :  Flash Poster Presentation. Session 2.  
 FP 11 : Marine Duplantier, Amiens, France.  
 FP 12 : Marco Maspero, Milano, Italy.  
 FP 13 : Zakaria Moutaoukil, ICN, Nice, France.  
 FP 14 : Diana Oliveira, Porto, Portugal.  
 FP 15 : Jérémy Caburet, Grenoble, France.  
 FP 16 : Joanna Musial, Poznan, Poland.  
 FP 17 : Panpan Ma, Faculty of Pharmacy, Paris, France.  
 FP 18 : Chaimae Ouazzani Chahdi, Fes, Morocco.  
 FP 19 : Monsarrat Clément, Pessac, France.  
 FP 20 : Duong Kim Hoang Yen, Budapest, Hungary.  



 
 
 
 
 
 
12h30 – 14h00 :  Lunch break.  
 
14h00 – 14h40 :  Plenary Lecture.  
 Julie Broggi (ICR, Marseille, France)  
 The application fields of enamine based organic electrons donors.  
 
14h40 – 16h00 :  Oral Communications session 5.  

14h40 – 15h00 :  OC 13 : Robin Birus, Institute of Pharmaceutical and Medicinal 
Chemistry U. Münster, Germany.  

Analyzing Cellular Effects and Pharmacokinetic Properties of Human 
Protein Kinase CK2 Inhibitors with an Indeno[1,2-b]indole Scaffold.  

15h00 – 15h20 :  OC 14 : Mirjana Antonijevic, CERMN, Caen, France.  

Discovery of an allosteric pocket network of the TrkB neurotrophin 
receptor, a promising target in the development of new ligands.  

15h20 – 15h40 :  OC 15 : Davia Prischich, Institute for Bioengineering of Catalonia 
(IBEC), U. Barcelona, Spain.  

 In vivo photopharmacology of adrenergic receptors.  

15h40 – 16h00 :  OC 16 : Dinesh Dhumal, CINaM UMR 7325 CNRS, U. Marseille, 
France.  

An ionizable supramolecular dendrimer nanosystem for effective siRNA 
delivery with a favorable safety profile.  

 
16h00 – 16h30 :  Coffee break.  
 
16h30 – 17h10 :  Oral Communication session 6 

16h30 – 16h50 :  CO 17 : Luana Heimfarth, Health Sciences Graduate Program, 
Federal University of Sergipe, Arcaju, Brazil.  

Effect of naringenin and naringenin complexed with hydroxypropyl-β-
cyclodextrin on neonatal sepsis. Role of COX-2, NFκB, MAPK pathways.  

16h50 – 17h10 :  CO 18 : Félix Grosjean, IBMM, UMR 5247 CNRS, U. Montpellier, 
France.  

 Development of 5’-Nucleotidase inhibitors for cancer immunotherapy.  

 
17h10 – 17h50 :  Plenary Lecture.  
 Dominique Bonnet (University of Strasbourg, France)  
 Designing chemical tools to shed light on G-Protein-coupled receptors 
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Thursday, February 11th, 2021 
 

Chemical tools to get insight nucleotide metabolism. 
 

 Hélène Munier-Lehmann (Institut Pasteur, Paris)  
 . 

 
Institut Pasteur, Structural Biology and Chemistry Department, Chemogenomic and Biological 

Screening Platform, 28 Rue du Dr Roux - 75724 Paris Cedex 15 – France 
 
 
Summary: My research interests are mainly focused on the structure-function relationships 

of proteins with a particular interest on enzymes belonging to nucleotide metabolism. 

During my talk, I will present two multidisciplinary projects at the interface betweenbiology 

and chemistry. In both cases, chemical compounds have been instrumental in deciphering 

molecular features or identifying novel biological processes linked to nucleotide metabolism. 

I wish to convince you that that this field, although already well documented, is still full of 

surprises.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Thursday, February 11th, 2021 
 

Interactive drug discovery targeting protein/protein interaction: the 2P2I 
approach 

 
Xavier Morelli (CRCM, Marseille) 

 
Centre de Recherche en Cancérologie de Marseille (CRCM) ; CNRS, INSERM, Institut Paoli-
Calmettes, Aix-Marseille Université, 27 Boulevard Leï Roure, 13009, Marseille, France 
 
 

Over the past decades, the identification of hits in the pharmaceutical industry 

and academic research has been greatly facilitated by advances in high 

throughput screening (HTS) and the design of chemical libraries1. One of the 

major remaining obstacles in drug discovery is related to the automation of the 

hit-to-lead optimization process2 (H2L). Here we present an integrated 

strategy for the H2L optimization phase and the automated design of chemical 

probes. Our approach “Diversity Oriented Target-focused Synthesis” (DOTS3 & 

CovaDOTS4) consists of a in silico chemical library design coupled with a de novo 

diversity-focused robotic synthesis and an automated in vitro High Throughput 

Screening (HTS) evaluation platform. Following hits identification, the binding 

mode of the molecule is usually determined at the atomic level using structural 

biology such as X-rays crystallography. In the 'DOTS' approach, the focused 

virtual chemical library is generated by combining an activated fragment 

corresponding to the binding of the substructure to the target with a collection of 

functionalized chemical blocks using in silico-encoded chemical reactions. These 

reactions are carefully selected from a list of reactions described as relevant in 

medicinal chemistry and known to give high yields, thus greatly limiting failure 

rates. Target-specific compounds are selected by virtual screening, coupled to in 

vitro synthesis and evaluation using our robotic platform. Proof of concept was 

demonstrated by optimization of bromodomain3 and PDZ5,6 inhibitors, leading to 

the validation of several compounds with several orders of magnitude improved 

affinity. The proposed process can be implemented in academic environments or 

biotechnology companies that require automation of these processes. 

 

 
 
Selected References

1- Bosc N, Muller C, Hoffer L, Lagorce D, Bourg S, Derviaux C, Gourdel ME, Rain JC, Miller TW, 
Villoutreix BO, Miteva MA, Bonnet P, Morelli X, Sperandio O, Roche P. ACS Chem Biol. 2020 Jun 
19;15(6):1566-1574.  
 
2- Hoffer L, Muller C, Roche P, Morelli X. Chemistry-driven Hit-to-lead Optimization Guided by 

Structure-based Approaches. Mol. Inform. 2018 Sep;37(9-10):e1800059. 
 
3- Hoffer L., Voitovich Y., Raux B., Carrasco K., Muller C., Fedorov A.Y., Derviaux C., Amouric A., 
Betzi S., Horvath D., Varnek A., Collette Y., Combes S., Roche P.,* and Morelli X.*. An Integrated 



Strategy for Lead Optimization based on Fragment Growing: The DOTS (Diversity-Oriented Target-

focused Synthesis) Approach. J. Med. Chem. 2018 Jul 12;61(13):5719-5732. 
 
4- Hoffer L, Saez-Ayala M, Horvath D, Varnek A, Morelli X*, Roche P*. CovaDOTS: In Silico 
Chemistry-Driven Tool to Design Covalent Inhibitors Using a Linking Strategy. J. Chem. Inf. 
Model. 2019 Apr 22;59(4):1472-1485. 
 
5- Cartier-Michaud, Bailly, AL., A., Betzi, S., Shi, X., Lissitzky, JC., Zarubica, A., Sergé; A., Roche, 

P., Lugari, A., Hamon, V., Bardin, F., Derviaux, C., Lembo, F., Audebert, S., Marchetto S., Durand 
B., Borg, JP., Shi, N., Morelli, X.*, Aurrand-Lions, M.* Genetic, structural, and chemical insights 
into the dual function of GRASP55 in germ cell golgi remodeling and JAM-C polarized localization 
during spermatogenesis. PLoS Genetics, 2017 Jun 15;13(6):e1006803. 
 
6- Leblanc R, Kashyap R, Barral K, Egea-Jimenez AL, Kovalskyy D, Feracci M, Garcia M, Derviaux 

C, Betzi S, Ghossoub R, Platonov M, Roche P, Morelli X, Hoffer L, Zimmermann P. Pharmacological 
inhibition of syntenin PDZ2 domain impairs breast cancer cell activities and exosome loading with 
syndecan and EpCAM cargo. J. Extracell. Vesicles 2020 Dec;10(2):e1203 

 
 

Dr. Xavier Morelli is a ‘Director of Research’ from the Centre National de la 

Recherche Scientifique (CNRS, France), group leader at the Cancer Research 

Center of Marseille (CRCM) and director of ‘HiTS’, a platform dedicated to Drug 
Discovery at the Hospital “Institut Paoli-Calmettes”. 
The main project of his team is focused on the identification, understanding 

and targeting of protein-protein interaction in cancer signaling using 
structural and chemical biology technologies. He has published >60 

publications and patented 5 applications related to the inhibition of protein-
protein interactions. He is an actual member of the scientific committee of the 
‘Cancéropôle PACA’, scientific committee of the ‘Fondation ARC’, and has acted 

as secretary of the French Society of Chemoinformatics (SFCi). He is a regular 
consultant for pharmaceutical companies and was a member of the PhD program 

committee of the School of Chemistry at the Aix-Marseille University. 
 



 
 

 
 

 
 
 
 
 
 



 
 

Thursday, February 11th, 2021 
 

Precision medicine in oncology. 
 

Esma Saada Bouzid (CAL, Nice) 
 
 

Centre Antoine Lacassagne, CHU de Nice, France 
 
 
 

Precision medicine in oncology is a model that proposes the customization of treatments being 

tailored to a subgroup of patients, instead of a one‐drug‐fits‐all model. In precision medicine, 

diagnostic testing is often employed for selecting appropriate and optimal therapies based on the 

context of a patient’s genetic content or other molecular or cellular analysis. The hypothesis that 

is put forward is that this type of approach will improve the effectiveness of therapeutic 

management for cancer patients. This paradigm shift has been made possible by the better 

knowledge of the genomics of malignant tumors, the fall in the costs of high throughput genomic 

analysis technologies concomitantly with the rapid development of targeted therapies. This 

lecture will address the main steps in the implementation of precision medicine, with a specific 

focus on the successes but also the challenges that remain to be overcome. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Thursday, February 11th, 2021 
 

meta-Functionalisation of Aryl Boronates & Protein Structure Mimicry  
 

Alan C. Spivey (Imperial College, London) 
 

Imperial College, Department of Chemistry, Imperial College London, White City Campus, 
Molecular Sciences Research Hub (MSRH), 81 Wood Lane, London W12 0BZ, UK 

 

Two areas of research will be presented. 
 
Firstly, some work we have done to develop modified MIDA boronate ligands to 
allow directed meta-CH activation of aryl boronate derivatives will be described. 
 

 
 
Secondly, studies directed at the development of a novel scaffold for the modular 
synthesis of five residue alpha-helix mimetics and their use for the development of 
leads for protein-protein interaction antagonists in the cancer area will be 
described. 
 

 
 
References 

1. A.F. Williams, A.J.P. White, A.C. Spivey and C.J. Cordier ‘meta-Selective C–H functionalisation of aryl boronic 
acids directed by a MIDA-derived boronate ester’, Chem. Sci. 2020, 11, 3301-3306. DOI: 
https://doi.org/10.1039/D0SC00230E  

2 A.R. Bayly, A.J.P. White and A.C. Spivey ‘Design and Synthesis of a Prototype Scaffold for Five-Residue α-Helix 
Mimetics, Eur. J. Org. Chem. 2013, 5566-5569. DOI: https://doi.org/10.1002/ejoc.201300478  
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Friday, February 12, 2021 
 

Synthesis of macrocyclic MCL-1 inhibitors with optimized physicochemical 
properties using Petasis approach. 

 

Frederik Rombouts 
 

Discovery Chemistry, Janssen Research and Development, Turnhoutseweg 30, B-2340 Beerse, 
Belgium 

Soufyan Jerhaoui, Gaston Diels,  Yves Van Roosbroeck,  Michel Surkyn 
 
Apoptosis is a form of programmed cell death which is tightly controlled by the anti-apoptotic BCL-2 
class of proteins. BCL-2 proteins bind to the pro-apoptotic effectors BAK and BAX, which can trigger 
mitochondrial membrane depolarization and the apoptotic cascade. This process is initiated by death 
signals that activate or induce BH3-only proteins, which bind BCL-2 proteins displacing BAK and BAX. 
MCL-1 is the most highly expressed antiapoptotic BCL-2 family member and is genetically amplified and 
overexpressed in many heme and solid tumors. It is also a known intrinsic and acquired cancer therapy 
resistance factor. Targeting MCL-1 with BH3 mimetics hence provides an attractive strategy to treat 
heme malignancies and overcome treatment resistance.1 The development of small molecule inhibitors 
of the MCL-1 interaction with pro-apoptotic effectors has however been a formidable challenge. 
Recently however, several MCL-1 inhibitors have entered phase 1 clinical trials, like AMG-176 (1), MIK-
665 (2) and AZD5991 (3).2 These share a large rigid chiral structure, an acid function, and high 
lipophilicity. Interestingly all three drugs are being administered IV in the clinic in intermittent dosing 
regimens, most probably to control exposure tightly maximizing therapeutic index (TI). Indeed, safety is 
a major concern when interfering with this key mechanism controlling cell death. The Janssen MCL-1 
discovery program hence focused on maximizing TI with a novel series of macrocyclic 1-(2-fluoroprop-2-
en-1-yl)azetidine inhibitors (4) having improved physicochemical properties and a short half-life PK 
profile suitable for IV infusion with tight exposure control. A synthesis approach using the Petasis 
reaction was developed allowing fine-tuning of properties via the macrocycle linker substitution. Here 
we disclose early leads from our research showing good cellular potency and in vivo target engagement. 
 

 
 
Bibliographic references: 

1. De Blasio A., Vento R., Di Fiore R. Mcl-1 targeting could be an intriguing perspective to cure 
cancer. J. Cell. Physiol. 2018, 233, 8482-8498. 

2. Bolomsky, A., Vogler, M., Köse, M.C. et al. MCL-1 inhibitors, fast-lane development of a new 
class of anti-cancer agents. J. Hematol. Oncol. 2020, 13, 173. 

3.  
* Correspondence: frombout@its.jnj.com 
 



 
 

Friday, February 12, 2021 
 

Photodynamic therapy activity of a new porphyrin-xylan-coated silica 
nanoparticle in a human colorectal cancer in vivo model. 

 

Bertrand Liagre 
University of Limoges, Laboratoire PEIRENE, EA 7500, Faculty of Pharmacie, 87000 Limoges 

Ludovic BRETIN, Aline PINON, Soukaina BOURAMTANE, Frédérique BREGIER, Vincent SOL, 
Vincent CHALEIX, David Yannick LEGER, Bertrand LIAGRE 

Colorectal cancer (CRC) is one of the most common cancer globally but above all the second leading cause of death 

for oncological reasons. Despite medical research advances in anti-cancer treatments, many side effects persist in 

patients as well as development of resistances to conventional treatments. The development of new anti-cancer 

therapeutic strategies is necessary in order to improve care of patients. Photodynamic therapy (PDT) using 

photosensitizers (PS) comes as an innovative therapeutic strategy severely restricting these undesirable side 

effects. PDT has been approved for treatment of some cancers due to the generation of cytotoxic reactive oxygen 

species only with photoactivated PS. However, low physiological solubility and lack of selectivity towards tumor 

sites are the main limitations of their clinical use. Indeed, targeted drug delivery is a crucial point in cancer 

therapy. Nanomedicine through the use of nanoparticles improves tumor-targeting because they are able to 

spontaneously accumulate in solid tumors through an enhanced permeability and retention effect. The purpose of 

this study was to prove added value of 5-(4-hydroxyphenyl)-10,15,20-triphenylporphyrin-xylan (TPPOH-X) 

vectorization by silica nanoparticles (SNPs) in order to enhance anti-cancer efficacy through better tumor-

targeting. It has been demonstrated significant anti-cancer efficacy increase of TPPOH-X SNPs-PDT thanks to 

cellular uptake improvement relative to free TPPOH-PDT in 3 human CRC cell lines. Moreover, it has been 

characterized that cell death induced by TPPOH-X SNPs-PDT is conducted via apoptosis and autophagy acts as a 

resistance pathway to cell death. Furthermore, in vivo and without toxicity, TPPOH-X SNPs-PDT induce an elevated 

anti-cancer efficacy through improvement of tumor-targeting compared to free TPPOH-PDT. This study therefore 

highlighted the added value of PDT and nanomedicine combination in order to improve future cancer treatments. 

Keywords: anticancer drugs, porphyrins, silica nanoparticles, drugs delivery, photodynamic 
therapy 
_Al Kattar S, Jurjus R, Pinon A, Leger DY, Jurjus A, Boukarim C, Diab-Assaf M, Liagre B. Metformin and 
Probiotics in the Crosstalk between Colitis-Associated Colorectal Cancer and Diabetes in Mice. Cancers  (Basel) 
(2020), 12, E1857. 
_van Rixel VH, Ramu V, Auyeung AB, Beztsinna N, Léger DY, Hilt ST, Le Dévédec SE, Yildiz T, Betancourt T, 
Gildner B, Hudnall TW, Sol V, Liagre B, Kornienko A, Bonnet S. Photo-uncaging of a ruthenium-caged 
microtubule-targeted rigidin analogue in hypoxic cancer cells and in a xenograft mouse model. J Am  Chem 
Soc (2019), 141, 18444-18454. 
_Bretin L, Pinon A, Bouramtane S, Ouk C, Richard L, Perrin ML, Chaunavel A, Carrion C, Bregier F, Sol V, 
Chaleix V, Leger DY, Liagre B. Photodynamic Therapy Activity of New Porphyrin-Xylan-Coated  Silica 
Nanoparticles in Human Colorectal Cancer. Cancers (Basel) (2019), 11, E1474. 
_Bouramtane S, Bretin L, Pinon A, Leger D, Liagre B, Richard L, Brégier F, Sol V, Chaleix V. Porphyrin-xylan-
coated silica nanoparticles for anticancer photodynamic therapy. Carbohydr Polym. (2019), 213, 168- 175. 
_Pham T-N, Liagre B, Girard-Thernier C, Demougeot C. Research of novel anticancer agents targeting arginase 
inhibition. Drug Discov Today (2018), 23, 871-878. 
_Dandash F, Léger DY, Fidanzi-Dugas C, Nasri S, Brégier F, Granet R, Karam W, Diab-Assaf M, Sol V, Liagre B.  
In vitro anticancer activity of new gold(III) porphyrin complexes in colon cancer cells. J Inorg  Biochem. (2017), 
177, 27–38. 
_Fidanzi-Dugas C, Liagre B, Chemin G, Perraud A, Carrion C, Couquet C-Y, Granet R, Sol V, Leger DY. Analysis 
of the in vitro and in vivo effects of photodynamic therapy on prostate cancer by using new  photosensitizers, 
protoporphyrin IX-polyamine derivatives. Biophys Biochim Acta Gen Subj (2017),  1861, 1676-1690. 
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Enamine-based organic electron donors (OEDs) are powerful reducing agents recognized for their 

potential in the reduction of challenging substrates and in original applications.1 They are capable of 

single- or double-electron transfer to organic substrates under mild and homogeneous conditions, 

promoting bond formations through the generation of radical or anionic intermediates. They thus 

represent serious rivals to highly aggressive metal-based reducers and emerge as an attractive novel 

source of reducing electrons in many aspects.  

Our research focus on synthesizing new organic electron donors and establishing their fields of 

applications.2-3 In this talk, we will give an overview of these fields, spanning from the synthesis of bio-

active compounds to the preparation of high value-added polymers.  

 

 
 

 
 
 
1 For reviews, see: a) Broggi, J.; Terme, T.; Vanelle, P. Angew. Chem. Int. Ed. 2014, 53, 384. b) Murphy, 
J. A. J. Org. Chem. 2014, 79, 3731. c) Doni, E.; Murphy, J. A. Chem. Commun. 2014, 50, 6073. 
2 a) Broggi, J.; Rollet, M.; Clément, J.L.; Canard, G.; Terme, T.; Gigmes, D.; Vanelle P. Angew. Chem. Int. 
Ed. 2016, 55, 5994. b) Rayala, R.; Giuglio-Tonolo, A.; Broggi, J.; Terme, T.; Vanelle, P.; Theard, P.; 
Médebielle, M.; Wnuk, S. F. Tetrahedron 2016, 72, 1969. c) Spitz, C.; Matteudi, M.; Tintori, G.; Broggi, J.; 
Terme, T.; Vanelle, P. J. Org. Chem. 2020, 85, 15736. 
3 Tintori, G.; Nabokoff, P.; Buhaibeh, R.; Bergé-Lefranc, D.; Redon, S.; Broggi, J.; Vanelle, P. Angew. 
Chem. Int. Ed. 2018, 57, 3148. 
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G-protein-coupled receptors (GPCRs) are the largest family of transmembrane receptors in 
humans and the targets of more than 30% of all known drugs on the market. The ability to 
detect, measure and quantify the binding of ligands to these receptors and the resultant 
responses both in vitro and in vivo represent key elements of the drug discovery process.  
 
Owing to their sensitivity and to their reduced environmental safety risk in comparison to 
isotope-labeled methods, fluorescence technics represent powerful tools to investigate the 
function, dynamic and location of GPCRs. In this presentation, we describe the design and the 
synthesis of original fluorescent GPCR ligands, combining organic synthesis,1 medicinal 
chemistry and computational modeling.2 These probes have found various applications in GPCR 
chemical biology and drug discovery, to set up new receptor-selective high-throughput 
screening assays,3

 to study the functional architecture of GPCRs, especially their ability to form 
heterodimers2 and to detect those receptors in living cells4 as well as in whole organism.5  
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Cortes, C.; Bonnet, D. Chem. Eur. J., 2016, 22, 1399-1405; (b) Karpenko, I.A.; Klymchenko A. S.; Gioria, S.; Kreder, 
R.; Shulov, I.; Villa, P.; Mély, Y.; Hibert, M.; Bonnet, D. Chem. Commun., 2015, 51, 2960-2963. 
[2] Hounsou, C.; Margathe, J. F., Oueslati, N.; Belhocine, A.; Dupuis, E.; Thomas, C.; Mann, A.; Ilien, B.; Rognan, D.; 
Trinquet, E.; Hibert, M.; Pin, J.P.; Bonnet, D. and Durroux, T. ACS ChemBiol., 2015, 10, 466-474. 
[3] Karpenko, I.A.; Margathe, J. F.; Rodriguez, T.; Hibert, M.; Durroux, T.; Bonnet, D. J. Med. Chem., 2015, 58, 
2547-2552. 
[4] Karpenko, I.A.; Collot, M.; Richert, L.; Valencia, C.; Villa, P.; Mély, Y.; Hibert, M.; Bonnet, D. and 
Klymchenko A. S. J. Am. Chem. Soc., 2015, 137, 405-412. 
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Abstract: 
 
Interactions between RNA-binding proteins and RNAs are crucial for various biological 

processes and cellular activities. Dysregulation of the pervasive interactions is closely associated 

or can lead to a wide range of human diseases including cancers, viral diseases, inflammatory 

and autoimmune disorders, cardiovascular diseases, and neurological disorders. My current 

research interests lie primarily in targeting the pervasive protein–RNA interactions using small 

molecule-based strategies. The aim is to utilize such strategies to discover chemical probes that 

will be useful to untangle the complex protein–RNA regulatory network and provide potential 

leads or candidates for the development of therapeutics. 

In this talk, I will focus on reported small molecules that inhibit different types of RNA-binding 

proteins, such as the canonical microRNA-binding protein LIN28 and the noncanonical bacterial 

CRISPR-associated protein Cas9, using both screening-based and scaffold-based methods. The 

second part of the talk will discuss the potential of applying chemically induced proximity-based 

approaches to target RNA-binding proteins and structured RNAs. Additionally, synthetic 

approaches that we have used in projects to access biologically interesting small molecules 

covering unexplored chemical space will be summarized as the third part of the talk. 
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The aryl hydrocarbon receptor (AhR) is a pharmacological target in malignancies and in several 

inflammatory, immunological, and metabolic conditions. Recently, we have discovered a novel set of 

triarylmethane compounds that can act as modulators of AhR-mediated effects (a). Screening in a cell-

based in vitro bioassay, eight out of 32 newly synthesized triarylmethanes were identified as AhR 

agonists. The main structural determinant to activate AhR transcriptional activity was found to be the 

introduction of naphthol or heteroaromatic rings as one of the three aryl functions. Molecular docking 

simulations revealed similarities in AhR binding for the most potent triarylmethane identified (4-

(pyridin-2-yl(thiophen-2-yl)methyl)phenol and the well-known AhR endogenous ligand 5,11-

dihydroindolo[3,2-b]carbazole-12-carbaldehyde (FICZ). Moreover, prediction of ADME properties and a 

druglikeness study of the promising AhR agonists suggested they have an adequate profile as drug 

candidates. To our knowledge, this is the first study evaluating the AhR modulatory effects of 

triarylmethane class of compounds.  
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Alzheimer's disease (AD) is the most common cause of dementia, and a 
neurodegenerative disease that affects nearly 50 million people worldwide. Despite the 
increasing development of solutions to fight AD symptoms, a major challenge for medicinal 
chemists is the development of efficient curative treatments. An innovative solution is the kinase 
inhibition, and it has been proven that over-expression of DYRK1A and CLK1 kinases is 
involved in neuronal degeneration pathway observed especially in Alzheimer’s disease.a Our 
project takes part in a collaboration with European multidisciplinary teams to design new dual 
inhibitors of these two kinases . 

Recently, our laboratory of medicinal chemistry has developed new families of 
heterocyclic molecules with high therapeutic interest. Imidazo[2,1-b][1,3,4]thiadiazole 
derivatives have found applications in oncology, infectiology or neurodegenerative diseases, but 
few functionalization methods were described.b Consequently, we developed several 
methodologies to modulate regioselectively on the C-2, C-5 and C-6 positions of this scaffold.c 
The use of various reactions as SNAr, C-H arylation, palladium catalyzed cross coupling allowed 
us to increase the molecular diversity of such derivatives. By modifying not only 
functionalization groups but also the scaffold, replaced by bioisosters, we developed new series 
of molecules to test their inhibitiory activity on kinases. Thanks to SAR studies conducted with 
our ANR partners, we designed selective and dual inhibitors of DYRK1A and CLK1 kinases, 
with IC50 in range of nM.  

The synthesis of our original compounds, the promising results of biological tests and the 
perspectives of the project will be presented in this communication. 
 

