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IBICS Irish Biological Inorganic Chemistry 
Society 

IBICS-1 Symposium 
Maynooth 

3rd November 2017 

John Hume Building JHL-4 and JHL-6 
 

The inaugural Symposium of the Irish Biological Inorganic Chemistry Society (IBICS – 1) will 
be co-hosted by DIT and Maynooth University and will take place in Maynooth University on 
3rd November 2017 from 11.00 to 18:00.  
The aim of this new Society is to build and foster a multi-disciplinary community of scientists 
that crosses the interface between medicinal inorganic chemistry and biology across the 
island of Ireland. The IBICS Symposium will strengthen existing collaborations and make new 
ones in order to create a national network with enhanced international visibility.    
Prof. Michael Hannon (School of Chemistry, Birmingham University, President of the Society 
of Biological Inorganic Chemistry) and Prof. Walter Berger (Institute of Cancer Research, 
Medical University, Vienna) will deliver two plenary lectures.  
We are delighted to host Prof. Donal O’Shea (RCSI); Institute of Chemistry of Ireland Eva 
Philbin Award  Lecture. 
 
Diego Montagner 
Michael Devereux 
Celine Marmion 
Orla Howe  
Matthias Tacke 
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General Information for IBICS-1 Symposium 
 
The first Symposium of the new IBICS Society (Irish Biological Inorganic Chemistry Society) 
IBICS-1 will be held at Maynooth Univesity on the 3rd of November 2017.  
IBICS memberships will cover the cost of the meeting. The fee is payable on the same day of 
the Symposium for those who have not done so yet (Academic 30 Euro, Postdoc 20 Euro and 
PhD/Postgrads 10 Euro). 
The Symposium venue is on the first floor of the John Hume Building (blue circle in the map) 
lecture theatres number JHL-4 (oral presentation) and JHL-6 (poster presentation). 
The registration desk will be in front of the entrance of JHL4 theatre starting from 10AM. 
Light lunch, coffee break and wine reception will be in the same building foyer.  
Please, charge your presentation in the PC of JHL-4 during the lunch break.  
You can hang your poster on the corresponding panel in JHL-6 before 11AM or during the 
lunch break. 
 
How to reach Maynooth: 
By car: 
Maynooth is situated 25km from Dublin city centre. Take junction 7 (signposted 
Maynooth/Straffan/Naas) off the M4 and follow the signs to Maynooth. Coming form Galway 
take the same exit (signposted Maynooth/Straffan/Naas). 
Turn left in the centre of the town and the gates to the South Campus are directly ahead of 
you. To reach the North Campus, take the left in the centre of the town, then turn right, take 
the next left and the entrance is on your right (purple circle). You can park for free in parking 
number 9 (green circle). Pay attention, one small part of this parking is pay and display zone 
and if you park there you must pay the correspondent fee. 
By train: 
Maynooth lies on the Western Suburban railway line which serves the four Dublin city centre 
stations (Pearse Station, Tara St, Connolly Station and Docklands) as well as twelve other 
suburban stations; Drumcondra, Broombridge, Ashtown, Navan Rd. Parkway, Castleknock, 
Coolmine, Clonsilla, Hansfield, Dunboyne, M3 Parkway, Leixlip Confey and Leixlip Louisa 
Bridge, making it a quick and convenient way to get to Maynooth University. 
This railway line also serves: Sligo, Collooney, Ballymote, Boyle, Carrick-on-Shannon, Dromod, 
Longford, Edgeworthstown, Mullingar, Enfield, Kilcock.  
The South Campus is approximately five minutes walk from Maynooth train station and the 
North Campus approximately ten minutes walk. 
By Bus: 
Maynooth is served by two Dublin Bus routes – the 66 and the 67. Both of these buses depart 
from Merrion Square in Dublin and run frequent services to the town. The 66x is an express 
service. 
Both bus routes are the same until they reach Lucan; from here the 66 travels to Maynooth 
via Leixlip, and the 67 via Celbridge.  See the Dublin Bus website for full details or Dublin Bus 
2017-2018 . 
Bus Éireann 
Bus Éireann operates daily services from: Athlone, Ballina, Galway, Longford, Mullingar, 
Sligo, Tuam and Westport. 
See the Bus Éireann website for more details. 
 

http://www.dublinbus.ie/
https://www.maynoothuniversity.ie/sites/default/files/assets/document/Dublin%20Bus%202017-2018_0.pdf
https://www.maynoothuniversity.ie/sites/default/files/assets/document/Dublin%20Bus%202017-2018_0.pdf
http://www.buseireann.ie/
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Programme 

 

11.00-11.15 Opening Symposium 
 

 

  Chair: Celine Marmion 
11.15-12.00 Walter Berger 

(Medical University 
Vienna) 
 

Dissecting the mode-of-action of anticancer 

metal drugs: synergistic combinations and 

interaction with the anticancer immune 

response 

 
12.00-12.45 Donal O’Shea (RCSI); 

Institute of Chemistry 
of Ireland Eva Philbin 
Award  Lecture 
 

Targeted and Responsive Agents for 
Fluorescence Guided Precision Surgery 
 

12.45-13.45 Lunch 
 

 

  Chair: Matthias Tacke 
13.45-14.05 Bernie Creaven (ITT) Cu(II) Complexes: Pro or Anti-oxidant activity 

in Cancer cells? 
 

14.05-14.25 Andrea Pettenuzzo 
(NUIG) 

A sweet approach to the targeted anticancer 
chemotherapy: gold-based glycoconjugates 

 
14.25-14-45 Orla Howe (DIT) Piecing the puzzle: To decipher the biological 

mechanisms of novel copper-Phenanthroline 
complexes. 
 

14.45-15.05 Reece Kenny (RCSI) Design and Development of Novel Dual-

Threat Metal Chemotherapeutics 
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  Chair: Denise Rooney 
15.05-15.20 Flash poster 

presentation 
Anna Banasiak (DIT): Monitoring DNA 

Nuclease Activity of Bioinorganic 

Compounds using Electrochemical 

Biosensors  

Eolann Kitteringham (RCSI): Development of 

a Novel Cytoplasmic Trackable NIR Platinum-

Fluorophore Conjugate 

Aisling Crowley (DIT): The Mechanism of 
Action of a Copper(II) Folate-Phenanthroline 
complex in 2D and 3D cellular models 

 
Leila Tabrizi (NUIG): Synthesis and C−H 
Activation Reactions of Cyclometalated 
Copper(I) Complexes with NCN Pincer and 
1,3,5-Triaza-7-Phosphaadamantane 
Derivatives: In Vitro Antimicrobial and 
Cytotoxic Activity 

 

Azeez Yusuf (DIT): Liposomal encapsulation 
of silver nanoparticles enhances cytotoxicity 
and causes induction of ROS independent 
apoptosis 

 
15.20-16.00 Coffee break  Poster Session 

 
  Chair: Orla Howe 
16.00-16.20 Sarah da Silva Ferreira 

(DIT) 
A new mixed-valence Mn(II)Mn(III) 
compound with catalase and superoxide 
dismutase activities 

