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define Medicine…define Medicine…

Th  i  f  h li d ti

ars medicina = the art of  healing

The science of  healing…and preventing…

3 main objectives…

1) Maintain health
2) Restore health
3) Prevent illness

Modern Medicine 

Health Science…nutrition

Biomedical Research…chemistry, biology, physics

Medical Technology…diagnostic and therapeutic science





chelating agents…chelating agents…
Many metals are essential for the human organism…however, uncontrolled
mobilization may lead to the presence of  excess free metal ion, with subsequent 
health problems… 

Old time classics: Fe and Cu overload. 
C  Wil ’  di  t l di d  f  C  l ti  t t d i  f t lCu: Wilson’s disease… autosomal disorder of  Cu accumulation, untreated is fatal



…modulation of cellular 
responses by metal 
containing drugs…g g

Inorganic drugs may be recognized as acting through a pharmacodynamic 
mechanism – modulating cellular responses …e.g. Li2CO3mechanism modulating cellular responses …e.g. Li2CO3

PD: “what the drug does to the body”: the drug action must be rapid and essentially 
reversible…e.g. a patient who submits to an anesthetic does not expect to be deprived of  g p p p f
feeling for ever.

In addition: a graded response is required to balance effects…e.g. a drug to reverse a g p g g
stroke must be aware of  the severity of  that stroke and concentrations adjusted accordingly. 

Chemotherapeutic agents on the other hand involve cell killing, an irreversible 
process. 



Chemotherapeutic agents … Chemotherapeutic agents …

Chemotherapy is the use of  drugs to injure an invading organism without injury to 
the host…involves cell killing, an irreversible process.

It covers: antibacterial, antiviral and anticancer agents. In the first two, the invading 
organism is clearly distinct from the host! In the case of  cancer, a family of  diseases 
characterized by uncontrolled cellular proliferation, the organism is strictly not y p , g y
different but the treatment has a common aim; the elimination of  unwanted cells. 
Thus, chemotherapeutic drugs, in contrast to pharmacodynamic drugs must 
induce an irreversible cytotoxic effect.     



… Metal complexes as 
Diagnostic AgentsDiagnostic Agents…

…no pharmacodynamic or chemotherapeutic and is desired: imaging of  tissue is 
achieved  The two principal sets are  technetium based imaging agents and achieved. The two principal sets are: technetium-based imaging agents and 
paramagnetic MRI contrast agents….

Stability and water solubility are paramountStability and water solubility are paramount…



Metal Ions In MedicineMetal Ions In Medicine

Diagnosis Treatment
Magnetic Resonance Metal-based drugsg

Imaging (MRI)
g

Anti-cancer drugsg
Anti-inflammatory drugs
Anti-virus drugs
Alzheimer’s drugsg
Lanthanide-based drugs
Li-based drugs
V-based insulin 

l  regulators 
Radiopharmacology





Metal-Based Drugs

CuSO4
.5H2O: Ancient Egypt as potion, sterilizing effect

Au: Arabia and China (2500 BC)
hHg: Europe (15th century) to treat syphilis 

1890s: Koch’s observation for bactericidal action of  Au compounds
 E li h d A (III)  t  t t hili1909: Erlich used As(III) cmps. to treat syphilis

1921: Bi(III) cmps to treat syphilis  
1930s: Au drugs against rheumatoid arthritis

1953: Korngold and Pressman showed that radioactive iodine can target tumours in 
rats 
1964: MSU  Barnett Rosenberg found that Pt(II) inhibits cell division 1974 cis1964: MSU, Barnett Rosenberg found that Pt(II) inhibits cell division…1974 cis-
[Pt(NH3)2Cl2] approved by FDA for testicular and ovarian cancer.

“magic bullet”  P Erlich: a dye carrying a toxic heavy metal which would target magic bullet  P. Erlich: a dye carrying a toxic heavy metal which would target 
disease causing agents, while leaving healthy cells unharmed…in 2002 FDA 
approved a radioactive Y compd. for radioimmunotherapy.   