 
 
Bibliographic references: 
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(6), 681–696. (b) i) Chiang, H. A. et al.; Org. Lett. 2007, 9, 1449-1451. ii) Capriati, V. et al.; Eur J. Org. 
Chem. 2002, 3, 478-484. iii) Kim, S. H. et al.; Org. Lett. 2010, 12, 1868-1871. (c) i) Copin, C. et al.; Eur. J. 
Org. Chem. 2012, 3079-3083. ii) Copin, C. et al.; Eur. J. Org. Chem. 2015, 6932-694 iii) Copin, C. et al.; 
Synlett, 2016, 27, 1091-1095. Iv) Copin, C. et al.; Eur. J. Org. Chem. 2016, 1958-1962. 
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Mucins are a family of long polymeric glycoconjugates and represents the principal components of 
mucus which cover all the mucosal surfaces of the human body. One of the main functions of mucus is 
to protect the underlying surfaces from environmental factors, although, in pathological conditions, 
mucus can act as a barrier for drug absorption or can become a concentrate of pathogens and cellular 
debris due to the alteration of its physic-chemical properties. Both the mucus and mucins are essential 
mediators of the innate immune system, and consequently their alterations or overexpression can be 
associated to several diseases such as chronic obstructive pulmonary disease (COPD), asthma, cystic 
fibrosis and several types of cancer 1. In this scenario, over the last decades, mucins have been identified 
as an important biomarker of adverse prognosis and attractive therapeutic target 2,3. To date, several 
techniques have been developed to detect mucins; among them, fluorometric assays gained increasing 
attention thanks to their convenience, simplicity, non-invasive monitoring capability and usability in 
biological samples, leading to a simultaneously increasing in developing new dyes able to non-covalently 
bind specific proteins for their detection.  
Among the different fluorescent probes, squaraines are characterized by sharp and intense absorption 
and emission in the visible up to the NIR region, but in aqueous environments tend to form aggregates 
that lead to fluorescence quenching therefore limiting their wide applications. Despite this drawback, 
squaraine dyes are proved to turn on their fluorescence in response to a biological target, find promising 
application for living processes, medical diagnosis and biological imaging at the molecular, cellular and 
organism level4,5. 
In this contribution, the interaction in aqueous media between two proteins, Human Serum Albumin 
(HAS) and Porcine Gastric Mucin (PGM) and several squaraines with different substitutions have been 
investigated by using UV–Vis, circular dichroism and fluorescence spectroscopies. The aim is to 
understand how squaraines behave in presence of different proteins, to identify a structure-activity 
relationship for the design of more effective and selective fluorescent dyes. 
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3 D. W. Kufe, Cancer Biol. Ther., 2008, 7, 81–84. 
4 C. Butnarasu, N. Barbero, C. Barolo and S. Visentin, J. Photochem. Photobiol. B Biol., 

2020, 205, 111838. 
5 C. Butnarasu, N. Barbero, C. Barolo and S. Visentin, Dye. Pigment., 2021, 184, 108873. 
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Kinetoplastids are a group of flagellated protozoans responsible for various parasitic diseases in mammals 
including Leishmania spp (leishmaniases), Trypanosoma brucei (human African trypanosomiasis) and 
Trypanosoma cruzi (Chagas disease) infections in humans. Half a billion people are at risk of contracting 
one of these neglected tropical diseases (NTDs), and nearly 20 million people are infected, causing up to 
50,000 deaths per year. Nevertheless, currently available treatments have certain limitations due to lack of 
efficacy, toxicities, non-oral administration and cost. In this context, our laboratory previously described 
two 3-nitroimidazo[1,2-a]pyridine lead compounds selectively activated by the parasitic type 1 NTR: one 
active in vitro against Leishmania (1) functionalized at C8 position by a p-chlorophenylsulfone,(a) and the 
other against Trypanosoma (2) bearing a 4-hydroxybutyn-1-yl substituent at C8.(b) However, these 
compounds have low solubility and poor mouse microsomal stability. Among the probable metabolites, 
oxidized metabolites were synthetized and confirmed to be the result of the metabolism of the lead 
compounds. With a view to improve microsomal stability, analogs with metabolic blockers were 
obtained. Finally, pharmacomodulation works at C2 position were carried out and new molecules of 
therapeutic interest were synthetized.(c) Synthesis pathway and biological results of these new compounds 
will be presented in the communication. 
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(b) C. Fersing, C. Boudot, C. Castera-Ducros et al, Eur. J. Med. Chem. 2020, 202, 112558. 
(c) C. Fersing, C. Boudot, R. Paoli-Lombardo et al, Eur. J. Med. Chem. 2020, 206, 112668. 
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The continuous misuse of antibiotics has increased bacterial resistance and led to uncured 
bacterial infections. Therefore, new effective ways to fight multi-drug resistant bacteria should 
be discovered. An innovative approach that could help solve the problem is precluding 
translation of an essential bacterial protein by cleaving bacterial mRNA using ribozymes. The 
lack of such a protein in the cell would inhibit bacterial growth.(a)  Ribozymes are RNA enzymes 
that recognize and then cleave the target RNA sequence in a specific position in the RNA 
sequence. Thus, using ribozymes to recognize a specific mRNA transcript will hinder translation. 
The ribozyme-strategy has been successfully used in antiviral, antiprion and anticancer 
therapies.(b)  
The goal of our study was to design a ribozyme that would efficiently cleave a fundamental 
bacterial mRNA fragment encoding an essential protein. 
 
As a model system we chose the hammerhead ribozyme and mRNA fragment encoding the acyl 
carrier protein (acpP) in Escherichia coli K-12 MG1655.(c)  First, we designed short RNA 
oligonucleotides mimicking mRNAacpP sequence, and checked their binding to the ribozyme by 
isothermal titration calorimetry. We showed the formation of the tight complex in a 1:1 ratio. 
Second, we demonstrated efficient cleavage of the mRNAacpP fragment by the designed 
ribozyme on polyacrylamide gels. Next, we also tested the cleavage of mRNAacpP in bacterial 
cells. 
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Despite significant progresses in the prevention and treatment of malaria, the disease remains 
a major cause of death worldwide, the parasite Plasmodium falciparum (Pf) accounting for the 
majority of malaria mortality1. Our investigation is oriented towards the study of structurally-
related Tazopsine alkaloids, which was described for the first time in 2006. Tazopsine, an 
alkaloid isolated from the endemic Malagasy plant Strychnopsis thouarsii and traditionally used 
as a decoction to combat malaria was shown to be active on Pf in vitro both on the blood stage 
and the liver stage with IC50 of 5 µM and 4 µM, respectively. Unfortunately, toxic effects were 
identified in vivo on mice infected by Plasmodium yoelii (Py)2. Besides, easily accessible and 
well-established medicinally antitussive drug dextromethorphan (DXM) can be seen as a "naked 
Tazopsine" which also demonstrates activity on Pf in vitro at IC50 of 52 µM for the blood stage 
and a selectivity for the hepatic stage with IC50 of 5 µM3. Unfortunately, it was also toxic in vivo 
on mouse infected by Py. In the search for prophylactic drugs, we carried out a structural 
diversification by a semisynthesis approach from DXM base (compound 1) leading to the 
preparation of a small library of compounds (figure1). In vitro prescreen on Plasmodium berghei 
expressing the Green Fluorescent Protein allowed us to identify four hits, in which one is active 
on Plasmodium falciparum in the low micromolar range. 
 

 
Figure1: Route of molecules synthesis 
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Estrogen receptors α (ERα) are transcription factors involved in several physiological processes 
belonging to the nuclear receptors (NRs) protein family. Beside the endogenous ligand (estrogen), 
several other chemicals are able to bind to these receptors [1]. Among them are endocrine disrupting 
chemicals (EDCs) that can trigger toxicological pathways [2]. Many studies have focused on predicting 
EDCs based on their ability to bind NRs, mainly ER, TR, AR, GR and PPARγ.  
In this work we suggest a pipeline designed for the prediction of ERα binding activity for potential EDCs 
prediction. It is a combination of structure based (docking and pharmacophore models) and ligand 
based (pharmacophore models) methods.  
The models have been constructed using the EPA data [3] encompassing a large number of structurally 
diverse compounds. All docking calculations were performed using three different softwares with free 
academic license accounting for 6 scoring functions i.e smina [4] (smina-ad4, smina-dkoes, smina-vina, 
smina-vinardo), Surflex-dock [5] and PLANTS [6]. Single and ensemble structures docking approaches 
were investigated using the predictiveness curve [7] to define scoring thresholds able to efficiently 
discriminate binding from non-binding compounds. Structure based (SB) and ligand based (LB) 
pharmacophores were constructed from 31 pdb structures of Erα and the EPA dataset, respectively. 
Both SB and LB models were combined into a unique SBLB collection of pharmacophores after removal 
of redundancies. Different combination approaches were investigated, i.e. cumulative method and the 
hierarchical method. A validation step was finally achieved using two external databases: the NR-DBIND 
[8] and the EADB [9].  
Results showed that docking and pharmacophores taken individually yielded good overall results. Single 
structure docking performed better than ensemble structure approach and the best software was Smina 
with the scoring function Dkoes [4]. Pharmacophore methods yielded high specificity values comparing 
to the associated sensitivities. Hopefully, combination of methods led to alleviate performances. The 
hierarchical approach was shown to be better suited for our toxicological study with high specificities. 
The cumulative method was described as better suited for drug design projects use as it yielded high 
sensitivity values.  
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The 4-oxoquinoline compounds underwent in several drug discovery programs due to their promising 
pharmacological properties. (1) In recent years, our research showed that chromones (1, 4 
benzopyrone) are potent and selective MAO-B inhibitors. (2) Therefore, based on the chromone and 4-
oxoquinoline structure similarity and adopting a bioisosterism changing, a small library of quinoline 
compounds was designed, synthetized, and screened towards MAOs isoforms. In fact, the bioisosteric 
approach is a validated method often used in medicinal chemistry to change structural fragment in 
order to diversify the scaffold space and to improve activity, reduce toxicity, and change 
pharmacokinetic profile. (3) The data showed that N-(3,4-dichlorophenyl)-1-methyl-4-oxo-1,4-
dihydroquinoline-3-carboxamide 10 was the most potent and selective MAO-B inhibitor (IC50=5.30±0.74 
nM and SI: ≥1887). Furthermore, the data analysis demonstrated that prototropic tautomerism 
markedly influences the biological activity, then a rational physical/chemical characterization of the 
quinoline derivatives was performed to understand the attained data. The tautomeric form of the 
quinoline derivatives have been assessed by 2D NMR techniques, namely 1H-15N-HSQC and 1H-15N 
HMBC, which are proposed as expedite tools for the unequivocal characterization of quinoline 
tautomers. The cytotoxicity studies of the active compounds performed in differentiated human 
neuroblastoma cell line (SH-SY5Y) did not evidenced cytotoxicity effects. Finally, computational studies 
on enzyme-ligand complexes, obtained after MM-GBSA calculation and molecular dynamics simulations, 
supported the experimental data. 
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perspective of quinolones: A review, Bioorg. Chem., 92 (2019), 103291. 
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the Lead Optimization of Chromone-Based Monoamine Oxidase B (MAO-B) Inhibitors, J. Med. Chem., 59 
(2016), 5879-5893. 
(3) R. Dhiman, S. Sharma, G. Singh, et al., Design and synthesis of aza-flavones as a new class of xanthine 
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Due to its degradation into numerous bioactive metabolites, L-Tryptophan (L-Trp) is the less 
abundant but essential amino acid in mammals (a). The main way to transform L-Trp is the 
kynurenine pathway (KP), allowing the transformation of 95% of the L-Tryptophan available 
from food (b). Through KP, L-Trp is converted into L-kynurenine to produce essential 
metabolites such as redox cofactors, neuroprotectors and neurotoxics. (c) As a result, the KP 
pathway confers to L-Trp a central role in many diseases. (b, d) Therefore, enzymes of the 
kynurenine pathway can be considered as a set of therapeutic targets. Particularly, the first 
step of this road, catalyzed by hIDO1, hIDO2 or hTDO, raised an interest in the cancer research 
in cancer immune escape and in the resistance to immunotherapy. (e) Over the years, hIDO1 
inhibitors have been developed (Indoximod, Epacadostat, PF-06844003, Navoximod and 
Linrodostat) but, recently, the most advanced of them (Epacadostat) failed in the clinical trial 
(f). 

 

Since 2006, several structures of hIDO1 are deposited on the PDB. However, a loop of the 
enzyme, the JK-loop, has never been resolved. As the JK-loop is very likely involved in the 
closure of the active site, this loop plays a key role in the mechanism and the inhibition (g). 
Recent fails in clinical trials of hIDO1 inhibitors trigger a revision of the enzyme functioning 
involving the JK-loop (f). It is recognized that there is a lack of structural information on hIDO1 
to understand the key role of the JK-loop. 
  
In the present work, the refinement of the JK-loop is obtained for the first time by X-ray 
diffraction experiment, thanks to its crystal packing mode. To support the X-ray observation, 
Molecular Dynamics trajectories are also carried out to provide a dynamical information about 
the loop in the presence of the cofactor (i). Such new structural and dynamical information 
highlights the importance of the JK-loop in confining the labile heme cofactor into the active 
site. A better structural characterization of this important therapeutic target will assist 
medicinal chemistry programs. 
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Influenza A viruses represent a major global health treat. Despite the existence of a seasonal 
vaccine and the availability of antivirals, each year they cause between 3 and 5 million of severe 
cases and the death of more than 300 thousand people in the world. The available drugs are 
rapidly becoming inefficient because of the drug resistance. Consequently, there is an urging 
need for the development of an innovative antiviral agent.a  
During the last years, Naffakh’s team and collaborators demonstrated that the complex of Red 

and SMU1, which are human spliceosomal factors, has a fundamental role in the replication 
cycle of the Influenza A virus. Red-SMU1 complex  can be considered as a promising target in 
the optic of host directed therapy, which has the advantage to virtually avoid the risk of the 
development of drug-resistance.b The in silico screening of more than 3000 compounds from the 
chemiolibrary of the University of Paris, followed by the in cellulo biological evaluation of the 
best candidates, allowed the identification of ALG61 which is able to both inhibit the RED-
SMU1 interaction and decrease the viral replication in cellulo. c  

With the objective of improving its biological activity and selectivity toward the Red-SMU1 
interaction, we designed series of analogues, with different scaffolds or substitution patterns. 
The recent results in their synthesis and activity evaluation will be presented in this oral 
communication. 
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Diabetes mellitus (DM) is a one of the most serious chronic diseases in the world. DM associated with 
oxidative stress causes destruction of cellular structures leading to severe tissue damage. Curcumin has 
been shown to have significant antioxidant activity and a potential hypoglycemic effect in experimental 
diabetic animal models.  Unfortunately, its therapeutic efficacy is limited because it has low oral 
bioavailability, reduced digestive absorption and fast metabolism. Pioglitazone is an efficient 
hypoglycemic therapeutic agent but with a low oral absorption, low solubility and short half –life. 
Developing of new multi-target polymer systems for improving the antidiabetic agents’ bioavailability is 
a major concern of researchers. The aims of this study were to develop chitosan nanoparticles (CsNp) 
loaded with pioglitazone and curcumin and to investigate its hypoglycemic effects on DM induced with 
streptozotocin to rats. CsNp and drugs loaded into CsNp were obtained by ionic gelation method. In 
order to optimize the method for obtaining CsNp was varied the concentration of chitosan (Cs), TPP and 
of the active drug. Following the optimization process, it has been established the optimal formula for 
loading the two active substances in the polymer matrix. Antioxidant activity of pure substances and of 
its Cs nanoformulations was analyzed on DPPH radical scavenging activity assay. Moreover, compared to 
the pure curcumin, curcumin loaded into CsNp showed a dose-dependent manner with a higher radical 
scavenging activity. To determine the in vivo hypoglycemic effect, Pioglitazone, Curcumin, and Cs 
nanoformulations (CS-P, CS-C, CS-PC) were orally administered on diabetic rats, once per day, for a 
period of 21 days. During the experiment it was investigated glycaemia and at the final of experiment 
was analyzed glycosylated hemoglobin (HbA1c). Oral administration of these new polymeric systems 
significantly reduced the blood glucose levels and HbA1c in reference with the diabetic rats. The best 
hypoglycemic effect was recorded for CS-PC formulation.  
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Diabetes is a rapidly spreading life threatening disease with a global prevalence of 171 million in the 
year 2000 and is expected to increase to 366 million by 2030.(a) It is a chronic metabolic disorder 
characterized by persistent hyperglycemia, related to failure of insulin function (insulin resistance) over 
extended periods in peripheral tissues. It can be managed by enhancing the functionality of pancreatic 
α-amylase and intestinal α-glucosidase.(b) Thiazolidine-2,4-dione (TZD) also known as Glitazone is an 
eminent class of oral antidiabetic agents that directly target insulin resistance(c), it is an important 
scaffold associated with several other biological activities.(d)  
We herein report the green synthesis of thiazolidine-2,4-dione derivatives via solvent-free microwave 
irradiation knoevenagel condensation, followed by NaOH catalyzed N-alkylation in aqueous media. All 
the synthesized products were characterized by 1H NMR, 13C NMR and ESI-MS. Aiming to develop new 
enzyme inhibitors, we screened our newly prepared products for their in vitro α-glucosidase and α-
amylase inhibition potential, most of them were active against the latter enzymes, some of them were 
more potent than the clinical drug Acarbose. Thereafter we evaluated the acute toxicity of the lead 
products. The enzymatic screening revealed that three compounds were highly active against the two 
enzymes. The most potent compounds were also found to be non-toxic at concentration of 2000mg/kg. 
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CK2 is a ubiquitous and highly pleiotropic Ser/Thr kinase. Thus, it is involved in a multitude of 
cellular processes. However, its exact function is not yet fully understood. Previous studies have 
shown that the CK2 concentration and activity is increased in tumor cells compared to normal 
cells. Since the protein kinase causes anti-apoptotic and proliferation-enhancing effects in 
neoplastic tissues, CK2 appears an interesting target for tumor therapy nowadays [1,2]. 
Indeno[1,2-b]indoles represent a class of potent ATP-competitive CK2 inhibitors. These 
substances have already exhibited promising results in in vitro experiments. Some indeno[1,2-
b]indoles inhibit the protein kinase with IC50 values in the range of low nanomolar 
concentrations [3,4]. To further evaluate their suitability as anti-cancer drugs, indeno[1,2-
b]indoles were investigated in cell culture experiments in this study. CX-4945, the first CK2 
inhibitor in clinical trials (phase II) [5], was used as a reference. 
We could show that three indeno[1,2-b]indoles had comparable effects to CX-4945 on the 
proliferation of different tumor cell lines. One of these indeno[1,2-b]indoles had a considerable 
lower effect on the proliferation of non-cancer cells than the other CK2 inhibitors. Furthermore, 
we could proof the ability of these substances to induce apoptosis in A431 squamous carcinoma 
cells using live cell imaging.  In addition, indeno[1,2-b]indoles could be shown to reduce the 
migration of A549 lung cancer cells. To analyze whether the cellular effects were due to CK2 
inhibition, the intracellular activity of the kinase in tumor cells after treatment with the inhibitors 
was determined. One indeno[1,2-b]indole reduced intracellular CK2 activity in the same 
dimension as CX-4945, while the other inhibitors were less effective. To ascertain reasons for 
differences and similarities of the substances with regard to their cellular effects, their 
pharmacokinetic properties were analyzed. Focusing on the cellular uptake, the intracellular 
inhibitor concentrations were determined via HPLC-MS/MS. CX-4945 exhibited lower 
intracellular concentrations than the other CK2 inhibitors tested. On the other hand, CX-4945 
proved to be metabolically more stable compared to the indeno[1,2-b]indoles. The results of this 
study indicate that indeno[1,2-b]indoles, although still to be investigated in further experiments, 
are promising candidates for possible application in tumor therapy. 
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Numerous studies have been published about the implication of the neurotrophin tyrosine kinase 
receptor - TrkB in the pathogenesis of several neurodegenerative conditions such as Alzheimer’s 
disease, Parkinson’s disease, Multiple Sclerosis and motor neuron disease(a,b,c). Brain-derived 
neurotrophic factor (BDNF) and neurotrophin-4/5 (NT-4/5) activate the TrkB receptor with high potency 
and specificity, promoting neuronal survival, differentiation and synaptic function(d). Since natural 
ligands for TrkB receptor are large proteins, it is a challenge to discover small molecule capable to mimic 
their effects. Even though, the surface of receptor that is interacting with BDNF or NT-4/5 is known, 
there was always a question which pocket and interaction is responsible for activation of it. In order to 
answer this challenging question, we have used molecular dynamic (MD) simulations and Pocketron 
algorithm(e) which allowed us to detect pocket network existing in the interacting domain (D5) of the 
receptor. During this communication we will describe for the first time how pockets are communicating 
with each other as well as the exploitation of the allosteric pockets to identify potential modulator. In 
silico screening of CERMN library has recently generated a potential allosteric activator of the TrkB 
receptor which binding, and biological evaluation will be disclosed. 
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Adrenoceptors are ubiquitous and regulate most vital functions in the human body, including heart and 
respiratory rate, digestion, smooth-muscle contraction, gland secretion, and pupil diameter among others. 
In addition, adrenergic neurons firing from the locus coeruleus towards different areas of the central 
nervous system mediate alertness, responses to acute stress and danger, pain modulation, arousal, sleep-
wake cycles, as well as neuroplasticity and cognitive behaviour. Despite the physiological relevance of 
adrenergic neurotransmission, molecular methods to precisely modulate the activity of endogenous 
adrenoceptor and to functionally dissect their pathways in vivo are not available. 

Here we present a set of photochromic ligands, that we call adrenoswitches, to switch on and off 
adrenoceptor activity with high spatio-temporal resolution. Using a non-canonical azologization 
approach, we have designed novel arylazoheteroarene units that we have characterized in vitro and in two 
animal models (zebrafish locomotion and pupillary reflex in mice). The drug-like properties of these 
molecules, their efficacy and absence of acute toxicity in zebrafish larvae, and most remarkably the fact 
that specific adrenergic photomodulation was readily and reversibly achieved in the mammalian eye by 
topical application without formulation, all indicate that adrenoswitches could be a disruptive tool to 
dissect physiological adrenergic signalling and to develop safe and effective therapies. For example, 
photocontrol of adrenoceptors at specific locations might allow to single out individual adrenergic 
projections from the locus coeruleus, or to selectively decouple pupil tone from environmental 
illumination.  
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Gene therapy involving small interfering RNA (siRNA) is emerging as a novel therapeutic 
approach for treating diseases.a However, safe and efficient delivery of siRNA therapeutics 
constitutes the major obstacles for its clinic implementation.b We report here an ionizable 
supramolecular dendrimer nanosystem, formed with a small amphiphilic dendrimer, was able to 
act as an effective vector for siRNA delivery with a favorable safety profile.c By virtue of the 
ionizable tertiary amine terminals, the supramolecular dendrimer had a low positively charged 
surface potential and was devoid of cytotoxicity at physiological pH. The ionizable feature 
imparted sufficient surface charge to the supramolecular dendrimer, allowing the formation of 
stable complex with siRNA via electrostatic interaction. The resulting siRNA/dendrimer delivery 
system had a surface charge that was neither neutral, thus avoiding aggregation, nor too high, 
thus avoiding cytotoxicity, but was sufficient for favorable cell uptake and endosomal release of 
siRNA. When tested in different cancer cell lines and patient-derived cancer organoids, this 
dendrimer-mediated siRNA delivery resulted in effective gene silencing of oncogenes with a 
potent ant proliferative effect, outperforming the gold standard vector, Lipofectamine 2000. This 
ionizable supramolecular dendrimer therefore represents a promising vector for siRNA delivery. 
The concept of supramolecular dendrimer nanovectors via self-assembly is new, yet easy to 
implement in practice,d offering a new perspective for supramolecular chemistry in biomedical 
applications.  
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Sepsis is a severe and dangerous clinical syndrome that results in elevate morbidity 
especially in intensive care units. It is caused by a dysregulation in host response to bacterial 
endotoxin. This uncontrolled activation of immune systems leads to systemic inflammatory 
response syndromes and multiple organ failure. The neonatal immune response could generate 
an uncompensated inflammatory response to LPS that affects the development of different 
systems, such as lung, heart and kidney. The available treatment for endotoxemia, mainly 
neonatal sepsis, are often few effective. One group with potential skills for treat neonatal 
inflammatory diseases are the flavonoids. Naringenin (NGN) is a flavonoid with anti-
inflammatory, antioxidant, anti-nociceptive and anti-cancer effects. However, NGN has low 
water solubility, which affects its bioavailability. Thus, the present study investigates the effect 
of NGN pure and complexed with hydroxypropyl-β-cyclodextrin (HPβCD) on neonatal sepsis in 

a rodent model and describes the probable molecular mechanisms involved in NGN activities. 
We used a bacterial lipopolysaccharide (LPS) exposure to induce neonatal sepsis. Mice were 
divided in control, LPS, NGN (100 mg/kg, i.p.) and NGN/ HPβCD (100 mg/kg, i.p.) group and 
the viability was determined, and the inflammatory and oxidative parameters was assessed 4, 6 
or 12 hours after LPS administration in lung, heart, kidney and cerebral cortex. It was found that 
NGN/ HPβCD increases the animals survival compared to LPS and NGN group. Moreover, 

NGN exposure during the neonatal period reduces leukocytes migration and decrease pro-
inflammatory cytokines levels in lung, heart, kidney and cerebral cortex. In addition, NGN 
upregulated IL-10 production in lung and kidney of neonate’s mice. The administration of NGN 

also enhanced antioxidants enzymes catalase and SOD activity and reduced the lipoperoxidation 
and protein carbonylation and increased the reduced sulfhydryl groups in an organ-dependent 
manner, attenuating the oxidative damage caused by LPS exposure. Finally, NGN and/or NGN/ 
HPβCD downregulated COX-2, ERK1/2 and NFκB activation.  Therefore, NGN attenuated 

inflammatory and oxidative damage caused by neonatal sepsis. The complexation of NGN in 
HPβCD improve the bioavailable of the drug and consequently decrease the animal death. These 
results support the benefic role of NGN against neonatal sepsis and could be useful for achieving 
optimum effect of this flavonoid in neonatal inflammatory injuries.  However, further studies are 
necessary due to the lack of information on potential toxicity.  
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Ecto-5’-nucleotidase CD73 is a glycophosphatidylinositol-anchored di-Zn2+ metallophosphatase. 
This enzyme is involved in the extracellular catabolism of adenosine monophosphate (AMP) into 
adenosine in human blood and tissues.1 Overexpression of this protein leads to an immunosuppressed 
and pro-angiogenic microenvironment inducing low efficiency of T-lymphocytes against tumor growth.2 
Thus, CD73 became a valuable target for cancer and immunotherapy and as already been tested with 
monoclonal antibodies, siRNA or adenosine analogues such as AMPCP3.  

By crystallizing this enzyme in the presence of Zn2+ and AMPCP, Knapp et al. found a 
dimerization cavity that distinguished two conformers of the protein, as shown in scheme 1.4 In silico 
studies displayed the potential efficiency of small molecules in this dimerization interface to inhibit its 
activity by freezing the enzyme into one conformation.5 In this communication will be presented the 
synthesis of potential allosteric inhibitors bearing a triazole scaffold, their biological evaluation on the 
recombined enzyme and MDA-MDB-231 cancer cells.  
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A thin layer of mucus covers all the wet epithelia of the human body ensuring protection against 
exogenous compounds. Orally or pulmonary administered drugs have to overcome the mucosal layer in 
order to be absorbed and then to be effective. However, mucus can represent a strong barrier to overcome 
even for drugs (Figure 1). Despite the crucial role played by mucus on drug absorption, there are no 
standard mucus models to be employed in the early drug discovery process for the screening of potential 
drug candidates. 

We have developed a biosimilar mucus model that mimics a pathological mucus(a). The 
viscoelastic behavior of mucus was recreated by using a natural polysaccharide while 
the composition was mimicked by adding mucin, the main glycoprotein forming mucus. 
By coupling the biosimilar mucus model to the state-of-art permeability platforms (i.e. 
parallel artificial membrane permeability assay), the diffusion of some drugs through 
both mucus and cellular membrane, was investigated. The amount of diffused drug was 
quantified and reported as percent of total. 
The herein presented mucus model represents not only a physical barrier but it really is an interactive 
filter. Respect to PAMPA test, different molecular structures have been differently retained by mucus 
reflecting the interaction with mucin(b).  
Since the drug development is characterized by a high rate of failure, the mucus platform could help to 
reduce the number of non-effective drugs that reach the preclinical trials. Moreover, the model is 
completely tunable as the production method allows to easily include other molecules present within 
mucus (lipids, DNA, proteins). 