 
16.20-16.40 Muhib Ahmed (MU) Transition Metal Complexes of Novel 

Phenanthroline-based Ligands and their 
Antimicrobial Activity 
 

16.40-17.00 John Kelly (TCD) Probing Reaction Intermediates from Metal-
containing Photosensitisers in Solution and 
in HeLa cells 
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17.00-17.20 Awatif Almoitary 

(DIT/NUIG) 
Cellular effects of novel dual-acting Pt(IV) 
complexes based on cisplatin with 
phenylbutyrate  
 

  Chair: Diego Montagner 
17.20-18.05 Michael Hannon 

(Birmingham 
University) 

Metallo-supramolecular cylinders that bind 
unusual DNA and RNA structures: from DNA 
nanoscience to bio-activity  
 

18.05-18.10 Closing 
 

 

18.10-19.30 Banquet and wine 
reception 
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Dissecting the mode-of-action of anticancer metal drugs: synergistic 

combinations and interaction with the anticancer immune response 

Walter Berger1, Petra Heffeter1, Christian Kowol2, Bernhard Keppler2 

1Institute of Cancer Research and Comprehensive Cancer Center, Medical University Vienna, 

Austria 

2Department of Inorganic Chemistry, University of Vienna, Austria 

Metal drugs are still key components of systemic anticancer therapy at the disseminated state. 

While originally these compounds were believed to mainly target DNA of proliferating cells, 

the picture has recently turned out to be more complex. Thus, we have for example detected 

integrin deregulation at the cell surface leading to anoikis-like cell death induction as 

mechanism underlying the anticancer effects of the anticancer gallium compound KP46 in vitro 

and in vivo. These non-classical modes of action but also the related resistance mechanisms 

need to be precisely elucidated to allow development of predictive biomarkers as well as 

appropriate drug schemes and combinations. As an example, we elaborated a massive 

synergistic effect of cisplatin with the clinically approved natural drug trabectedin based on a 

reciprocal interaction with DNA repair processes. Consequently, intrinsically cisplatin-

resistant xenograft models became sensitive to cisplatin by previous exposure to trabectedin. 

Finally, metal drugs might strongly support anticancer immune response. Albumin-targeted 

Pt(IV) prodrugs developed within our cooperation led to cure of mice harboring colon cancer 

allografts. Interestingly, these mice were resistant to re-challenge with the identical cancer 

models indicating vaccination effects by immunogenic cell death induction. Accordingly, the 

anticancer effect of oxaliplatin strongly increased by combination with e.g. bacterial ghosts as 

adjuvants.  
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Targeted and Responsive Agents for Fluorescence Guided Precision 

Surgery 
 

Donal O’Shea 

Dept of Pharmaceutical and Medicinal Chemistry, Royal College of Surgeons in Ireland,  

123 St Stephens Green, Dublin 2. 

Fluorescence imaging, utilising molecular fluorophores, often acts as a central tool for the 

investigation of fundamental biological processes offering huge potential for human imaging 

coupled to therapeutic procedures. The goal of our research is to take fluorescence imaging 

from the research lab into everyday clinically relevant situations. Using our scientific 

expertise in the fields of chemistry, nanotechnology and biotechnology we aim to build a 

tenable bridge between academic research and clinically relevant medical diagnostic imaging 

technologies.  The overarching objective of our research is to develop biologically responsive 

off to on switchable fluorescence probes which would allow the real-time intraoperative 

delineation of primary tumour margins and detection of metastatic cancer in lymph nodes.1a-

e In this presentation, the design, synthesis, in vitro and in vivo evaluation of a bio-

conjugatable NIR-AZA fluorochromes 1 which uses lysosomal pH as the NIR-fluorescence 

switching trigger will be described (Fig. structures 1a-d).2  NIR-fluorophores 1 permits 

continuous real-time 4-D imaging of cellular uptake, trafficking and efflux processes as 

fluorescence signal solely arises from the lysosomes (Fig).2 Application of this dynamic 

imaging technique for real-time in vivo assessment of the performance of passive tumor 

targeting with PEG polymer conjugates 1a-c, and active targeting with RGD peptide 

conjugated 1d shows their potential for real-time intraoperative fluorescence guided surgery. 

 
References 

[1a] Ge Y., O'Shea D.F. Chem. Soc. Rev. 2016, 45, 3846. [1b] 

http://www.youtube.com/watch?v=FjipbGTf8w4. [1c] Wu D., O'Shea D.F. Chem. Commun. 

2015, 51, 16667. [1d] Wu D., O'Shea D.F. RSC Adv. 2016, 6, 87373 and Chem. Commun. 2017, 

53, 10804. [1e] Cahill, R.A., O’Shea D.F. et al E. J. Med. Chem. 2017, 135, 392. 

[2] Grossi, M. O’Shea D.F. et al Nat. Commun. 2016, 7, 10855. 

http://www.youtube.com/watch?v=FjipbGTf8w4
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Metallo-supramolecular cylinders that bind unusual DNA and RNA 

structures: from DNA nanoscience to bio-activity 

Michael J. Hannon 

School of Chemistry, University of Birmingham, Edgbaston, Birmingham B15 2TT  UK.  

m.j.hannon@bham.ac.uk 

 

We have developed a new class of metallo-supramolecular agents that bind strongly and 

preferentially to DNA and RNA Y-shaped junctions (3-way junctions; forks; bulges) in vitro 

and prevent DNA transactions [1-4].    They are taken up readily into cells and rapidly localise 

in cell nuclei, where they interfere with the processing of DNA leading to cell cycle arrest 

followed by apoptosis, without inducing genotoxicity or mutagenicity.   Moreover some agents 

show potent anti-viral activities.  

Beyond the genome, DNA can also be used to create interesting synthetic nanostructures.  We 

now show that our cylinders can bind to these nanostructures, and the cylinders can modulate 

the nanostucture’s shape.  The cellular uptake and activity of these nanostructure-cylinder 

composites will be described. 

 

 

 

References 

[1]  S. Phongtongpasuk, S. Paulus, J. Schnabl, R. K.. O. Sigel, B. Spingler, M. J. Hannon, E. 

Freisinger, Angew. Chem. Intl Ed, 52, 11513—11516 (2013).  

[2]  C. Ducani, A. Leczkowska, N.J. Hodges, M.J. Hannon,  Angew. Chem. Intl. Ed., 2010, 49, 

8942-8945 (2010)  

[3]  D.R. Boer, J.M.C.A. Kerckhoffs, Y. Parajo, M. Pascu, I. Uson, P. Lincoln, M.J. Hannon, 

M. Coll , Angew. Chem. Intl. Ed., 49, 2336-2339 (2010)   

[4]  A.J. Pope, C. Bruce, B. Kysela, M.J. Hannon, Dalton Trans, 39, 2772-2774 ( 
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Cu(II) Complexes: Pro or Anti-oxidant activity in Cancer cells? 

Bernie S. Creaven1, Siobhán McClean1, Michael Devereux2, Marcos D. Pereira3, Eva A. 

