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TOXICITY



Chronic toxicity is the ability of a substance or mixture of substances to cause harmful effects 
over an extended period, usually upon repeated or continuous exposure, sometimes lasting for 

the entire life of the exposed organism.

Subchronic toxicity is the ability of a toxic substance to cause effects for more than one year but 
less than the lifetime of the exposed organism.

Acute toxicity involves harmful effects in an organism through a single or short-term exposure

The degree to which a substance (a toxin or poison) can harm humans or animals

Toxicity





































DETOXIFICATION









































































NUCLEAR 
MEDICINES
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History

1946              first uses of nuclear medicine

1950s             Widespread clinical use of 
nuclear medicine began

1960s             measuring blood flow to the 
lungs and identifying cancer

1970s             most organs of the body 
could be visualized with 
nuclear medicine 

procedures

1980s             Radiopharmaceuticals, 
monoclonal antibodies, FDG

1990s             PET



What is Nuclear Medicine?

• Nuclear medicine is very unique, because it helps doctors 

view how your body is functioning.

• This type of imaging takes very small amounts of radioactive 

pharmaceuticals and follows their path and progress through 

your body. 

• X-rays or CAT scans can show how something in your body 

looks, but Nuclear Medicine can show how your body 

actually works.



What is Nuclear Medicine? 

(continued…)
• Nuclear medicine is a type of molecular imaging 

where radioactive pharmaceuticals (often called 

“radiopharmaceuticals”) are used to evaluate the 

body’s functions and processes

• This type of imaging can be used on all types of living 

things, but NMTCB is concerned with using this 

technology to help diagnose and treat human beings.



◦NUCLEAR MEDICINE IMAGING procedures 

look at the bodily functions to help make 

your diagnosis.

◦NUCLEAR MEDICINE THERAPY can actually be 

used to treat the body. If you are undergoing 

a therapy process, then larger amounts of 

radiation will be used to treat cancer or 

thyroid disease. 

What is Nuclear Medicine? 

(continued…)
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What are radioisotopes?

The isotopes of an element have the same number of protons in their atoms 
(atomic number) but different masses due to different numbers of neutrons. 

In an atom in the neutral state, the number of external electrons also equals 
the atomic number. 

These electrons determine the chemistry of the atom. 

The atomic mass is the sum of the protons and neutrons. 

There are 82 stable elements and about 275 stable isotopes of these elements. 

When a combination of neutrons and protons, which does not already exist in 
nature, is produced artificially, the atom will be unstable and is called a 
radioactive isotope or radioisotope. 

There are also a number of unstable natural isotopes arising from the decay of 
primordial uranium and thorium. 

Overall there are some 1800 radioisotopes. 
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What are radioisotopes?

 At present there are up to 200 radioisotopes used on a regular basis, and 
most must be produced artificially. 

 Radioisotopes can be manufactured in several ways. 
1. The most common is by neutron activation in a nuclear reactor. This involves the 

capture of a neutron by the nucleus of an atom resulting in an excess of 
neutrons (neutron rich).

2. Some radioisotopes are manufactured in a cyclotron in which protons are 
introduced to the nucleus resulting in a deficiency of neutrons (proton rich). 

 The nucleus of a radioisotope usually becomes stable by emitting an alpha 
and/or beta particle (or positron). These particles may be accompanied 
by the emission of energy in the form of electromagnetic radiation known 
as gamma rays. This process is known as radioactive decay. 

 Radioactive products which are used in medicine are referred to as 
radiopharmaceuticals.
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Radioisotopes PET

Radionuclides used in PET scanning are typically isotopes with 
short half lives 

 Oxygen-15 (~2 min)

 Nitrogen-13 (~10 min)

 Carbon-11 (~20 min)

 Fluorine-18 (~110 min)

These radionuclides are incorporated either into compounds 
normally used by the body such as glucose (or glucose 
analogues), water or ammonia, or into molecules that bind to 
receptors or other sites of drug action (radiotracers). 
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FDG

Most clinical PET studies in oncology utilize [18F] 2-Fluoro-2-Deoxy-D-Glucose -
more commonly known as “FDG”. 

