
Radiopharmaceuticals…

R di h i l  d  i i   di lid  Radiopharmaceuticals, drugs containing a radionuclide: 
used routinely in nuclear medicine departments for the 

diagnosis of  disease and are under investigation for use in the 
t t t f  ditreatment of  disease













Radiopharmaceuticals can be divided into two primary 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 interactionsp p g

Obviously, the latter class is initially distributed by blood flow, but 
th i  ti  t k  d t ti  l   ifi  i t ti  f  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 The term pharmaceutical  generally 
connotes organic, medicinal, or natural 

products chemistry. The majority of  products chemistry. The majority of  
therapeutic drugs are organic or 
bioorganic molecules. This is not bioorganic molecules. This is not 

surprising considering the composition 
of  biological systems and the of  biological systems and the 

involvement of  organic compounds in 
these systems…but things are 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 p p

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 
i d i  h  l l  Th  di h i l  b  d i d  b  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 

ti  f   i  l l  h   tib d  d t i  th  bi l i l 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. p p , y , ,
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 y

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 Radionuclides which emit a-particles 
are of  potential interest in situations

where very short range (0.1 mm) 
c toto ic effects are so ght  As an cytotoxic effects are sought. As an 

example irradiation of  cancerous bone 
surfaces to control pain while not 

i di i  h  bl d f i  b  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 tissue were a cause for concern suggesting that 

intravenous administration of  211At agents may be 
problematic. Direct injection into tumors may offer p j y

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...along with 90Y or 111In









a range of  half  lives and β-particle energies
which affect the range of  the radiation in tissuewhich 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 hydroxyapatiteIt 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 presentuptake, 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 

 h    ( i ll   hild ) i i  i  h i  l  f   dnot 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 
f ti  d th  b  f  b  t t  With  l t f  b  t t  th  ti  89S  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 to decay. However, where there are few bony metastases, the large proportion of  9Sr 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.