 

 
Figure 1. Mucus barriers reduces the absorption of drugs 
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The process of drug discovery or lead optimization involves an efficient synthesis of bioactive molecules 
and the creation of chemical libraries. For this reason, rapid and efficient strategies for generation of 
new bioactive molecules are essential due to the emergence for the creation of new drugs. Thereof, 
many strategies are currently used in medicinal chemistry to generate new interesting lead compounds 
such as selective optimization of side activities or the development of analogues of existing drugs (SOSA 
approach).a-c 
Diarylmethane molecules are described in the literature as privileged structures in medicinal chemistry. 
They have attracted much attention due to their biological and therapeutic relevancy in several areas 
such as antimicrobials, anti-inflammatory and anticancer. d-e 
We presented herein the design, pharmacomodulation and synthesis of two heterocyclic series of 
diarylmethanes: olefinic and aryloxy diarylmethanes. The anticancer activity as well as cytotoxicity were 
studied in vitro.The best compounds showed an interesting antiproliferative activity against colorectal 
cell lines HT-29 and HCT116 with IC50 in the range of 20-40 µM. The prediction of the ADME profile of 
the best molecules was also performed. In conclusion, we demonstrated in this study the interesting 
antiproliferative potential of these compounds for the treatment of colorectal cancer and the absence 
of cytotoxicity on normal cells. 
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Significant increase in drug resistance of microorganisms contributes to the intense searching for 

new antibiotics. Antimicrobial peptides (AMP) are promising candidates for combating multi-drug 
resistance bacteria. Anoplin is a linear AMP of natural origin, isolated from the venom of the spider 
wasp Anoplius samariensis (a). Anoplin (GLLKRIKTLL-NH2) in water shows a disordered structure while 
after binding to the bacterial cell membrane it adopts an α-helix (b). We assume that this helical 
structure is the active structure of this peptide. The aim of the project is to modify anoplin to stabilize its 
α-helical structure to possibly increase its antibacterial activity (Scheme 1). 

Scheme1. Representation of a linear and helical structure of anoplin. The structure of the  
α-helix is stabilized by hydrocarbon stapling link (in yellow), which probably increases anoplin penetration through 

the bacterial membrane. 
 

Increasing the stability of the helical structure of anoplin was achieved by metathesis reaction 
with the use of 1st generation Grubbs catalyst (c). The reaction of hydrocarbon stapling of the 
peptide was performed between two olefinic side chains of non-natural amino acids (S-1-(4’-
pentene)alanine) incorporated at position 2 instead of Leu and at position 6 instead of Ile of the 
anoplin sequence. The stability of the secondary structure of the unmodified and modified 
anoplin was determined in the presence of various lipid environments (micelles, liposomes, 
lipopolysaccharides) using the circular dichroism (CD) spectroscopy. Additionally, in order to 
investigate the correlation between the stability of the secondary structure of anoplin and its 
antibacterial activity, liposome degradation and activity against the Escherichia coli were tested 
confirming our hypothesis. 
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An uncommon chemical group - arylbiamidine – was studied through the synthesis of four novel 

series of heteroaryl derivatives. Thiazolebiamidine was chosen as scaffold due to a number of H-

bond donating and accepting possibilities - a key point for the interaction with biomolecules and 

the apparent hydrosolubility properties of the biamidine function. We synthesized a new family 

of 37 thiazole-based diarylbiamidine derivatives and characterized it by X-ray crystallography, 

spectroscopic methods, pKa and stability determinations.  The analysis revealed particular 

tautomeric and H-bonding structure. Their antimelanoma activity highlights the promising 

druglike features of this unfamous scaffold. 
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Efficiency is crucial for organic light emitting diodes (OLEDs) to be energy-saving and to have a 

long lifetime for display and solid state lighting applications. Numerous approaches have been 

proposed to attain high efficiency OLEDs through the synthesis of novel organic materials, the 

design of light extraction structures and the design of efficiency-effective device architectures. 

Therefore, developing competent blue‐emitting materials suitable for nondoped device is of 

pronounced significance in terms of practical utilities. In the present investigations was focused 

on the 1,10-Phenanthroline derivative may attain high efficiency at greater luminescence in 

nondoped OLEDs. The maximum external quantum efficiency (EQE) of nondoped device is 

15.20% which is acquired at the luminescence of 1000 cd m−2, maximum external quantum 

efficiency (EQE) of 28.4%. Our research outcomes offers a new perception into the design and 

architecture of high-efficiency blue-light OLEDs with modified device structure for practical 

utilities. 
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Coronaviruses are single-stranded RNA viruses that cause respiratory, enteric, hepatic 

and neurological diseases of varying severity in different species including humans. Seven 
coronaviruses can infect humans. Strains HCoV-OC43, HCoV-NL63, HCoV-229E and HCoV-
HKU1 lead to mild respiratory tract infections. However SARS-CoV, MERS-CoV and SARS-
CoV-2 are potentially lethal and resulted in major pandemics. As a matter of fact, these viruses 
cause also respiratory tract infections but some patients develop serious symptoms like severe 
acute respiratory syndrome which is life-threatening. The lack of specific antiviral treatment 
against coronaviruses and the risk of emergence of new viruses of this family require research 
for new effective therapeutics.  

To discover new antiviral compounds against coronaviruses we decided to target an 
essential component of these viruses: the 3CL protease (a,b). We will present here the High 
Throughput Screening of a 100000 compounds library on the 3CL protease of SARS-CoV-2 
which led to the identification of new inhibitors that entered a hit-to-lead optimization phase.  
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Candidiasis cause superficial and visceral infections which can become a significant concern to 
clinicians (a). With the increased use of fluconazole, azole-resistant fungi as well as non-
albicans Candida species rapidly emerged as common pathogens in immunocompromised 
patients(b). It is therefore necessary to search for new molecules that will be able to bypass 
resistance mechanisms. Thus, we are interested in imidazo[1,2-a]pyridine derivatives containing 
an acrylonitrile group and their acrylamide analogues. The objective of this work was to 
synthesize and evaluate the antifungal activities of some imidazo [1,2-a] pyridine hybrids against 
three Candida species in order to identify an anticandidosis leader.  
The acrylonitrile derivatives were obtained by chemical synthesis following a Knoevenagel 
condensation reaction between imidazo[1,2-a]pyridin-2-carboxaldehyde and various 
phenylacetonitriles or 2-cyano-N-alkylacetamides. An antifungal screening of these derivatives 
on clinical strains of the three species of Candida (C. albicans, C. tropicalis and C. glabrata) 
was carried out by the bioautography method then the Minimum Inhibitory Concentrations 
(MIC) were determined according to the technique microplate dilution compared to fluconazole. 
Six imidazo[1,2-a]pyridinyl phenylacrylonitrile or acrylamide derivatives were synthesized and 
characterized by spectroscopic methods. The antifungal results show that these are all endowed 
with anticandidosis activities with MICs ranging from 408 to 0.52 µM. On C. albicans, with a 
MIC of 2.79 µM, the 3-chlorinated derivative was found to be the most effective. On this 
species, this compound was 100 times more effective than fluconazole (MIC = 326.5 µM). 
Likewise, the best performance on C tropicalis was obtained with the piperazine derivative with 
a MIC of 0.52 μM. This is comparable to the activity of fluconazole against C. tropicalis (MIC = 
0.64 µM). On Candida glabrata, with MICs of between 264.6 and 408 μM, the antifungal 
activities of the six imidazo[1,2-a]pyridine derivatives remain low compared to that of 
fluconazole (MIC = 20.41 μM). Ultimately, the best anticandidosis profile on the three species 
was obtained with the 3-chlorinated compound, the MICs of which varied between 357.5 and 1.4 
μM. 
Our pharmacochemical approach validated the acrylonitrile chain carried by the heterocycle 
imidazo [1,2-a] pyridine as a new antifungal pharmacophore against C. albicans resistant to 
Fluconazole.. 

Keywords: Antifungal. Imidazo[1,2-a]pyridine. acrylonitriles. Candida 
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Currently, there is no treatment able to prevent bone metastasis. We discovered that while the abnormal 

expression of the SK3 channel by cancer cells promotes cancer cell migration and bone metastasis development, 

its suppression reduces them. Here, we propose to develop SK3 channel inhibitors as a new class of anti-metastatic 

drugs in targeted and personalized cancer therapy (targeted to SK3 channel and dedicated to patients with cancer 

cells expressing the SK3 channel). 

Lead compound NS8593 is currently one of the SK negative modulator inhibitor. However, the selectivity is current 

limitation in order to use this compound as anti-metastatic agent. 

Our team is developing new synthetic strategies in order to provide novel polyfunctionalized pyridopyrimidines to 

explore structure-activity relationships and to improve the selectivity of final compounds. To achieve these 

objectives, we have developed efficient and modular strategies using SNAr and palladium-catalyzed coupling 

reactions to modulate the main scaffold. 

Among all the 25 compounds tested using patch clamp technique we identified GF495, a chiral compound, as 

strong inhibitor of SK3 channel with an IC50 = 18.4 nM (n=12). This compound was also found to inhibit the SK2 

channel with an IC50 of around 1nM (n=7).  In vitro experiments showed that this compound was not toxic until 10 

µM. Our results show that GF495 (100nM) significantly reduces the migration of five cancer cell lines, expressing 

SK3 channel including the MDA-MB435s. Furthermore, GF495 has on effect on the migration of breast cancer cells 

that do not expressed SK3 (MDA-MB231) or in which SK3 channel were knockdown (MDA-MB435-shSK3). In vivo 

experiments showed that GF495 was not toxic until 20 mg/Kg (i.p. 5 times a week for 2 weeks). Finally, GF495 was 

tested on a murine model of metastatic breast cancer (i.p.1 mg/kg, 3 times a week for 15 weeks). GF495 treatment 

reduces dramatically bone metastasis (88.8%) and suppresses uterine and ovarian metastases, 

To conclude, GF495 is a new and potent inhibitor of SK3 channel, that show a capacity to reduce the development 

of metastasis. These promising results encourage us to develop analogues of GF495 molecule, with at least a 

better selectivity (no effect on SK2 channel). In addition, it seems necessary to characterize the role of SK2 channel 

in cancer cell biology.  
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Sulfonamides have received significant relevance in modern organic chemistry and medicinal 
chemistry.a A major goal of current medicinal research is to identify new, safer and more 
effective treatments for a wider range of neoplastic conditions, with the hope of reducing 
morbidity and mortality. In line with this consideration, and in continuation of our recent 
research in identifying new and original routes to bioactive anticancer agents,b we synthesized 
a series of new isoxazoline-linked sulfonamide following a one-pot two-steps method via a 
highly regioselective 1,3-dipolar cycloaddition catalyzed with the trichloroisocyanuric acid 
(TCCA) as a safe and ecological oxidant under sonication (Scheme), and evaluated their 
biological activity against CML and APL. 

 
Scheme 

Among this series of isoxazoline analogues one 
compound, 3h, displayed promising cytotoxic activities 
against K562 and HL-60 cells. In addition, 3h behaved as 
an apoptotic cell death inducer with an EC50 of 94 μM 
(HL-60 cell line) as shown in the figure on the right. 
Altogether, these results clearly demonstrated the 
potential of this class of molecules for the optimization of 
apoptosis inducer owing to their ease of synthesis the 
herein report two-step one-pot strategy.  
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(a). Apaydın, S., & Török, M. (2019). Sulfonamide derivatives as multi-target agents for complex diseases. Bioorganic & 
medicinal chemistry letters, 29(16), 2042-2050. (b) . Alaoui, S., Dufies, M., Driowya, M., Demange, L., Bougrin, K., Robert, G., 
Benhida, R. (2017). Synthesis and anti-cancer activities of new sulfonamides 4-substituted-triazolyl nucleosides. Bioorganic & 
Medicinal Chemistry Letters, 27(9),1989-1992. 
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Angiogenesis regulation is involved in numerous physiological processes and diseases like 
cancer and age-related macular degeneration. Cytokines of the Vascular Endothelial Growth 
Factor (VEGFs) family and their transmembrane receptors have been validated as therapeutic 
targets: VEGF-A, VEGF-B, VEGF-C and PlGF in particular. The current available molecules in 
the clinic are derived from recombinant proteins, like antibodies. A next generation of drugs 
must be developed, with better pharmacological properties, reduced production costs, and the 
capacity to be engineered for specific applications. The objective of our research program is to 
develop antagonist small peptidomimetic molecules, able to bind the VEGFs with high affinity 
and selectivity.  
 

 
 
Figure. Co-crystal structure of a peptide in complex with VEGF-A. The VEGF dimer is 
represented in green and the peptide in yellow. The β-turn of the peptide is shown in magenta, 
and relevant residues are labelled three-letter abbreviation. The peptide is cyclized by a disulfide.  
 
Starting from a known peptide ligand of VEGF-A, our objective is to stabilize the β-turn 
conformation present at the C-terminal position in its bioactive conformation. This strategy could 
improve the binding affinity by reducing the entropic penalty of binding. We will present the 
design (including non-natural amino acids), the synthesis and the biochemical evaluation of the 
new series of peptides. Their evaluation was achieved by ELISA-type assays with VEGF-A and 
VEGF-B, and by isothermal titration calorimetry (ITC) with VEGF-A.  
Further structural studies by NMR and biological evaluation of VEGF inhibition activity in 
HUVEC (Human Vein Endothelial Cells) will be achieved with the most affine peptidomimetics.  
 
Bibliographic references:  

P. Carmeliet and R. K. Jain, Nature, 2011, 473, 298; M. Reille-Seroussi et al. Biochemistry, 
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Over the last decades, massive misuse of antibiotics prompted the apparition of resistances in many 
microorganisms such as ESKAPEE pathogens responsible for various nosocomial infections.(a) Indeed, 
the selective pressure put on sensitive bacteria by conventional antimicrobial molecules that cause their 
death promotes resistant strain survival. The development of antivirulence agents that could attenuate 
bacteria pathogenicity without affecting their growth, seems to be a new promising therapeutic strategy. 
This could facilitate the host’s defence by immune system and restore the associated efficiency of 

conventional treatments.(b)  
The quorum sensing (QS), that makes reference to communication systems of bacteria, constitute a 

pool of promising pharmacological targets for the development of antivirulence agents. The inhibition of 
QS could disrupt, especially in P. aeruginosa, intra/inter-species protective interactions that stimulate 
virulence pathways (biofilm formation, pyocyanin or rhamnolipid production). The interest of 
Pseudomonas Quinolone Signal receptor (PqsR) that regulates virulence gene expression in response to 
environmental factors and population density once activated by its natural ligand (PQS), has recently 
emerged for the development of inhibitors.(c) Among PqsR antagonists described in the literature, the 6-
nitro-2-heptyl-4(1H)-quinolone-3-carboxamide revealed efficient to inhibit pyocyanin production with an 
IC50 of 2 µM in P. aeruginosa PA14 strains. (d-f) 

 
Figure 1: A) Natural ligands of PqsR produced by P. aeruginosa; B) Quorum sensing inhibitors described in literature and  

C) Development of 2-heteroaryl-4-quinolones as potential QS inhibitors. 

Taking these studies into account, we aim to develop a new 2-heteroaryl-4-quinolone family 
potentially active against ESKAPEE pathogens as QS inhibitors. The synthesis pathways based on 
pallado-catalyzed coupling reactions, but also the physicochemical and biological evaluations of these 
compounds (MIC in various ESKAPEE strains and anti-biofilm activity) will be described in the 
presentation. 
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Carnosine is an endogenous dipeptide, composed of β-alanine and L-histidine, highly concentrated in 
skeletal muscle and other excitable tissues (Figure 1a). Its physiological roles, based on its biochemical 
properties, include pH-buffering, metal-ion chelation, antioxidant capacity, as well as the ability to 
protect against the formation of advanced glycation and lipoxidation end-products.a For these reasons, 
besides its nutritional ergogenic application in the sport community,b carnosine supplementation 
presents a therapeutic potential for the treatment of numerous diseases in which ischemic or oxidative 
stress are involved.a Besides carnosine, most animals also possess the methylated analogues anserine 
and/or balenine (Figure 1a). Quantitation of these histidine dipeptides in biological matrices results to 
be crucial for their potential applications, and LC-MS procedures with isotope-labeled internal standards 
are the state-of-the-art approach for this analytical need.c The use of these standards allows to account 
for variations during the complex sample preparation process, different matrix effects between patient 
samples, and variations in instrument performance. 

 
Figure 1: a) Structures of histidine dipeptides, b) 13C-labelled carnosine analogues. 

In this study we present a fast, flexible and convenient strategy for the synthesis of 13C-labelled 
carnosine analogues (Figure 1b), and their application as internal standards for the quantitation of 
carnosine and anserine in a biological matrix. 
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The Biginelli reaction is one of the most useful and efficient protocol for the preparation of 
biologically active (dihydro)pyridine(thi)ones and pyrimidin(thi)ones (DHPMs)1. This reaction 
uses readily accessible starting materials, presents high atom economy and allows the access to a 
great diversity of products (Figure), with broad spectrum of pharmacological activities (e.g. 
Monastrol, a potent anticancer drug;  SQ 32926 and SWO2, antihypertensive agents)2.  
Phosphate derivatives are versatile and efficient catalyst for many organic transformations3. 
Herein, we report the use of different phosphorus derivatives as acid catalysts for the 
straightforward synthesis of various dihydropyrimidines under mild conditions. A first series of 
30 biologically relevant DHPM analogues has already been prepared. Other related series have 
been designed and their synthesis is currently ongoing. These compounds will be evaluated for 
their anticancer cytotoxic activity and on antibacterial assays. 

                                           

Figure: Pharmacologically active DHPMs 
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Diabetes mellitus is a severe endocrinal disorder particularly prevalent in the past decades. Its 
incidence is increasing globally and, as a result, secondary complications are also mounting. The 
most devastating complication of diabetes mellitus is diabetic foot ulcer (DFU). It is estimated 
that 15% of diabetic patients will suffer from DFU at least once in their lifetime and, if not 
proper care is taken, it can cause severe harm to the patient as amputation being a possible 
outcome in extreme cases(a). Usually these wounds are colonized by pathogenic bacteria and 
infection is facilitated by patients’ immunological deficits(b). Among the bacteria present at the 
wound site, Staphylococcus aureus is the most prevalent bacterial species(c). Typically, the 
conventional treatment comprises the use of systemic antibiotics, however, due to the limited 
lack of blood supply at the wound surface, this will produce limited results and it may ultimately 
increase antibiotic resistance and the risk of drug-related toxic effects. As such, the use of topical 
antibiotics appears as an alternative towards systemic ones, especially when combined with 
adjuvants that enhance their activity and minimize or even block resistance. Plants are an 
important source of such adjuvant compounds that not only potentiate antibiotics but also 
possess numerous therapeutic properties(d). Therefore, in this study three different 
phytochemicals were selected - trigonelline, chalcone and juglone and their potentiation effect on 
fusidic acid and mupirocin antibiotics against seven clinical isolates of S. aureus (MSSA and 
MRSA isolates) was evaluated through modified disc diffusion method. Firstly, the minimal 
inhibitory and bactericidal concentrations were determined for phytochemicals by a microtiter 
plate microdilution method. For disc diffusion experiment, phytochemicals were tested at 
MIC/sub-MIC and antibiotics according to the CLSI guidelines (200 µg/disc for mupirocin and 
10 µg/disc for fusidic acid). The results show that the phytochemicals only potentiated the effect 
of mupirocin. Chalcone, with a concentration 10× and 20× less than MIC, potentiated against 
one MSSA and one MRSA isolates, while trigonelline (at 1 mg/mL as the MIC was not 
determined) potentiated against one MSSA and two MRSA isolates. Juglone, at MIC, potentiated 
against only one MRSA isolate. Overall, an improvement of the activity of mupirocin against 
some of the S. aureus strains was verified, revealing the potential for the topical application of 
phytochemicals as adjuvants to the antibiotics to combat multi-drug resistant wound infections. 
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Antibiotic resistance remains currently a major public health problem(a). One of the most 
problematic mechanism of resistance is the enzymatic hydrolysis of antibiotics of the -lactams 
family. The New-Delhi Metallo-betalactamase-1 (NDM-1) is a protein with two zinc atoms in its 
active site. It can cleave a large part of beta-lactams, even carbapenems which are the last line of 
antibiotics(b). Since its discovery in 2009, no inhibitor was marketed thus making NDM-1 a 
major target to fight antibiotic resistance. Our strategy to find new inhibitors of this enzyme is 
based on Fragment Based Drug Design (FBDD)(c) in combination with docking, NMR screening, 
and synthesis and bio-assays.  

Virtual screening of 800,000 molecules allowed us to identified 30 fragments as potential hits for 
the inhibition of NDM-1. These fragments were synthesized and analyzed by STD NMR 
experiments in presence of the protein. About 30 % have been confirmed as actual ligands of 
NDM-1. In parallel, a part of the library of the “Centre de RMN à Très Haut Champs” (150 
fragments) were also screened by NMR, giving 30 more hits. A correlation between all results 
(virtual screening, NMR and bibliography) highlighted two major fragments. We are now setting 
up a FBDD strategy to design and synthetize molecules by linking active fragments together 
and/or using growing methods. The newly designed structures will then be tested by bio-assays 
to carry out structures activity relationship and finally find strong inhibitors of NDM-1. 
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Frequent use of pharmaceuticals and their improper disposal increasingly contribute to 
environmental pollution (a). Ibuprofen and naproxen, commonly used nonsteroidal anti-
inflammatory drugs, are usually not completely removed in the wastewater treatment process 
(b,c). To address this problem, we attempted to use photocatalysis to develop a new effective 
method for water remediation (d). 

For this purpose, copper(II) phthalocyanine (CuPc) and zinc(II) phthalocyanine (ZnPc) were 
deposited on titanium dioxide nanoparticles (40 nm), yielding two types of photocatalytic 
materials: CuPc@TiO2 and ZnPc@TiO2. Briefly, TiO2 nanoparticles were suspended in a Pc 
solution in dichloromethane. The mixture was left overnight stirring, the solvent was evaporated 
and the resulting solid dried at room temperature. 

The photocatalytic experiment was carried out in a reactor composed of three vessels containing 
aqueous ibuprofen or naproxen solution (both 10 mg/L) and the photocatalytic material. The 
mixtures were stirred and irradiated with three UV lamps (λmax = 365 nm), positioned on a 
circular line. After the irradiation started, samples were taken at six and seven timepoints for 
naproxen and ibuprofen, respectively. The concentration of the drugs in the reaction medium was 
determined using HPLC-MS/MS. 

Ibuprofen and naproxen were photocatalytically degraded according to the first-order kinetics. 
When CuPc@TiO2 was used, 92% of ibuprofen was removed after six hours of the experiment, 
whereas in the case of NAP ZnPc@TiO2 displayed the highest effectiveness, resulting in 94% 
degradation of naproxen within one hour of the experiment. 
This study was supported by the National Science Centre, Poland under grant number 2016/21/B/NZ9/00783. 
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Solubility enhancement of poorly water-soluble drugs is a major challenge in the pharmaceutical field 
since 80% of the marketed drugs are formulated in the solid form, and since more than 70% of the drugs 
exhibit low solubility. A broad and comprehensive study of the various solid forms of the matter is 
needed to enhance its translation to clinic.(a) The different possibilities of a certain active pharmaceutical 
ingredient (API) can notably influence its properties, such as physical, chemical, and biopharmaceutical 
properties.(b) Therefore, the most suitable solid form has to be taken into consideration regarding ex- and 
in-vivo stability, targeting, solubility, dissolution rate, and bioavailability. With the development of 
nanotechnology in recent years, nanocrystals (NCs) have been used to modify the therapeutic impact of 
an API. They are recognized as carrier-free submicron colloidal drug delivery systems with an average 
particle size with the nanometer range. The emergence of drug nanocrystals formulation in the last 10 
years proved that size reduction is a challenging, improving both drug loading capacity and 
bioavailability of active ingredients.(a) Moreover, nanocrystal formulations can be administrated through 
several routes and provide a better performance in term of safety, targeting efficiency, and 
pharmacokinetics.(c) 
 
The UTCBS group has been recently developed the bottom-up approach to engineer etoposide (ETO) 
NCs, controlling the crystallization process.(d) The results obtained reinforce the legitimacy of drug NCs 
as potent forthcoming delivery systems for nanomedicines through intravenous routes and open the way 
to potential marketability of NCs using co-precipitation. Synthesized ETO NCs were first evaluated for in 
vivo studies on murine subcutaneous carcinoma model. It was shown that ETO NCs were more effective 
and safer than the conventional marketed product Toposar®. We propose here to embrace the advent of 
nanomedicine providing significant advancements to the development of new therapeutic treatments, 
since it offers the design of new properties and therapeutic strategies, such as co-administration, 
minimizing both administration protocol and potential side effects of drugs. For that purpose, 
prednisolone (PRD), a synthetic cortisol compound was chosen to extend the nanocrystallisation protocol 
to other APIs on the one hand and propose ETO-PRD nanocrystal based formulations on the other hand. 
By controlled variables technics and/or conditions, the proportions of API and stabilizing agent were 
adjusted to screen out the best formulation of nanocrystal with optimized yield and long-term stability. 
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* Correspondence: panpan.ma@etu.parisdescartes.fr 
 
 

mailto:panpan.ma@etu.parisdescartes.fr


 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

(SIPr)Pd(allyl)Cl Complex for Microwave-Irradiation C-H 
Arylation and Suzuki-Miyaura Reactions of N-Heteroarenes 

 
Chaimae Ouazzani Chahdi (1), (2)*, Abdelmoula El Abbouchi (2), 
Jamal Koubachi (1), Nabil El Brahmi (2), and Saïd El Kazzouli (2) 

 
(1) Faculté Polydisciplinaire de Taroudant, B.P 271, 83000 Taroudant, 

Laboratoire de Chimie Appliquée et Environnement (LACAPE), 
Faculté Sciences, Université Ibn Zohr d'Agadir, Morocco 

(2) Euromed Research Center, School of Biomedical and 
Biotechnology, Euromed University of Fes (UEMF), Route de 
Meknes, 30000 Fes, Morocco 

FP 18 
 

 
N-Heterocyclic carbenes (NHCs) have received a great deal of attention from a number of 
researchers over the past few decades (1). The [Pd(NHC)] complexes have been employed as 
catalysts for Suzuki Miyaura coupling, Buchwald-Hartwig amination reaction, Kumada 
coupling, Sonogashira coupling, Heck reactions, Stille coupling, dehalogenation reaction, ketone 
arylation reactions as well as C-H arylation reactions(2). In this area, our group has a long-
standing interest in C-H activation of 6, 5-fused heterocyclic systems (3). In this work we decided 
to focus on an efficient direct arylation and Suzuki-Miyaura coupling of N-Heteroarene 
derivatives with various aryl halides or aryl boronic acids as coupling partners(4). Under the 
assistance of microwave. The use of phosphine-free (SIPr)Pd(allyl)Cl as the catalyst lead to 
substituted N-Heteroarenes in good to excellent yields  
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P. Yin, M. Y. Wong, J. Thamb, T.-P Loh, Org. Chem. Front., 2014, 1, 1266-1269; (d) X.-B. Lan, 
F.-M. Chen, B.-B. Ma, D.-S. Shen, F.-S. Liu, Organometallics, 2016, 35, 3852-3860;  
(3) (a) J. Koubachi, S. El Kazzouli, M. Bousmina, G. Guillaumet, Eur. J. Org. Chem., 2014, 
5119–5138; (b) S. El Kazzouli, J. Koubachi, Nabil El Brahmi, G. Guillaumet, RSC Adv., 2015, 5, 
15292–15327; c) S. El Kazzouli, J. Koubachi, Nabil El Brahmi, G. Guillaumet, Tetrahedron, 72, 
2016, 6711-6727; d) J. Koubachi, N. El Brahmi, G. Guillaumet, S. El Kazzouli, Eur. J. Org. 
Chem., 2019, 2568-2586. 
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The DNA sliding clamp (SC) or “β-ring” is a protein involved in bacterial DNA 
replication. This protein serves as an anchoring platform for the replicative DNA polymerases 
and other enzymes involved in DNA metabolisms.(a) The sliding clamp interacts with its partners 
through protein-protein interactions. This protein is thus essential for the viability of the bacteria 
and has emerged as a highly promising target for the development of new antibacterial 
compounds to fight against resistant bacteria.(b) In this poster, we will present our recent work 
aimed at optimizing short peptide sequences to bind to the sliding clamp of Gram negative 
bacteria. The original design of the peptides was based on the crystal structure of SC complexed 
to a binding sequence of the bacterial DNA polymerase IV.(c) By combining successive rounds of 
sequence optimization and crystallographic analysis of the complexes, we identified short 
peptides with much higher affinities for E.coli SC (in the nanomolar range) than the natural 
polymerase. 