Enyedy4, Nora V. Nagy5, Orla Howe,2 Una Prendergast,6 Louise MacLean1 

1. Centre of Applied Science & Health, Institute of Technology, Tallaght, Dublin 24 

2. The Inorganic Pharmaceutical and Biomimetic Research Centre, Focas Research 

Institute, Dublin 8 

3. Laboratório de Citotoxicidade, Universidade Federal do Rio de Janeiro, Brazil 

4. Department of Inorganic and Analytic Chemistry, University of Szeged, Hungary4 

5. Chemical Research Centre, Hungarian Academy of Sciences, Budapest 

6. The Nanobioanalytical Research Facility , Dublin City University, Dublin 9 

 

Human metabolism generates free radicals and other reactive oxygen species, ROS, such as the 

superoxide radical O2•-, hydroxyl radical OH• and hydrogen peroxide H2O2. Superoxide 

dismutase, SOD and catalase, CAT, are enzymes that regulate oxidative stress through the 

dismutation of these damaging species. When oxidative stress is excessive and this defence is 

overwhelmed, ROS induce cell damage which can lead to disease. A series of copper(II) 

complexes containing N2O2 donor ligands have been synthesised by our groups and that of our 

collaborators and some of these copper(II) complexes have shown cytotoxicity[1],[2] against 

selected cancer cell lines. Previous studies have shown via chemical assays  that these 

complexes exhibit SOD and CAT mimetic activity[5] and a yeast based assay using  

Saccharomyces cerevisiae BY4741 wild type and mutant strains, has been used to determine 

the SOD & CAT activity of these complexes in a eukaryotic model. In addition, DNA nuclease 

studies, and  ROS generation in MCF-7, a breast cancer-derived cell line was also measured 

together with preliminary solution speciation studies and confocal microscopic studies on 

selected compounds. The pro and anti-oxidant activity of the complexes as measured by these 

assays will be discussed here.   

References 
 
 [1] A. Kellet, O. Howe, M. O’Connor, M. McCann, B.S. Creaven, S. McClean, A. Fotyn-Afra 

Kia, A. Casey, M. Devereux, Free Radical Bio. Med, 2012 53, 564-576 

[2] B.S. Creaven, M. Devereux, D. Karcz, A. Kellett, M. McCann, A. Noble, M. Walsh, J. 

Inorg.Biochem, 2009, 103, 1196-1203 
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A sweet approach to the targeted anticancer chemotherapy: gold-based 

glycoconjugates 

Andrea Pettenuzzo1, Jessica Wölker2, Alessio Terenzi3, Ingo Ott2, Luca Ronconi1* 

1School of Chemistry, National University of Ireland Galway, Galway (Ireland) 

2Institute of Medicinal and Pharmaceutical Chemistry, Technische Universität Braunschweig, 

Braunschweig (Germany) 

3Institute of Inorganic Chemistry, University of Vienna, Vienna (Austria) 

 

Rapidly dividing tumor cells requires higher amounts of nutrients and energy for their fast 

proliferation, and glucose is no exception. Accordingly, such increased demand of glucose by 

cancer cells makes it very attractive to selectively target tumor sites. In particular, tailored 

glucose-like substrates can be conjugated to chemotherapeutics (including metal-containing 

anticancer agents) to attain the site-specific delivery of drugs into the affected tissues.1 

Accordingly, we have been focusing on the design of gold(I/III)-dithiocarbamato 

glycoconjugates which can combine the antitumor properties and the favorable toxicological 

profile of the gold-dithiocarbamato scaffold,2 along with an improved selectivity and cellular 

uptake provided by the glucose-containing ligands coordinated to the metal center, through the 

exploitation of the glucose-mediated cellular internalization provided by glucose transporters 

(GLUTs). 

In this communication, we report on a new generation of gold-dithiocarbamato glycocojugates 

generated via an innovative synthetic approach. All compounds have been fully characterized 

by spectroscopic techniques, and some solution studies have been carried out in PBS by means 

of UV-Vis spectrophotometry. 

The cytotoxic activity of the metal glycoconjugates has been evaluated in vitro. Moreover, 

docking studies for some selected compounds with GLUT1 were performed, suggesting that 

there are no steric constraints within the binding pocket of the glucose transporter. 

 

Acknowledgements. Financial support by NUI Galway (College of Science Scholarship to AP; 

Millennium Fund Minor Project 2013 to LR), Irish Research Council (Postgraduate Scholarship to 

AP), and COST Action CM1105 is gratefully acknowledged. 

References 

1) A. Pettenuzzo, R. Pigot, L. Ronconi Metallodrugs 2015, 1, 36 

2) E.M. Nagy, L. Ronconi, C. Nardon, D. Fregona, Mini-Rev. Med. Chem. 2012, 12, 1216 
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Piecing the puzzle: To decipher the biological mechanisms of novel copper-

Phenanthroline complexes. 

Orla Howe1, Garret Rochford1, Megan O Shaugnessy1, Pauraic McCarron1, Kevin 

Kavanagh2, Malachy McCann3, Andrew Kellett4 and Michael Devereux1 
 

1Centre for Biomimetic and Therapeutic Research & School of Biological Sciences, Dublin 

Institute of Technology, Dublin 8, Ireland 
2Department of Biology, Maynooth University, Maynooth, Ireland 

3Department of Chemistry, Maynooth University, Maynooth, Ireland 
4School of Chemical Sciences, Dublin City University, Dublin 9, Ireland 

 

The first synthetic nuclease was developed by Sigman in 19781 comprised of 1,10 

Phenanthroline complexed with copper; [Cu(phen)2]2+ (phen ¼ 1,10-phenanthroline). 

However, the first ‘self-activating’ metallo-nuclease complex containing a binuclear 

[{Cu(phen)2}2(terph)]2+ cation with aromatic phthalate ligand was developed2 with the 

phthalate ligand later replaced with aliphatic dicarboxylates to improve solubility3. These 1,10 

Phenathroline copper complexes (Copper-Phen) demonstrated superior anticancer activity in 

the picomolar region, however the biological mechanisms of action were unknown. 

For novel Copper-Phen complexes, anti-cancer activity was initially deduced by in-vitro 

cytotoxicity testing indicating the active concentrations (IC50) (in micro or pico-molar ranges) 

and tumour selectivity of the different complexes. In-vitro methodology integrated with 

molecular studies was employed on candidate complexes to find biological targets of their anti-

cancer mechanistic response. Moreover in-vivo studies integrated with proteomics on the larvae 

of Galleria mellonella generated interesting mechanistic results. More recently Copper-Phen 

complexes have demonstrated antimicrobial properties in clinically relevant antibiotic resistant 

strains4 and clinical isolates suggesting capabilities beyond the scope of anticancer activity. 

The biological data that will be presented and generated so far has led to many ‘pieces of the 

puzzle’ about the Copper-Phen mechanism of action in cells. However variability that exists 

between the responses of Cu-Phen complexes with the cellular environment from in-vitro to 

in-vivo mechanisms is complex. Therefore, the mechanistic ‘puzzle’ is far from completion but 

‘the pieces’ have provided insights to their biological mechanisms of action. 

