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 ميحرلا نمحرلا هللا مسب

 يبنلا ىلع ةلاصلا نم اورثكأ

) دمحم انبيبحو انيبن ىلع كرابو ملسو ّلص مهللا(  لث1اب مكلو ةوعدب ينوركذا

 ةزغب انناوخأو انلهأ اوسنت لا
 دلاب رئاسو ايروسو نادوسلاو
ءاعدلا نم ينفعضتسلما

 ةعش1ُا ةيود4ا



Definition

Radiopharmaceuticals are the radioactive substances or
radioactive drugs used for diagnostic or therapeutic
interventions.

or
Radiopharmaceuticals are medicinal formulations
containing radioisotopes which are safe for administration
in humans for diagnosis or for therapy.
Other terms such as radiotracer, radiodiagnostic agent, and
tracer have been used by various groups.
• Part of nuclear pharmacy (radiopharmacy)
• APPLICATIONS 2
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…يجري التحميل

Composition

• a radioactive isotope that can be injected
safely into the body, and

• a carrier molecule which delivers the isotope
to the area to be treated or examined

 
• Choice of radiopharmaceutical is  done on the

basis of its preferential localization in a given
organ or its participation in the physiologic
function of the organ.

• Important point: 3
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Definition of a Radiopharmaceutical

• A radiopharmaceutical is a radioactive
compound used for the diagnosis and
therapeutic treatment of human diseases.

•  In nuclear medicine nearly 95% of the
radiopharmaceuticals are used for diagnostic
purposes, while the rest are used for
therapeutic treatment.

• Radiopharmaceuticals usually have minimal
pharmacologic effect, because in most cases
they are used in tracer quantities.

• Therapeutic radiopharmaceuticals can cause
4
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…يجري التحميل

Definition of a Radiopharmaceutical

• A radiopharmaceutical has two components:
a radionuclide and a pharmaceutical.
 

• The usefulness of a radiopharmaceutical is
dictated by the characteristics of these two
components.

 
• In designing a radiopharmaceutical, a

pharmaceutical is first chosen on the basis of
its preferential localization in a given organ or
its participation in the physiologic function of
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Definition of a Radiopharmaceutical

• Then a suitable radionuclide is tagged onto the
chosen pharmaceutical such that after
administration of the radiopharmaceutical,
radiations emitted from it are detected by a
radiation detector.

• Important:
• Radiations from the radionuclide of choice

should be easily detected by nuclear
instruments, and the radiation dose to the
patient should be minimal.
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Principle
• Unstable or radioactive isotopes have a property to

decompose or decay by emission of nuclear particles and
some of them are used in diagnostic or therapeutic
interventions.

• The three main types of radiation decay are α particles,
β particles, γ photons.

 
Production of Radionuclides

1. Reactor-Produced Radionuclides
2. Cyclotron-Produced Radionuclides
3. Generators 7
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Ideal radiopharmaceutical
1. Easy availability
2. Short effective Half-Life
3. Minimal Particle Emission
4. Decay by Electron Capture or Isomeric

Transition
5. High Target-to Non target Activity Ratio

 
 
Radiopharmaceuticals examples;
• Radioactive  element - 133Xe
• Labeled compounds - 131I iodinated proteins
• 99mTc labeled compounds
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Short Effective Half-Life
• A radionuclide decays with a definite half-life,

which is called the physical half-life, denoted
Tp (or t1/2).

 

• The physical half-life is independent of any
physicochemical condition and is characteristic
for a given radionuclide

Radiopharmaceutical-
Effective Half-Life
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• Radiopharmaceuticals administered to humans disappear from
the biological system through fecal or urinary excretion,
perspiration, or other mechanisms.

 
• This biologic disappearance of a radiopharmaceutical follows an

exponential law similar to that of radionuclide decay.
 

• Thus, every radiopharmaceutical has a biologic half-life (Tb).
 

•  It is the time needed for half of the radiopharmaceutical to
disappear from the biologic system and therefore is related to a
decay constant, =0.693/Tb.