FDG, an analog of glucose, becomes trapped in the cells that try to 
metabolize it. Its concentration is tissue builds up in proportion to the rate of 
glucose metabolism. Because tumors have a high rate of glucose metabolism, 
they concentrate FDG, and appear as “hot spots” in PET images.



What will they do to me during a nuclear 
medicine procedure?

1. You will be given an “imaging agent.” This 
could be given to you in a variety of ways: 
possibly by swallowing a pill, through an 
injection, an inhaler, or even a special meal 
you will need to eat.

2. The imaging agent will travel to the specific 
organ or tissue that needs to be studied.

3. You will have pictures of your body taken with 
a specialized camera from inside a scanner.

4. Your medical team will receive the images of 
your body to review and evaluate.
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Radiotherapy

Rapidly dividing cells are particularly sensitive to damage by 
radiation. 

For this reason, some cancerous growths can be controlled or 
eliminated by irradiating the area containing the growth.

Many therapeutic procedures are palliative, usually to relieve pain. 
For instance, strontium-89 and (increasingly) samarium 153 are used 
for the relief of cancer-induced bone pain. Rhenium-186 is a newer 
product for this. 

Treating leukemia may involve a bone marrow transplant, in which 
case the defective bone marrow will first be killed off with a massive 
(and otherwise lethal) dose of radiation before being replaced with 
healthy bone marrow from a donor. 
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TAT

A new field is Targeted Alpha Therapy (TAT), especially for the 

control of dispersed cancers. The short range of very energetic 

alpha emissions in tissue means that a large fraction of that 

irradiative energy goes into the targeted cancer cells, once a 

carrier has taken the alpha-emitting radionuclide to exactly the right 

place. 

An experimental development of this is Boron Neutron Capture 

Therapy using boron-10 which concentrates in malignant brain 

tumors. The patient is then irradiated with thermal neutrons which 

are strongly absorbed by the boron, producing high-energy alpha 

particles which kill the cancer. 
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Advantages

It provides doctors with information about both structure and function.

It’s a way to gather the medical information that would otherwise be 
unavailable, require surgery, or necessitate more expensive diagnostic tests. 

Often identify abnormalities very early in the progress of a disease, long before 
many medical problems are apparent with other diagnostic test.

It determines the presence of a disease based on biological changes rather 
than changes in anatomy.

Combination with CT scan can give the image of both bone and soft tissue.

It’s extremely safe because 
 The radioactive tracers, or radiopharmaceuticals, used are quickly eliminated from 

the body through its natural functions.

 The tracers used rapidly lose their radioactivity.

 The dose of radiation necessary for a scan is very small. 



Why is Nuclear Medicine so important?

◦Nuclear medicine imaging can help with 
early detection or discovery of changes in 
your body’s functions.

◦Physicians need an accurate diagnosis first, 
so they can formulate an ideal treatment 
plan specifically for your needs!

◦This detection could help your care team 
avoid having to perform invasive 
procedures and possibly treat the problem 
without surgery.



What about the radiation?

◦Very small amounts of radiation are given 

during nuclear medicine imaging scans.

◦Larger amounts are used for therapy in order 

to target very specific areas.

◦The scanners (equipment) do not give off 

radiation. 



But I really don’t like the idea of radiation…

◦ Radiation is actually in small doses all around us! 

◦ On average, Americans receive a radiation dose of 

about 0.62 rem (620 millirem) each year. Half of this 

dose comes from natural background radiation. 

◦ Most of this background exposure comes

from radon in the air, with smaller amounts 

from cosmic rays and the Earth itself.

◦ Radon in homes, Air travel radiation

◦ Even bananas! (Bananas are radioactive enough to regularly cause 

false alarms on radiation sensors used to detect nuclear material at US 

ports!)



Radiation is really everywhere?

◦Yep, it sure is! We live in a radioactive world, and 

radiation has always been all around us as a part of our 

natural environment.  

◦ The annual average dose per person from all sources is 

about 360 mrem, but it is not uncommon for any of us to 

receive more than that average does in a given year 

(largely as a result of medical procedures).



Radiation Comparison



- Each exposure to radiation carries its own 

very small risk. So, the third or fourth scan you 

have carries the exact same risk as the very 

first. 

- The benefit of having a correct diagnosis and 

discovering what is going on in your body 

outweighs the risk of the exam itself.

Risk or Benefit?






