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Interactions of metal ions with old drugs 
 

Iztok Turel 
 

Department of Chemistry and Biochemistry, Faculty of Chemistry and Chemical Technology, University of Ljubljana, 
-1000 Ljubljana, Slovenia 

 

Introduction 

One of important fields that bioinorganic chemistry deals with are interactions of metal ions with 

cytotoxic properties1 that was the most important cause for great interest and development in this field 
of chemistry. 

Nowadays, it is well established that many drugs used in clinical practice require the presence of metal 
ions for their activity. On the other hand, metal ions can also react with drugs and decrease their 
activity (e.g. due to formation of sparingly soluble compounds). Moreover, it became evident that metal 
complexes of clinical drugs (that frequently contain electron donor atoms or groups) might exert 
increased or changed biological activity. With other words  a so called synergistic activity can occur.2  

The design of a novel drug is a long-lasting and extremely expensive process.3 Therefore the 
repurposing of old drugs is very attractive topic nowadays. The quote of Sir James Whyte Black (winner 

4  

In the last two decades my lab was and still is involved in studies of metal ions interactions with drugs 
used in clinical practice (see Figure 1). In this review I will shortly present our efforts in the most 
representative systems. Quinolone antibacterial agents act most commonly as O,O- ligands. Bidentate 
bonding of oxygen atoms to the metal center is also typical for some ligands from non-steroidal anti-
inflammatory drugs (NSAID) family and also pyrithione analogues (in some of these also O,S- 
coordination is possible). We have also studied interactions with molecules that contain nitrogen atoms 
which coordinate to the metal. Among these I will present the cases of antiviral drug acyclovir (N or 
N,O- binding) which is a representative of nucleobase molecules, antibacterial agent clioquinol and its 
derivatives (N,O- binding) and antifungal azoles (N- binding). 

 

Results and discussion 

Quinolones (also quinolonecarboxylic acids or 4-quinolones) are a group of synthetic antibacterial 
agents containing a 4-oxo-1,4-dihydroquinoline skeleton. More than 10000 analogues are known and 
more than thirty are or were used for the treatment of bacterial infections of humans and animals. Long 

et al. 5 reported that concurrent administration of magnesium-aluminium containing 
antacid and quinolone family member ciprofloxacin (cfH) resulted in a nearly complete loss of activity 
of the drug in serum. 

They have proposed that quinolones interact with metal cations through chelation between the metal 
and the 4-oxo and adjacent carboxyl groups. Several crystal structures with many metals reported later 
in the literature clearly confirm this hypothesis.6 These functional groups are also required for 
antibacterial activity, but it is well-known that magnesium ions which coordinate to this part of 
quinolone molecule are crucial for their activity. So on the one hand metal ions are required for their 
activity but on the other hand they can completely annul their biological effect. We have been working 
on the interactions of metal ions with quinolone molecules for many years and most of our results were 
obtained with this family of drugs. A variety of ligands from this group have been involved in these 
studies as well as many elements of the periodic table (B, Mg, V, Mn, Co, Ni, Cu, Zn, Ru, Eu and Bi). 
Apart from complete physico-chemical characterization, these complexes were evaluated in regard to 
the properties of the free ligand and the intrinsic biological properties of the metallic species 
(antibacterial tests, cytotoxicity, enzyme inhibition, interaction of complexes with DNA and serum 
proteins, etc). The most systematic work was performed on Mg, Cu and Ru complexes. We have been 
able to isolate a range of magnesium quinolone complexes and determined their crystal structures. 
Different metal:quinolone ratio and coordination mode of ligand was observed in these complexes. 
Importantly, these structures were used in studies dealing with details of quinolone mode of action.7 
From the point of coordination chemistry, copper complexes of quinolones are very interesting and 
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 / Analytical Chemistry 
 

Primena plazme indukovane TEA CO2 
magnezijuma u aluminijumskim legurama 

 

 
 

Institut za nuklearn  
*Univerzitet u Beogradu, Hemijski fakultet, Studentski trg 12-16, pr. 158, 11000 Beograd 

 

Uvod 

 Ova 
 LIBS (Laser 

e a masa potrebna za analizu je vrlo mala1. Zbog svoje 

industr 1-5. Brza i pouzdana analiza elemenata 
 Legure aluminijuma imaju veliku 

primenu u savremenoj industriji a jedan od glavnih legiraju  
 

Kvantitativna analiza legura aluminijuma LIBS- 6-8. Za ovu svrhu 
koristi LIBS sistem koji se sastoji iz Nd:YAG lasera, spektrometra i detektora sa 

vremenskom rezolucijom. Primena TEA CO2 =10,6 m) za analizu metala i metalnih 
kao i visoke reflektivnosti 

metala u infracrvenom delu spektra. Sa druge strane, TEA CO2 

metalnom metom dovodi do ablacije, isparavanja i jonizacije materijala, a pri dovoljno velikoj gustini 
9. Indukovana plazma apsorbuje preostali deo TEA CO2 

2 
LIBS spektrometar na bazi TEA CO2 

3,4. Cilj ovog rada je ispitivanje 
2 uminijuma.  

 

Eksperimentalni deo 

transverzalno ekscitovani atmosferski 
ugljendioksidni (TEA CO2) laser koji je 10. Ovaj kompaktni, impulsni, 

g 
pika  repa  

3 
2. 

