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What Is The Thyroid Gland? 

The thyroid gland is a butterfly-shaped gland 
about the size of a 50 cent coin located in the 
front of the neck [not the throat – that is the 
inside of the neck] below the larynx.  
It is an endocrine or ductless gland i.e. the 
hormones it produces diffuse directly into the 
bloodstream rather than being discharged 
through a tube as happens to the products of 
exocrine glands. 
The thyroid produces two hormones - (i) 
calcitonin which helps control calcium levels 
in the blood and is produced by C cells and 
(ii) thyroxine which is produced by follicular 
cells and is needed for normal growth and 
nervous system development. It also 
increases metabolic rate, particularly the rate 
of aerobic respiration.  

What Can Go Wrong? 

Hypothyroidism, a condition in which the thyroid 
gland is underactive, leads to a deficiency of 
thyroxine. There are two main causes of this: 
either (i) a malfunction of the thyroid or (ii) a lack 
of iodine in the diet. The symptoms are different in 
adults and children. In children it results in 
reduced growth and poor brain development, 
which can lead to a condition called cretinism. In 
adults hypothyroidism produces extreme 
tiredness, weight gain, poor resistance to disease, 
coldness and a low heart rate. Iodine is an 
important component of thyroxine and in many 
countries all table salt is iodised i.e. it has trace 
amounts of iodine added as a safeguard against 
deficiency. The usual treatment of underactive 
thyroid is a thyroxine supplement.  

An overactive thyroid leads to an excess of 
thyroxine and is called hyperthyroidism. This 
results in an increased metabolic rate. Common 
symptoms are weight loss, sweating and 
increased heart and breathing rates. Treatment 
includes surgically removing some of the thyroid, 
giving radioactive iodine to kill off cells in the most 
active part of the gland or giving medication to 
block the activity of thyroxine.  

Goitre is a swelling of the thyroid gland and is 
most commonly caused by a lack of iodine in the 
diet but it can also be a symptom of 
hyperthyroidism or hypothyroidism. 

The activity of the thyroid gland is controlled by 
the pituitary gland using a negative feedback 
system, i.e. the presence of a certain level of a 

hormone in the blood switches off the production 
of the hormone.  

 

It works as follows:  

If the level of thyroxine in the blood is low, the 
pituitary detects this and increases its production 
of thyroid stimulating hormone (usually referred to 
as TSH) which stimulates the thyroid gland to 
produce more thyroxine. The pituitary then 
detects this increased level of thyroxine and 
switches off its production of TSH when the 
hormone level has returned to normal. If the level 
of thyroxine in the blood is high, the pituitary also 
detects this, and switches off its production of 
TSH, which reduces the production of thyroxine 
and the hormone level returns to normal. 

 

Thyroid Cancer 

Cancer occurs when the formation of new cells in 
the body goes out of control. A cancer is classed 
as benign when it does not spread to other parts 
of the body. On the other hand a malignant 
cancer is one that spreads, usually through the 
lymphatic system, to other parts of the body i.e. it 
metastasises. Such cancers are far more likely to 
be life threatening than benign cancers. 

There are basically four types of thyroid cancers 

• Papillary and follicular cancers account for 
more than 90% of thyroid cancers; they are 
cancers of thyroxine producing cells. They 
tend to be slow growing and respond very 
well to treatment. 

• Medullary cancer accounts for about 4% of 
cases. This is cancer of the C-cells and is 
much easier to treat if diagnosed at an early 
stage.  

 



 

• Anaplastic cancer accounts for only about 
1% of thyroid cancers, mostly in men over 
65. These cancer cells are very abnormal 
and are difficult to detect because they are 
undifferentiated and they are also difficult to 
treat. 

Most thyroid cancer patients present with a 
nodule or lump on the thyroid. There may be no 
other symptoms or there may be goitre, 
hoarseness, swollen lymph glands in the neck 
area, or difficulty swallowing. It is important to 
remember that over 99% of thyroid nodules are 
not cancer.  