 
Crystallographic structure of E.Coli sliding clamp complexed with a lead peptide inhibitor 
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(c) W. Philippe et al, J. Med. Chem., 54, 4627-4637(2011) 
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Abstract 
 
β-Sugar Amino Acids (β-SAAs)(a) is of a special interest in building blocks of chimera peptides, foldamers, 
glycomimetics and peptidomimetics. Fmoc-protected β-SAAs (like Fmoc-RibAFU(ip)-OH(b) or Fmoc-
GlcAPU(Me,Bn)-OH(c)) as structural Lego-elements are ready to use for SPPS(d). Previously we showed 
that 50% TFA is enough to remove the side chain protection from -RibAFU(ip)- residue(e). Small chimera 
peptides containing the furanoid β-SAAs were prepared by manual and flow SPPS. Now we tested this 
new cleavage protocol with short sequences containing common protected, large side-chain protected 
and aromatic α-amino acids. This condition was sufficient to remove successfully the 1,2-O-
isopropylidene protection from -RibAFU(ip)- residue as well as the various side chain protections from 
AA residues. The ratio of anomers of chimera peptide containing -RibAFU- was identified by 2D NMR 
measurements. Using the new modified cleavage protocol for chimera peptides incorporated the -
RibAFU- or -GlcAPU(Me,Bn)- as hydrophilic or hydrophobic building blocks demonstrated that these β-
SAAs are routinely used in SPPS.  
 
 
Bibliographic references: 
(a) Risseeuw M, Overhand M, Fleet GWJ, Simone MI (2013) A compendium of cyclic sugar amino acids 
and their carbocyclic and heterocyclic nitrogen analogues. Amino Acids 45:613-689 
(b) Nagy A, Csordás B, Zsoldos-Mády V, Pintér I, Farkas V, Perczel A (2017) C-3 Epimers of sugar amino 
acids as foldameric building blocks: improved synthesis, useful derivatives, coupling strategies. Amino 
Acids 49:223-240 
(c) Goldschmidt Gőz V, Pintér I, Harmat V, Perczel A (2018) Approaches to pyranuronic β-sugar amino 
acid building blocks of peptidosaccharide foldamers. Eur J Org Che. 3:355-361 
(d) Nagy A, Goldschmidt Gőz V, Pintér I, Farkas V, Perczel A (2019) α/β-Chimera peptide synthesis 
with cyclic β-sugar amino acids: the efficient coupling protocol. Amino Acids 51:669-678 
(e) Duong KHY, Goldschmidt Gőz V, Pintér I, Perczel A (2020) Synthesis of chimera oligopeptide including 
furanoid β-sugar amino acid derivatives with free OHs: mild but successful removal of the 1,2-O-
isopropylidene from the building block. Amino Acids DOI: 10.1007/s00726-020-02923-3 
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RNAs undergo numerous post-transcriptional modifications regulating their fate and function at the 
cellular level. Among these modifications, methylation at the N6 position of adenosine (m6A) in mRNA is 
crucial for RNA metabolism, stability and other important biological events. Methylation of the N1 
position is found mainly in ncRNA and mRNA. This rearrangement plays an essential role in the stability 
and fidelity of translation. These modifications are installed respectively by m6A and m1A 
methyltransferase RNAs (rMtase). rMtases catalyze the transfer of the methyl group of the S-adenosyl-L-
methionine (SAM) cofactor to the N6 or N-1 position of adenosine. However, rMTases remain little 
studied, due to a lack of structural data. The RNA recognition process and the molecular mechanism 
involved in methyl transfer, in particular, remain to be elucidated. In humans, the deregulation of m6A 
rMTase activity is associated with many diseases including cancer, neurological or metabolic diseases. (a)  
Here, we report the synthesis of new SAM-adenosine conjugates containing a triazole linker branched at 
the N-1 or N-6 position of adenosine by CuAAC (Copper(I)-Catalyzed Alkyne-Azide Cycloaddition). The 
molecules described here were designed as potential bisubstrate analogues for the m6A and m1A RNA 
MTases that could be used for structural studies. (b)  

 

 
Schema. A) rMTases-catalyzed methylation of adenosine at the N-6 and N-1 positions. B) Structure of SAM-adenosine 

conjugates with a 1,2,3-triazole linker 
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Drug discovery is in constant evolution to provide the most efficient and specific drugs for new 

therapies. To identify/optimize New Chemical Entities, the development of robust and sensitive 

bioassays is mandatory to complement the few gold standard techniques, notably those working in a 

cellular context. Here we present an innovative cellular bioassay to screen modulators of Protein-

Protein Interaction (PPI) and Protein-Nucleic Acid Interaction (PNAI). This new technology, Microtubule 

Bench (MTBench), is based on the use of microtubules as intracellular nanoplatforms to visualize and 

quantify PPI or PNAI at the single cell level. We implemented the patented MTBench technology to 

quantify whether a prey is attracted onto microtubules by a bait, which is the readout of the assay, on 

High Content Screening (HCS) system at high resolution. We confirmed the robustness and the 

sensitivity of the MTBench to identify and qualify small molecule inhibitors on the well-known 

p53/MDM2 PPI system. As for PNAI, we detected and quantify the interaction of different RNA Binding 

Proteins (RBPs) with RNA. A PNAI system on MTBench to screen modulators of such interaction has 

already been implemented. This novel cell-based assay, which is suitable for HCS, will facilitate the drug 

discovery in the fields of PPI and PNAI. 
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Chlamydia trachomatis is a human pathogen, a gram-negative and an obligate intracellular 
bacterium. C. trachomatis is responsible for 131 million cases of Chlamydiosis, the most 
common sexually transmitted bacterial infection worldwide, every year. C. trachomatis is also 
responsible for the development of trachoma, the most common infectious cause of blindness.  
This bacterium needs iron in the medium to grow. In order to improve the antibacterial activity 
of a commercially available drug, the one-step coupling synthesis leading to a new Ciprofloxacin 
derivative is described in this work. The corresponding 8-hydroxyquinoline-ciprofloxacin 
conjugate obtained is more active than its broad-spectrum parent-antibiotic. Actually, it also has 
a significant antibacterial activity against pathogenic bacteria responsible for the development of 
nosocomial diseases such as from the ESKAPE group. At the same time, its iron (III)-chelating 
properties were studied using spectrophotometric titration. 
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Estrogen receptor (ER) agonists are of clinical interest in the treatment of pathologies associated 
with endogenous estradiol deficiency, such as endometriosis, primary ovarian insufficiency and 
hypogonadism. We have previously synthesized ER agonists sharing a coumarinic motif, such as 
estrothiazine (1)a-c and the analogue 2d. A rational pharmacomodulation on estrothiazine has 
allowed us to propose the sulfone function as a new pharmacophore for estrogenicity (see 
molecule 3)e. Remarkably, demethoxyestrothiazine sulfone (3) displays estrogenic activity 
without inducing proliferation, when tested in various ER-positive breast cancer cell lines. This 
uncommon pharmacological profile shows that it is be possible to distinguish estrogenic activity 
from proliferation. Such molecules could be all the more interesting that estrogens are associated 
with cell proliferation and, therefore, with an enhanced risk of hormone-dependent cancer (e.g., 
breast cancer).  
In this context, we have recently synthesized five-steps 4-amino-3-phenylthiocoumarin dioxide 
analogues (see molecule 4) with good yields. These molecules will be tested on estrogen-
dependent transcription and the proliferation of breast cancer cells.  
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Persistent infections, usually associated with biofilm-producing bacteria, continue to be a 
challenge for both medical and scientific communities. The potential interest in drug repurposing 
for biofilm control is growing due to the disinvestment in antibiotic R&D, reduced efficacy of 
the available panel of antibiotics and increased risks associated with new development plans(a). 
In the present study, the antibacterial and antibiofilm activities of four non-steroidal anti-
inflammatory drugs (NSAIDs), piroxicam (PXC), diclofenac sodium (DCF), acetylsalicylic acid 
(ASA) and naproxen sodium (NPX), were evaluated against Escherichia coli and 
Staphylococcus aureus. The minimum inhibitory/bactericidal concentrations (MIC and MBC) 
and the dose response curves from exposure to the selected NSAIDs were determined by the 
broth microdilution method and culturability, respectively. The potential of NSAIDs to eradicate 
preformed biofilms was performed using a microtiter plate assay and characterized in terms of 
biofilm mass removal (crystal violet staining), metabolic activity reduction (alamar blue 
staining) and biofilm cells culturability. Additionally, the ability of the selected NSAIDs 
combined with current in use antibiotics (kanamycin - KAN and tetracycline - TET) to eradicate 
24-h old biofilms was also tested in order to evaluate their ability to potentiate the putative 
antibiofilm activity of antibiotics. MIC were found for PXC (800 µg/mL) and ASA (1750 
µg/mL) against E. coli, and for DCF (2000 µg/mL) and ASA (2000 µg/mL) against S. aureus. 
No MBC were found (> 2000 µg/mL). Regarding biofilm eradication, ASA, DCF and PXC 
promoted significant reductions in metabolic activity (66.1% to 86.7%) and culturability (2.22 to 
6.46 log CFU/cm2). However, only PXC promoted biofilm mass removal (maximum of 28.6%). 
Additive interactions were obtained for most of the combinations between NSAIDs and KAN or 
TET. Overall, the results obtained suggest that NSAIDs appear to be a promising strategy to 
control biofilms as they demonstrated to be more effective than conventional antibiotics. 
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Influenza is an infectious disease with high impact on the global public health.   
The causative agents are enveloped viruses belonging to the Orthomyxoviridae family and classified in 
phylogenetically and antigenically distinct subtypes. Among these, especially influenza A virus represent 
a serious concern for humans(a), aggravated 
by its high trasmission rate and the limited 
antiviral therapeutic options. Consequently, 
the discover of novel antiviral strategies 
becomes essential(b).  
In this regard, an attractive approach has 
been identified in the disruption of the viral 
RNA polymerase complex (RdRp) assembly 
through protein-protein interaction inhibition.  
In particular, among the interactions between 
the three different subunits of the RdRp, the 
one between PA and PB1 stands out as an interesting druggable target(c). Starting from the previously 
identified 3-cyano-4,6-diphenyl-pyridines bearing different aminoacidic portions in the C2 side chain(d), a 
Mix & Match synthetic approach was carried out to synthesize a small library of compounds, with the 
aim of obtaining a new generation of potential anti-flu agents. 
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The α7 nicotinic acetylcholine receptor (α7 nAChR) is widely distributed in the human organism, where 
it mediates many physiological and pathological processes. In the central nervous system, it is expressed 
both on neuronal and non-neuronal cells, where it controls cognitive and mnemonic processes, sensory 
gating and neuroinflammation, and it is thus involved in the etiopathology of several diseases, such as 
Alzheimer’s, depression, schizophrenia, attention-deficit/hyperactivity disorder (ADHD).(a) In the 
periphery, it is essential for the survival of α7 dependent tumours, which are the most predominant 
type of lung cancer in the population.(b) Therefore, alpha7 modulators have a huge therapeutic 
potential, but their clinical translation is hampered by the lack of adequate safety, generally because of 
low specificity. In addition, even though a vast pharmacological toolset to study α7 mediated functions 
has been developed, control of central α7 nAChRs with high spatiotemporal precision is missing. To 
address these issues, we have developed a small group of photoswitchable α7 nAChR ligands. Light is in 
fact an unparalleled tool as a noninvasive regulatory signal for pharmacological and biological 
applications, since it can be delivered with high spatiotemporal precision. An emerging light-based 
approach is photopharmacology, which relies on the use of reversibly photoswitching drugs.(c) Our 
photoisomerizable compounds were designed by “azologization” of selective α7 nAChR agonists. In this 
work, I will present the design, the chemical synthesis, and the characterization of the photochromic 
properties of these novel potential photoswitchable α7 ligands. 
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We have recently described a new approach for the definition of pharmacophores starting from 

a large dataset called Norns.(a) With Norns, the main parameters for the extraction of pharmacophores 
are the size of the pharmacophores (number of nodes for the pharmacophoric graphs), the support of 
the pharmacophore (number of molecules associated to the pharmacophore) and the cut-off value for 
the growth rate (ratio of frequency for the number of active vs inactive molecules associated to a 
pharmacophore).  

 
 In this work, the same dataset as the initial publication(a) was considered, i.e. BCR-ABL tyrosine 
kinase (1492 compounds). With a biological cut-off at 1000 nM, the dataset was divided into two 
groups: active and inactive compounds (774 vs 718 compounds). The objective of this work is to analyse 
the potential to discriminate pharmacophores associated to active compounds towards 
pharmacophores associated to inactive compounds.  
 
 The poster presents this work with a visualization of the pharmacophore networks (see figure 1 
for an example) and the clustering approaches. 

 

 
Figure 1. Separation between active and inactive pharmacophore with seven pharmacophoric features. 
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Insulin-Degrading Enzyme (IDE), a 110 kDa zinc metalloprotease, was first discovered in 1949 for 

its ability to degrade insulin but yet remaining poorly understood. It is involved in the clearance of 
numerous physiological peptides such as insulin, glucagon or amyloid-β. Moreover, IDE acts not only as 
a protease but also has a chaperone-like activity. With its multi-functional activity, IDE seems to be at 
the crossroad of several biological pathways.(a) The X-ray structure of IDE was reported by Tang et al. in 
2006 and revealed unusual structural features such as a large catalytic chamber and an exosite involved 
in the recognition and positioning of the substrate (Figure 1). (b) In order to deeply understand the 
multiple roles of IDE, by using the kinetic target-guided synthesis, the molecule BDM_44768 was 
discovered as a potent IDE inhibitor.(c,d) Thanks to our synthesis effort to afford more than 140 
analogues of BDM_44768, we were able to optimise the pharmacological profile of this chemical series 
in terms of IDE inhibition and ADME properties. These studies provide us the 7-quinolone (IC50 = 44 nM) 
and the 5-benzothiazole (IC50 = 150 nM) compounds as good probes to explore IDE’s functions. 

  

 
Figure 1: Catalytic mechanism of hIDE 
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(c) Bosc, D. et al. Future Med. Chem. 2016, 8, 381-404 
(d) Deprez-Poulain, R. et al. Nat Commun. 2015, 6, e8250 
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Aza-porphyrinoids, such as porphyrazines and phthalocyanines, keep arousing interest among 

scientists in the fields of medical, technical and chemical sciences. This is due to the fact that the exhibit 
interesting physicochemical, optical, photocatalytic and electrochemical properties(a). Unfortunately, the 
planar and highly non-polar porphyrazine ring is prone to aggregation (by means of π-π stacking) and 
low solubility of the unsubstituted macrocyclic ring, functionalization is necessary. 

In this study we synthesized a novel porphyrazine (Pz) and phthalocyanine (Pc) substituted in the 
periphery with 4-hydroxybenzoic moieties. The synthetic methodology was elaborated to optimize the 
reaction conditions, which resulted in over 14-fold yield increase, from initial 2.4% to 34% in case of the 
autocyclotetramarization leading to the novel phthalocyanine. All the new symmetrical macrocyclic 
derivatives, as well as all the intermediates, underwent physicochemical characterization (mass 
spectrometry, NMR and UV-Vis spectroscopy) and the porphyrinoids were subjected to additional 
spectroscopic and photochemical investigations, including the singlet oxygen generation quantum yield. 
Additionally, acute toxicity and photocytotoxicity of Pc and Pz was tested on Aliivibrio fischeri bacteria. 
Based on the results obtained, the phthalocyanine derivative was chosen as the most promising 
compound and was further modified by the exchange of methal ions in the central cavity, revealing 
interesting spectroscopic effects. The obtained results indicate the potential of these derivatives for 
their potential use in photodynamic therapy. 
 
This study was supported by the National Science Centre – Poland under Grant No. 
2016/21/B/NZ9/00783. 
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Described in 1906 by Alois Alzheimer(a), Alzheimer's disease is a neurodegenerative disorder that 
represents 60 to 80% of dementia cases. Without treatment today, predictions reveal that its 
prevalence will be multiplied by four until 2050. This pathology is caused by the aggregations of Tau 
protein and amyloids that disrupt the neuronal signal. It is why we focus on Tau protein, more especially 
a short but crucial sequence called PHF6: 306VQIVYK311 responsible for its own aggregation. Our goal is to 
understand this mechanism at the atomic scale. 
 
To do it, 2 microseconds molecular dynamics (MD) simulations were performed, including 62 PHF6 
peptides. Their analysis was realized with the PyEMMA(b) software package thanks to Markov State 
Model method. It permits the obtention of metastable structures, thermodynamics, kinetics, and 
making statistics on the different possible paths among  states.   
MD simulations showed that the PHF6 aggregation is initiated by a dimer aggregation, followed by a 
trimer, a tetramer… Moreover, the assembly of two multimers. The PHF6 aggregation mechanism is not 
known to an atomic level. A recent publication(c) describing the PHF6 dimerization, has given some clues 
about the beginning of its mechanism.  
 
This work focuses on the different processes: i) dimerization, ii) trimerization, iii) tetramerization and iv) 
complexes' formation to gain a better of PHF6 aggregation. This knowledge is essential to understand 
how to prevent these phenomena for the treatment of Alzheimer's disease. 

 
Aggregation of 9 PHF6 peptides. 
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Glycosphingolipids (GSLs) are ubiquitous components on animal cell membranes and exposed on 

the outer surface of cell membranes. Ganglioside GM3, the first and simplest member in the metabolic 
series of a GSLs family, containing sialic acid, lactose and ceramide. GM3 has a strong impact on the 
occurrence and development of human cancer. GM3 is not only overexpressed in several types of 
cancer but also inhibits tumour cell growth through anti-angiogenesis or motility. In particular, the 
effect of GM3 on EGFR signalling is essential for cancer(a). Previously our laboratory synthesised a series 
of GM3 analogues, among them, several compounds display interesting activity against tumour growth. 
In the present study, we based on the multivalent effect to improve the biological activity of the 
compound, we screened out mannose-containing analogues with better anti-tumor activity from the 

previously synthesized GM3 analogues(b)，and further synthesized mannose-containing analogues 

oligomers， in order to study their antitumor activities and explore new leading compounds for cancer 
therapy. 

 
Structure of ganglioside GM3 

 

At first, the sialic acid was activated as sialyl xanthate form. Then the lipid precursor 
azidosphingosine was synthesized from the commercial D-(+)-galactose. Finally, the mannose bearing a 
free C6-OH residue was prepared by enzymatic hydrolysis, the enzyme CRL (lipase from Candida rugosa) 
can be specific to remove the c-6 acetyl group from per-acetylated mannose. further α-sialylation 
reaction and conjugation with lipid precursor, after several step manipulations, the mannose-containing 
analogues was synthesized. Next, conjugation of mannose-containing analogues to multivalent skeleton 
through the click reaction. At last, dimer, trimer and tetramer containing mannose analogues are 
synthesized. 
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Derivatives containing a quinuclidine scaffold are molecules of interest in medicinal chemistry. 
Indeed, this heterocycle is present in many natural molecules such as quinine, and have many 
different biological properties such as antimalarials, antipyretic or analgesic. Its high potential 
and its physicochemical properties have led chemists to develop synthetic molecules targeting, in 
particular, central nervous system receptors such as the α7 nicotinic acetylcholine receptor. a 

Despite its potential, few fused polycyclic structures containing the quinuclidine scaffold are 
described in the literature.b Therefore, there is great interest in developing novel structures and 
associated synthetic methodologies to increase the molecular diversity of these families and to 
study their biological potentials. 
To remove this lock, we have developed the synthesis of versatile platforms with a quinuclidine  
moiety fused with heterocycle containing nitrogen atom. We focused our research to create C-C 
or C-heteroatom bounds with several functionalization methodologies such as palladium-
catalyzed cross-coupling or SNAr using modern synthesis techniques, such as flow chemistry. 
All of these methodologies will be applied to design original analogs of SK inhibitors. 
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Thanks to its capability to recruit the cellular natural protein degradation system, 

PROTAC® (PROteolysis TArgeting Chimera) appears as a very promising technology in drug 

discovery for target validation. Indeed, PROTAC compounds are bifunctional small molecules 

that hijack the ubiquitin-proteasome system (UPS) to selectively degrade target protein in cells. 

In the last decades, new strategies have been proposed to modulate protein levels such as siRNA 

gene silencing and CRISPR-Cas9 gene-editing technology. Even if these strategies are very 

attractive, they cannot be used widely for example in vivo. With optimized properties, 

PROTACs® are new powerful tools for exploring biological pathways, target validation and 

development of therapeutic compounds.  

Here, we will define PROTAC® and illustrate how we designed such compounds for an 

in-house protein of interest. 
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Tachykinins (TKs) are a family of endogenous peptides widely expressed in the central and peripheral 

nervous systems as well as in the GI tract featuring unique C-terminal amino acid sequence Phe-Xaa-Gly-

Leu-Met-NH2 (a,b). They act as full agonists of G-protein coupled membrane receptors (neurokinin (NK) 1, 

NK2, and NK3)(a,b). NK receptors are shown to be promising as druggable targets for eg. Tachykinin NK1 

receptor antagonists for chemotherapy induced nausea and vomiting (rolapitant), as anticancer drugs, 

NK2 antagonist for irritable bowel syndrome (IBS), NK3 antagonists for treating schizophrenia (b,c). 

However, because of wide presence of these tachykinin receptors, it is not surprising that systemic 

administration of their antagonists non-specifically targets gut receptors, leading to side effects and 

subsequent discontinuations from clinical trials. As a remedy, we aim to target gut receptors selectively 

with orally administered peptides to promote epithelial repair via interaction with gut receptors 

involved in the wound healing response such as for GI disorders (IBS & IBD). 

Towards this goal, we report a successful synthesis of endogenous peptide agonists - Substance P, 

Neurokinin A and Neurokinin B; which display a very high selectivity towards NK1, NK2 and NK3 

respectively. We synthesized these peptides by solid phase peptide synthesis using Fmoc strategy on an 

automated microwave peptide synthesizer. Peptides were purified by reversed phase preparative HPLC 

and characterized by UHPLC-MS. We obtained desired peptides in sufficient quantities (20-37 mg), good 

to very good yields (19-37%) and a very high purity (99%).  

The synthesized agonists will serve as an in-house training set for biochemical, pharmacological, gut 

stability assays and for structural studies. In long term, this work will pave the way to identify TK 

analogues with anti-inflammatory effects as a novel treatment approach for IBD/IBS. 
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To date, antimicrobial resistance is one of the biggest public health challenges. Each year, at 
least 700 000 people die from antibiotic-resistance infections worldwide(a). Among the most 
virulent pathogens, gram-negative bacteria such as P. aeruginosa, some mycobacteria as 
Mycobacterium tuberculosis are particularly worrying. 
 
Therefore, it is urgent to identify and develop novel antibiotics with original antibacterial mechanisms of 

action. Amongst these, lipids are essential to maintain the bacterial membrane integrity and enzymes 

involved in their biosynthesis are potential antibiotic targets. These proteins are ubiquitous in the 

microbial pathogens and are not present in humans. Thus, risk of side effect with highly selective drugs 

is limited. FabZ is a β-hydroxyacyl-acyl carrier protein (ACP) dehydratase which plays a key role in the 

fatty acid elongation system (FAS II). So, the development of FabZ inhibitors could allow to design broad-

spectrum antibiotics with limited side effects. 

 
Very few FabZ inhibitors were described(c), (d) while several FabZ structures from different 
organisms such as P. aeruginosa, P. falciparum, H. pylori have been reported. Among FabZ 
inhibitors, a quinoline, NAS91-10 showed a good activity against PfFabZ (IC50 (PfFabZ)= 7.4 
µM)  (c). Moreover, the structure of PfFabZ in complex with NAS91-10 is available in the protein 
database (PDB code: 3AZA). Based on these, we have started a FabZ-based drug design study to 
propose new quinoline structures. The in silico study, the synthesis of the new quinolines and the 
first biological results will be exposed. 
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Breast cancer remains the leading cause of death by cancer among women. In particular, triple 
negative breast cancers (TNBCs) and Luminal B (LumB) cancers are difficult to treat with 
standard chemotherapy although this is almost systematically used as a first line of treatment. 
For these cases, initial results may be promising, but progression and dissemination are not 
prevented in the long term.  
Philippe Juin’s team in Nantes currently studies the BCL-2 family of proteins which act at the 
core of the therapeutic response of cancer cells and significantly contribute to their adaptation to 
stress.(a) Anti-apoptotic members of this family, which include BCL-2, BCL-xL and MCL-1, 
exert a survival activity that relies on their ability to bind and antagonize pro-apoptotic members 
by engaging a network of intracellular interactions. The binding interfaces have been targeted 
through the use of small-molecules BH3 mimetics (ABT-737/navitoclax dual BCL-2/BCL-xL, 
ABT-199/venetoclax selective BCL-2). Their studies with breast tumors slices ex vivo suggests 
that BCL-2 inhibitors would be useful for the treatment of breast cancers that are refractory to 
the acute effects of chemotherapy. 
There is thus a need to confirm that responsive tumors encompass chemosensitive ones and to 
define tools that could diagnose BCL-2 dependency to stratify patients. Sylvain Routier’s team 

in Orleans has synthesized several fluorescent probes based on ABT-199 structure and using two 
chromophores (Figure 1) and the CRCINA has evaluated their efficacy to modulate the 
interaction between Bcl-2 and its intracellular partners. Work is in progress to develop new 
probes based on fluorescent and radiolabeled BH3 mimetics. 
 