Komora je povezana sa vakuum pumpom, a pritisak vazduha tokom eksperimenta iznosio je 0,5 mbar. 

, a koncentracije magnezijuma 
prikazane su u tabeli 1. Standardi legura aluminijuma AL-6016, AL-6063, AL-3105, AL-5005a i AL-6061 
i kontrolni uzorak aluminijumske legure sa nepozatom koncentracijom magnezijuma AL-XX su bili u 

debljine 5 mm. uzorci su tretirani standardnim 
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je 

Za spektralnu analizu plazme i merenja spektralni -
intergraljena prostorno- -LIPS). 

plazme koja je u n

snimanjem spektralne emisije iz prostorno razdvojenog dela plazme, bez vremenskog razdvajanja 

plazme, je smanjena kompleksnost i cena detekcionog sistema. 

 

 
Slika 1. -TEA CO2 laser i vremenski profil laserskog impulsa, 

2- -vakuum pumpa 4- monohromator, 
5- -  

 

rastojanju 3 mm 
ulazni razrez Carl-Zeiss PGS2 monohromatora sa CCD kamerom ALTA F1007 kao detekcionim 
sistemom. U primenjenim uslovima, laser je radio na frekvenciji 1,3 Hz dok je vreme ekspozicije kamere 
bilo 60 s za sve snimljene spektre. Dobijeni spektri odgovaraju akumulaciji ~ 80 uzastopnih spektara. 

-2. 

 
Tabela 1. Koncentracije magnezijuma u standardima aluminijumskih legura 

Oznaka AL-6016 AL-6063 AL-3105 AL-5005a AL-6061 

cMg / % (m/m)      

 

Referentna metoda  ICP-OES 

koncentracije Mg u kontrolnom uzorku aluminijumske legure primenom 

2 ml 65% HNO3 
vodom i analiziran na Spectroflame ICP spektrometru koji je prethodno kalibrisan serijom kalibracionih 

tracije 1000 ppm (J.T. 
Baker). 

 

Rezultati i diskusija 
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2 

odvojena de

svaki spektar snimljen je tri puta. Vremenski-integraljeni spektri za Mg prikazani su na slikama 2 i 3. 

Lorencovim fitovanjem 
atomske linij

 
 

 
Slika 2. 3D dijagram dobijenih spektara za sve uzorke u spektralnoj oblasti od 279-288 nm 

 

pika) i koncentracije analita u standardima aluminijumskih legura bila je linearna u opsegu 
koncentracija 0,26 - 1,10 % m/m. Dobijeni rezultati odre
u kontrolnom uzorku legure aluminijuma 
g -OES metodom, tabela 2. Primenom F-testa 

t-

F i t Fizr<Fkrit, i 
tizr<tkrit  
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Slika 3. Deo vremenski-integraljenog spektra plazme 
indukovane na meti AL-XX 

Slika 4. Kalibraciona kriva Mg za legure 
 aluminijuma 

 

Standardna devijacija pozadine , izmerena u okolini izabrane emisione linije, i nagib kalibracione krive 
s  /s 1. 
 

Tabela 2. Koncentracija Mg u kontrolnom uzorku AL-XX i vrednosti dobijene primenom F i t testa 

 LIBS ICP-OES Fizr/Fkrit tizr/tkrit LOD 

cMg / % (m/m) 0,50  0,496  3,67/19,00 3,02/3,18 0,008 (0.01) 

* procenjena greska za nivo poverenja 95 % 

 

 

2 

intenziteta 30 MWcm-2 u atmosferi vazduha na pritisku 0,5 mbar. Vremenski integrisani emisioni 
spektri magnezijuma prisutnog u uzorcima aluminijumskih legura upotrebljeni su za konstruisanje 
kalibracione krive zavisnosti LIBS signala od koncentracije analita. Dobijena je linearna korelacija 
(r2=0,9957) u opsegu koncentracija od 0,26-

Mg u uzorku primenom LIBS i ICP-
laboratorijski LIBS spektrometar baziran na impulsnom TEA CO2 
kvantitativnu analizu magnezijuma u legurama aluminijuma. 

 

Zahvalnica: 
Republike Srbije (projekat br. 172019). 

 

Application of plasma induced by TEA CO2 laser for determining the concentration of 
magnesium in the aluminum alloys 

 
The analytical capability of plasma induced by nanosecond infrared TEA CO2 laser radiation under reduced air 
pressure for determination of Mg in aluminum alloys was investigated. Sharp and well resolved spectral lines 
of Mg, with negligibly low background emission, were obtained from a plasma region 3 mm above the target 
surface. A calibration curve for Mg was constructed using certified aluminium alloy samples. A linear 
relationship between LIBS signal and analyte concentration was obtained (r2 = 0.9957) in the range from 0,26 
-1,10 % w/w, and used for determination of Mg in a control sample. As a reference method for quantification 
of Mg in the control sample inductively coupled plasma - optical emission spectroscopy (ICP-OES) was used. 
Good agreement between LIBS and ICP-OES results was obtained. The results confirm that TEA CO2 LIBS is 
an effective technique for quantitative analysis of Mg in aluminum alloy samples.  
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