References:  
1D.S. Sigman, D.R. Graham, V.D’Aurora and A.M. Stern, Oxygen-dependent cleavage of DNA by the 1,10-phenanthroline . cuprous complex. 
Inhibition of Escherichia coli DNA polymerase I. J.Biol.Chem., 252, 12269-12272, 1979 
2A Kellett, M O Connor,, M. McCann, M. McNamara, P. Lynch, G Rosair, V McKee, B Creaven, M Walsch, S McClean, A Foltyn, D O 

Shea, O. Howe and M Devereux.  "Bis-phenanthroline Copper(II) Complexes of the Phthalates are potent in vitro anti tumour agents with 
‘self activating’ metallo-nuclease and DNA binding properties. Dalton transactions, Feb 7;40(5):1024-7, 2011. 
3Andrew Kellett, Mark O Connor, Malachy McCann, Orla Howe, Alan Casey, Pauraic McCarran, Mary McNamara, Sean Kennedy, Donald 

D May, Philip Skell, Denis O Shea and Michael Devereux. Water soluble Cu (II) and Mn (II) bis-phenanthroline octanedioate complexes with 
unprecedented nano and picomolar in vitro toxicity as promising leads for chemotherapeutic drug development. MedChemCom, 2, 259, 2011 
4L Viganor, O Howe, P McCarron, M McCann, M Devereux. The antibacterial activity of metal complexes containing 1, 10-phenanthroline: 

Potential as alternative therapeutics in the era of antibiotic resistance. Current topics in medicinal chemistry.  17, 1280-1302, 2017 
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Design and Development of Novel Dual-Threat Metal Chemotherapeutics 

Reece G. Kenny1, Celine J. Marmion1 

1Department of  Pharmaceutical and Medicinal Chemistry, Royal College of Surgeons in Ireland, 123 

St. Stephens Green, Dublin 2, Ireland 

 

Metal-based chemotherapeutics such as cisplatin are among the most commonly used 

treatments for cancer. Despite their clinical success, current metal-based drugs have 

drawbacks; they are highly toxic towards healthy cells and thus have severe side effects 

associated with their use. Some cancer cells also possess intrinsic or acquired resistance to 

these treatments. Cisplatin, through loss of its chlorido ligands, binds to DNA nucleobases 

leading to the inhibition of cellular functions and ultimately apoptosis. Recent studies into the 

development of new metal-based drugs have focussed on replacing these chlorido ligands with 

biologically active moieties to create multi-functional chemotherapeutic drugs which have 

different cellular targets to that of DNA.1 

Previous work in our group involved the successful development of dual functional 

platinum complexes with histone deacetylase (HDAC) inhibitors2 and peptides3 as ligands. 

The Pt-HDAC inhibitor conjugates in particular demonstrated cytotoxicity comparable to 

cisplatin both in vitro and in vivo but with a significantly reduced level of toxicity towards 

healthy cells. Building on this work, we are designing and developing new metallodrug 

compounds following a multi-targeted approach.  The rationale behind their design 

and development and results obtained to date will be presented. 

References 

1 Kenny, R.G., Chuah, S.W., Crawford, A., Marmion, C.J., Eur. J. Inorg. Chem., 2017,12, 1596-1612 

2 Parker J.P., Nimir H., Griffith D.M., Duff B., Chubb A.J., Brennan M.P., Morgan M.P., Egan D.A., 

Marmion C.J., J. Inorg. Biochem., 2013, 70-77; Griffith, D., Morgan, M.P., Marmion, C.J., Chem 

Commun., 2009, 44, 6735-6737. 

3 Parker, J.P., Devocelle, M., Morgan, M.P., Marmion, C.J., Dalton Trans., 2016,45, 13038–13041 
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A new mixed-valence Mn(II)Mn(III) compound with catalase and 

superoxide dismutase activities 

Sarah S. Ferreira,1 Rafael  O. Costa,2 Christiane Fernandes,2 Adolfo Horn Jr,2 Jeffrey R. 

Harmer,3 Christopher J. Noble,3 Gerhard Schenk,4 Jackson A. L. C. Resende.5 

1Instituto Federal Fluminese, Campos/RJ, Brazil 

2Laboratório de Ciências Químicas, Universidade Estadual do Norte Fluminense, Campos/RJ, 

Brazil 

3Centre for Advanced Imaging, The University of Queensland, Brisbane, Australia 

4School of Chemistry and Molecular Biosciences, The University of Queensland, Brisbane, 

Australia 

5Laboratório de Difração de Raios X, Universidade Federal Fluminense, Niterói/RJ, Brazil 

 

The synthesis, X-ray molecular structure, physico-chemical characterization and dual 

antioxidant activity (catalase and superoxide dismutase) of a new polymeric mixed valence 

Mn(III)Mn(II) complex, containing the ligand H2BPClNOL (N-(2-hydroxybenzyl)-N-(2-

pyridylmethyl)[(3-chlorophenyl)(2-hydroxy)] propylamine) is described. The monomeric unit 

is composed of a dinuclear Mn(II)Mn(III) species, [Mn(III)(μ-HBPClNOL)(μ-

BPClNOL)Mn(II)(Cl)](ClO4).2H2O, 1, in which the Mn ions  are connected by two different 

bridging groups provided by two molecules of the ligand H2BPClNOL, a phenoxide and an 

alkoxide moiety. In the solid state, this mixed valence dinuclear unit is connected to its 

neighbours through chloro bridges. The complex is able to promote the O2
• (IC50 = 0.370 µmol 

dm-3, kcat = 3.6x106 M-1 s-1) and H2O2 (kcat = 2.548 s-1) dismutation in aqueous solution.  The 

SOD activity was evaluated by the nitroblue tetrazolium (NBT) reduction assay and the 

superoxide scavenging activity (using K2O as a source of O2
•-) was monitored by electron 

paramagnetic resonance (EPR). Complex 1 inhibits NBT reduction and decreases the intensity 

of the EPR signal associated with of O2
• species by catalyzing its convertion to O2 and H2O2, 

thus acting as a SOD mimetic. An intermediate was detected by EPR, revealing that a high-

valent Mn(III)-O-Mn(IV) species is involved in the catalytic cycle. Complex 1 shows catalase 

activity only in the presence of piperazine. EPR and ESI-(+)-MS studies indicate that 

piperazine induces the oxidation of 1 under aerobic atmosphere, resulting in the formation of 

the catalytically active Mn(III)-O-Mn(IV) species.  
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Transition Metal Complexes of Novel Phenanthroline-based Ligands and 

their Antimicrobial Activity 

MuhibAhmed1, Denise Rooney1, Malachy McCann1, Kevin Kavanagh2  

 1Department of Chemistry, Maynooth University 

2Department of Biology, Maynooth University 

 

Deaths due to infectious diseases are a major global problem, with Mycobacterium 

Tuberculosis causing approximately 1.8 million deaths annually alone1. The emergence of drug 

resistant bacterial infectious diseases is a leading cause of concern worldwide. Despite 

continuous advancement of modern therapeutics, the current treatment for these bacterial 

diseases is either inefficient against the emerging resistant strain or poses severe side effects to 

the patients. 

Due to their broad range of coordination chemistry and their major roles in biological functions, 

transition metals have been receiving considerable attention as potential therapeutic agents to 

target bacterial diseases via novel modes of action2. Metal complexation of transition metals 

with appropriate ligands often leads to enhanced therapeutic activity, greater than that of the 

ligand or metal ion combined. 

In an attempt to discover potential therapeutics of higher efficacy, amino acid ester (2) based 

derivatives of 1,10-phenanthroline-5,6-dione (1) were synthesised and complexed to metal 

centres. Furthermore, a novel compound with anti-tuberculosis activity was also synthesised 

using a Schiff base condensation reaction with isoniazid (3), a well-established anti-

tuberculosis drug. The syntheses of these ligands, their complexation to metal centres and their 

biological screening against strains of bacteria will be presented. 