• Obviously, in any biologic system, the loss of a
radiopharmaceutical is due to both the physical decay of the
radionuclide and the biologic elimination of the
radiopharmaceutical.
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Radiopharmaceutical-
Effective Half-Life

 

Radiopharmaceuticals administered to humans disappear from the biological system 
through fecal or urinary excretion, perspiration, or other mechanisms.
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…يجري التحميل

 
 

• The net or effective rate (le) of the loss of radioactivity
is then related to the physical decay constant lp and the
biologic decay constant (lb).

• Mathematically, this is expressed as:
• λe = λp  + λb

Since λ = 0.693/t1/2, it follows that
• 1/Te = 1/Tp  +  1/Tb

OR
• Te  = ( Tp X Tb) / ( Tp + Tb )

Radiopharmaceutical- Effective Half-Life
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Problem :
The physical half-life of 111In is 67 hr and the
biologic half-life of 111In-DTPA
used for measurement of the glomerular filtration
rate is 1.5 hr.
What is the effective half-life of 111In-DTPA?
Answer
Using Eq. Te  = ( Tp X Tb) / ( Tp + Tb )
Te = 1.46 h
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Radiopharmaceutical- Effective Half-Life
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3- Particle Emission
Radionuclides decaying by alpha- or beta-particle emission 
should not be used as the label in diagnostic 
radiopharmaceuticals.  
These particles cause more radiation damage to the tissue than 
do gamma rays. Although gamma-ray emission is preferable, 
many b-emitting radionuclides, such as 131I-iodinated 
compounds, are often used for clinical studies. However, alpha 
emitters should never be used for in vivo diagnostic studies 
because they give a high radiation dose to the patient. But alpha 
and beta emitters are useful for therapy, because of the effective 
radiation damage to abnormal cells 
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Decay by Electron Capture or Isomeric Transition
 

• Because radionuclides emitting particles are less
desirable, the diagnostic radionuclides used should decay
by electron capture or isomeric transition without any
internal conversion.

 
• Whatever the mode of decay, for diagnostic studies the

radionuclide must emit a Ɣ radiation with an energy
preferably between 30 and 300 keV. Below 30 keV, Ɣ
rays are absorbed by tissue
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Ideal Radiopharmaceutical

• Photon interaction in the NaI(T1) detector using
collimators. A 30-keV photon is absorbed by the
tissue. A> 300-keV photon may penetrate through the
collimator septa and strike the detector, or may escape
the detector without any interaction.

• Photons of 30 to 300 keV may escape the organ of the
body, pass through the collimator holes, and interact
with the detector. 15
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High Target-to-Non target Activity Ratio:

For any diagnostic study, it is desirable that the
radiopharmaceutical be localized preferentially in the
organ under study since the activity from nontarget
areas can obscure the structural details of the picture
of the target organ.
Therefore, the target-to-non target activity ratio
should be large.
An ideal radiopharmaceutical should have all the
above characteristics to provide maximum efficacy in
the diagnosis of diseases and a minimum radiation
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• α particles have the largest mass. However, due to

large charge, it does cause a great deal of damage to

the immediate area by breaking down DNA.

• β particles are electrons. β particles are not as

destructive as α particles but can be used

therapeutically.

• γ rays are electron magnetic vibrations comparable

with light but of shorter wavelength. Because of their

shorter wavelength and high energy, they are very17
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Diagnostic uses
• Radiopharmaceuticals are used to diagnose

the presence of disease or evaluate the
progression of disease following a specific
therapy intervention.

• Radiopharmaceuticals can also be used to
evaluate drug induced toxicity and to a
lesser extent have been used to treat
diseased tissue with radiation.

 
• Eample:
• To analyse thyroid function, a tracer dose

of radioactive iodine is administered orally;
the agent concentrates in the thyroid gland.
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Therapeutic uses
• Radioisotopes are used as internal or external

radiation sources to treat disorders such as
hyperthyroidism and cancer.

i. Internal radiation source- A radioisotope
administered orally or intravenously or implanted
in the target tissue or organ will produce
radiation that destroys diseased cells and
prevents new tissue growth.

ii. External radiation source- Radiation may be
used for therapy in cancer patients.
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• Skeletal system : Nuclear bone scans are particularly
valuable for detecting cancer metastases, which appear
as areas of increased radionuclide phosphate uptake.
99mTc methylene diphosphonate may be used in skeletal
system.