 
Figure 1: Design of fluorescent probes from ABT-199 
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We have studied the cytotoxicity and phototoxicity of nitrogen-doped TiO2 (N-TiO2) 
nanoparticles (NPs) of the anatase crystal form for a possible human cervical (HeLa) cancer 
therapy. TiO2 is biocompatible with living structures (a) and its electrons in the valence band can 
be excited under ultraviolet (UV) light irradiation to produce reactive oxygen species and kill 
cancer cells. On the other hand, UV light is harmful and its penetration depth is short, which 
hinders its applications as a photosensitizer. Thus, we have chosen doping of TiO2 with nitrogen, 
since it was already shown that N-doping shifts the absorbance towards the visible region and 
enables photoactivation of the TiO2 with visible light, whereas the biocompatibility is preserved. 
(b) To assess the biocompatibility of N-TiO2 with the cancer cells, we have treated the HeLa cell 
line with three different concentrations of N-TiO2 NPs suspensions. After 24h of incubation in 
the dark, we have observed significant cytotoxicity in samples treated with concentration of 100 
μg mL-1 of N-TiO2 NPs, whereas no significant cytotoxicity of the concentrations ≤50 μg mL-1 
was detected. Hence, we have selected the treatment of 50 μg mL-1 of the N-TiO2 NPs for 
phototoxicity and cell imaging. Given that the N-TiO2 absorbs in the region of 400-450 nm, we 
have examined the viability of the HeLa cancer cell line upon the N-TiO2 treatment followed by 
continuous blue light irradiation (420 nm, 10 μW) for 15 minutes. The survival fraction of the 
cells treated with N-TiO2 NPs decreased significantly upon blue light irradiation. The 
intracellular distribution of N-TiO2 NPs was examined by laser scanning confocal microscopy. 
Most of the cells survived the treatment after 24h, and the agglomerates of N-TiO2 NPs were 
distributed mainly inside the cancer cells. The results of viability in the dark show that N-TiO2 
NPs are not toxic for HeLa cells in the lower concentrations, and the evidence of cellular uptake 
points towards their biocompatibility. Furthermore, we have shown that it is feasible to induce 
cells’ phototoxicity upon treatment with N-TiO2 NPs and blue light irradiation. 
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In continuation of our long-standing interest in the synthesis of novel ferrocene-containing heterocyclic 
compounds,a of potential biological interest,b in this work we will report an easy performable synthesis 
of novel 3-(pyridinylamino)-1-ferrocenylpropan-1-ones. A fruitful aza-Michael addition of pyridinamine 
moiety to a conjugated enone, 1-ferrocenylpropenone, has been accomplished by an ultrasonic 
irradiation of the mixture of these reactants (reaction protocol previously reported by our research 
group).c As the catalyst montmorillonite K-10 has been used and the reaction has been carried out as 
solvent-free, yielding ferrocene containing Mannich bases, compounds considered as important 
precursors in organic synthesis. The reaction score has been evaluated on three examples. The prepared 
products have been purified by column chromatography and a detailed characterization of the obtained 
3-(pyridin-2-ylamino)-1-ferrocenylpropan-1-on and  
3-(pyridin-3-ylamino)-1-ferrocenylpropan-1-on has been completed by IR and NMR spectroscopy. In 
addition, this synthetic approach gives rise to favorable starting materials for further biological 
evaluation. 
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Macrocycles in drug discovery have been defined as a ring system consisting of 12 or more 
atoms. These compounds with properties outside Lipinski’s rule of 5 have raised particular 

interest in the field of medicinal chemistry(a).  In fact, they can modulate novel targets that have 
difficult, large, and featureless binding sites. The macrocycle allows a molecule to achieve a 
degree of structural pre-organization, such that key functional groups can interact across 
extended binding sites in proteins without a major entropic loss upon binding. This can result in 
high affinity and selectivity for protein targets, while preserving sufficient bioavailability to 
reach intracellular locations(b). Despite the molecular weight of the macrocycles which doesn’t 

respect the “lipinski's rule of 5”, the macrocycles have shown favorable physicochemical and 

pharmacokinetic properties such as good solubility, lipophilicity, metabolic stability and 
bioavailability(c). A recent survey lists 70 marketed macrocycle drugs and 35 macrocycles in 
clinical development, and these drugs belong to different classes including peptidic and 
nonpeptidic natural products(b) such as cyclosporine A and Tacrolimus respectively, non-natural 
(synthetic) peptides and non-natural (synthetic) macrocycles such as the dual JAK2/FLT3 
inhibitor pacritinib(a), now in advanced Phase III trials. Given the drug-like physicochemical and 
pharmacokinetic properties of macrocycles, the macrocyclization has found a lot of application 
in the field of kinase, protease and polymerase inhibitors and other biological targets(d). In this 
poster, we describe the impact of macrocyclization on ADME properties as well as its role in 
improving target selectivity, based on the various scientific research carried out in latest years in 
this field. 
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Epigenetics represents a modification of gene expression without altering the nucleic sequence 
of DNA. One of the main mechanisms of regulation of gene expression is chromatin remodeling 
via histone modification which is mediated by histone acetyltransferases (HATs) and histone 
deacetylases (HDACs), respectively.a Abnormal increased and decreased expression of HDACs 
is correlated with many diseases. All current HDAC inhibitors are characterized by a common 
pharmacophore with three key-elements for inhibitor-enzyme interactions: a metal binding 
domain that interacts with the active site, a linker domain and a surface recognition group 
interacting with the residues on the rim of the active site.b To design isoform selective inhibitors 
we were concentrated on the pharmacomodulations of capping region and the zinc binding group 
(ZBG) (Fig. 1). The aim was to obtain a molecule with the chain similar to that of SAHA and 
TSA (C5 or C6), with strong inhibitory activity against HDACs. Thus, the surface recognition 
groups in our compounds are phenylamine, trifluoromethylamine, trifluoromethylbenzylamine or 
difluorophenylamine with the chain of four or five carbon atoms, and with or without double 
bond. (Fig. 2). Chen et al. described the guaiacolate group as a potential ZBG using a DFT 
(M05-2X) method.c Besides the cap, we decided to incorporate 4-hydroxy-3-methoxyphenyl, 2-
hydroxy-3-methoxyphenyl, 4-difluoromethoxy-3-methoxyphenyl as a ZBG. The incorporation of 
a CF3 group to our compounds can improve liphophilicity and the inhibitory activity against 
HDACs. A trifluoroacetanamide group can be potent and selective class IIa histone deacetylase 
inhibitors as described by Lobera et al. The compounds displayed about 10-fold selectivity for 
class II over class I HDACs, the results were confirmed by molecular modeling.d,e 
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Fig.1. Pharmacophore model.           Fig. 2.  Structures of molecules envisioned as HDAC 
inhibitors. 
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Resistance to conventional antibiotics of Gram-negative bacteria such as Pseudomonas aeruginosa is an 
increasing phenomenon and a major medical problem which leads to therapeutic failure and requires new 
antibiotic therapies. Using bacterial iron transport systems is a promising Trojan Horse strategy to 
overcome these issues. TonB-dependent receptors allow specific recognition of ferric siderophore 
complexes in order to transport iron within bacteria(a). According to their kind, bacteria express different 
types of receptors that recognize their endogenous siderophores but also xenosiderophores. These 
specific systems may allow the introduction of antibacterial agents by forming antibiotic-siderophore 
conjugates or toxic complexes such as gallium complexes(b). 
Indeed, gallium has similar atomistic characteristics to iron and can be internalized by bacteria as 
siderophore-Ga(III) complexes which compete with the corresponding siderophore-Fe(III) complexes. 
Once inside the bacteria, gallium, which cannot be reduced, blocks the bacteria's iron-dependent 
biological mechanisms. An FDA-approved citrate-buffered GaN solution has been investigated in phase II 
and has shown promising results for clinical application in the treatment of P. aeruginosa in patients with 
cystic fibrosis. It is used as a low flow intravenous treatment to prevent the formation of a precipitate 
causing nephrotoxicity(c). The use of siderophore-Ga(III) complexes might overcome its toxicity. A proof of 
concept has already been established with the desferrioxamine-gallium DFO-Ga(III) complex active 
against P. aeruginosa(d). Recently, we have synthesized two 1,4-disubstitued piperazines bearing catechol 
and hydroxypyridinone moieties (1a and 1b). Their physicochemical properties (pFe and coordination 
mode of the metal) as well as the effective transport of the corresponding siderophore-Fe(III) complexes 
through iron uptake pathways have been evaluated by the ICMR and AGIR laboratories(e). These two 
chelators were also exploited to form and study the corresponding toxic complexes 1a-Ga(III) and 
1b-Ga(III). 
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The PD-1 (Programmed Death Receptor 1) protein is one of the immune system checkpoint receptors 
found on the surface of activated T lymphocytes. It regulates the immune system's immune response, 
interacting with its ligand - the Programmed Death protein – Ligand (PD-L1) on the surface of antigen 
presenting cells such as B lymphocytes or dendritic cells. The formation of a complex between PD-1 and 
PD-L1 proteins leads to a decrease in the activity of lymphocytes. This feature is intended to prevent the 
appearance of autoimmune diseases (a). However It has been proven that in some types of cancer (eg 
melanoma, pancreatic cancer) the PD-L1 protein is overexpressed, which means that the immune 
system response is impaired, leading to the development of the cancer (b). Due to the fact that cancer is 
often considered the "Plague of the 21st century", the subject of a number of studies has been the 
synthesis of compounds that can block the formation of the protein complex.  
In my work, I focus on the synthesis and study of the PD-1 protein affinity of peptides designed on the 
basis of the structure of the PD-L1 protein, which can block the formation of the PD-1 / PD-L1 complex 
(c). The peptides used in my research were designed on the basis of the crystal structure of the PD-1 / 
PD-L1 complex (PDB 4ZQK) and the MM-GBSA analysis. The synthesis of the above compounds was 
carried out on a solid support using the SPPS technique. As a result of this research, it is planned to 
obtain inhibitors of the PD-1 / PD-L1 complex, potential immunomodulators that can be used in the 
treatment of selected neoplasms. 

 
 Work financed by the Polpharma Scientific Foundation as part of the 17th Edition of the Competition for Research Projects No. 

1 / XVIII / 19: "Peptide immunomodulators as inhibitors of the next generation PD-1 / PD-L1 checkpoints". 
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Bladder cancer (BC) is one of the most common urological diseases. Its incidence continues to increase 
despite the development of various treatment regimens, and it has become necessary to search for new 
therapeutic approaches and pharmacological agents. Curcumin (CUR) and epigallocatechin gallate 
(EGCG) represent new options in the treatment of cancers, including BC. Their availability, safe use, and 
low production costs drive their increased implementation in therapy either alone or in combination 
with other drugs(a). However, their efficiency is hampered by low solubility in water and low stability in 
solutions. 
Nanoformulations are a promising tool for efficient drug substance delivery to the target site. Among 
these formulations, liposomes offer an effective way to increase bioavailability, improve solubility, and 
enhance intracellular absorption of the carried compounds, including CUR and EGCG (b,c,d). 
In the presented study, CUR and EGCG were entrapped in various liposomes, of different composition, 
to determine the optimal formulation for their most potent action on cancer cells. What is more, the 
combination of the two molecules in one formulation was also assessed in vitro on cancer cell lines to 
evaluate the potential synergism in action. 

 
This research was funded by National Science Centre, Poland, grant number 2019/35/B/NZ7/01165. 
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 Emerging contaminants are a group of chemical substances that have been detected 
at increasing concentrations in the environment in recent years (a). Long-term exposure to low 
concentrations of these substances has unknown effects but is predicted to be harmful. Usually, 
such contaminants are degraded in remediation facilities, but these new contaminants, such as 
pharmaceutics or cosmetics, demonstrate increased stability, when compared to regular contaminants. 
It is often impossible to eliminate them with the aid of conventional remediation techniques. As such, 
new methods of degradation are being sought for. 
 Recently, we demonstrated the use of hybrid materials (HM) prepared by chemical adsorption 
of phthalocyanines on TiO2 nanoparticles’ surface (b). Prepared HMs showed an average 
photodegradation efficiency of 90% of initial ibuprofen after 6 h of irradiation with UV light. However, 
no photodegradation was observed when the same HMs were exposed to red light (665 nm). Ideally, 
this kind of photocatalysts would benefit from photoexcitation by visible light. Thus, new HMs were 
prepared by employing anchoring groups, which are specific functional groups that covalently bind to 
the carrier’s surface, allowing for efficient energy transfer (c). Operating on HMs that utilize anchoring 
groups we expected to achieve photocatalytic activity under visible light. 
 Herein, we present preparation of described HMs and obtained results of photocatalytic studies 
performed on HMs where metal-free porphyrins were bound to TiO2 surface through three different 
anchoring groups.  
 

This study was supported by the National Science Centre, Poland under grant number 2016/21/B/NZ9/00783. 
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Neurofibromatosis is a disease which touches 1 in 3500 people worldwide. LIM-Kinase 

has been shown to be involved in the signalling pathway of this pathology,(a) and its inhibition is 
a promising therapeutic target.(b) As part of a project to develop new molecules for LIMK 
inhibition, we wished to use our synthetic experience for the preparation of new biologically 
active compounds. 

 
Starting from the structure of compound  I, one of the most efficient inhibitors of 

LIMK(c), we have designed several new molecular series. Structural modifications were made in 
three positions, and have lead to a library of over 130 compounds. To date, these original 
pyrrolopyrimidines have been tested for their activity against LIMK1 and LIMK2 as well as their 
inhibition of cofilin phosphorylation in cellulo with very promising results. New chemical 
modifications are in progress to improve pharmacokinetic properties as well as to target ROCK, 
another kinase deregulated in patients affected by neurofibromatosis.  
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Thiazolidinone ring is of substantial interest as it represents is a core structure in numerous synthetic 
medicaments displaying a wide variety of biological activities.a Besides, the thiazolidinone scaffold is 
found in various natural products, especially thiamines, molecules possessing cardiac and glycemic 
benefits such as troglitazoneb and many metabolic products of fungi and primitive marine animals, 
including 2-(aminoalkyl)-4-carboxylic acids.c Therefore, the synthesis of these heterocycles are of 
considerable interest to organic and medicinal chemists. In this work we will report the synthesis of 
novel 2-ferrocenyl-1,3-thiazolidine-4-thiones which include quite simple procedure according to which 
ferrocenyl thiazolidinones (1a-e) were treated by Lawesson’s reagent in toluene as solvent. In addition, 
a detailed characterization of the obtained 2-ferrocenyl-1,3-thiazolidine-4-thiones (2a-e) has been 
completed by IR and NMR spectroscopy.  
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Microtubules participate in cell division, cell morphology, and vesicle transport, to name a few 
functions. Given that, it is not surprising that microtubules constitute a validated target in cancer 
chemotherapy. α,β-Tubulin dimers are the building blocks of microtubules, with seven druggable 
sites characterized to date.  

The FDA has approved a few tubulin-binding drugs, such as paclitaxel or vinblastine. Despite 
their indisputable clinical success, there are some handicaps associated with these therapies, such 
as non-optimal pharmacokinetics, resistance mechanisms, or toxicity. In this work, we have 
selected the colchicine binding domain in tubulin as an antitumor target with the primary goal of 
obtaining novel compounds with ameliorated properties.  

Herein, we present the design and synthesis of novel colchicine-site ligands and the study of 
their mechanism of action. Our work has yielded a series of compounds that harbor two aromatic 
rings restricted into a relative folded conformation by a sulfonamide bridging the rings. These 
new ligands exert anti-proliferative activity in vitro against several tumor cell lines with IC50 
values in the submicromolar or nanomolar range. Two mechanisms may contribute to their 
antitumor activity. On the one hand, these compounds induce apoptotic cell death in the human 
tumor cell line HeLa (cervix adenocarcinoma) upon a sustained mitotic arrest. On the other hand, 
we have observed angiogenesis inhibition in vitro using the murine endothelial cell line 3B-11.  

Aside from the design and synthesis, the detailed mechanism of action and the characterization 
of the molecular target will be presented. 
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Non-steroidal anti-inflammatory drugs (NSAIDs) are principal drugs which are used to 
treat different conditions where inflammation is involved (1-3). They inhibit cyclo-oxygenase 
(COX) in a wide variety of systems. Therefore, COX inhibition has become definitively the main 
mechanism that is responsible for both the therapeutic and side effects of these drugs (4). Briefly, 
despite the clinical benefits of NSAIDs through nonselective COX inhibition or to the relative 
COX-1 and COX-2 inhibition, long term use of them increase the incidence of side effects 
(gastrointestinal, renal, allergic skin reactions, increased risk of acute coronary syndromes, 
bleeding) (4; 5). To improve clinical efficacy of NSAIDs, two platform strategies are currently 
emerging. The first one is drug combination in order to reduce the side effects of NSAIDs. The 
second strategy assumes that a single compound can hit multiple targets (single drug-multiple 
targets). 

Nitric oxide releasing nonsteroidal anti-inflammatory drugs (NO-NSAIDs) are a new class 
of anti-inflammatory drugs developed with the aim to reduce gastric-ulcerations through 
releasing of NO. The 1,3-thiazolidin-4-one scaffold serve as a core of many synthetic compound 
from a wide spectrum of biological activity such as antioxidant, antitubercular, antibacterial, anti 
HIV, anti-inflammatory and analgesic properties [6]. Also it was identified in natural compound 
like actithiazic acid (acidomycin), from Strepomyces strains and have act on Mycobacterium 
tuberculosis. 

Literature gives a lot of proofs that sustain that a drug which operates on several 
therapeutic targets it can subtly influence the activity of many enzymes. Therefore, the multi-
target pathways and increase of NO level on the inflammatory site may be a new therapeutic 
approach in the case of inflammatory diseases.  

In the present study we present the synthesize of new improved pharmacological and 
safety profile drugs to find out new indomethacin nitric oxide donors (NO-IND) with significant 
anti-inflammatory properties. They were developed by our research group as new therapeutic 
multi-targets strategy, able to inhibit COX and to release NO in the gastric medium. 

 
Bibliographic references : 
1. Ahmed AU. Front. Biol. 2011, Vol. 6, 274. 
2. Honnappa G, Kesavan MA. Int J Immunopathol Pharmacol . 2016, Vol. 29, 4, pg. 562-571. 
3. Wang K, Xiao J, Liu X et all. Sci Rep. 2019, Vol. 9, 7737. 
4. Kaur G, Silakari O. Future Med Chem. 2017, Vol. 9, 12, pg. 1361-1376. 
5. Moore N, Duong M, Gulmez SE, Blin P, Droz C Therapie. 2019, Vol. 74, 2, pg. 271-277. 
6. Spillera F, Fromiga RO. Nitric Oxide. 2019, Vol. 89, pg. 32-40. 
 
* Correspondence: E-mail alexandru_sava1@yahoo.com 

mailto:alexandru_sava1@yahoo.com


 
 

 
 
 



 
 

Synthesis and biological activity of some new hydrazone 
metal-complexes of diclofenac 

 

Maria Apotrosoaei(1)*, Alin Focșa(1), Drăgan Maria(2), Ioana 
Vasincu(1), Sandra Constantin(1), Alexandru Sava(1),  

Andreea Iacob(1), Florentina Lupașcu(1), Cătălina Stan(2), 
Lenuța Profire(1) 

 

(1) University of Medicine and Pharmacy “Grigore T. Popa”, Faculty of 
Pharmacy, Department of Pharmaceutical Chemistry, Iasi 700115, 
Romania . (2) University of Medicine and Pharmacy “Grigore T. Popa”, 
Faculty of Pharmacy, Department of Drug Industry and Pharmaceutical 
Biotechnology, Iasi 700115, Romania 

Restricted to 
organizers 

 

 

Introduction: Diclofenac, a nonsteroidal anti-inflammatory drug of the phenylacetic acid 
class, is on top of the prescription. On the other hand, it is known that metals play a crucial role 
in life processes, being involved in cellular and subcellular functions. In addition, the studies on 
NSAIDs complexation with metals have established that these drugs exhibit improved anti-
inflammatory/antioxidant properties in comparison to free ligands or exhibit different biological 
activities than the parent NSAIDs. Material and methods: The aim is to obtain new metal-
complexes based copper, zinc, nickel and as ligand-scaffold, diclofenac derivatives. The 
optimization of the synthesis reaction of the new metal-complexes was performed. The 
complexes formed were characterized by determination of physicochemical parameters (yields, 
melting point), and their structure were proved, using IR and 1H-NMR analysis. The stability of 
the complexes were studied using UV-VIS method and differential thermal analysis. The 
evaluation of the antioxidant potential was also performed using in vitro methods: total 
antioxidant capacity and reducing power. Results: It was observed that the best yield of the 
compound bis-(2-[(E)-(2-(2,6-dichlorophenyl) acetyl-hydrazino-methyl-phenoxy)-zinc (68%) 
was obtained following the reaction between 2-[2-(2,6-dichloroanilino)phenyl]-N-[(E)-(2-
hydroxyphenyl)-methylidenamino] acetamide (1 eq.) and Zn(CH3COO)2·2H2O (1.25 eq.), using 
ethanol as the reaction medium, at reflux, for 4 h. Using the optimization method, another 11 
complexes with hydrazone structure were synthetized. According to a comparative analysis of 
the results obtained for the 2-hydroxy-substituted hydrazones and the corresponding complexes, 
it is highlighted that 10 of the 12 synthesized complexes showed a better reducing activity than 
the corresponding hydrazones. Conclusions: The reaction of 2-hydroxy-substituted hydrazones 
with organic salts of some bivalent metals: Cu(CH3COO)2·H2O, Zn(CH3COO)2·2H2O, 
Ni(CH3COO)2·4H2O, in ethanol medium, led to the obtaining of 12 complexes. The yields for 
obtaining the complexes were between 45% and 72%. Moreover, it was noticed that the 
antioxidant effect increases with concentration and it is influenced by the metal used for 
complexation of 2-hydroxy-substituted hydrazones. 

Scientific research funded by the UMF "Grigore T Popa" Iasi, based on contract no. 10308/29.06.2020  and 
d by the grant of UEFISCDI, PN III Program, AUF-RO,AUF-IFA 2019-2020, contract no. 28/2019. 
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(b) Leung CH, Lin S, Zhong HJ, Ma DL. Metal complexes as potential modulators of 
inflammatory and autoimmune responses. Chem Sci 2015; 6(2):871–84. 
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  Over the past decades, fluorescent probes had become a powerful tool to study cell function 

from mitosis to intracellular transport as small fluorescent molecules were designed to label selectively 

most of organelles.[1] However, their application is limited because of unmet needs like high emission 

and excitation wavelengths in order to avoid degradation and allow deep penetration in tissues. As a 

consequence, one of the most challenging issue is to develop probes that have high emission and 

excitation wavelengths. 

 

From the triphenylamine scaffold, our team developed biocompatible OFF/ON fluorescent 

conjugated systems with high charge transfer possessing good two-photon absorption cross-sections. 

[2] Here we describe the design and the synthesis a new OFF/ON silicon-based fluorescent probe. Its 

ability to label organelles in live cells is also studied thanks to confocal microscopy.[3] 

 
Figure 2 : Confocal microscopy imaging of live A549 cells incubated with SiFluo-L at 2 µM during 

2h under two-photon excitation (750 nm) 
 

Bibliographic references:  
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Radiolabelling of pharmaceutical compounds has a direct impact on the discoveries in the field of life 
sciences and nuclear medicine. Indeed, radiolabelled compounds are, nowadays, usually used for non-
invasive studies, such as medical imaging, drug development and radiotherapy. Radio-iodinated tracers 
allow to work in several fields of application. Four radioactive-isotopes can be used, each one with a 
specific application: 123I and 124I for SPECT and PET imaging respectively, 125I for binding studies, 131I for 
radiotherapy. Different methods are already described for radio-iodination1 and are usually based either 
on isotopic exchange or on the replacement of a functional group by iodine.2–5 Isotopic exchange 
requires harsh conditions and leads to a low specific activity. Among the many functional groups that 
can be used to perform radio-iodination, organotin derivatives are the most popular due to the obtained 
high specific activities and the possibility to perform iodo-destannylation in mild conditions. However, 
organostannane are notoriously fragile, toxic and difficult to isolate. The use of function more stable and 
less toxic would make the synthesis of radio-iodinated compound more attractive. The carboxylic acid 
function fulfils these requirements. The easy access to carboxylic acid derivatives and their low prices 
due to their wide presence in natural products, and common chemicals make the development of this 
method very attractive. We wish to describe here a gold(I) mediated radio-iododecarboxylation based on 
the work of Cornella et al.,6 this approach could find other applications in radiolabelling with other radio-
isotopes. 
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Retinitis pigmentosa (RP) is one of the inherited retinal disorders leading to intense vision loss 
or blindness resulting from the degeneration of photoreceptor cells.  Histone deacetylase 
enzymes resulted highly expressed in photoreceptors, where their inhibiton delays cone death 
and supports long-term cone survival. The selective HDAC6 inhibitor Tubastatin A significantly 
restored visual function in atp6v0e1–/–, a zebrafish model of retinal blindness compared to 
other HDAC6 inhibitors such as Tubacin and NF2373. Starting from these observations, a small 
set of Tubastatin A analogues was prepared to evaluate if these molecules were able to 
selectively inhibit HDAC6 and restore vision in the same RP model. The best derivatives NF2899 
and NF2907 showed hHDAC6 IC50 values of 97 and 20 nM respectively (SI 33 and 61 respect to 
HDAC1) and good physico-chemical properties in terms of LogP and solubility. The molecules 
occupied the same binding pocket of Tubastatin A, with the phenyl linker moiety interacting 
with His651, Phe680 and Phe620. NF2907 at 100µM and 80µM showed a statistically significant 
improvement in dye vision (80µM and 100µM p≤0.01), with a maximum tolerate dose deemed 
at 100 µM.  

 

 
Acknowldgements: Prof. Manfred Jung (Institute of Pharmaceutical Sciences, Albert-Ludwigs-

Universität Freiburg; Prof Breandán Kennedy (UCD Conway Institute, UCD School of 
Biomolecular and Biomedical Science University College Dublin) 

 
Bibliographic references: 
(a) Carullo, G.; Federico, S.; Relitti, N.; Gemma, S.; Butini, S.; Campiani, G. ACS Chem. Neurosci. 2020, 11, 
2173−2191. 
(b)Sundaramurthi, H. ; Roche, S.L. ; Grice, G.L. ; Moran, A. ; Dillion, E.T. ; Campiani, G. ; Nathan, J.A. ; 
Kennedy, B.N. Front. Cell Dev. Biol. 2020, 8, 689. 

    
* Correspondence: gabriele.carullo@unisi.it   

mailto:gabriele.carullo@unisi.it


 
 

 
 
 
 
 
 
 
 
 
 



 
 

Chitosan-based polymeric systems with applications in 
diabetes mellitus treatment 

 

Luminita Confederat (1)*, Cristina Tuchiluș (1), Iustina 

Condurache (2), Maria Drăgan (3), Andreea Iacob (3), Ioana 

Vasincu (3), Florentina Lupașcu (3), Maria Apotrosoaei (3), 

Alexandru Sava (3),  Lenuța Profire (3). 

 
           (1) Faculty of Medicine, “Grigore T. Popa” University of Medicine 

and Pharmacy, Iasi 700115, Romania. 
 (2) Faculty of Medical Bioengineering, “Grigore T. Popa” 

University of Medicine and Pharmacy, Iasi 700115, Romania.   
(3) Faculty of Pharmacy, “Grigore T. Popa” University of Medicine and 

Pharmacy, Iasi 700115, Romania,  

Restricted to 
organizers 

 

 

Objectives: Recent research activities are focused on the use of different drug delivery systems 
based on natural polymers in order to improve the pharmacokinetic and pharmacological profile 
of some drugs. Chitosan is a wide-spread natural polymer, being accessible, biocompatible, 
without toxicity and low immunogenicity. In addition to this, chitosan presents some important 
pharmacological effects beneficial for the management of diabetes mellitus including 
hypoglycemic, cholesterol-lowering, antioxidant and favorable effects in reducing obesity. The 
aim of this study was the development and biological evaluation of some polymeric systems 
containing chitosan, gliclazide and lipoic acid. Material and Method: The chitosan-based 
systems were prepared as microparticles, being obtained by inotropic gelation, using 
pentasodium tripolyphosphate (TPP) as cross-linking agent. Medium molecular weight chitosan 
1.5% was used, the concentration of cross-linking agent was 2% and the chitosan: gliclazide: 
lipoic acid ratio was 1: 0.5: 0.5. The microparticles obtained were characterized in terms of size, 
structure and morphology using IR Spectroscopy and Scanning Electronic Microscopy (SEM). 
The percentage of drug loading and the release of the drugs from the polymeric matrix was 
determined using a validated HPLC method. The systems obtained were evaluated in vivo on 
diabetic Wistar rats. After the induction of diabetes, the microparticles were administered orally 
for 30 days. During the experiment and at the end of it, it was evaluated the influence of the 
systems developed on the blood glucose and glycosylated hemoglobin values, body weight, food 
and water consumption. Results: The size of the microparticles obtained ranged between 732.1 
and 790.42 µm. The IR analyses proved the drug encapsulation and the SEM analyses showed 
the surface morphology. The drug loading percentage was 33.91% for gliclazide and 42.53% for 
lipoic acid. The polymeric systems developed proved a favourable influence on the glycaemic 
profile, reducing significantly the blood glucose and glycosylated hemoglobin values. Also, the 
developed microparticles showed the benefit on body weight and food consumption. 
Conclusions: The developed chitosan-gliclazid-lipoic acid systems present all the theoretical 
premises to act as a multi-target treatment of diabetes mellitus.   
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Cell division process is regulated by a series of control mechanisms that, when they are altered, produce 
an uncontrolled proliferation of cells, leading to cancer. To avoid this, attempts are made to develop 
drugs capable of preventing mitosis, a process in which microtubules are essential (protein polymers 
formed by 13 linear protofilaments, composed in turn by heterodimers of α/β tubulin). As dynamic 
structures, microtubules continually polymerize and depolymerize. Drugs that use tubulin as a target 
alter these dynamics and are effective therapies for the treatment of tumours. 
Combretastatin A-4 (CA-4) is a natural product that affects microtubule dynamics by binding to the 
colchicine site of tubulin and shows potent cytotoxicity. However, its main disadvantages are the low 
solubility in aqueous medium.1 
In this work B-ring of CA-4 has been replaced by heteroatomic rings, which has proven to lead to potent 
derivatives2, 3,4 and the olefinic bridge has been replaced to improve aqueous solubility. 
 