 

 

References 
[1] World Health Organisation. Tuberculosis Fact Sheet, 2014. Available from: http://www.who.int/mediacentre/factsheets/fs104/en/. 

Accessed: 18 April 2017. 

[2] Subhan MA, Saifur Rahman M, Alam K, Mahmud Hasan M. Spectroscopic analysis, DNA binding and antimicrobial activities of metal 
complexes with phendione and its derivative. Spectrochim Acta A Mol Biomol Spectrosc. 2014;118, 944-50. 
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Probing Reaction Intermediates from Metal-containing Photosensitisers 

in Solution and in HeLa cells 

 

John M. Kelly 

School of Chemistry, Trinity College Dublin. 

 

Great progress has been made in recent years using luminescence methods to determine the 

location and reactivity of metal-based photosensitisers both when bound to bio-

macromolecules and when incorporated into biological cells.1 However such luminescence 

methods are unable to detect reaction intermediates other than the excited states.  Such 

intermediates may be often be readily observed using transient absorption spectroscopy, 

monitoring either in the UV/visible (TA) or in the mid-IR (TRIR) and we have successfully 

used such methods to observe the oxidation of synthetic defined sequence or natural DNA, 

photosensitised by intercalating Ru-polypyridyls, both in solution and in crystals.2   

It is of interest to try to use similar techniques to monitor the reactions of other 

photosensitisers.  In this lecture, we report TRIR studies of platinum tetramethylpyridinium-

porphyrin, both when bound to DNA in solution and in HeLa tumour cells.  

 

Acknowledgements.  The transient spectroscopy work to be reported was carried out in the 

Ultrafast Laboratory of The Central laser facility of the Rutherford Appleton Laboratory 

(UK) and is a collaboration with researchers in the University of Reading, University College 
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The most attractive advantage of platinum (IV) prodrugs is their reduced toxicity and higher 

stability compared to the corresponding Pt(II) species, such as the therapeutic drug Cisplatin 

for the treatment of many cancers. A range of Pt(IV) complexes was synthesised based on well-

known anticancer drugs cisplatin, carboplatin and oxaliplatin with 4-phenylbutyric acid (4-

PBA) in an axial position. The 4-PBA ligand is a known histone deacetylase inhibitor induce 

histone hyperacetylation which leaving the DNA in an open form in order to allow the active 

Pt(II) species (cisplatin) more susceptible to damage DNA1. This new series of Pt(IV) prodrugs 

is activated via reduction inside the cell, releasing two important bioactive molecules (The 

anticancer agent Pt(II)( cisplatin) and 4-PBA) simultaneously that possess different 

mechanisms of action (Figure1). The release of the bioactive ligand through reduction of the 

complexes by ascorbic acid was characterised by HPLC.The biological activity of the new 

Pt(IV) 4-PBA complexes was assessed by cytotoxicity, ROS induction and HDACi activity in 

A2870 and A2870cis cisplatin sensitive and resistant cell lines respectively. The IC50 studies 

of Pt(IV) complexes based on cisplatin and PBA were a higher cytotoxic activity with respect 

to cisplatin Pt(II) at 48 h. Pt (IV) with PBA complexes exhibited high cytotoxicity profile in 

cisplatin-resistant cancer cells. Moreover, increased ROS induction in cisplatin-resistant 

compared to sensitive cells was recorded. Initial data demonstrate the potential mode of action 

of Pt(IV) and 4-PBA complexes with DNA a critical target and therefore possibly ameliorating 

the HDAC inhibition response of the 4-PBA ligand. 
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Figure1. Schematic illustration of activation by reduction of Pt (IV) as anticancer agents 
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Some bioinorganic compounds (BC) have the potential to be used as anticancer drugs as they 

can efficiently kill cells through a creation reactive oxygen and nitrogen species in a Fenton-

like reaction.  

The aim of this research project is to use electrochemical DNA sensors to investigate the 

interactions between DNA and BC, proposed as candidates for cancer therapeutics.  

An electrochemical DNA sensor, fabricated through the immobilization of DNA onto the 

electrode surface, can deliver information about changes in DNA structure caused by drug 

interaction. DNA layers immobilized covalently to electrode surfaces are quite robust and DNA 

is fully accessible for interaction with BC.  

The DNA sensors are immersed in a solution containing the BC of choice. During the redox 

cycling of bioinorganic molecules at DNA sensors, electrons must be transferred to and from 

the electrode surface to the compound. Oxidation or reduction of the metal centre is thought to 

occur via a long-range electron transfer mechanism – stacked DNA base pairs behave as the 

electron conduit. Changes in the measured current response of the sensor, in the presence of 

the BC, can provide information about the type of binding interaction.  

The nuclease activity of the BC is investigated through the measurement of changes in the 

DNA electrode surface coverage before and after interaction with the BC. 
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Metal based drugs provide an excellent platform for the development of novel anticancer therapeutic 

and diagnostic agents, and the prediction and control of the pharmacodynamics and pharmacokinetics 

of such compounds. Individual metals can offer characteristic or accessible geometries, coordination 

numbers and redox states. Furthermore manipulation of such variables, by selection of appropriate 

ligands, can lead to the fine tuning of electronic, chemical and photophysical properties of metal 

complexes.1-2  

Given that many clinical chemotherapeutic metallodrugs, such as cisplatin, are associated with adverse 

side effects and acquired resistance, non-conventional or next generation complexes are in high 

demand.1 We are interested in the development of platinum (Pt) complexes as (i) fluorescent probes 

capable of monitoring cellular uptake and trafficking of Pt-drugs within cells and (ii) theranostic agents, 

capable of dual therapeutic and diagnostic activity.  

We have employed strain-promoted alkyne-azide cycloaddition (SPAAC) click chemistry to conjugate 

a derivative of the Pt-based anticancer drug, carboplatin, with a near-infrared (NIR) fluorophore.3-4 The 

synthesis, characterisation, in vitro activity and cellular imaging (Fig.1.) of the Pt-fluorophore conjugate 

will be described. 

 

Figure 1: Fluorescence of the Pt-fluorophore conjugate (red) within A2780cis cells after 2 h. 
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Previous research has shown that copper(II) and manganese(II) complexes with dicarboxylate 

and 1,10-phenanthroline ligation exhibit low toxicity and promising in-vitro anticancer 

activity. However, these complexes exert non-selective cytotoxic effects, resulting in damage 

to both healthy and malignant cells1. Our current research seeks to develop this class of 

cytotoxic agent through the introduction of folate ligands with the aim of increasing their cyto-

selectivity. The target of interest is the folate receptor (FR), which is overexpressed in many 

malignancies, including those of the ovary, uterus, breast, cervix, and prostate. Because its 

expression is largely absent from normal tissues, the FR can be exploited to target malignant 

cells2,3. 