What Causes Thyroid Cancer? 

The cause of thyroid cancer is unknown but there 
are definite risk factors, i.e. things that increase a 
person’s chance of getting the cancer. Perhaps 
the most significant risk factor is radiation. Older 
x-ray machines produced relatively high doses of 
ionising radiation. Modern ones use much lower 
doses and so pose a much lower risk. Nuclear 
fallout following nuclear explosions can contain 
radioactive iodine 131 isotope and is a major risk 
factor. This is of most danger to children as was 
demonstrated by the Chernobyl accident in 
Russia in 1986. If there is a risk of this radiation in 
the environment, people are advised to take 
iodine tablets (containing KI or KIO3); the 
presence of high levels of normal iodine in the 
blood reduces the uptake the radioactive iodine.  

The other major factor is an alteration in a gene 
called the RET gene found on chromosome 10.  
It is a proto-oncogene meaning it can readily 
become cancerous. This altered gene is a 
dominant gene and can be passed on from 
parents to their children and so tends to run in 
families.  

The older a person is when contracting thyroid 
cancer the more aggressive it tends to be. An 
aggressive cancer is one that multiplies more 
rapidly and spreads more easily. 

Diagnosis and Treatment 

Diagnosis is by physical examination, blood tests 
for high and low levels of TSH, ultrasound, the 
administration of radionuclides which concentrate 
in the cancerous cells where they can be detected 
and, finally, by biopsy which means taking a small 
sample of tissue and examining it microscopically. 

In papillary and follicular cancers, the most 
frequent form of treatment is surgery to remove all 
or part of the thyroid gland. Radiation is also 
used, either by giving radioactive iodine which 
concentrates in the abnormal areas of the thyroid 
and kills the cancerous cells or by using gamma 

rays and focusing these on the cancerous cells to 
kill them. If the thyroid is partially or wholly 
removed, thyroxine supplements will be needed 
to prevent the symptoms of hypothyroidism.  

About 97% of thyroid cancers are curable; if 
treated appropriately the prognosis [expected 
outcome of the treatment] is very good.  

Genzyme 
One of the world’s leading biotechnology 
companies, Genzyme is dedicated to making a 
major positive impact on the lives of people with 
serious diseases. Since 1981, the company has 
grown from a small start-up to a diversified 
enterprise with more than 12,000 employees and 
many established products and services helping 
patients in approximately 100 countries. 

Established in 2001, Genzyme Ireland employs 
more than 450 people at its biotechnology 
campus in Waterford, from where a range of 
products are transported to patients in more than 
55 countries worldwide.  

Genzyme is a leader in the effort to develop and 
apply the most advanced technologies in the life 
sciences. The Massachusetts-headquartered 
company’s products and services are focused on 
rare inherited disorders, kidney disease, 
orthopaedics, cancer, transplant and immune 
disease. Genzyme’s commitment to innovation 
continues today with a substantial development 
programme focused on these fields, as well as 
cardiovascular disease, neurodegenerative 
diseases and other areas of unmet medical need. 

 

Genzyme Ireland, 

Old Kilmeaden Road,  

Waterford.  

Tel: +353 51 594 100 

Fax: +353 51 594 105 
You can find this and other lessons on www.sta.ie. 

 

Find out more about the work of Genzyme on  

www.genzyme.com  
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Teaching Notes 

Syllabus References 

The relevant syllabus references are: 

Leaving Certificate Biology 

• Endocrine system: definition of a ‘hormone’. 
Comparison with nerve action, distinction 
between exocrine and endocrine glands, 
with examples.  

• Location of the principal endocrine glands 
in the human. 

• For each of the glands name one hormone 
and give its functions.  

• For one hormone give a description of its 
deficiency symptoms, excess symptoms, 
and corrective measures.  

• Contemporary Issues and Biotechnology  
- Hormone supplements: 
- Two examples of their use.  

• The cell cycle: description of cell activities 
in the state of non-division (interphase) and 
division (mitosis).  