 
 
Synthesis of compounds and its biological evaluation will be presented in this work. 
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Purpose: Corneal neovascularization (CNV) is a major cause of blindness worldwide 1. Topical 
steroids are widely used to treat CNV, but the results are highly variable. Glucocorticoids act 
through binding to both glucocorticoid (GR) and mineralocorticoid receptors (MR). MR 
overactivation contributes to retinal and choroidal neovascularization 2,3, and endothelial MR 
invalidation reduces CNV in mice. We thus aimed to evaluate the pharmacological effects of MR 
antagonism in CNV.  
Methods: CNV was induced in one eye of Lewis rats by a 360° circumstance total corneal de-
epithelialization and limbal scratching. Rats were injected subcutaneously with MR antagonist 
(MRA) spironolactone 25mg/kg/day or vehicle for 14 days. Corneal morphology and thickness 
were assessed in vivo at day 3, 7 and 14 using Micron III optical coherence tomography (OCT). 
Corneal re-epithelialization was evaluated by fluorescein staining under slit lamp at day 3 and 7. 
Fluorescein (FA) and indocyanine green angiographies (ICG) were performed at day 14 to 
evaluate the surface of CNV. Rats were sacrificed at day 16 and eyes removed for 
immunostaining of ED1, IBA1 and GSI-B4. Peripheral cornea and tissues adjacent to limbus 
were also dissected at day 3 and day 7 for quantitative PCR and transcriptomic analysis. A more 
specific MRA eplerenone (200mg/kg/day in chew for 14 days) was also used to confirm the 
effect of MR antagonism. 
Results: Spironolactone significantly reduced the CNV and corneal thickness compared to 
vehicle. There is no difference in corneal re-epithelialization between spironolactone and 
vehicle. Spironolactone reduced infiltration of ED1 and IBA1 positive inflammatory cells and 
decreased the isolectin-positive neovascular surface in the cornea. The transcriptomic signatures 
showed 212 differentially expressed genes (26 up-regulated and 186 down-regulated) involved in 
corneal wound healing and differentiation, infectious responses, inflammatory and immune 
responses, myogenesis and hypoxia. The qPCR showed an up-regulation of GR in 
spironolactone treated group tilting the GR/MR balance in favor of GR pathway. Eplerenone 
confirmed the anti-angiogenic effect of MRA.  
Conclusions: MRA is anti-angiogenic, anti-inflammatory, and anti-edematous in rat CNV. The 
potential additive effect of MRA and glucocorticoids on CNV will be further tested.  
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The study objective. The purpose of this study was to evaluate new azetidine-2-one 

derivatives of ferulic acid; the in vivo acute toxicity of azetidine-2-one derivatives of ferulic acid 
on Swiss white mice was investigated. Based on the results obtained, it can be stated that the 
studied derivatives fall into the category of compounds with moderate toxicity. Materials and 
methods: The in vivo anti-inflammatory potential of these derivatives was evaluated on a model 
of acute inflammation induced by carrageenan in rats and on chronic inflammation model 
induced on rats using the granuloma test. Results: In the acute inflammation model, all the 
studied compounds had a maximum anti-inflammatory effect, 24 hours after administration, 
which suggests that these compounds may be classified, from a pharmacokinetic point of view, 
in the category of long-acting compounds. The most active compound in the series was found to 
be compound 6b. In the case of the chronic inflammation model it was observed that both the 
studied compounds (6a-f) and the reference substances (diclofenac sodium, indomethacin) had a 
more intense effect of inhibiting the proliferative component, respectively of granulation tissue 
formation, than on the transudative component of chronic inflammation. The most important 
inhibitory effect of the transudative process was recorded for compound 6b. Also, investigation 
of liver function was performed by determining serum levels of liver enzymes (AST, ALT, 
LDH) and bilirubin (total and direct). The results showed that in the series of azetidin-2-one 
derivatives, the liver enzyme concentration values were close to those recorded for the reference 
anti-inflammatories (diclofenac sodium and indomethacin) and slightly higher compared to the 
values for the healthy control group. At the end of the experiment, the animals were euthanized, 
taking fragments of liver, lung and kidney tissue from all groups in the study. These were 
processed in order to perform the histopathological examination, not noticing major changes in 
the groups treated with azetidine 2-one derivatives compared to the healthy groups. Keywords: 
azetidine-2-one derivatives, ferulic acid, acute inflammation, chronic inflammation, biochemical 
parameters, histopatological study. 
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Alzheimer’s disease is a neurodegenerative illness characterized by short term memory confusion, 
executive performance disturbance and space and time orientation function disruption among other troubles. 
Brain studies on Alzheimer’s disease patients constantly revealed two types of damages: amyloid plaques and 
neurofibrillary tangles. Both of these damages are related to abnormal protein aggregation: beta-amyloid 
peptide (Aβ) for amyloid plaques and tau protein for neurofibrillary tangles. For both of these proteins, key-
peptide sequences were identified as responsible for early oligomerization, initiating the whole amyloidogenic 
process.(a, b) In fact, those peptides adopt a beta-sheet structuration and pile themselves up, guiding the protein 
aggregation initiation. 

We are aiming to synthesize small molecules as protein-protein interaction disruptors in order to prevent 
early stage aggregation. 

The present work was initiated by a conformational analysis of the Tau key hexapeptide implied in Tau 
aggregation, called PHF6 (Paired Helical Filament hexapeptide). We built preformed PHF6 aggregates and 
assessed their stabilities through Molecular Dynamic (MD) simulations and analyses of intra- and intermolecular 

interactions. Then, MD simulations of PHF6 
aggregates with palmatine, a Tau aggregation 
disruptor,(c) were launched and mechanisms of 
aggregation disruption will be proposed. 
Then, similarity screening of our in-house chemical 
library(d) based on palmatine and in vitro tests 
provided 40 scaffolds as starting points for the 
rational design and synthesis of small molecules 
that could disturb the amyloid fibril interactions. 
Finally, we set up a new kind of 3D-simulation to 
comprehend early Tau protein aggregation process 
that bring up together disordered PHF6 gradually 
aggregating. This simulation was also carried out 
with palmatine in order to assess its aggregation 
inhibition capacity in very early stages. 
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Apoptosis, an essential form of programmed cell death, is a tightly regulated cellular process to 

eliminate unwanted or damaged cells. Resistance of apoptosis is a hallmark of cancer cells.[a] X-linked 
inhibitor of apoptosis proteins (XIAP) is one of key apoptosis regulators that promote cancer cell resistance 
to apoptosis when overexpressed, like in ovarian cancer.[b] Disrupting the binding of XIAP with their 
functional partners (caspase 3/7/9) therefore is a promising strategy to restore the apoptotic response to 
proapoptotic stimuli and overcome chimioresistance.[c] 

In medicinal chemistry approaches, the most successful example is the use of small molecules to 
mimic interactions between BIR2 or BIR3 XIAP domains and the binding motif of SMAC, an endogenous 
peptide inhibitor. If several peptidomimetic compounds have been developed last years, recurrent 
drawbacks are: the difficulty to achieve selectivity between members of the IAP proteins family, or 
between XIAP-BIR2 or XIAP-BIR3 domains, and unfavorable pharmacokinetic parameters.[d]  

These past years, we have been conducted a rational approach to develop original non-peptidic 
inhibitors of XIAP-BIR2 domain. A step of fragment-based drug design and optimization of in vitro 
evaluation allowed us to obtain a first library. As the fragment MR34659 showed a promising selectivity for 
XIAP-BIR2, we kept it as the starting point for our pharmacomodulation study, based on difference 
between BIR2 and BIR3 domains[e] in order to improve both its affinity and its selectivity. All our work is 
actually supported by molecular modelling and in vitro assays (Alphascreen, Fluorescence Polarization 
Assay). 

 
Bibliographic references: 
(a) Hanahan D., et al. Cell 2011, 144, 646-674. 
(b) Momenimovahed Z., et al. Int. J. W. Health 2019, 11, 287–299; Chessari G., et al. J. Med. Chem. 2015, 58, 6574-6588. 
(c) Rathore R., et al. Apoptosis 2017, 22, 898-919. 
(d) Cong H., et al. J. Med. Chem. 2019, 62, 5722-5750. 
(e) Lukacs C., et al. Acta Cryst. 2013, D69, 1717-1725; Donnell A. F., et al. J. Med. Chem. 2013, 56, 7772-7787. 
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Aim. In recent years, the use of nanomaterials for biomedical and pharmaceutical applications 

had gained significant attraction. Thus, a considerable percentage of nanomaterials are used in various 
biomedical applications for wound dressings, drug delivery and other medical purposes. The goal of this 
work is the development of innovative electrospun nanofibers based on chitosan and polyethylene 
oxide (CS/PEO) with arginine and propolis incorporated as active substances and their biological 
evaluation as new dressing materials in terms of antibacterial activity and anti-hemolytic potential by 
erythrocyte membrane stabilization. Materials and method. The choice of bio-polymers and bioactive 
agents was not arbitrary, but was based on their beneficial properties in tissue healing. The in vitro assay 
used for proving the anti-inflammatory potential allows the determination of the ability of the 
compounds to protect the erythrocyte membrane from hypotonicity-induced lysis, expressed as the 
percentage of erythrocyte membrane stability. The antimicrobial activity of the samples was studied 
using Gram positive bacterial strains (Staphylococcus aureus ATCC 25923), Gram negative bacterial 
strains (Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853) and pathogenic yeasts 
(Candida albicans ATCC 10231) by disc-diffusion method, where the diameters of the inhibition area 
(mm) including disc size, were measured. Results and discussions. By varying the essential parameters 
in the formation of electropsun nanofibers, it was concluded that the best results were obtained at a 
flow rate of 5ml/h applying a voltage of 20 kV and a distance from the syringe needle to the collecting 
plate of 25 cm. Analysis of the literature and SEM micrographs of the obtained nanofibers showed that 
chitosan has an outward orientation of the nanofibers, while PEO has an inward orientation. After 
analyzing the results obtained, it was concluded that the best results were obtained for the formulations 
containing dry propolis and arginine in 7.5% conc. Conclusions. New chitosan-based electrospun 
nanofiber dressings were formulated that incorporated arginine and propolis into the polymer matrix 
and were biologically evaluated by determining the spectrophotometric anti-hemolytic potential and 
the antimicrobial potential. The results obtained justify the use of these formulations as potential 
dressings for a faster healing and with minimal risk of infection. 

Acknowledgment: Scientific research funded by the University of Medicine and Pharmacy 
“Grigore T Popa Iasi”, based on contract no. 27496/20.12.2018. 
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Propionic acid derivatives are a class of nonsteroidal anti-inflammatory drugs (NSAIDs) used for 
treating pain or inflammation. The first member of this class introduced in therapy was 4-(2-
methyl propyl) phenyl] propionic acid (ibuprofen) as a better alternative of acetylsalicylic acid 
(aspirin). Ibuprofen has important analgesic, antipyretic and anti-inflammatory properties, but 
also some studies evidenced antioxidant activity. It seems that inflammation and oxidative stress 
have been implicated as pathogenic mechanisms in some neurodegenerative disorders such as 
Parkinson or Alzheimer diseases. Some evidences confirmed that the use of NSAIDs could be 
useful in the prophylaxis of these types of diseases. Ibuprofen can scavenge the reactive oxygen 
species and reduce the oxidative damage.  
Some hydrazones and thiazolidin-4-ones of ibuprofen were synthesized and the antioxidant 
potential of them was evaluated using four in vitro assays: DPPH and ABTS radical scavenging, 
total antioxidant capacity and reducing power tests.  
Structural modulations of the free carboxyl group of ibuprofen aimed to obtain derivatives that 
showed an antioxidant effect comparable or more intense than the basic structure. Most 
compounds with thiazolidin-4-one structure have been shown to be more active than the 
corresponding hydrazones, which supports the importance of the thiazolidin-4-one scaffold for 
the antioxidant effect. Some derivatives presented an important antioxidant potential, which 
recommends them as potential therapeutic agents in diseases where inflammation and oxidative 
stress have an important role (inflammatory, neurodegenerative, neoplastic diseases). 
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 Abstract  

Antibiotics presence contribute to the development of the anti-bioresistance diseases. 
Tetracycline (TCL) presently studied is the most commonly used antibiotic despite its high 
toxicity and persistence in the environment and especially in wastewaters (a). Two fungal strains, 
one basidiomycota Trametes trogii and one ascomycota Trichoderma harzianum were 
previously selected for their high ability to grow on different culture media (YNB, YPDA, PDA) 
with and without TCL. In addition, these strains were selected for their non-pathogenic 
properties for human. Then a comparative study was performed between both strains to 
determine their potential for the bioremediation of TCL in a two compartments fungal microbial 
fuel cell (FMFC)(b,c). A solution of 100mg/l of TCL was used in the bioanode compartment as 
the sole source of carbon and was exposed successively to the studied bioanodes. HPLC and 
UV-VIS analysis allowed to follow TCL concentrations and determine the kinetical parameters 
of degradation. The results revealed that the two strains were able to biodegradate TCL in a first 
order kinetic model. Furthermore, T. harzianum was faster with a kinetic constant value of 
k20°C=0.011 h-1 vs 0.005 h-1 for T. trogii, also a percentage of biodegradation in 24h hours at 20% 
and only 7%, respectively. Besides, the bioanode with T. harzianum was able to provide the 
higher amount of power density with 0.2 mW/m² compared to only 0.05 mW/m for T. trogii. 
Moreover, we have tested a previously developed(b) cathode recovered of a chemical catalyzor 
poly-NiTSPc with a new biocathode with a biofilm of T. trogii. The result showed an enormous 
increase of the power density from 0.2 to 6 mW/m2 with the biocathode C/T. trogii vs chemical 
cathode. This can be explained by the ability of T.  trogii to produce high laccase activity up to 
10000 mU/m (d)l, a well-known enzyme for catalyzing the reduction of O2. Consequently, T. 
trogii seems to be more efficient as biocathode and T. harzianum as a bioanode in our FMFC. 
Future work will confirm the first results reported here particularly the interest in replacing a 
chemical Ni cathode by a biocathode. Others antibiotics will be also tested soon. 
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Tubulin, heterodimeric protein formed by two subunits, α and β; is responsible for the formation 

of microtubules, which support the cytoskeleton, intervene in cell motility, cell division, 
transport of organelles, maintenance of cell morphology and signal transduction. Although 
tubulin is a highly conserved protein, the trypanosomatid microtubules present up to eleven 
different amino acid substitutions at the colchicine binding site, compared to mammals. 
Based on the sulfonamide privileged scaffold, a new family of Tubulin Binding Sulfonamides 
has been designed, synthesized and modified at strategic points, according to the colchicine 
tubulin binding site in Leishmania spp. with respect to mammals, in order to find novel 
molecules with possible applications as antileishmanial agents without affecting mammalian host 
cells (Fig. 1). 

 
Fig. 1: General structure of new Tubulin Binding Sulfonamides. 

The sulfonamide moiety is considered a privileged scaffold in medicinal chemistry due to a 
combination of favorable and highly tunable physical–chemical and biological properties, 
including a suitable combination of accessibility, stability, hydrogen bonding capability, polarity, 
hydrophobic-hydrophilic balance and conformational preferences, among others.a 

The in vitro antileishmanial activity against promastigotes and axenic and intracellular 
amastigotes together with the antiproliferative activity in human cells will be presented. 
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 The microtubule filament system of eukaryotic cells is an important drug target for anticancer 

agents. Combretastatin A4 is the most prominent member of a family of products which bind to 

the colchicine site of tubulin, destabilizing microtubules thus inhibiting polymerization.  

CA-4 suffers from low water solubility; therefore, many modifications have been explored to 

provide new drugs with improved therapeutic profiles. In this work, we have replaced the 

olefinic bridge into nonisomerizable one-atom bridges such as the isocombretastatins or the 

phenstatins.  

 
Synthesis and activity results will be presented.  
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Although its incidence and mortality have declined over the last decade, gastric cancer (GC) is still one of 
the most frequently diagnosed and is the third leading cause of cancer death. Therefore there is an 
urgent need to find new therapeutic approaches that improve GC outcome.  
 
The ether phospholipid edelfosine (EDLF), prototype of a promising family of anti-cancer drugs called 
alkylphospholipid analogs, induces apoptosis in a wide number of cancer cells (including cells from solid 
tumors), whereas normal cells are scarcely affected [1]. In order to increase EDLF bioavailability,  
improve its pharmacokinetic and pharmacodynamic parameters, as well as reducing off-target effects in 
vivo, EDLF encapsulation in nanoparticles (NPs) could be promising for its application in gastric cancer 
therapy. 
 
Herein we present the design and synthesis of two different types of NPs containing EDLF (Figure1). 
Firstly, Solid Lipid Nanoparticles (SLNs), where EDLF is embedded inside the NPs in their solid lipid core 
and surrounded by a surfactant. Secondly, Superparamagnetic Iron Oxide Nanoparticles (SPIONs), 
composed by an iron oxide core, surrounded by oleic acid and where  EDLF is conjugated on the surface 
of the NP. In this case we synthesized three formulations based on different initial core sizes and 
EDLF/Fe ratio. Thus, we generated different and new formulations of EDLF and studied their effects on 
two different gastric cancer cell lines (AGS and SNU-1), considered as situated at two ends of the 
spectrum of EDLF response.  Our results show that SLNs need longer incubation times to achieve the 
same effect as  free EDLF when used at the same drug concentration. On the other hand, our work have 
demonstrated that EDLF encapsulated on SPIONs is at least as effective as the free drug, and it could be  
more effective if formulated with certain core size and ratio EDLF/Fe. These results suggest that EDLF 
loaded in NPs could be a promising new approach for gastric cancer treatment. 

 
 

  
  
  

Bibliographic references: 

1.  Gajate, C., Mollinedo, F. Blood 2007, 109, 711-719. 

 

* Correspondence: juliamayorpillado@gmail.com 

Figure 1 : Structure of two different–EDLF-nanoparticles. 

mailto:juliamayorpillado@gmail.com


 
 

 
 

 

 

 

 

 

 

 



 
 

Conditional generation of free radicals by selective activation 
of alkoxyamines: towards more efficient and less toxic 

targeting of brain tumors. 
 

P. Piris(1)*, D. Buric(1), T. Yamasaki(2), A. Rodallec(1), M.-P. 
Montero(1), M. Rossi(1), C. Chacon(1), N. André(1), S. Combes(1), 

P. Brémond(1) and M. Carré(1) 

 

(1) Aix-Marseille Université, CRCM, Inserm UMR1068, CNRS UMR7258, 
IPC, Faculté de Pharmacie, Marseille, France 

(2) Aix-Marseille Université, ICR, CNRS UMR7273, Faculté des Sciences, 
Marseille, France 

Restricted to 
organizers 

 

 

Glioblastoma multiform (GBM) is the most common intracranial tumor observed in adults. 
Despite a significant progress in their clinical management, these tumors have one of the poorest 
prognoses for survival due to a poor response to therapeutic strategies. GBMs thus present 
unique challenges for identification of new drugs. Our previous results(a),(b) revealed the 
theranostic properties of alkoxyamines (R1–ONR2R3), which undergo homolysis to generate: i) 
an alkyl radical (R1•) that triggers the death program in GBM cells and ii) a nitroxide (R2R3NO•) 

that can enhance the MRI signal.  
In the present project, we propose to improve the efficacy of alkoxyamines while controlling 
their homolysis by matrix metalloproteases (MMPs)-mediated hydrolysis.  
We have synthesized a library of 85 novel alkoxyamines, and selected the most efficient 
molecule, i.e. K1, in inhibiting both GBM cell survival and migration in 2D cultures and 3D 
spheroids models. Results from a PBPK modeling supported that K1 is able to pass through the 
plasma membrane. Moreover, we showed that K1 early accumulated in GBM cells, triggered the 
generation of reactive oxygen species, and induced the fragmentation of the mitochondrial 
network that results in apoptosis. K1 was then bioconjugated to a peptide selectively recognized 
by MMPs(c). This bioconjugate successfully inhibited survival, proliferation and invasion of the 
GBM spheroids. To further characterize its activity, we developed an innovative organotypic 
model based on the graft of stably-fluorescent GBM spheroids in ex vivo mice healthy brain 
slices. Response to treatment was daily monitored by live cell microscopy and fluorescence well 
scanning. It confirmed that K1-bioconjugate significantly impaired GBM progression, while no 
severe side-effects to the healthy tissue was observed. 
Most of these results have been also extended to medulloblastoma, which is the most common 
malignant brain tumor in children. Based on structure-activity relationships, new derivatives are 
being synthesized to further increase the selective activation of alkoxyamines. 
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Histone chaperones are key actors in genome integrity maintenance, they escort histones and 
assist their deposition on DNA, thus contributing to chromatin dynamics.(a) Among them, the 
histone chaperone ASF1 (Anti-Silencing Function 1), which handles the histone H3-H4 dimer, 
was recently shown to constitute a new target in cancers.(b-c) Consistently, ASF1 plays an 
important role in cell growth and proliferation.(d) Its depletion sensitizes cells to doxorubicin, a 
drug currently used in chemo- and radiotherapies. 
 

Our team initiated the design of ASF1 inhibitors competing with its association with the H3-H4 
dimer. Taking advantage of the high resolution structure of the human ASF1A-H3-H4 complex, a 
first generation of inhibitory peptides was designed on a rational based strategy, combining 
epitope tethering and optimization of interface contacts.(e) The designed peptides reached 
binding affinities in the nanomolar range for ASF1 and showed anti-tumoral properties on 
cancer cell lines and in mouse allograft models.(f) However, their biological activity was largely 
impaired by their poor bioavailability and significant sensitivity to protease degradation. The 
objective of my thesis project is to generate a second generation of inhibitors based on urea-
based foldamers/chimeras that showed improved resistance to proteolysis.(g) The last 
generations of ASF1 inhibitors, integrating full-length peptidomimetics as well as full-urea 
helixes, will be presented. 
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Malaria is the deadliest parasitic infection with an estimate of 409 000 deaths and 229 million 
cases worldwide in 2019.(a) The disease is caused by a parasite of the Plasmodium genus and 
transmitted by mosquitoes of the Anopheles genus.  
The lead compound of a series of  2-aminothienopyrimidinones,  called M1, showed an 
antiplasmodial multi-stage activity (liver, blood and sexual stages) in vitro with nM values 
associated with a low cytotoxicity.(b) Its mechanism of action is unknown and differs from the 
commercial antimalarial drugs. In vivo activity on P. yoelii infected mouse model was achieved 
but only with the use of CYP450 metabolism inhibitors (1-aminobenzotriazole, ABT). 
The goals of this project are to obtain analogs of M1 with improved solubility and metabolic 
stability while keeping the same activity, and to continue the initial Structure-Activity 
Relationships (RSA) study. The synthesis work is divided into two parts:  
1. Modulation of position 6 of the thienopyrimidinone core using Suzuki-Miyaura, Sonogashira 

or Buchwald-Hartwig palladium-catalyzed couplings. 
2. A scaffold hopping strategy focused on the thiophene cycle to explore different five-

membered aromatic rings. 
Obtained analogs are tested on in vitro P. falciparum blood stage and the best ones are tested on 
in vitro hepatic stage (in murine and human hepatocytes). Synthetic details and biological results 
will be presented in the communication. 
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To obtain anti-inflammatory compounds with dual mechanisms, we combined, by an acylhydrazone 
linker, the pyrazole and imidazo-pyrazole scaffolds, typical of compounds previously synthesized(a) and 
able to block IL-8 and fMLP-induced chemotaxis respectively, with the catecholic groups of our 
Phosphodiesterase 4 inhibitors (PDE4Is)(b). New compounds 1 and 2 (Fig. 1) showed many and 
interesting activities: pyrazole derivatives 1 evidenced a good ROS production and platelet aggregation 
inhibition(c), whereas imidazo-pyrazole 2 have a great antioxidant and potent antiproliferative activity 
(on A2780 human ovarian carcinoma cell line, A549 adenocarcinomic human alveolar basal epithelial 
cell line and IMR-32 human neuroblastoma cell line with a LC50 in the micromolar range), probably by 
interaction with microtubular system(d). 
Starting from these great and multiple results, after deeply SAR investigations, we design and synthesize 
other chimeric compounds, making some chemical changes, particularly:  

- insertion of an additional methyl group (compounds 3 and 4); 
- replacement of  the phenyl ring on N1 chain with a more flexible and linear butyl chain (compounds 

5); 
- moving the acylhydrazone linker to obtain specular derivatives (compounds 6 and 7).  

Synthetic procedures and detailed biological results will be presented during the oral presentation. 

 

 
Figure 1. Chemical structures of compounds  1-7.  
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Microtubules, polymers of α-tubulin and β-tubulin, are key components in the process of mitosis. 
Because of that, microtubules disrupting agents are used in anticancer chemotherapy. This kind 
of drugs interrupts the polymerization dynamic of tubulin, crucial for the cell division. Ligands 
which bind to colchicine domain, with destabilizing effect over the microtubule polymerization, 
are one of the most important groups.1 

Combretastatins are an aggrupation of natural compounds with these characteristics, among 
which the combretastatin A-4 (CA4) stands out as the reference ligand. CA4 consists of a 1,2-
diarylethene scaffold with a cisoid disposition, a structural point that preserves the antimitotic 
activity.2 

 

 

 
                                    

    Combretastatin A-4  Polymerization dynamics 

Colchicine site ligands have not only antimitotic activity, but also a vascular disrupting effect.2 

Despite trimethoxyphenyl ring (A-ring) confers high potency to combretastatin derivatives, it is 
also responsible for low aqueous solubility. For this reason, this project is focused on finding an 
A-ring replacement that increase water solubility of antimitotic compounds. A methoxy group 
has been replaced by several nitrogenated substituents. Synthesis methodology, physicochemical 
assays and results on tubulin polymerization inhibition and cytotoxicity will be analysed. 
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Microtubules, composed of α and β tubulin heterodimers, are involved in numerous cellular processes 
such as cell division, as they form the highly dynamic mitotic spindle through a process of 
polymerization and depolymerization. Perturbation of these tubulin dynamics makes microtubules an 
attractive target for anticancer therapeutics. Combretastatins are natural products that bind to the 
colchicine site of tubulin and strongly inhibit tubulin polymerization. One compound of this family, 
combretastatin A-4 (CA-4), shows potent cytotoxic activity, although its main disadvantages are the 
isomerization of its cis-configured double bond, essential for the antitumor activity, and its low aqueous 
solubility. 