• Hepatobiliary system : The introduction of radioactive
colloids has made possible both liver visualization and
functional evaluation of reticulo-endothelial cells.

• The use of radiopharmaceutical reactive dyes permits
visualization of the liver and biliary duct and assessment
of hepatocyte function. Example: Iodine 131 (131I)
sodium rose bengal.
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• Renal system : static and dynamic evaluation of the

kidneys.

• Nervous system : Nerve brain scans to evaluate changes

in the blood brain barrier and to assess cerebral blood

flow.

• Cardiovascular system : Nuclear imaging studies of the

heart may be static (localizes the site of myocardial

infarction and analyses myocardial perfusion) and a

dynamic study evaluates cardiac function.

Miscellaneous agents:
21
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NUCLEAR PHARMACY

• It’s a relatively newer branch of pharmacy that involve
the procurement, compounding, dispensing and quality
control of radioactive pharmaceuticals intended to be
used for investigation or treatment of some diseases in
humans or animals.

• Formulation of radio pharmaceuticals is more complex
than normal pharmaceuticals.

• Good Radiation Practices (GRPs) and Good
Manufacturing Practices (GMPs) should be strictly
followed during manufacturing and dispensing
operations.
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Role of Radio pharmacist
• The radio pharmacist’s main responsibility is the

procurement, preparation, quality control and supply of
radio-pharmaceuticals.

• Radio pharmacists also have a clinical role to play.
• E.g. providing advice on the use of radiopharmaceuticals

and having input to patient care in the nuclear medicine
department.

• In addition they may provide education and training to
their own staff as well as other health care professions.
There is a scope to get involved in the research and
development of new radio- pharmaceuticals including
clinical trials. 23
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Procurement of radiopharmaceuticals

• Because of the short life of the radiopharmaceuticals the

nuclear pharmacist will order the drug directly from

manufacturer usually through overnight delivery. Isotope

storage areas should be as per the rules.

• There should be a separate lab for the manipulation and

preparation of radio pharmaceutical dosage and another

for calibration of doses.
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Packaging of radio pharmaceutical
• The most effective way to reduce the risk associated with

transporting radioactive materials is to follow the

appropriate packaging standards specified by DOT and,

when required, NRC or DOE regulations.

• Three types of containers.

1. Industrial packaging

2. Type A packaging

3. Type B packaging
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• Industrial Packaging: Materials that present little
hazard from radiation exposure, due to their low level
of radioactivity, are shipped in industrial packages.
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Storage of Radioactive Substances

• Radiopharmaceuticals should be kept in well-
closed containers and stored in an area
assigned for the purpose.assigned for the purpose.

• Care should be taken to comply with national
regulations for protection against ionizing
radiation.

 

27

· Islght is

#

#

&

(5) ·El

z &

--I

&8. - -sig
&Enlig-- ↓
2

- just *



• Type A Packages:
Radioactive materials with
higher specific activity
levels are shipped in Type A
packages.  Typically, Type A
packages are used to
transport
radiopharmaceuticals
(radioactive materials for
medical use) and certain
regulatory qualified
industrial products.

 
• Type B Packages:

Radioactive materials that
28
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…يجري التحميل

Labelling of Radioactive Substances

• Every radiopharmaceutical preparation must comply
with the labelling requirements established under Good
Manufacturing Practice.

• The label on the primary container should include:
• A statement that the product is radioactive or the

international symbol for radioactivity
• The name of the radiopharmaceutical preparation
• The route of administration;
• The expiry date and, where necessary, time;
• The batch (lot) number assigned by the manufacturer;
• For solutions, the total volume.
 

