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Metal Ions In Medicine

Diagnosis Treatment

Magnetic Resonance 
Imaging (MRI)

Metal-based drugs

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



Metal-Based Drugs

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

Au: Arabia and China (2500 BC)

Hg: Europe (15th century) to treat syphilis 

1890s: Koch’s observation for bactericidal action of  Au compounds

1909: 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 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 

disease causing agents, while leaving healthy cells unharmed…in 2002 FDA 

approved a radioactive Y compd. for radioimmunotherapy.   



Today…

Gold drugs to treat rheumatoid arthritis…

Lithium for depression…

Platinum to treat certain cancer types…

Bismuth for stomach ulcers…

Vanadium for diabetes…

Iron for anaemia…

Iron to control blood pressure…

Cobalt in Vitamin B12 to treat pernicious anaemia…

Radioactive metals for cancer…  



Metallopharmaceuticals…

Metals are in general toxic and unstable…in the old days 

treatment with metals was as dangerous as the disease!!!

1) Maximum effect with minimum dose and minimal toxic 

side-effects.

Therapeutic Index= LD50/ED50 Small or big????anything 

“strange”?? 

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 





Clinical Trials…tough one!

Phase I: Small group of  healthy people take the drug to test its absorption, 

biodistribution, pharmokinetics, accumulation, side-effects and dosage. (Volunteers!!!)

Phase II: Small group of  patients receive the drug to test its activity. Optimum dosage 

and adverse reactions are assessed.   

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

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

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



Radiopharmaceuticals…

Radiopharmaceuticals, drugs containing a radionuclide: 

used routinely in nuclear medicine departments for the 

diagnosis of  disease and are under investigation for use in the 

treatment of  disease





















Radiopharmaceuticals can be divided into two primary 

classes: 

(1)those whose biological distribution is determined 

strictly by blood flow, and

(2) those whose ultimate distribution is determined by 

specific biochemical or receptor binding interactions

Obviously, the latter class is initially distributed by blood flow, but 

their tissue uptake and retention rely on specific interactions of  

the radiopharmaceutical in a biochemical process, such as 

enzymatic reduction, or specific receptor

binding, as is observed in antibody-antigen interaction



The term “pharmaceutical” generally 

connotes organic, medicinal, or natural 

products chemistry. The majority of  

therapeutic drugs are organic or 

bioorganic molecules. This is not 

surprising considering the composition 

of  biological systems and the 

involvement of  organic compounds in 

these systems…but things are 

changing…RAPIDLY…



The most efficacious radiopharmaceuticals, diagnostic and therapeutic, would most likely be 

organic molecules if  it were not for the fact that the radionuclide is an essential element of  

the radiopharmaceutical. The substitution of  a radioisotope of  carbon for a nonradioactive 

carbon atom in an organic or bioorganic molecule would probably be ideal. However, the 

radionuclides with physical (or nuclear) properties suitable for use in either a diagnostic 

or therapeutic radiopharmaceutical are predominantly metals



Metals offer many opportunities for designing radiopharmaceuticals by modifying 

the environment around the metal and allowing specific in vivo targeting to be 

incorporated into the molecule. The radiopharmaceutical may be designed to be 

(1) metal essential, whereby the biological distribution is determined by the 

properties of  the coordination compound, or (2) metal tagged, in which case the 

properties of  a carrier molecule, such as an antibody, determine the biological 

distribution, and the metal or metal complex is simply along for the ride… 



The biological system consists of  circulating blood at a pH of  ca. 7.4 and a 

temperature of  ca. 37 OC and contains various proteins, enzymes, cells, and so on. 

In addition, compounds in the blood (e.g., transferrin) could potentially challenge 

the integrity of  the complex of  interest. The stability that

is important for a radiopharmaceutical is kinetic stability. The 

radiopharmaceutical must be stable sufficiently long to reach its destination, 

and in some cases it must remain intact during its lifetime in the body.









Radionuclides which emit a-particles 

are of  potential interest in situations

where very short range (0.1 mm) 

cytotoxic effects are sought. As an 

example irradiation of  cancerous bone 

surfaces to control pain while not 

irradiating the blood forming bone 

marrow could be of  interest.



Although accumulation of  211At-labelled antibodies 

in tumors has been found, 211At levels in normal 

tissue were a cause for concern suggesting that 

intravenous administration of  211At agents may be 

problematic. Direct injection into tumors may offer 

a more viable approach.

Although there has been some research interest 

in the therapeutic use of  a-emitters, this is a 

very challenging technology and obtaining 

regulatory approval for clinical use may not be 

easy.

























...along with 90Y or 111In









a range of  half  lives and β-particle energies

which affect the range of  the radiation in tissue





Each year in the USA alone the combined 

total number of  cases of  breast and

prostate cancer exceeds 350,000 and, of  

these, up to about 80%will develop bone

metastases. These bone lesions are difficult 

to manage and a major cause of  pain

associated with cancer !!!



Since bone contains phosphate as a major component, the non-metallic β-

emitter 32P, in the form of  32P-phosphate, has been evaluated

as a means of  alleviating this pain. However, the 1.71 MeV energy of  the β-

particles emitted by 32P makes them sufficiently penetrating to give unacceptably 

high doses to the blood forming bone marrow. The other major component of  

bone is Ca and the chemically related element Sr has a radionuclide, 89Sr, with a 

β- emission energy of  1.46 MeV which is less penetrating. Like its smaller ionic 

radius counterpart, the Sr2+ ion has a high affinity for newly forming bone, as 

found in metastases, and is deposited at or near the bone surface...

It is thought that 89Sr2+ is taken up in the hydroxyapatite
matrix of bone through similar mechanisms to Ca2+

uptake, and through exchange with Ca2+ already present



The 89Sr is manufactured as the chloride salt (which is soluble), and when dissolved in normal 

saline can be injected intravenously. Typically, cancer patients will be treated with a dose of  

150 MBq. The patient needs to take precautions following this because their urine becomes 

contaminated with radioactivity, so they need to sit to urinate and double flush the toilet.

The beta particles travel about 3.5 mm in bone (energy 0.583 MeV) and 6.5 mm in tissue, so 

there is no requirement to isolate patients who have been treated except to say they should 

not have any one (especially young children) sitting in their laps for 10–40 days.

The variation in time results from the variable clearing time for 89Sr which depends on renal 

function and the number of  bony metastases. With a lot of  bony metastases, the entire 89Sr 

dose can be taken up into bone and so the radioactivity is retained to decay over a 50.5 day 

half-life. It takes about 10 half-lives or about 500 days for 99.9% of  the radioactive strontium 

to decay. However, where there are few bony metastases, the large proportion of  89Sr not 

taken up by the bone will be filtered by the kidney, so that the effective half-life (a 

combination of  the physical and biological half-life) will be much shorter.

http://en.wikipedia.org/wiki/Becquerel
http://en.wikipedia.org/wiki/Beta_particle

