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Radiopharmaceuticals

Radiopharmaceuticals

e Radiopharmaceuticals are a specialized class of medicinal products containing radioisotopes,
which are unstable atoms emitting radiation.

e They are primarily used in nuclear medicine for both diagnostic and therapeutic purposes.

Applications of Radiopharmaceuticals

1. Diagnostic Imaging

» Radiopharmaceuticals are used as imaging agents to visualize the function of specific
organs or tissues.

» After administration, they accumulate in the target area and emit gamma radiation,
which is detected by imaging devices like gamma cameras or PET scanners.

» This imaging helps diagnose conditions such as cancer, heart disease, and neurological
disorders.

Common Diagnostic Radiopharmaceuticals:

A. Technetium-99m (Tc-99m): The most widely used radioisotope in nuclear
medicine, used to study the heart, lungs, bones, and other organs.

. Fluorodeoxyglucose (FDG): An 18F-labeled glucose analog used in PET
scans to identify high metabolic activity, often indicative of cancer or
inflammation.

. Gallium-68 (Ga-68): Used in PET imaging to detect certain tumors and
evaluate infection and inflammation.

2. Targeted Radiotherapy

» Radiopharmaceuticals can also deliver targeted radiotherapy, selectively targeting
cancerous cells while sparing healthy tissues.

» The radiation emitted by these radioisotopes can destroy cancer cells or inhibit their
growth.

Examples of Therapeutic Radiopharmaceuticals:

A. lodine-131 (I-131): Used to treat thyroid cancer and hyperthyroidism,
selectively taken up by the thyroid gland.

. Lutetium-177 (Lu-177) DOTATATE: Targets somatostatin receptors on
neuroendocrine tumors, delivering targeted radiation to these cells.

. Radium-223 (Ra-223) Dichloride: An alpha-emitting radiopharmaceutical
used to treat bone metastases in castration-resistant prostate cancer.

Regulation and Importance
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The development and use of radiopharmaceuticals are strictly regulated due to potential risks
associated with radioactive materials.

Despite the risks, they are essential in modern medicine, providing valuable information for
diagnosing and treating various diseases.

Radio activity

o Radioactivity is a natural phenomenon where an unstable atomic nucleus loses energy by
emitting radiation in the form of particles or electromagnetic waves, a process known as
radioactive decay.

The emitted particles or waves are known as ionizing radiation because they can ionize atoms
or molecules by removing tightly bound electrons, creating charged particles (ions).

Units of Radioactivity

e Becquerel (Bq): The Sl unit of radioactivity, representing one nuclear decay per second.

« Curie (Ci): An older unit where 1 Ci equals 3.7 x 10'° Bq.

e« These units measure the rate of radioactive decay, not the absorbed or equivalent dose.

Applications of Radioactivity

1. Nuclear Power Generation

» Nuclear reactors use the energy released from the controlled decay of radioactive
isotopes like uranium-235 and plutonium-239 to produce electricity.

2. Medical Diagnosis and Treatment

» Radiopharmaceuticals containing radioisotopes are used in nuclear medicine for
imaging and treating various diseases.

3. Archaeological and Geological Dating

» Radioactive decay is used to determine the age of materials, such as carbon-14 dating
for organic matter and potassium-argon dating for rocks.

4. Industrial Applications

» Radioactive isotopes are employed in industries for measuring material thickness,
detecting leaks, and sterilizing equipment.

Measurement of Radioactivity

o Radiopharmaceuticals contain radioactive isotopes used in nuclear medicine for
diagnostic and therapeutic purposes.
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e Accurate measurement of their radioactivity is essential for patient safety,
regulatory compliance, and effective diagnostic or therapeutic procedures.

Principles of Radioactivity Measurement

e Radioactivity is the release of energy from unstable atomic nuclei in the form of radiation.
e Units of Radioactivity:
o Becquerel (Bq): One disintegration per second.

o Curie (Ci): An older unit where 1 Ci= 3.7 x 10'° Bq.

Techniques for Measuring Radioactivity in Radiopharmaceuticals

Geiger-Miiller Counter (GM Counter)

Techniques for Measuring
Radioactivity in Radiopharmaceuticals

Scintillation Counter

Semiconductor Detectors

A. Geiger-Miiller Counter (GM Counter)

» The GM counter is a radiation detector used for measuring ionizing radiation, including
alpha particles, beta particles, and gamma rays.

» It operates by ionizing gas within a tube to produce a measurable electrical pulse.
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» Key Features: Simple, durable, and capable of detecting low levels of radiation.

Construction

1. GM Tube: A sealed tube filled with a gas mixture, typically argon or neon, at low
pressure, with a quenching agent to prevent continuous discharge.

. Cathode and Anode: The inner wall of the tube serves as the cathode, and a thin
wire in the center is the anode.

. Window: A thin mica or halogen window at one end allows low-energy beta
particles and alpha particles to enter.
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4. High Voltage Supply: Creates a strong electric field inside the tube.

5. Counting Circuit: Counts electrical pulses generated by ionization events, often
providing a visual or auditory indication.

Operation

1. lonization: lonizing radiation enters the tube, ionizing the gas and creating
positive ions and free electrons.

. Avalanche Effect: High voltage accelerates the electrons toward the anode,
causing further ionization in an avalanche effect.

Pulse Generation: The resulting surge in current is detected as an electrical
pulse.

Quenching: The quenching agent prevents continuous discharge, allowing the
tube to reset.

Counting: Each pulse corresponds to an ionizing event, enabling measurement
of radiation intensity.

Key Features and Limitations

Sensitivity: Detects various ionizing radiation types but cannot differentiate
between them.

Dead Time: Has a brief period after each event where it cannot detect another,
potentially leading to undercounting at high radiation intensities.

Plateau Region: Must be operated within a specific voltage range for accurate
measurements.

B. Scintillation Counter
» Detects ionizing radiation using a scintillator that emits light when struck by radiation.
» The light is converted into an electrical signal by a photomultiplier tube (PMT).
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1.

Scintillator: Can be an inorganic crystal (e.g., sodium iodide doped with
thallium, Nal(Tl)) or organic material. Inorganic scintillators have higher light
output and better energy resolution.

Light Guide: A transparent material that directs light from the scintillator to the
photodetector.

Photodetector: Converts emitted light into an electrical signal. Commonly uses
a PMT but can also use silicon photomultipliers (SiPMs) or avalanche
photodiodes (APDs).

Shielding and Housing: Prevents external light interference and may include
lead shielding to block background radiation.

Operation

1.

lonizing Event: Radiation interacts with the scintillator, depositing energy and
causing ionization or excitation.

Light Emission: The scintillator emits light as atoms return to their ground state.
Light Transmission: The light is guided to the photodetector with minimal loss.

Signal Conversion: The PMT converts light into photoelectrons, which are then
multiplied to generate an electrical signal.

Signal Processing: Electronics process the signal to extract information about
the radiation's energy, timing, and count rate.

C. Semiconductor Detectors

>

Use semiconductor materials like silicon or germanium to directly convert ionizing
radiation into an electrical signal.

Advantages: Offer high energy resolution and are commonly used in gamma
spectroscopy.

Dosimetry Techniques

1. lonization Chambers

>

Function: Use a gas-filled chamber with electrodes to measure ionization caused by
radiation.

Application: Used in medical procedures and environmental monitoring for dose rate

measurements.

2. Thermoluminescent Dosimeters (TLDs)

>

Function: Contain a material that stores energy when exposed to radiation, releasing it
as light upon heating.

Application: Commonly used for personal radiation monitoring and environmental
measurements.

3. Film Badges
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