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Dr. Olsen’s cat Peachy has been acting weird lately, even for a cat.  Lately Peachy has lost a lot of weight, even though she is constantly asking for food and has been eating All. The. Time.  She spends most nights running around the house howling and chasing bugs.  Her fur is also looking a little scruffy, even though she seems to still be grooming.  

Peachy’s veterinarian suggested blood tests to check her levels of T3 and T4.


Part I : Thyroid Hormones

The thyroid is a small gland located at the base of the neck.  It produces hormones that help the body control metabolism.  
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Two of the most important hormones are thyroxine (T4) and triiodothryonine (T3).
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Notice that both of these hormones incorporate iodine.






Read:

https://www.mayoclinic.org/diseases-conditions/hypothyroidism/symptoms-causes/syc-20350284
Questions to answer:

What is hypothyroidism and what are it’s symptoms?







What might happen if there wasn’t enough iodine in a person’s diet?







What would happen if the thyroid excretes too much of the thyroid hormones?






Does Peachy the cat have a hypoactive of hyperactive thyroid?




Part II : Radioactivity

Radioactive elements are unstable.  When they decompose they emit radiation.  This radiation can cause damage to tissues resulting in tissue destruction.  Uncontrolled this can be dangerous, but radiation can also be used to destroy unhealthy tissue or tumors.  Thyroid tumors are an example of tumors that can be successfully treated with radioactivity.

There are different types of radioactive decay, the three most common are:

α (alpha) decay :  	this is a helium nucleus, it can be written as 42 He or as 42α

β (beta) decay :   	this is an electron, it can be written as 0-1e- or as 0-1β
A neutron in the nucleus is converted to a proton and an electron.  The electron is released as a beta particle while the proton increases the atomic number by 1.

γ (gamma) decay :	this is a high energy photon, it is written as 00γ


When writing a balanced nuclear reaction the total mass of the reactants must equal the total mass of the products.  The sum of the atomic number of the reactants should equal the sum of the atomic numbers of the products.

For example :  Radium-226 emits an α particle to form Radon-222.

22688 Ra  →  42 α  +  22286 Rn

The masses add up correctly : 226 = 4 + 222.
The atomic numbers also add up correctlys: 88 = 2 + 86

Read :

https://www.nrc.gov/about-nrc/radiation/health-effects/measuring-radiation.html

To Do:

Iodine-131 is an isotope of iodine that has a mass of 131 and decays by releasing an beta particle.  Write a balanced nuclear equation for the radioactive decal of I-131:




What do mCi’s measure?

What do rem’s measure?
Part III : Half Lives

The half life for an isotope is the amount of time it takes for one half of the isotope to decay .  Different isotopes have different half lives, and the values vary widely.

	Isotope
	Type of radiation
	Half life

	N-17
	beta
	4.2 seconds

	Tc-43
	gamma
	6 hours

	I-123
	gamma
	13 hours

	I-131
	beta
	8 days

	C-14
	beta
	5730 years

	U-235
	alpha
	700 million years



For example, if you had 100 mg of radioactive technetium (Tc-43) after 6 hours there would only be 50 m of Tc-43, the other 50 mg would have decayed to more stable atoms.  After another 6 hours there would only be 25 mg and so forth.  Each half life decreases the amount present by half.
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Questions:

Why would something with a long half life not be as useful for medical treatments?


If you started with 20 mg of N-17, how much N-17 would you have after 12.6 seconds?




Part IV : Treatment

Hypothyroidism can be treated by providing the patient with thyroid hormones.  In the case of hyperthyroidism the production of thyroid hormones needs to be reduced.

Read:

https://www.merckvetmanual.com/endocrine-system/the-thyroid-gland/hyperthyroidism


Check out:

https://radiocat.com/


Questions:

I-131 is commonly used at RadioCat clinics to treat cats with hyperactive thyroids.  Clinic A reported the dosage used as 5 mCi (per cat) while Clinic B reported using 1100 MBq.  In both cases, owners were allowed to take their cats home after 5 days with instructions to collect the cat’s “output”.

Which clinic would provide you with the largest dose of I-131?  
This website may be helpful……..
https://www.remm.nlm.gov/radmeasurement.htm





















For the next two questions you will find this equation useful : 
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Our friend Dr. Olsen’s cat Peachy has a thyroid problem. Dr. O.  decides to take her to the clinic that gives the highest dose.  The half life for I-131 is 8.0 days.  What percentage radioactive iodine is left after the 5 day period?










After bringing the cat home, Dr. O. was instructed to collect kitty-poo for 2 weeks for proper disposal.  How long does it actually take to get the concentration of I-131 down to 0.0001% of it’s original value?
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