TodayToday…

Gold drugs to treat rheumatoid arthritis…
Lithium for depression…

Platinum to treat certain cancer types…
Bi th f  t h lBismuth for stomach ulcers…

Vanadium for diabetes…
Iron for anaemia…Iron for anaemia…

Iron to control blood pressure…
Cobalt in Vitamin B12 to treat pernicious anaemia…

Radioactive metals for cancer…  









MetallopharmaceuticalsMetallopharmaceuticals…

Metals are in general toxic and unstable…in the old days 
treatment with metals was as dangerous as the disease!!!

1) M i  ff t ith i i  d  d i i l t i  1) Maximum effect with minimum dose and minimal toxic 
side-effects.

Therapeutic Index= LD50/ED50 Small or big????anything 
“strange”?? 

I i  th  d  f  th  d  d  t  i i  it  Increasing the dose of  the drug does not mean increasing its 
beneficial effect! We have to consider the “therapeutic window”

…e.g. carrots and Vitamin A 







2) Bioavailability and biodistribution

Absorption, distribution, metabolism, elimination: pharmokinetics



) I  i  bili3) In vivo stability

“Prodrugs” convert to drugs in the body

Have to consider:Have to consider:
i) The drug has to be soluble in the blood…

ii) The interactions with the proteins have to be taken 
i l !!! i ll  f  t l t i d !seriously…!!!...especially for metal-containg drugs!

iii) Natural metabolic processes may cause the release of  the 
metal…toxicity rises then!!



Preclinical TestingPreclinical Testing…



Clinical Trials tough one!Clinical Trials…tough one!

Phase IPhase I: Small group of  healthy people take the drug to test its absorption, 
biodistribution, pharmokinetics, accumulation, side-effects and dosage. (Volunteers!!!)

Phase IIPhase II: Small group of  patients receive the drug to test its activity. Optimum dosage 
and adverse reactions are assessed.   

Phase IIIPhase III: Large groups of  patients are evaluated. Double trials, blinds, placebo.

Phase IVPhase IV: Patients are still monitored approval follows fine-tuning of  proceduresPhase IVPhase IV: Patients are still monitored…approval follows…fine tuning of  procedures

cis-platin took 14 years14 years to hit the shelves since it was first discovered in 1964.  









Absorption
DistributionDistribution
Metabolism
Excretion















Few properties of  Metals!Few properties of  Metals!
Lewis acidsLewis acids

Can form reactive centers inside the proteinsCan form reactive centers inside the proteins

Redox activeRedox active

Bind and activate small molecules, e.g. OBind and activate small molecules, e.g. O2,2, NONO



Few basics about Transition Metals!





14 Στοιχεία : Ln







Ας θυμηθούμε τα σχήματα των 3d τροχιακώνς μη μ χήμ ρ χ



















Γιατί είναι σταθεροί οι χηλικοίΓιατί είναι σταθεροί οι χηλικοί 
δακτύλιοι?













MX YMX2Y2



MX YMX4Y2

































Substitution Reactions at Metal Centers…

Stability and Dissociation…

Stability: Provides info on the relative proportions of  the solvated metal Stability: Provides info on the relative proportions of  the solvated metal 
ion, free ligands and complex present in a solution at equilibrium.. not 
always good indicator…especially if  “other factors” start affecting the 

l   complex . 

Dissociation: Provides info on how fast or slow a complex dissociates.. 

Stability: Stable or Unstable : THERMODYNAMICS
Dissociation: Labile or Inert : KINETICS

Labile: reactions half  complete at ~ 30 sec @ 298 K  

What is good for the drugs ????



Mechanisms for Substitution at Metal Centers…



trans-influence for [ML2XT]…(X: Substitution-labile ligand trans to a
less subst-labile ligand, T)