29

is

&

- I -155/

· j it 9j8 *
↳dines

-W

is ii *NISI &↳

-disS 3
~

- 358) ·i*-

i

* &10

>Ol · siz*
&

:%j lis 519

Fost D-51 & I
·i g *

+2) 1)

58 *



• The label on the outer package should include:
• A statement that the product is radioactive or the

international symbol for radioactivity
• The name of the radiopharmaceutical preparation;
• Where appropriate, that the preparation is for diagnostic

or for therapeutic use;
• The route of administration;
• The expiry date and, where necessary, time;
• The batch (lot) number assigned by the manufacturer;
• For solutions, the total volume;
• Any special storage requirements with respect to

temperature and light;
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Precautions For Handling
Radioactive Substances

The radioactive substances used should comply
with the following characteristics:
• Radio toxicity must be as low as possible.
• The amounts used must be kept to a minimum.
• When handling radioactive materials, always

wear the appropriate protective clothing (wear
a lab coat, gloves, shoe covers).

• To avoid internal contamination, strict hygiene
is essential when handling radioactive
materials 31
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Dispensing of radiopharmaceuticals

The recommended dose is based on the patient history,
weight of the patient, body surface area and other
factors
• Develops policies and procedures to ensure that correct

drug with correct dosage and dosage form are received by
the correct patient at the correct time via route of
administration.

• Wash your hands thoroughly when you leave the lab.
• Never pipette by mouth. Use pipetting devices instead.
• Regularly check the radiation level of your working area

and all objects used, or at least at the end of each working
day.

32
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Quality Assurance
• Manufacturer of Radiopharmaceuticals should test he

products for:

A. Radionuclide concentration

B. Radiochemical purity

C. Sterility: No microbes

D. Apyrogenicity: No pyrogens (fever inducing agents)

E. Absence of foreign particulate matter (small particles)

F. Particle size (if appropriate)

G. pH
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assigned for the purpose.
• Care should be taken to comply with national

regulations for protection against ionizing
radiation.
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• Type A Packages:
Radioactive materials with
higher specific activity
levels are shipped in Type A
packages.  Typically, Type A
packages are used to
transport
radiopharmaceuticals
(radioactive materials for
medical use) and certain
regulatory qualified
industrial products.

 
• Type B Packages:

Radioactive materials that
28

…يجري التحميل

Labelling of Radioactive Substances

• Every radiopharmaceutical preparation must comply
with the labelling requirements established under Good
Manufacturing Practice.

• The label on the primary container should include:
• A statement that the product is radioactive or the

international symbol for radioactivity
• The name of the radiopharmaceutical preparation
• The route of administration;
• The expiry date and, where necessary, time;
• The batch (lot) number assigned by the manufacturer;
• For solutions, the total volume.
 

29

• The label on the outer package should include:
• A statement that the product is radioactive or the

international symbol for radioactivity
• The name of the radiopharmaceutical preparation;
• Where appropriate, that the preparation is for diagnostic

or for therapeutic use;
• The route of administration;
• The expiry date and, where necessary, time;
• The batch (lot) number assigned by the manufacturer;
• For solutions, the total volume;
• Any special storage requirements with respect to

temperature and light;
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Precautions For Handling
Radioactive Substances

The radioactive substances used should comply
with the following characteristics:
• Radio toxicity must be as low as possible.
• The amounts used must be kept to a minimum.
• When handling radioactive materials, always

wear the appropriate protective clothing (wear
a lab coat, gloves, shoe covers).

• To avoid internal contamination, strict hygiene
is essential when handling radioactive
materials 31

Dispensing of radiopharmaceuticals

The recommended dose is based on the patient history,
weight of the patient, body surface area and other
factors
• Develops policies and procedures to ensure that correct

drug with correct dosage and dosage form are received by
the correct patient at the correct time via route of
administration.

• Wash your hands thoroughly when you leave the lab.
• Never pipette by mouth. Use pipetting devices instead.
• Regularly check the radiation level of your working area

and all objects used, or at least at the end of each working
day.
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Quality Assurance
• Manufacturer of Radiopharmaceuticals should test he

products for:

A. Radionuclide concentration

B. Radiochemical purity

C. Sterility: No microbes

D. Apyrogenicity: No pyrogens (fever inducing agents)

E. Absence of foreign particulate matter (small particles)

F. Particle size (if appropriate)

G. pH

 
33

References:

Ansel,

DOI: 10.13140/RG.2.2.24402.07368

Conference: Fourth PharmD & First PharmD PB

Nithin Manohar RNithin Manohar R

 

 
34

⑪d