We have been focused on replacing CA-4 double bond with a heterocyclic tetrazole ring to restrict the 
cis conformation. Structural modification on the aryl groups were carried out to explore the effect on 
antitumor activity. In this work the synthetic route leading to a new series of compounds will be 
presented, as well as their biological evaluation. 
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Microtubules are built up by polymerization of α-β tubulin heterodimers and they play an 

essential role in several cell functions such as formation of the mitotic spindle or vesicle 
transport. The anti-mitotic natural product combretastatin A4 and its benzophenone analogues 
(phenstatins) are both potent inhibitors of tubulin polymerization and cytotoxic compounds. 
Although phenstatins avoid configurational instability, they still present low aqueous solubility 
and their structure-activity relationships differ due to a distinct arrangement of the phenyl rings.  

              

Figure 3. Structure of microtubules, reference compounds and target new compounds. 

In this communication we have synthesised and evaluated novel CA-4 analogues in order to 
improve the pharmacokinetic profile by replacing the original 1,2-substituted olefinic bridge by 
different moieties such as oximes. On the other hand, modifications on the methoxy group 
substitution patterns with replacements of the methoxy groups by alternative moieties were 
carried out. Results of the biological evaluation and aqueous solubility will also be presented. 
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One of the features connecting biologically active peptides is their ability to interact with the cell 
membrane. To understand how these peptides, behave near the membranes, we investigated the 
structural changes of peptides in different lipid environments. We focused on cell penetrating peptides 
(CPP) and antimicrobial peptides (AMP) that take on an α-helical structure in the membrane medium. 
We chose two AMPs: anoplin (GLLKRIKTLL-NH2) and W-MreB1-9 (WMLKKFRGMF-NH2) and one CPP - 
(KFF)3K-NH2. The aim of this project was to analyze and compare conformational changes of these 
peptides in the presence of various membrane mimics: sodium dodecyl sulfate (SDS) and 
dodecylphosphocholine (DPC) micelles, small unilameller vesicles, lipopolysaccharides isolated from 
Escherichia coli (E. Coli) and live E. coli cells. Structural changes of peptides were examined using circular 
dichroism (CD) spectroscopy. In addition, we investigated whether the structural changes of these 
peptides correlate with their biological activity. We evaluated how the peptides disorder the cell 
membrane by monitoring the release of calcein from large unilamellar vesicles. We also studied the 
antibacterial activity of these peptides against E. coli by determining their minimum inhibitory 
concentrations (a). 
In the buffer solution the peptides were disordered. However, after binding to the lipid membrane they 
either took on regular secondary structures with characteristic CD spectra (an α-helix and/or β-strand) 
or unordered structures whose CD spectra are difficult to interpret. Anoplin and W-MreB1-9 tend to 
adopt an α-helix in the presence of lipids but structural changes of these peptides depend on the 
charge, concentration and type of particles imitating the membrane. Anoplin and (KFF)3K showed 
comparable antibacterial activity with minimal inhibitory concentrations of 32 μM, while W-MreB1-9 did 
not show antibacterial properties against E. coli. Based on these results, (KFF)3K can be treated not only 
as a CPP but also as a potential AMP. The comparison of the antibacterial activity of peptides with the 
structural data obtained in CD experiments showed that conformational changes of peptides, caused by 
the lipid environment, did not correlate directly with the activity of peptides. However, we proved that 
the type and charge of the membrane affects the peptide structure and its destructive properties. 
Positively charged peptides disintegrated to a higher extent the liposomes bearing the negative charge 
than the zwitterionic but neutral liposomes. From a therapeutic point of view, this is a critical 
observation suggesting that a positively charged peptide preferentially interacts with a negatively 
charged bacterial cell membrane and not with the eukaryotic membrane (a). 
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 In the last decades, a large deal of evidences has shown the involvement of cannabinoid receptor type-
1 (CB1R) in metabolic disorders. In particular, the development of CB1R antagonists represents a new 
therapeutic strategy in the treatment of obesity. However, the central psychiatric side effects such as 
depression, anxiety and suicidal tendencies, may limit their clinical use. In this contest, the research is 
particularly active in the identification of antagonists that selectively act on peripheral CB1Rs, with 
minimal central side effects. A recent study reported a class of peripheral CB1R antagonists 
characterized by a 5-aryl substituted nicotinamide core (A).a These derivatives present structural 
similarities with some biphenylic compounds (B),b endowed with a CB2R antagonist activity, previously 
synthesized by our research group. In this work we combined the two structures (A and B) synthesizing 
compounds of type C, with the aim of obtaining novel CBRs antagonists, but also improving structure-
activity relationships studies, highlighting key groups involved in the interaction with the CBRs binding 
sites. In particular, structural modifications essentially consist in the replacement of N atom with a C 
atom, the removal of the methoxy group and the shift of the n-butyl chain position. Among the 
synthesized compounds, the derivative characterized by the presence of a trans-2-hydroxy cyclohexyl 
substituent and a methoxy group in R2 and R3 respectively, showed the most interesting results. Indeed, 
rather unexpectedly for this derivative, we did not detect radioligand displacement on CB1R but 
increased binding, suggesting an allosteric behavior.  
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Antimicrobial resistance (AMR) is one of the more serious problem of Public Health. The 2014 WHO’s 
global report1 and the more recent one of J. O’Neal2 outlined worrying levels of AMR worldwide involving 
therapeutic failure of large classes of antibiotics as quinolones, beta-lactams, aminoglycosides, 
macrolides, and cyclins especially in Gram-negative bacterial diseases. Resistance is a natural response 
of microorganisms like bacteria, allowing them to counteract pharmacological effects of antibiotic agents. 
A lot of mechanisms as membrane permeability variations, enzymatic degradations and intracellular 
target modifications contribute to the Multi-Drug Resistance (MDR) phenotypes. Furthermore, efflux 
overexpression is a major early stage trigger in the MDR setting up3. Especially, Resistance- Nodulation-
Cell-Division (RND) efflux pump superfamily constitutes a tripartite protein system which is the resistance 
first line in Gram-negative bacteria4. They can extrude structurally different substances outside the cell 
space; hence antibiotics struggle to reach effective intracellular concentrations. Thanks to the 
spectrofluorometric method developed in our laboratory5, we are working on the design of new natural 
product derivatives with high fluorescent and good efflux substrate properties useful to detect their 
capacity to cross membranes and to accumulate in bacteria. These compounds must not have cytotoxic 
effects on bacteria growth to minimize their resistance impact on new drug discovery. Starting from a 
screening of chemical libraries of natural products and by a medicinal chemistry approach, 
pharmacophores and their positions were identified on a fluorescent scaffold. Then, structure activity 
relationship studies allowed us to highlight physicochemical properties responsible not only for a high 
fluorescence intensity but also for substrate efflux-pump features. These results will guide targeted 
pharmacomodulations to improve the design of a real-time diagnosis trial allowing the identification, 
minimization and prevention of the early appearance of bacterial resistance in clinic while decreasing 
patient exposure to antibiotics.  
 
These issues highlight the required 
knowledge and need to further develop and 
improve clinically used diagnosis tests [40] 
to identify patterns and resistance levels of 
pathogens in septic patients. These 
diagnosis assays are crucial in clinical 
practice for infectious patients, because 
clinicians are able to use techniques to 
identify main resistant mechanisms, such as 
early bacterial efflux, which is essential in 
infected patient treatments. 
 Hence, matching pharmacological and structural properties of antibiotics will emphasize the study of their 
interaction with efflux pumps. This will also be a basis for screening and development of new interesting 
compounds as efflux biomarkers in Gram-negative bacteria, which will contribute to the design of new 
methods of Antibiotic Susceptibility Testing (AST; unpublished works) 
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DNA damage induction is still the preponderant mechanism of action of most chemotherapeutics. 
However, classic antiproliferative agents are poorly specific for cell type or genetic sequence.  Thanks to 
the recent characterization of non-B helix structures in cells, particularly G-quadruplexes (G4s) and 
three-way junctions (TWJs) (Figure 1A), new chemotherapeutics are now being developed, which target 
DNA structures rather than sequences, with a higher degree of cancer cell selectivity. These structure-
targeting agents (G4- and TWJ-ligands) have shown high activity in cancer models, owing to their ability 
to trigger DNA damage.(a) We report here on a family of small molecules (so called azacryptands) that 
displays high in vitro affinity and specificity for TWJ,(b) induces DNA damage in cells,(c) and exerts 
extreme synergic cytotoxicity in combinatorial treatment with DNA damage repair (DDR) inhibitors 
(Figure 1B), a chemotherapeutic technique popularized as chemically induced synthetic lethality.(d) A 
clickable analogue is used to study the subcellular localization of TWJs for the first time via a 
bioorthogonal imaging protocol referred to as in situ click imaging (Figure 1C). 
 

 
Figure 1. A. Higher order DNA structures G-quadruplexes and three-way junctions (TWJ). B Synergic cytotoxicity properties of 
an azacryptand with three DDR inhibitors (DNA-PKi, ATMi and RAD51i). C Copper-catalysed click chemistry performed on cells 

to the localise azacryptand binder. 
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Cancer is a widely spreading disease showing high incidence of morbidity and mortality worldwide 
despite advances in its management [a]. Cyclooxygenase 2 (COX-2), an enzyme involved in the synthesis 
of prostaglandins, which are mediators of inflammation, is widely overexpressed in many types of solid 
cancers (breast, prostate, colon, and lung). Studies have established COX-2 involvement in the 
promotion of cancer proliferation, angiogenesis, invasion and metastasis. Thus, blocking COX-2 appears 
as a promising therapeutic approach to prevent or treat cancers [b-c]. Coumarins are organic 
compounds from natural and synthetic sources, that possess different therapeutic effects including 
anticoagulant, anti-inflammatory antioxidant, and antitumor effects [d]. A series of pyranocoumarin 
derivatives was designed and synthesized previously by the GBCM laboratory at Cnam Paris and were 
found to be selective inhibitors of COX-2 [e]. We describe herein, the biological evaluation of two 
derivatives characterized by their high anti-COX-2 activity: methylcyclocoumarol and 
methoxycyclocoumarol. These derivatives were screened for their anticancer activity using hormone-
dependent breast cancer MCF-7 cell line. MTT results revealed an antiproliferative effect of 
methylcyclocumarol on MCF-7 cell line with an IC50 at 48 hours of treatment equal to 100 µM. This 
antiproliferative effect was associated to a cytotoxic effect which was evaluated by Trypan blue 
exclusion assay. MCF-7 cells treated with methylcyclocoumarol showed an increase in their percentage 
of dead cells in comparison to control cells. Finally, long term effect of methylcyclocoumarol was 
evaluated using Clonogenic assay. After 10 days of treatment, a dose-dependent decrease in number of 
colonies was observed with an IC50 of 40 µM significantly lower than the MTT IC50. These preliminary 
results suggest that this compound may have potential as a novel anticancer 
agent. 
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Spent coffee grounds (SCG) represent a great pollution hazard if discharged into the environment. 
Taking this fact into account and to contribute to the outcome of this matter, we have decided to 
conduct this study whose objective is to evaluate the phytochemistry of spent coffee grounds. Twelve 
samples of spent coffee grounds have been collected in different neighborhoods in Agadir. Then, several 
analyses were carried out; namely: oil yield, minerals, proteins content, sterol and fatty acids. 
 
According to the obtained results, spent coffee grounds has a significant amount of oil and proteins. 
Furthermore, among all minerals studied in SCG, potassium concentration was the highest, followed by 
calcium and magnesium. On the other hand, spent coffee grounds oil contain also a significant amount 
of linoleic acid, palmitic acid and oleic acid. In terms of sterol composition, ẞ-sitosterol was the most 
abundant sterol, followed by Stigmasterol and compesterol. 
 
In the line with our results and other studies, SCG present good water holding capacity due to its protein 
content, it has also several applications in environmental solutions, food industry, pharmaceutical fields 
and agricultural sector. 
 
Keywords: spent coffee grounds, environment, agriculture, photochemistry, fertilizer, oil of spent coffee 
grounds, proteins. 
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Fluorine-18 (18F) is the most favorable positon emitter for tumor imaging. However, direct 18F-labeling of 
biomolecules is challenging as it involves multiple steps and stringent conditions that are generally not 
suitable for biomolecules whose integrity may be altered. Over the past decade, an elegant new 
approach has been developed by coordination of aluminum fluoride {Al-18F}.(a) The objective of this work 
was to implement such a method and to find the mildest conditions compatible with heat- or acid-
sensitive biomolecules. To evaluate {Al-18F} complexation, NODA-MP-C4 was prepared as a model 
compound from the commercially available NODA-MP-NCS (Figure). This model bears a thiourea 
function to mimic that present in the final conjugates. The corresponding radioactive complex 
Al18F-NODA-MP-C4 was obtained following the most common reported radiofluorination conditions (pH 
4, buffer AcO/AcOH, reflux). Based on this preliminary result, several parameters have been varied to 
obtain the highest radiochemical yield (RCY) under the mildest conditions. To this end and to guide the 
operational conditions in radiochemistry, a complementary study in cold series was performed in 
parallel. Al18F-NODA-MP-C4 was obtained with a reproducible satisfactory RCY on comparison with 
reported results on NODA-derivatives.(b,c) Herein, we will present and discuss the optimization study. 

NODA-MP-C4       Y= 

NODA-MP-NCS   Y= 

[  ]
3

(from Chematech) Al-X-NODA-MP-C4 

with X = OH, OAc, F

Al-X

  
Figure. Structures of NODA-MP-NCS, NODA-MP-C4 and its aluminum complexes 
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(b) Huynh, P. T. et al. New J. Chem. 2019, 43 (38), 15389–15395. 
(c) Shetty, D. et al. Bioorg. Med. Chem. 2012, 20 (19), 5941–5947. 
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In the last years, a large number of bioactive molecules developed in MedChem concern a 
macrocycle scaffold. It is described in the literature that macrocycles are able to reach certain 
hard-to-reach biological targets and have a positive impact on pharmacokinetic and 
pharmacodynamic 
properties of the 
molecule (a, b, c).  

         
  
 
In this work we demonstrate the feasibility of the ring closing metathesis (RCM) on chemical compounds 
bearing a pyridine moiety without any prior modification. We describe the design, synthesis and 
characterization of a serie of triarylmethanes macrocycles derivatives. A second serie of N-oxydes 
triarylmethanes macrocycles was also studied. The synthetic approach developed concerns 3 or 4 steps 
including reactions such as Friedel-Crafts acylation, saponification, O-alkylation, RCM and N-oxidation. 
The antibacterial and anticancer activity of all synthesized compounds is being assessed. 
 
Bibliographic references: 
(a) Ermert, P. Design, Properties and Recent Application of Macrocycles in Medicinal Chemistry. Chim. Int. 
J. Chem. 2017, 71 (10), 678–702. Doi: 10.2533/chimia.2017.678. 

(b) Driggers, E. M.; Hale, S. P.; Lee, J.; Terrett, N. K. The Exploration of Macrocycles for Drug Discovery - an 
Underexploited Structural Class. Nat. Rev. Drug Discov. 2008, 7 (Copyright (C) 2020 American Chemical 
Society (ACS). All Rights Reserved.), 608–624. Doi: 10.1038/nrd2590. 

(c) Mallinson, J.; Collins, I. Macrocycles in New Drug Discovery. Future Med. Chem. 2012, 4 (11), 1409–
1438. Doi:10.4155/fmc.12.93. 
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The metathesis reaction using Grubbs II catalyst have been 
described as ineffective on chemical structure bearing a pyridine 
moiety. Indeed, the Lewis basicity and the nucleophily of azote leads 
to the catalyst deactivation. In order to circumvent this problem, it is 
possible to form imidazolium or pyridinium salts or even to decrease 
the nucleophilicity or the Lewis basicity of azote by the introduction 
of an electron-withdrawing group, doublet relocation or even 
introduction of steric hindrance.  
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The central nervous system (CNS) is the part of the nervous system consisting of the brain and 
spinal cord. Neurodegenerative diseases as Parkinson’s, Alzheimer’s or epilepsy are typically 

associated with chronic inflammation of the CNS - neuroinflamation. It is a part of the complex 
biological response of body tissues to pathogens or damaged cells. The function of inflammation 
is to eliminate the initial cause of cell injury and initiate tissue repair. The initial microglial 
response that occurs in neuroinflamation is characterized by microglial accumulation in the 
injured sites of the brain (a). 
Inflammatory conditions are associated with the extracellular release of nucleotides, particularly 
ATP. Extracellular ATP is activated by ionotropic P2X receptors. Among seven members of 
P2XR family, P2X7 is expressed by variety of cells type in brine as neurons and microglial cells. 
Although several other P2XRs are functional during inflammation, P2X7R in particular has been 
shown to affect the outcomes of inflammatory or infectious diseases (b). Similar receptor P2X4 
may also act as an initial trigger of neuroinflammation. It forms a large conductance pore on the 
cell membrane, facilitating ion efflux and subsequent inflammasome activation (c).  
In the literature, there are few described references targeting those two receptors. Based on 
literature research, we designed and synthesized new scaffolds and series of original fluorinated 
compounds. The activity of all the molecules was evaluated. The most promising ligands will 
become a potential 18F probes to early diagnosis CNS disorders. 
 
 
 
 
 

 
      P2X7 IC50 = 5,9 nM     P2X4 IC50 <100 nM 
Janssen Pharmaceutical NV        Sunovion Pharmaceuticals Inc. 
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XIAP (X-linked chromosome) is one of the human inhibitory apoptosis protein family including also other 
members like cellular IAP1/2 (cIAP 1/2), neuronal apoptosis protein (NAIP), survivin (TIAP), Apollon, 
melanoma IAP (ML-IAP), and IAP-like protein 2 (ILP2)1. They are considered as key regulators of cell 
death (apoptosis). Specifically, XIAP is known for its higher affinity to caspase enzymes released from 
mitochondria, through its baculoviral IAP repeats domains (BIR). Also, it contains a ubiquitin-associated 
domain (UBA) and a really interesting new genes (RING) with a ligase activity. XIAP-binding mechanism 
results in promoting cell survival regulated by the action of the second mitochondrial activator of 
caspases (SMAC/DIABLO). The endogenous antagonist, SMAC, binds to XIAP (also cIAPs) BIR domains 
releasing caspases and reactivating intrinsic signaling pathways leading to apoptosis. Overexpression of 
XIAP is involved in cancer and autoimmune diseases like Multiple sclerosis. That is why XIAP is 
considered a potential target especially, for cancer therapeutics2.  
 

In the market, there is no approved drug acting as XIAP inhibitor. Most of the molecules in clinical trials 
are either peptide or peptidomimetics3 prone to peptidases actions. Also, the lack of XIAP- selectivity, 
even for the only non-peptidomimetic ligand was shown4, and this could be the cause of adverse effects 
during patient’s treatments5. So, the design of small and selective chemical compounds will be of great 
interest. 
 
This project aims to design selective non-peptide ligands for BIR2 and BIR3 domains of XIAP by 
optimizing previously synthesized ligands in the laboratory. The main work relies on using molecular 
dynamics simulations associated with different methods such as Poisson-Boltzmann surface methods 
(MM-PBSA)6 and Free energy perturbation (FEP)7 to predict ligand-binding affinity of the hits in silico and 
compare theoretical results with experimental ones. After, the optimized ligands will be synthesized and 
then tested using different techniques like Alpha screen and Fluorescence polarization assay (FPA). 
Promising candidate ligands will be re-evaluated using enhanced sampling techniques like Steered 
Molecular Dynamics (SMD), Supervised Molecular Dynamics (SuMD), and Meta-dynamics8. 
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With 229 million of cases in 2019, malaria still remains as one of the most threatening diseases 
in the world.(a) The causative agents are Plasmodium parasites, among which P. falciparum (Pf) 
is the most virulent and common for human infection. Fighting resistant P. falciparum strains is 
today one of the main challenges to eradicate malaria. Despite the World Health Organization 
recommendations for preventing and reducing this risk with artemisinin-based combination 
therapy(a)(b), more and more parasites are spreading with both decreased sensibility to artemisinin 
derivatives and resistance to the partner drug.(c) Genic mutations or overexpression of efflux 
pumps are, in part, responsible of the decreased efficacy of both mefloquine (MQ) and 
lumefantrine (LM), two of the most used partners with artemisinin derivatives. Thus, covalent 
conjugation of their respective pharmacophore with efflux pump inhibitor (EPI) moieties can 
allow to struggle resistant parasites.(d)  
Our laboratory has previously developed an asymmetric synthesis to prepare 4-aminoalcohol-
quinoline and -fluorene as enantiopure MQ and LM analogs. Some of them were active on 
nanomolar range against Pf3D7 (chloroquine-sensitive) and PfW2 (chloroquine-resistant) with a 
good selectivity index. Interestingly, eudysmic ratio was often observed between the 
enantiomers. Following this previous work and inspired from known reversal agent scaffolds, we 
designed new enantiopure arylaminoalcohol-based hybrids with EPI patterns able to limit the 
resistance with efflux transporters. The synthesis of these new series will be described. First 
results concerning their promising antimalarial activities with good selectivity indexes will be 
debated.  
 
Bibliographic references: 
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Persistent infections, usually associated with biofilm-producing bacteria, continue to be a 
challenge for both medical and scientific communities. The potential interest in drug repurposing 
for biofilm control is growing due to the disinvestment in antibiotic R&D, reduced efficacy of 
the available panel of antibiotics and increased risks associated with new development plans(a). 
In the present study, the antibacterial and antibiofilm activities of four non-steroidal anti-
inflammatory drugs (NSAIDs), piroxicam (PXC), diclofenac sodium (DCF), acetylsalicylic acid 
(ASA) and naproxen sodium (NPX), were evaluated against Escherichia coli and 
Staphylococcus aureus. The minimum inhibitory/bactericidal concentrations (MIC and MBC) 
and the dose response curves from exposure to the selected NSAIDs were determined by the 
broth microdilution method and culturability, respectively. The potential of NSAIDs to eradicate 
preformed biofilms was performed using a microtiter plate assay and characterized in terms of 
biofilm mass removal (crystal violet staining), metabolic activity reduction (alamar blue 
staining) and biofilm cells culturability. Additionally, the ability of the selected NSAIDs 
combined with current in use antibiotics (kanamycin - KAN and tetracycline - TET) to eradicate 
24-h old biofilms was also tested in order to evaluate their ability to potentiate the putative 
antibiofilm activity of antibiotics. MIC were found for PXC (800 µg/mL) and ASA (1750 
µg/mL) against E. coli, and for DCF (2000 µg/mL) and ASA (2000 µg/mL) against S. aureus. 
No MBC were found (> 2000 µg/mL). Regarding biofilm eradication, ASA, DCF and PXC 
promoted significant reductions in metabolic activity (66.1% to 86.7%) and culturability (2.22 to 
6.46 log CFU/cm2). However, only PXC promoted biofilm mass removal (maximum of 28.6%). 
Additive interactions were obtained for most of the combinations between NSAIDs and KAN or 
TET. Overall, the results obtained suggest that NSAIDs appear to be a promising strategy to 
control biofilms as they demonstrated to be more effective than conventional antibiotics. 
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Acknowledgements: This work was financially supported by: Base Funding - UIDB/00511/2020 of the 
Laboratory for Process Engineering, Environment, Biotechnology and Energy – LEPABE - funded by 
national funds through the FCT/MCTES (PIDDAC); Projects PTDC/BII-BTI/30219/2017 - POCI-01-
0145-FEDER-030219 and PTDC/ASP-PES/28397/2017 - POCI-01-0145-FEDER-028397, funded by 
FEDER funds through COMPETE2020 – Programa Operacional Competitividade e Internacionalização 
(POCI) and by national funds (PIDDAC) through FCT/MCTES. Anabela Borges thanks the Portuguese 
Foundation for Science and Technology (FCT) for the financial support of his work contract through the 
Scientific Employment Stimulus - Individual Call - [CEECIND/01261/2017]. 

* Correspondence: apborges@fe.up.pt 

mailto:apborges@fe.up.pt


 
 

 

 
 



 
 

 

Synthesis of new CXCR1/2 receptors antagonists for 
exudative AMD treatment. 

 

Fabre M.(1)*, Dufies M.(2), Pages G.(2), Demange L.(1, 3),  
Ronco C.(1), Benhida R.(1). 

           
 (1) Université Côte d’Azur, CNRS, Institut de Chimie de Nice UMR7272,  

06108 Nice, France  
(2) Université Côte d’Azur, CNRS UMR 7284 and INSERM U 1081, Institute 

for Research on Cancer and Aging (IRCAN), 28 Avenue de Valombrose, 
06107 Nice, France  

(3) CNRS UMR 8038 CiTCoM, Faculté de Pharmacie de Paris, Université de 
Paris, 4 avenue de l’observatoire, 75006 Paris, France.   

Restricted to 

organizers 

 

 
In western countries, exudative age-related macular 

degeneration (AMD) is one of the leading causes of 
blindness in the elderly. This disease is characterized by an 
abnormal vascularization of the choroid and a strong 
intraocular inflammation (Fig. 1). Currently, only 
symptomatic treatments exist, which rely on humanized 
monoclonal antibodies (mAbs) and recombinant fusion 
glycoprotein targeting pro-angiogenic factors. Moreover, 
only 30% of the patients present a durable response to this treatment.   

 
The blockage of the ERL+ CXCL cytokines signalling pathway has 

been proposed as promising alternative to target simultaneously choroid 
vascularization and inflammation1. Indeed, this sub-family of cytokines is 
specifically involved both in inflammation and in early stage of the pro- 

angiogenic signal1 (Fig. 2).  
 

Two hits were already developed2 and validated both in vitro and in vivo, (MCK133 and 
MCK140). However, they suffer from limited solubility for further eye related applications. We have 
demonstrated that the drawbacks of these compounds are mainly due to the inherent structure of 
arylurea. Therefore, a new series of compounds has been designed that futures the same 
pharmacophore but with new chemical functions to enhance the activity and the physicochemical 
properties. 

A new straightforward synthetic pathway has been developed to prepare two series of 
molecules aimed at modifying two key parts of the structure. The structure activity relationships of 
theses series were studied through the preparation of 48 analogues, and their subsequent biological 
evaluation on two models: 1/ XTT cell viability assays and 2/ migration ability with a Boyden chamber 
assay. Encouraging results have been obtained, showing that 2 compounds efficiently block the cell 
migration associated to CXCR-CXCL interaction, without toxicity on retinal epithelium cells. After 
verification of the pharmacological profile of these lead compounds, the aim is to evaluate them in vivo 
on a retinopathy model.  

 
Bibliographic references: 
(1) a) Chang, L.S. Steelman, J. T. Lee, J. G. Shelton et al., Leukemia, 2003, 17, 1263-1293; b) A. Sparmann, D. Bar-Sagi, Cancer Cell, 2004, 6, 447-458. 