We have synthesised a novel folate-based copper(II) phenanthroline complex, 

[Cu2(fol)(phen)Cl2(H2O)2].2H2O, and have investigated its biological activity. In vitro studies 

indicate that the complex is cytotoxic against a range of FR positive and FR negative cell lines 

in the low micromolar range (EC50 between 2.80 µM and 5.5 µM), Interestingly, live-cell 

analysis and western blot results indicate that [Cu2(fol)(phen)Cl2(H2O)2].2H2O induces 

proteasomal inhibition and decreased cell viability within 24 hr. In the absence of the folate 

ligand, the non-targeted system, [Cu(phen)2]Cl2.5H2O, exerts a similar, albeit more rapid (8-

12 hrs) effect.  

Although further exploration of [Cu2(fol)(phen)Cl2(H2O)2].2H2O and its cellular uptake is 

necessary, its ability to inhibit the proteasome offers an exciting and advantageous property 

which warrants additional investigation.  
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M.; Kennedy, S.; May, D. D.; Skell, P. S.; O’Shea, D.; Devereux, M. Water-Soluble bis(1,10-
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(7), 579. 

(2)  Chen, C.; Ke, J.; Zhou, X. E.; Yi, W.; Brunzelle, J. S.; Li, J.; Yong, E.-L.; Xu, H. E.; Melcher, K. Structural 

Basis for Molecular Recognition of Folic Acid by Folate Receptors. Nature 2013, 500 (7463), 486–489. 

(3)  Wibowo, A. S.; Singh, M.; Reeder, K. M.; Carter, J. J.; Kovach, A. R.; Meng, W.; Ratnam, M.; Zhang, 
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The new class of cyclometalated copper(I) with NCN pincer and N-aryl-1,3,5-triaza-7-

phosphaadamantane (PTA-PhR) ligands of formula [Cu(L)(PTA-PhR)](PF6), (R = Me (1), Et 

(2), iPr (3), HL=5-methoxy-1,3-bis (1-methyl-1H-benzo[d]imidazol-2-yl)benzene) have been 

synthesized by C−H activation and fully characterized. 1 So far, only few examples of 

cyclometalated copper(I) complexes [Cu(tfppy)(IDipp)] or [Cu(tfppy)(POP)] (IDipp = bis(2,6-

diisopropylphenyl)imidazole-2-ylidene, Htfppy: 2-(2,3,4,5-tetrafluorophenyl)pyridine) have 

been reported by C−H activation. 2 Their antimicrobial and anticancer properties have not been 

investigated. The cytotoxicity of complexes was evaluated against a panel of several human 

tumor cell lines. All the complexes showed in vitro antitumor activity comparable to that of the 

reference metallodrug cisplatin. Tests completed on cisplatin sensitive and resistant cell lines 

exhibited that against human ovarian 2008/C13* cell line pair, the resistance factor of copper 

complexes was roughly 4-5 lower than that of cisplatin. The thioredoxin reductase activity, 

reactive oxygen species (ROS) generation, and cellular apoptosis of the complexes have also 

been studied. Toxicity studies exhibited notable in vitro antimicrobial activity of the copper(I) 

complexes against Gram-positive and Gram-negative bacteria strains, which is much more 

active than furacillinum as standard drug. The interaction of complexes 1-3 with calf thymus 

DNA (CT DNA) was investigated using viscosity, fluorescence quenching, and electronic 

absorption spectroscopy. The DNA cleavage ability of complex 3 has been studied. Overall, 

the new designing of copper(I) complexes provided a useful strategy for the development of 

bioorganometallic anticancer drugs with multiple modes of action. 
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Silver nanoparticles (AgNP) are one of the most widely investigated metallic nanoparticles due to their 

promising antibacterial activities. In recent years, AgNP research has shifted beyond antimicrobial use 

to potential applications in the medical arena. This shift coupled with the extensive commercial 

applications of AgNP will further increase human exposure and the subsequent risk of adverse effects 

that may result from repeated exposures and inefficient delivery meaning research into improved AgNP 

delivery is of paramount importance. In this study, AgNP were encapsulated in a natural bio-surfactant, 

dipalmitoylphosphatyidyl choline (DPPC), in an attempt to enhance the intracellular delivery and 

simultaneously mediate the associated cytotoxicity of the AgNP. It was noted that as a result of the 

encapsulation liposomal-AgNP (Lipo-AgNP) at 0.625 μg/mL induced significant cell death in THP1 

cell lines a notably lower dose than that of the uncoated AgNP induced cytoxicity. The induced 

cytotoxicity was shown to result in an increased level of DNA fragmentation resulting in a cell cycle 

interruption at the S phase. It was shown that the predominate form of cell death upon exposure to both 

uncoated and Lipo-AgNP was apoptosis. However, a ROS-independent activation of the executioner 

caspases 3/7 occurred when exposed to the Lipo-AgNP. These findings showed that encapsulation of 

AgNP enhance AgNP cytotoxicity and mediates a ROS-independent induction of apoptosis. 
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After the emergence of antibiotic resistance, which has become a real epidemic on mankind, it 

is inevitable to discover new classes of antibiotics with high level of activity against resistant 

pathogenic bacteria [1]. Previous studies in our group have produced the lipophilic agent SBC3 

(1,3-dibenzyl-4,5-diphenyl imidazol-2-ylidene silver(I) acetate), which has shown high 

antimicrobial activity against Methicillin-Resistant Staphylococcus aureus (MRSA) and 

Escherichia coli (E. coli) in vitro [1]. Our group has previously produced 1,3-dibenzyl-4,5-

diphenyl imidazol-2-ylidene copper(I) bromide, and focused on anticancer studies purposes 

[2]. In this project, the study aims to develop the NHC-Cu halides [2] into new active antifungal 

agents. The novel derivatives will firstly be tested in vitro on MRSA and E. coli and secondly 

on Candida to evaluate their antimicrobial and antifungal activities. 

 

 

Structure of 1,3-dibenzyl-4,5-diphenyl imidazol-2-ylidene copper(I) bromide 
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Vitamin B12 (i.e. cyanocobalamin) is a vital nutrient characterized by extremely low 

bioavailability. Once taken up by the cell, it is converted into its biologically-active cofactors 

methylcobalamin (used to produce methionine) and adenosylcobalamin (used as coenzyme to 

enter the tricarboxylic acid cycle). Since rapidly growing tumor cells require higher amounts 

of energy and nutrients (including vitamin B12) for their abnormal proliferation, the conjugation 

of anticancer agents to cyanocobalamin turns out to be a very attractive approach to specifically 

target cancer cells.1 

In particular, vitamin B12 derivatives functionalized with suitable fluorophores2 can be 

conjugated to chemotherapeutics (Pt(II)/Au(III)-dithiocarbamato derivatives3), so as to attain 

the site-specific delivery of drugs into the affected tissues. Such selective Trojan Horse-type 

metallotheranostics, in which the structural features of vitamin B12 conceal both the attached 

imaging agent and the metallodrug, aim at improving therapeutic outcomes and reducing side-

effects. 

Preliminary results are here reported and discussed. 
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Candida haemulonii, Candida haemulonii var. vulnera and Candida duobushaemulonii, 

which form the C. haemulonii complex, are emerging etiologic agents of fungal infections 

known to be resistant to the most commonly used antifungals. The anti-microbial potential of 

metal complexes containing 1,10-phenanthroline (phen) ligands is well established.1,2 We have 

evaluated different copper(II), manganese(II), and silver(I) phen chelates for their ability to 

inhibit planktonic growth and biofilm of C. haemulonii species complex.3 The silver 

compounds demonstrated the most effective antifungal activity, followed by the manganese 

and copper chelates. The manganese chelates were the least toxic to mammalian cells, followed 

by silver and copper compounds. When tested against mature biofilms, the chelates were less 

active, with MICs ranging from 2- to 33-fold higher levels when compared to the planktonic 

MIC. The most prominent complexes and one strain of Candida haemulonii were then selected 

for the in vivo studies. Virulence was assessed and the immune response induced by the 

infection analysed by haemocytes count. The compounds toxicity to the larvae was determined 

and the immunomodulatory effect assessed by haemocytes count and gene expression 

measurement of 4 genes involved in the immune response of Galleria mellonella. The data 

obtained suggests that the compounds have different toxicity patterns and are capable of 

inducing an immune response in the larvae. Such results indicates that the metal complexes 

possesses potential to be used as antifungal agents, and infection studies are currently being 

carried out. 
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In the perspectives of green chemistry, atom efficiency is one of the twelve key principles. It 

has been demonstrated that cycloaddition reaction shows an efficiency of 100%, whereby all 

the atoms of reactants are used into final product. The Diels-Alder reaction were reported in 

1928 by Diels and Kurt Alder. It has been proved to be a very outstanding synthetic tool being 

used in Organic Synthesis. The Diels-Alder reaction has played a very prominent role in the 

development of pharmaceuticals as well as for the development of natural products. The 

reaction is catalyzed by Lewis acid, which helps to accelerate the reaction. The Lewis acid 

further provides stereo and enantio-selectivity for functionalized heterocycles. Transition metal 

complexes have been suggested to catalyse [4+2] cycloaddition reactions, whereby a specific 

emphasis has been given to the Ruthenium based complexes. cycloaddition reaction between a 

dienophile and a conjugated diene. This reaction is thermally allowed [4+2] cycloaddition, 

which leads to a cyclic ring formation. In this reaction, the formation and breaking of bonds 

occur simultaneously through cyclic transition state, without any intermediates. Due to this 

specificity, this reaction is considered being concerted. However, some other researchers have 

suggested that the reaction occurs through a diradical mechanism. Even though the Diels-Alder 

reaction is a famous carbon-carbon bond formation process, it has been suggested that it can 

further be expanded, whereby heteroatoms can be included. This expanded reaction forms the 

basis for defining heterocycles in the development of pharmaceuticals.  
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Abstract 

Antibiotic resistance is threatening modern health care since the 1980s and should encourage 

using alternative pathways for the identification of novel antibiotic drug candidates. Silver 

is known as an antimicrobial agent since antique times and silver sulfadiazine cream is used 

since the 1960s to treat wound infections in patients with second- and third-degree burns 

[1]. Silver sulfadiazine is most effective against P. aeruginosa and S. aureus and equally 

effective as any antifungal drug against C. albicans.  

This encouraged us to use (fluorinated) benzoic acid, which is known to be antibacterial [2], as 

a ligand for silver(I). Therefore, we synthesised triphenylphosphino-stabilised silver benzoate 

derivatives and investigated their solid state and solution structures as well as their anti-

bacterial potential against S. aureus and E. coli.  

The most promising compounds are bis-triphenylphosphino silver benzoates, which can be 

synthesised in THF or better in dichloromethane (DCM) in yields ranging from 79-98%:  
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With the ever growing epidemic of antibiotic resistance continually undermining staple 

antibiotic treatments the world over, it is imperative that new classes of antibiotics are 

discovered and cultivated. Previous research by the Tacke group have utilised the excellent 

adaptability of N-Heterocyclic carbene-silver compounds leading to SBC3 [1], which breaks 

the Methicillin-resistance in Staphylococcus aureus (MRSA) [2] and has proven effective in in 

vivo tests using Galleria mellonella [3]. With the recent loss of the last resistance free class of 

antibiotics, this project aims to enhance the already potent antibiotic effect of SBC3. Beginning 

with simple structural changes to the NHC backbone, it is hoped the drug like character can be 

increased and the efficacy of the SBC3 compound can be improved [4]. 109Ag NMR 

spectroscopic testing has been carried out in only very limited cases for these class of planar, 

substituted NHC-silver(I) complexes. Further experiments using this spectroscopic method 

may provide interesting insight into the electronic properties of the subtly different structures 

in these novel complexes.  

 

Structure of the antibiotic drug candidate SBC3 
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The cytotoxic potency of known DNA damaging agents such as cisplatin may be enhanced by 

parallel use of compounds able to shift chromatin from a closed to an open state. Epigenetic 

regulators such as histone deacetylase (HDAC) inhibitors and DNA methyltransferase 

(DMNT) inhibitors are powerful regulators of chromatin structure, and suitable to test this 

hypothesis. We carried out a series of combinatorial tests using a panel of different metal-

phenanthroline complexes (manganese, silver and copper based), with or without various 

compounds with HDAC and DMNT inhibitory activity, singly or in combination. We took 

advantage of a model of isogenic cisplatin sensitive (CS) and resistant (CR) mesothelioma cells 

to these combinations. Positive control assays with cisplatin and valproic acid (a known HDAC 

inhibitor) revealed a modest decrease in the IC50 of the CR cells with a little or no effect on the 

CS cells.  

Extensive testing of the effect of co- or pre-treatment with different epigenetic regulators 

(valproic acid, suberoylanilide hydroxamic acid, 5-azacytidine) failed to demonstrate any 

significant additive cytoxicity in cells exposed to copper or manganese dicarboxylate 

complexes containing 1,10 phenanthroline ligands ( [Mn(3,6,9-tdda)(phen)2]3H2O, [Cu(3,6,9-

tdda)(phen)2]3H2O or [Mn2(oda)(phen)4(H2O)2][Mn2(oda)(phen)4(oda)2]4H2O. Surprisingly, 

we noted that treatment with valproic acid or suberoylanilide hydroxamic acid decreased the 

efficacy of some compounds in some cellular models. In contrast, similar co-treatment of CR 

cells with [Ag2(phen)3(undecanedioic acid)]3H2O), not known to have significant DNA 

damaging  ability, resulted in a decrease in the IC50 in these cells, but not the CS cells. These 

results will be discussed in relation to the both the potential therapeutic opportunities of 

epigenetic co-sensitisation for metal-based drugs and the possible mechanism underpinning the 

observed effects. 
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Antimicrobial resistance (AMR) has been called one of the major global health challenges of 

our time, with Methicillin-Resistant Staphylococcus aureus (MRSA), Vancomycin-Resistant 

Enterococci (VRE), Extended-spectrum β-lactamase (ESBL)-producing gram negative 

bacteria (GNB), Carabapenem-Resistant Enterobacteriaceae (CRE) and fluoroquinolone-

resistant Pseudomonas aeruginosa being the pathogens of most current concern. There is 

clearly a need to develop alternative therapeutic agents to combat antibiotic resistance.1,10-

phenanthroline (phen) is a heterocyclic organic compound which is known to exert in vitro 

antimicrobial activity against a broad-spectrum of bacteria. The coordination of metal ions with 

the bioactive hydrophobic N-donor phen, can increase their bioavailability through improved 

cell membrane permeability yielding significant improvements in activity when compared to 

the free ions[2].   