(2) Benhida, R., Pages, G., Dufies, M., Ronco, C., Demange, L., Grytsai, O. European Patent 2018 EP18306362.7. 
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Figure 2 
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Evidence suggests that cancer, neurodegenerative, and cardiovascular diseases share a common state 
known as oxidative stress. The condition of oxidative stress can occur when the disbalance between the 
production and removal of reactive oxygen species exists. In association with EPR spectroscopy and 
imaging, aminoxyl radicals (nitroxides) can be used for its in vivo evaluation and mapping. (a) Before 
using nitroxides for in vivo experiments, it is necessary to investigate their stability and metabolism. 
Unlike tetramethyl-substituted compounds, the characteristics and behavior of tetraethyl-substituted 
ones are not entirely known. (b) The metabolism of a series of spin probes in rat liver microsomes was 
investigated. The main components of microsomes are cytochrome P450-a family of redox enzymes 
containing heme protein as a cofactor - and the associated reductases. An electron donor is required for 
the functioning of P450 enzymes, and for that purpose, NADPH was used. The experiments were 
performed under aerobic and anaerobic conditions, due to the fact that oxygen has a fundamental role 
in the P450-catalytic cycle. (c) The signal disappearance kinetic was tracked using EPR. In the present 
study, the behavior of five different nitroxides (compounds 1-5) was compared. Special attention was 
drawn to the nitroxide with isoindoline core: 5-carboxy-1,1,3,3-tetraethyl-2-isoindolinyloxyl (3). It 
showed unexpected behavior, and its metabolism must be additionally investigated.  
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Drug discovery is in constant evolution to provide the most efficient and specific drugs for new 

therapies. To identify/optimize New Chemical Entities, the development of robust and sensitive 

bioassays is mandatory to complement the few gold standard techniques, notably those 

working in a cellular context. Here we present an innovative cellular bioassay to screen 

modulators of Protein-Protein Interaction (PPI) and Protein-Nucleic Acid Interaction (PNAI). This 

new technology, Microtubule Bench (MTBench), is based on the use of microtubules as 

intracellular nanoplatforms to visualize and quantify PPI or PNAI at the single cell level. We 

implemented the patented MTBench technology to quantify whether a prey is attracted onto 

microtubules by a bait, which is the readout of the assay, on High Content Screening (HCS) 

system at high resolution. We confirmed the robustness and the sensitivity of the MTBench to 

identify and qualify small molecule inhibitors on the well-known p53/MDM2 PPI system. As for 

PNAI, we detected and quantify the interaction of different RNA Binding Proteins (RBPs) with 

RNA. A PNAI system on MTBench to screen modulators of such interaction has already been 

implemented. This novel cell-based assay, which is suitable for HCS, will facilitate the drug 

discovery in the fields of PPI and PNAI. 
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In nanomedicine, the goal is to develop multimodal nanoparticles (NPs) to speed up targeted 
diagnosis, to increase its sensitivity, reliability and specificity for a better management of the 
disease and to treat it in a specific personalized manner in feedback mode. Combination of 
therapies to target individual cancer-specific vulnerabilities is a way to increase the efficacy of 
anticancer treatment. Therefore, besides precision diagnosis, other challenges for personalized 
nanomedicine are to develop tools to be able to test quickly different treatments and to follow-up 
the effect(s) of the treatments by imaging.  
Besides to be good T2 contrast agents for MRI, iron oxide NPs are promising as therapeutic 
agents by magnetic hyperthermia when correctly designed[a]. To be a good heating agent, iron 
oxide NPs have to display a high magneto-cristalline anisotropy and ways to increase it are to 
tune the NPs size and shape (a) (b) (c).Iron oxide nanoparticles have also an interest for 
photothermal treatment as they express a good photothermal response to laser irradiation[d] [e].  
The goal of this project is to develop iron oxides NPs with different sizes by the thermal 
decomposition method by tuning synthesis parameters such as the reaction temperature, the 
heating rate, the nature of surfactant and the molar ratio between the precursor and the surfactant 

(a)(b). Main difficulties were the reproducible synthesis of NPs with mean size higher than 12 nm, 
a homogeneous spinel composition and the ability to be easily dendronized. NPs with different 
sizes in the range 5-20 nm were thus synthesized and coated with dendron molecules. Their 
magnetic properties as well as their MRI properties were determined. Then, the effect of the NPs 
size on magnetic hyperthermia and photothermia has been investigated allowing to establish the 
optimal NPs design to combine both therapies.  
 
Bibliographic references:  
(a) Cotin, G. et al, Nanomaterials 8, 881 (2018). 
(b) Baaziz, W. et al.,  J. Phys. Chem. C 118, 3795–3810 (2014). 
(c) Cotin, G. et al., ACS Appl. Nano Mater. 1, 4306–4316 (2018). 
(d) Espinosa, A. et al,. ACS Nano 10, 2436–2446 (2016). 
(e) Espinosa, A. et al., Adv. Funct. Mater. 28, 1803660 (2018). 
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hAChE IC50 = 10.91 ± 1.2 mM
hBuChE IC50 = 3.19 ± 0.2 mM
GluN2B Ki = 213 nM
s1 Ki = 24 ± 3 nM
s2 Ki = 233 nM

hAChE IC50 = 0.34 ± 0.05 mM
hBuChE IC50 = 7.65 ± 0.9 mM
GluN2B Ki = 60 nM
s1 Ki = 35 ± 9 nM
s2 Ki = 519 nM

hAChE IC50 = 0.24 ± 0.01 mM
hBuChE IC50 = >40 mM
GluN2B Ki = 202 nM
s1 Ki = 809 nM
s2 Ki = 121 nM
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Alzheimer disease (AD) is a progressive neurodegenerative disorder being both the most 
common and fatal type of dementiaa. Drug discovery studies aiming to develop a disease 
modifying treatment which are based on individual targets ended up failure so far during clinical 
trialsb. Nowadays, it has been accepted that the multifactorial nature of AD, requires multi-
effective treatmentc. In this regard, 70 novel compounds with benzothiazole ring attached to 
various piperazines with a propanamide linker were designed for the development of novel 
multi-targeted ligands that possess symptomatologic effect along with neuroprotective and 
disease modifying effect by binding to the key receptors involved for the treatment of AD. 
Firstly, 70 compounds were tested for their cholinesterase inhibitory activities. 25 Compounds 
found to display potent inhibitory activity (IC50 < 10 μM) were then tested for binding affinities 
over σ1/2 receptors and NMDA GluN2B domain. 8 Compounds that possessed potent activity in 
all selected targets were further subjected to cytotoxicity assay for safety evaluations and their 
predicted drug likeliness properties were evaluated. Lastly, molecular docking studies were 
performed for each target. Overall, 3 compounds were designated as lead compounds 
demonstrating nanomolar scale activity against all tested targets (Figure).  
Furthermore, 11 compounds were tested for their P2X7 
receptor inhibitory activities. Derivatives with nitrogen 
bearing aromatic ring displayed good P2X7R inhibitory 
activity whereas lead compounds did not show any 
significant activity. 
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(c) N. Wang et al., Curr Med Chem., 2018, 26, 5684-5710. 
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The CB2 receptor (CB2R), has emerged as an attractive target for managing microglial-derived 
neuroinflammation which generally characterizes neurodegenerative diseases. Indeed, CB2R 
modulation might have beneficial outcomes for specific symptoms and for the slowdown of disease 
progression. Our group already reported that the co-treatment of the dual target CB1R/CB2R orthosteric 
agonist FM-6b(a) (Figure 1) with the CB2R positive allosteric modulator (PAM) EC-21a(b) (Figure 1) 
improves the anti-inflammatory effect in the modulation of the release of pro- and anti-inflammatory 
cytokines in lipopolysaccharides (LPS)-activated mouse BV2 microglial cells, compared to the treatment 
of FM-6b alone.(c) On the basis of these results, we synthesized a new class of compounds, A1-A4, 
potentially able to bind to both allosteric and orthosteric sites simultaneously linking the 
pharmacophoric portion of EC-21a with that of FM-6b (Figure 1). Among all the compounds of the 
series, A1 (FD-22a) (Figure 1) showed to be the most promising. Indeed, its effect in the modulation of 
the release of pro- and anti-inflammatory cytokines in lipopolysaccharides (LPS)-activated mouse BV2 
microglial cells, resulted potentiated, if compared to FM-6b alone, and comparable to the effect due to 
the co-administration of EC-21a and FM-6b. A1 (FD-22a) was also tested in vivo in a murine model of 
neuropathic pain giving important results at 5 mg/kg. Binding and functional studies are still ongoing in 
order to demonstrate the behavior of A1 (FD-22a) as CB2R bitopic compound. 
 

 
  

Figure 1 : Structure of compounds FM6b, EC-21a and derivatives A1-A4 
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(c) B. Polini, C. Cervetto et al. Life, 2020, 10, 333. 
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Because they modulate gene expression, oligonucleotide (ON) therapeutics arised as a 
new class of drugs with the potential to treat a large panel of diseases. Although they are gaining 
more and more clinical approvals, their development remains limited by several obstacles such 
as : off-target effects, low cellular uptake, immunogenic potential and instability in physiological 
environements. In order to overcome these limitations, there is a strong need for the development 
of appropriate vectors that effictively transport therapeutic ONs to the tissues of interest and to 
their intracellular target.  

We have recently developed a low molecular weight cyclic peptide-vector family 
(MW1kDa) endowed with both high affinity for its target, the Low-Density Lipoprotein 
Receptor (LDLR) and optimized stabilities towards proteases. This receptor has been chosen for 
its high endocytic potential and its expression at the Blood Brain Barrier (BBB), in some 
peripheral tissues (liver, adrenal glands) and very interestingly in some tumors. 

 

 
 

Here we describe the design, synthesis and in vitro evaluation of a set of siRNA-peptide 
conjugates that comprise the VH4127 peptide-vector that targets the LDLR and that allows liver 
targeting. The VH4127 peptide was conjugated to a siRNA that targets a gene predominantly 
expressed in the liver. 
 First, we developed the chemical strategy to covalently conjugate the siRNA to the 
VH4127 peptide as well as the quality controls required to ensure the identity and the purity of 
the conjugates. A stabilized siRNA encompassing modified nucleosides was used to reduce 
sensitivity of the siRNA toward exo- and endonucleases. Once the conjugation protocol was 
optimized, we prepared a set of siRNA-VH4127 conjugates with different designs. We assessed 
that both the siRNA and the VH4127 peptide retain their biological properties post conjugation 
by: i) binding affinity experiments to the LDLR; and ii) transfection experiments in primary 
mouse hepatocytes (mHeps). With the best conjugates identified from their LDLR-binding 
affinities and their intrinsic silencing activities by transfection we now plan to evaluate their in 
vitro free uptake silencing efficacies and to study their in vivo efficacy in mice.  
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Tackling tuberculosis (TB) is still currently a global challenge, despite ever-increasing 

efforts from the WHO in the last three decades. The first-line treatment for TB is long and 

causes serious side effects; this results in observance issues among patients, leading to the 

emergence of drug-resistant strains of Mycobacterium tuberculosis (Mtb), the TB-causing 

bacterium. For instance, there was an estimated 440,000 new cases of multi-drug resistant 

(MDR) in 2019a. New antibiotics are thus required to help treating resistant infections and to 

reduce the TB treatment time. One of the most commonly used methods to discover new 

antibiotics is the phenotypic screening of new molecules. With the aim of identifying new 

antitubercular compounds, we tested over 9,000 original compounds of our in-house library on 

Mtb, leading to a hit bearing an N-benzylated piperidine moiety, and displaying an interesting 

MIC of 1.5 µM but poor microsomal stability. Structure-activity relationship exploration around 

our hit molecule led to optimized compounds with a fiftyfold activity enhancement, as well as a 

noticeable microsomal stability improvement. These results encouraged us to perform in vivo 

evaluations of our analogs in a zebrafish model of Mycobacterium marinum infection. Herein 

are presented the optimization of the compounds and the results obtained in vivo for our most 

optimized compounds. 
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Today around half a billion people are suffering from Type 2 diabetes (T2D).1 T2D is an 

amyloid disease like Alzheimer’s, and Parkinson’s diseases which are characterized by the 

aggregation of a protein (amyloid β peptide, α-synuclein, …). In its random or α-helix 
conformation, the human islet amyloid polypeptide (hIAPP, or amylin) plays a role in glucose 
homeostasis. But by an unknown mechanism it can change to β-sheet rich structures and 
aggregate to form amyloid deposits in the pancreas of more than 95% of type 2 diabetic patients. 
Amyloid aggregates of hIAPP contribute to β-cells dysfunction and death leading to type 2 
diabetes and cardiovascular complications.2 No causal treatment of TD2 exists. Therefore, it is a 
major international issue to find new drugs to treat this fatal disease.  
Since few years foldamers have emerged as useful secondary structure mimetics of proteins.3 
However, the field of fluorinated foldamers is still under-explored. Peptidomimetic foldamers 
could be particularly interesting in trying to meet the challenge of finding new classes of drugs 
targeting protein-protein interactions involved in untreated diseases such as Type 2 diabetes or 
Alzheimer’s disease.  
On the other hand, introducing fluorine atom(s) into bioactive organic compounds has become a 
leading strategy for drug design. Due to its unique properties, fluorine is frequently employed to 
modify biologically relevant properties such as metabolic stability, basicity, lipophilicity, and 
bioavailability. Nevertheless, in the literature, there is still no fluorinated peptide used as a drug.4 

 
In this communication, the N-difluoromethyltriazolyl peptidomimetic synthesis and the conformational 
preferences of this new class of fluorinated foldamers will be presented.5 
Preliminary results about their ability to modulate the aggregation of hIAPP, using biophysical 
evaluations will be also provided.  
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Microtubule-targeting agents include an heterogeneous group of compounds having the capacity to  
bind to the main constituent of the microtubules, the αβ-tubulin dimers, thus interrupting the 
polimerization-depolimerization equilibrium, the formation of the mitotic spindle and finally the cell 
division. Although αβ-tubulin has different binding sites, the colchicine binding site ligands such as 
Combretastatin A-4 (CA4, Figure 1) have received special attention since the recent discovery that some 
of those compounds are not only anti-cancer drugs but are also able to shut down tumor 
neovasculature. However, four main drawbacks have been reported for CA4 analogues: the double bond 
isomerization, the low aqueous solubility due to the high hydrophobic nature of the binding site, the 
metabolic transformations associated to B ring, leading to resistance, and their low selectivity towards 
tumor cells. We have combined different strategies of structural modification to overcome these 
limitations: the incorporation of configurationally stable bridges (1,1-ethenylene, carbonil, ketoxime 
bridges), the replacement of A ring of CA4 by water-soluble substituted pyridines and the modifications 
of B ring that remove the troublesome groups while allowing additional polarity enhancements. On the 
pyridine A ring we have explored the methylsulfanyl groups to compensate for the size reduction 
associated with the removal of the central methoxy group of CA4.   
The resulting molecules showed substantial solubility improvements and high antiproliferative activity 
against several cancer cell lines (HeLa cervix epithelioid carcinoma, HT-29 colon adenocarcinoma, MCF-7 
breast adenocarcinoma and HL-60 human acute myeloid leukemia) whereas the toxicity towards non-
tumorigenic cells was negligible. Proliferation assays in presence of verapamil, a known MDR protein 
inhibitor, demostrated that those compounds lack multidrug resistance.  The mechanism of action was 
assessed by tubulin inhibition polymerization experiments and immunofluorescence confocal 
microscopy. The observed microtubule disruption was accompanied by a cell cycle arrest at G2/M phase 
and subsequently apoptotic cell death was confirmed by cells gathered at the subG0/G1 population and 
Annexin V/Propidium Iodide double-positive cells observed after 72 h of treatment. Conformational 
analysis combined with docking studies suggest binding at the colchicine site with association energies 
dependent on the conformational preferences of the pyridine substituents. These results validate the 
proposed design to obtain water soluble and configurationally stable tubulin polimerization inhibitors 

having high selectivity towards tumor cells. 
 

 

 
Figure 1. Left: CA4 structure. Right: effects of the ligands on the microtubule network in HeLa cells. 
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 Non-tuberculous mycobacteria (NTM) comprise several ubiquitous organisms that cause 
infections in different human body sites. NTM-associated pulmonary infections mostly occur 
and individuals with underlying respiratory disease or chronic disease and immunosuppressed 
patients are often affected. [1] Mycobacterium simiae is a NMT that can infect both humans 
and animals causing pulmonary disorders. It is a slow-growing, rust-colored photochromogenic 
mycobacterium. [2] Mycobacterium abscessus is a rapid-growing NTM that is responsible for a 
variety of human infections, mostly cutaneous and pulmonary infections. These are difficult to 
eradicate due to the natural and acquired multidrug resistance of M. abscessus. [3] M. simiae 
and M. abscessus infections have been revealed in different states worldwide. Drug 
susceptibility to antitubercular drugs is performed when NMTs are isolated from patients, and 
they showed drug-resistance for different tested drugs. [2,3] In this study we isolated one M. 
simiae and one M. abscessus strains from patients in one Italian hospital and they were tested 
for drug susceptibility against azithromycin, amikacin, ciprofloxacin, levofloxacin, 
moxifloxacin and linezolid.  

A new series of 2-Aryl-3-phenoxymethyl-quinoxaline derivatives (QXs) has been designed, 
synthesised and investigated as extrusion pump inhibitors (EPIs) against two NTM clinical 
isolates. REMA assays were selected to investigate MICs values of 6 antibiotics both in 
presence and absence of our QXs, evaluating how EPIs can impact the drug MICs values, and 
therefore the activity. The different resistance levels tracked in the clinical strains have been 
reduced by EPIs and in several cases the susceptibility was completely restored. The results 
obtained in this study indicated that the intrinsic cell-efflux activity significantly contributes to 
the overall resistance in resistant clinical isolates of NTM, and that the inhibition of efflux 
pumps by the QXs can enhance the clinical effect of antibiotics. 

 
Figure 1. 2,3-Aryl-6-trifluoromethyl-quinoxaline derivatives (QXs) general structure. 
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In recent decades, Fragment-Based Drug Design (FBDD) has been widely developed in 
both academic laboratories and pharmaceutical companies(a). Several drugs approved today by 
the FDA or in advanced clinical trials have been discovered from FBDD. For instance, 
vemurafenib and erdafitinib were identified through FBDD and approved by the FDA in 2011 
and 2019 respectively. 

 
Fragments are low molecular weight molecules and can cover a larger chemical space 

than drug-like molecules(b). Fragments can be optimized (growing, merging and linking) in the 
active site of the target to generate potent and selective novel inhibitors. Frags2Drugs (F2D) is 
an in silico FBDD tool recently developed at the ICOA. It relies on an in-house 3D fragment 
library obtained from co-crystallized ligands or by molecular docking. This library is stored in a 
graph-oriented database containing required information to link fragments together. Frags2Drugs 
builds rapidly every possible molecule fitting in a given ATP site of a protein kinase. 

 
Using additional in silico tools, molecules are then filtered to keep those presenting the 

best potential affinity. Several specific molecular filters are applied, including a specific in-house 
kinase inhibitor-like filter(c). F2D was validated by reconstructing almost all co-crystallized 
protein kinase inhibitors. F2D has already shown promising results by finding potent, selective 
and patentable chemical series developed on five different kinase projects. 
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Innovative new carbon materials that have been used successfully in wastewater 

treatment and environmental protection technologies [1] have resulted in extensive research 

carried out worldwide. Carbon nanomaterials are unique due to their nontoxic, higher surface 

area, easier biodegradation, and useful environmental remediation. Heavy metal contamination 

in water is a major issue and poses a great risk to human health. The present investigation 

encompassed with preparation of an activated carbon (derived from agricultural waste materials 

like palm shell, sugar cane, coconut husk) in nano size through chemical and thermal activation 

of material. The different parameters affecting in the chemical and thermal activation processes 

such as chemical types used for activation process, activation time and temperature and 

carbonization time and temperature for the thermal activation process were optimized to produce 

nano-size activated carbon. All prepared materials were evaluated for copper decontamination 

from industrial wastewater. The prepared nano-activated carbon was characterized using Fourier 

transform infrared spectroscopy (FTIR), Thermal Analysis (TGA), BET, SEM, TEM and X-ray 

diffraction (XRD). The prepared nano-activated carbon was subjected for the removal of copper, 

lead, titanium ions sorption from aqueous solution using batch technique. Among the prepared 

nano-activated carbon derived from palm shell exhibited higher removal of copper, iron, 

chromium ions are 92, 88 and 90% within 6 hrs (operating time), pH 6. This innovative material 

opens up new prospects for the productive use of chemical, petrochemical and wastewater 

treatment plants by nano-sized adsorbents at low cost.  

 

Reference:  

1.  Baby, R., Saifullah, B. & Hussein, M.Z. Carbon Nanomaterials for the Treatment of Heavy 

Metal-Contaminated Water and Environmental Remediation. Nanoscale Res Lett 14, 341 (2019). 

 

Correspondence: josephniche@gmail.com 

mailto:josephniche@gmail.com


 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Development of Volatile Organic Compound (VOC) probes for 
cancer biomarker targeting 

 
Fabiola DJAGO*, Pauline POINOT 

 
(1) E-BiCoM, Institut des Milieux et des Matériaux, 4 rue Michel 

Brunet 86000 Poitiers.   

 

Restricted to 
organizers 

 

 
Cancer is the second cause of death worldwide. However, if cancers were diagnosed earlier, the 
mortality rate could be reduced of about 30% according to WHO. Numerous techniques were 
developed to detect tumors, but none has been used in clinic as a noninvasive, simple, and 
accurate test so far. In this context, the E-BiCoM team proposed a new diagnosis strategy that 
relies on a cocktail of isotopic and nontoxic VOC-based probes targeting glycosidases previously 
reported as markers of tumors.   
 

                                      
Diverse glycosidases have been either over-expressed or co-localized with cancer cells, and 
could also be involved in tumor metastasisa . In a previous studyb, we have shown the efficiency 
of a VOC-based probe, i.e., the ethylglucuronide-D5, targeting the β-glucuronidase present in 
high concentration in tumors microenvironment, to diagnose cancers and monitor tumor growth 
during chemotherapy. Next, we have transposed the strategy to directly detect the enzyme ex 
vivo, in human plasma samples. A clinical study was thus conducted in collaboration with the 
Clinical Investigation Centre in the CHU of Poitiers, to demonstrate the efficacy of the probe for 
diagnosing cancer patients just from a blood sampling. Protocol optimization and first results 
will be presented here.  To go further, and in a clinical research context, targeting only one 
biomarker can lead to a significant number of false positives and false negatives. In this context, 
we plan to measure several enzyme activities with a cocktail of multiplexed VOC-based probes 
to provide the much-needed specificity for (1) disease detection, (2) stratification of patients for 
personalized therapy, and (3) understanding the cellular processes that led to enzymes 
overexpression in diseased tissues. First in vitro tests with dual probes will be presented here.  
 
Bibliographic references: 
(a)Bernacki R.J., Niedbala M.J., Korytnyk W, Glycosidases in cancer and invasion. Cancer Metastasis 
Rev,4,81-101 (1985) 
(b)Lange J. et al, Volatile Organic Compound Based Probe for Induced Volatolomics of Cancers. Angew. 

Chem. Int. Ed.,58,17563-17566 (2019) 
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Abstract 

Sustainable methods to produce adsorbent materials are needed to remove a variety of 

pollutants found in water including organic compounds, heavy metals, and other harmful 

inorganic and biological contaminants. The present investigations focuses on the removal of 

Cu(II), Ni(II), Pb(II) from polluted water using activated adsorbent derived from natural waste 

material (lemon peel, as agro-industrial waste). The effects of solution pH, adsorption time, 

metal ion concentration and dose of adsorbent on sorption were studied in batch experiments. 

The maximum Langmuir adsorption capacity was evaluated to be 10.8 mg/g at optimum contact 

time of 20 min. The maximum removal of copper ions from mining-wastewater at natural pH 

(pH3) was 90%, indicating that lemon peel could be employed as an effective low-cost adsorbent 

for removal of copper, nickel, lead ions from wastewater at acidic conditions. The experimental 

observation indicated that lemon peel, as agro-industrial waste, was used to investigate removal 

efficiency of metal ions from mining wastewater. 
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G-quadruplexes (G4s) are four-stranded nucleic acid structures formed by the stacking of two or 
more co-planar G-quartets stabilized via Hoogsteen hydrogen-bonds of guanine bases. These 
thermodynamically stable non-canonical DNA and RNA structures have been found in key 
regulatory regions of genomes and transcriptomes suggesting their implication in important 
biological processes such as replication, transcription and translation, but also in the molecular 
mechanisms of several important diseases(a).  
Organic molecules specifically targeting and stabilizing G4 structures can provide a better 
understanding of their functions and amongst them, some have shown significant therapeutic 
potentials. Typical G4 interacting/stabilizing compounds are synthetic small molecules, 
combining rigid aromatic heterocyclic architectures, able to act with external G-quartets, and 
cationic or protonable side chains, able to form additional interaction with negatively charged 
grooves and/or loops. Herein, we report on the assembly and screening of a DNA encoded 
combinatorial library (DECL) of potential ligands of G4 structures composed of heteroaromatic 
hydrophobic cores and polypeptide appendages.  
DECL is a cost efficient drug discovery technology bridging the fields of combinatorial 
chemistry and molecular biology. In DECL, numerically large combinations of building blocks 
can be efficiently synthesized and connected to individual DNA sequences carrying readable 
information about the compound structure(b). Over the past few years, DNA encoded libraries 
targeting proteins involved in diseases had yielded highly promising hits, making DECL a new 
pillar in the drug/probe discovery pipeline. Our unpublished library, to the best of our knowledge 
the first DECL dedicated to nucleic acid recognition, was selected against various G4 structures 
of biological/therapeutic interest. High-throughput sequencing (HTS) of the selected DNA 
encoded G4 ligands provided remarkable structure affinity relationships along with 
unambiguously enriched molecular motifs. The most enriched ligands were resynthesized and 
their affinity toward G4 and stabilization capacities were confirmed by fluorescence based 
binding assay and thermal denaturation studies. Those ligands showed affinities comparable to 
the most advanced G4 ligands reported to date and fully endorse the use of DECL to seek novel 
ligands of structured nucleic acids.    
 

Bibliographic references: 
(a) Spiegel J, Trends Chem. 2020, Vol.2, No.2, 123-136 
(b) Goodnow Jr R.-A, Nat. Rev. Drug Discov. 2017, Vol.16, 131-147.  
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G-quadruplex (G4s) are non-canonical DNA or RNA secondary structures that can be generated 
in repetitive guanine (G)-rich nucleic acid sequences containing tracks of three or four guanines. 
These structures are formed by the stacking of at least two G-tetrads which are square planar 
arrays in which four guanines interact through Hoogsteen hydrogen bonding (Figure 1A). These 
non-canonical structures are likely to form in G-rich regions throughout the genome suggesting 
possible functional roles in key biological processes such as transcription, replication, and 
translation1. Therefore, G4s have become the object of intense study with the aim of defining 
their potential role as regulatory elements and/or therapeutic targets2. G4s can interact and be 
stabilized by small molecules, and as a result, are considered as therapeutic targets to control 
gene expression at the level of DNA or RNA. Although the high number of small molecules 
known to interact with these structures, there is still a strong need to perform in vivo studies to 
understand the biological relevance of G-quadruplex structures. In this context, we developed 
new functionalized G4 ligands that not only are able to selectively bind these structures but the 
added function also allows the development and application of new visualization techniques. For 
this purpose, we synthesized some derivatives of the well known G4 ligand PDC3, functionalized 
with different linkers. These ligands are either modified with an alkyne or an azide in order to 
further functionalize them with a hapten (5-BrdU) by a copper(I)-catalyzed alkyne-azide 
cycloaddition (CuAAC). The molecules before and after functionalization with 5-BrdU are 
tested for their affinity and selectivity towards G4 structures by employing different biophysical 
techniques. Cell distribution of 5-BrdU functionalized ligands is next determined by 
immunofluorescence staining after recognition of the 5-BrdU tag by a specific antibody (Figure 
1B). 

 
Figure 4: Representation of A) a G-quartet (left) and a G-quadruplex formed by the stacking of 3 G-quartet (right) and B) the 

immunodetection of a 5-BrdU modified G4 ligand 

Bibliographic references: 
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2. Neidle, S. Quadruplex Nucleic Acids as Novel Therapeutic Targets. J. Med. Chem. 59, 5987–6011 (2016). 
3. Pennarun, G. et al. Apoptosis related to telomere instability and cell cycle alterations in human glioma cells 
treated by new highly selective G-quadruplex ligands. Oncogene 24, 2917–2928 (2005). 
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