The antibacterial activity of metal-phen complexes (Cu2+, Mn2+ and Ag+) incorporating various 

dicarboxylate ligands was investigated against the common AMR pathogens. Disc Diffusion, 

Minimal Inhibitory Concentration (MIC) and Minimal Bactericidal Concentration (MBC), in 

accordance with EUCAST standardised Antimicrobial Susceptibility Testing (AST) methods, 

were performed against a panel of ATCC susceptible control isolates and clinical MDR MRSA 

(N=6), VRE (N=6), ESBL+ GNB (N=3) and CRE (N=3) collected from a range of Irish 

hospitals.  
Overall, a superior toxicity was observed in compounds which incorporate the phen ligand 

when compared to the activities of their simple dicarboxylate salts. Cu-Phen had activity 

profiles for all AMR strains particularly MRSA strains (MIC 8µg/ml) and MSSA (MIC 

1µg/ml) comparable to gentamicin. The Mn-phen and Cu-phen complexes demonstrated 

moderate antimicrobial activity in all AMR strains, with the activity of gram-positive bacteria 

(GPB) being superior to that of gram-negative bacteria (GNB). Ag-phen compounds 

demonstrated superior activity (MIC-32ug/ml) against VRE strains compared to the 

antimicrobials, Ciprofloxacin and Gentamicin (MIC 256µg/ml). 
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Electrochemical determination of lower concentrations of silver (I) ions requires reliable, reproducible 

measurements with sensitive analytical methods and materials. Previous studies on silver (I) ion 

detection have been carried out based on electrode materials (Glassy carbon, gold, platinum and 

graphene); modified electrodes (Nafion/polymer coated, ion sensitive surface modifications); geometry 

(ribbons, felts, macro and micro sized electrodes) and electrolytes (KNO3, NH4NO3, HNO3, KCl and 

Acetate buffers). To date, electrochemical determination of silver (I) ions in biological buffers and 

media has not been successful in generating reproducible reliable results. In this work, lower 

concentrations of silver (I) ions (1nM – 1µM) were determined using micro and nanoelectrodes in PBS 

biological buffer at pH - 7.4. We have determined sub-micro silver (I) ion concentration by Anodic 

Stripping Voltammetry (ASV) using Ag/AgBr as a reference electrode. The micro and nanoelectrodes 

of Gold and Platinum were fabricated using a Sutter P-2000 laser puller, with physical and 

electrochemical characterization revealing flat disk shaped electrodes of 20µm (microelectrode) & 

10nm (nanoelectrodes) diameter sizes. The laser pulled fabricated electrodes exhibited excellent 

electrochemical activity for Cyclic Voltammetric (CV) oxidation of ferrocene and reproducible 

stripping voltammetry for silver (I) ions determination. Silver (I) ions lower concentration 

determination on biological buffer, provides the scope to explore on the mechanism of action of 

bioinorganic silver based anti-bacterial, anti-fungal and anti-cancer drugs on a single cell for in vitro 

and in vivo analysis. 
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With metal organic frameworks, MOFs, having attractive properties such as large surface area, 

tunable pore size and large variety of metals and ligands that could be used, they have become 

a newer area of research in recent years. One area that has not been as commonly explored is 

their use in the biomedical field. Even when the API shows promising results, the burst effect, 

toxicity and the biocompatibility could be a major problem. To beat these problems, non-toxic 

carriers are being investigated as new delivery systems for these drugs. The 

Papatriantafyllopoulou group has been investigating the synthesis of novel metal-organic 

frameworks and their potential as non-toxic drug carriers 

 

Two novel metal-organic frameworks, NUIG1 and NUIG2, consisting of different geometries 

will be presented. These MOFs will consist of known and novel ligands. Both structures were 

determined using XRD and PXRD and crystal structures will be presented. NUIG1 and NUIG2 

have shown promising results in drug encapsulation.  The encapsulation of ibuprofen for both 

MOFs was monitored using several analytical techniques such as HPLC, IR and XRPD and 

spectra will be provided. The drug uptake concentration and the ability of the MOF to release 

the drug due to biodegradation can be shown through HPLC data. Factors effecting these 

measurements such as solvent, time and drug to MOF ratio, activation and ‘breathing’ will be 

determined and compared for each of the MOFs. 

 

 

 

 

 

 

 

 

 

 

 

 



33 
 

P16. An effective Preclinical Screening Model for the translation of Iron 

Oxide Nanoparticles for Magnetic Hyperthermia treatment of Pancreatic 

Cancer 

Gary Hannon1, Prof. Adriele Prina-Mello1,2,3 and Prof. Yuri Volkov1,2,3 

1. Nanomedicine and Molecular Imaging Group, Trinity College Dublin 

2. Centre for research on Adaptive Nanostructures and Nanodevices (CRANN), Trinity 

College Dublin. 

3. Laboratory for Biological Characterisation of Advanced Materials (LBCAM), Trinity 

College Dublin. 

Magnetic hyperthermia is showing huge promise in the field of oncology. Currently 

approved for glioblastoma, and proving effective in clinic trials for prostate cancer, this 

technology utilises the superparamagnetic properties of iron oxide to thermally ablate 

tumours, sparing healthy tissue. Efficient preclinical evaluation, however, is essential for 

the translation of nanomedicines to the clinic. It has been reported that more than 30% of 

nanotechnologies fail preclinical studies due to unacceptable levels of endotoxin 

contamination. Endotoxin is a component of gram negative bacteria cell walls that can act 

as a potent pro-inflammatory mediator. Contamination can induce fever, septic shock, and 

even organ failure. Endotoxin binds to the surface of nanoparticles through Coulomb and 

Van Der Waals interactions and is extremely difficult to remove, rendering potentially 

promising nanomedicines not clinically viable. Furthermore, thorough chemical and 

heating characterization followed by in vitro cytotoxicity are essential steps before 

undertaking in vivo work with this technology. Early assessment of these parameters is 

fundamental for successful translation and overall cost-effectiveness of a study.  

 NoCanTher “Nanomedicine upscaling for early clinical phases of multimodal cancer 

therapy” is a European Commission-funded project focused on the translation of iron oxide 

nanoparticles to the clinic for pancreatic cancer. This disease has a less than 10% five year 

survival with current treatments. After successful synthesis, each candidate nanomedicine 

produced within this project is screened for endotoxin contamination, heating assessment 

and in vitro cytotoxicity before undertaking in vivo assessment. This enables the project 

partners to make decisions on effective synthesis techniques, selecting leading drugs and 

acceptable dose delivery, providing a good platform for clinical success. 
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Mammalian cells can undergo cell death by a variety of regulated mechanisms, such as the 

well-known processes of apoptosis and autophagy. Very recently ferroptosis has been 

recognised as an iron-dependent, non-apoptotic form of regulated cell death. Ferroptotic cell 

death results from formation and accumulation of excess lipid peroxides, in particular oxidation 

products of the arachidonyl and adrenoyl acyl chains of membrane phosphatidylethanolamine, 

which then act as cell death signals. Iron is believed to be necessary for the accumulation of 

these lipid peroxides while GPx4 acts to protect cells against lipid peroxidation. The potential 

to target this pathway of cell death with metal based compounds will be discussed.  

 

 