• Cancer - definition and two possible 
causes. 

This lesson is also relevant when discussing the 
topic of Science and Technology in Society.  

Learning Outcomes  

On completion of this lesson, students should be 
able to:  

• State and show the location of the pituitary 
and thyroid glands. 

• Know that hormones are produced by 
endocrine glands. 

• Define endocrine and exocrine glands. 
• State two functions of thyroxine. 
• State two symptoms of deficiency and 

excess of thyroxine. 
• Give two corrective measures for deficiency 

and excess production of thyroxine. 
• Define cancer. 
• Give two possible causes of thyroid cancer. 
• Give two methods of treatment of thyroid 

dysfunction. 
• Be able to describe the negative feedback 

control of thyroxine levels. 
 

General Learning Points 

The following points can be used to review the 
lesson content and to inform discussion. 

• Radionuclides are used in the diagnosis of 
cancers. 

• Radionuclides such as cobalt 90 are used 
in the treatment of cancers. Those 
administering these must protect 
themselves and their patients from the 
possible dangers. 

• Dosimeters are used to measure exposure 
to radiation by those working with 
radioactive materials and sources. 

• There are sources of radiation, particularly 
radon, in the natural environment. Radiation 
levels are monitored and mapped around 
Ireland.  

• Houses built on granite need to be built in 
such a way as to reduce the dangers of 
radon. Existing buildings in high radon 
areas should be modified to reduce radon 
exposure. 

• Solar radiation and the use of sun-beds can 
cause skin cancers. Legislation is 
necessary to limit the use of sun-beds, 
especially by young people. 

• Sun screens reduce UV exposure; their 
effectiveness is indicated by a ‘sun 
protection factor’. 
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Student Exercises  

Student Activities 

• Collect a variety of sun screens and find 
their active ingredients. 

• Use the internet to find the different types of 
ultra violet radiation and their comparative 
dangers. 

• Discover how gamma radiation is used to 
kill cancer cells in areas where they are 
inoperable e.g. deep in the brain, and how 
damage to surrounding cells is kept to a 
minimum.  

 

True/False Questions 

a) All cancers are malignant. 
b) The vast majority of lumps on the thyroid 

are not cancers. 
c) The thyroid gland controls metabolic 

activity. 
d) The thyroid gland is an exocrine gland. 
e) Cretinism is caused by an overactive 

thyroid. 
f) Goitre is a swollen thyroid gland. 
g) Thyroxine is given to patients who have had 

their thyroid removed. 
h) High thyroxine levels cause the pancreas to 

stop producing TSH. 
i) Iodine is added to table salt to prevent 

hypothyroidism. 
j) Malignant cancers metastasise. 
 

Check your answers to these questions on www.sta.ie  

Examination Questions 

Leaving Certificate Biology (HL) 2005  

Answer the following questions in relation to 
systems of response to stimuli in the human body.  

(i) The pancreas is both an exocrine gland and 
an endocrine gland. Explain the underlined 
terms. 

(ii) Name a product of the endocrine portion of 
the pancreas and state one of its functions.  

 

Leaving Certificate Biology (HL) 2007 Q. 15 (b) 

(i) Other than the secretion of hormones, how 
does an endocrine gland differ from an 
exocrine gland?  

(ii) State two ways in which hormone action 
differs from nerve action. 

(iii) Copy the following table into your answer 
book and fill each of the empty boxes. 

 
(iv) In the case of a named hormone give: 

a deficiency symptom, 
a corrective measure. 

 

Leaving Certificate Biology (HL) 2010 Q11(c) 

(i) What term is used to describe the glands 
that secrete hormones in the human body? 

(ii) 
1. Name a hormone-producing gland in the 

human body. 
2. Where in the body is the gland located? 
3. Name a hormone that this gland 

secretes. 
4. State a role of this hormone. 
5. Describe what happens if the body 

experiences a deficiency of this 
hormone. 

(iii) Give two examples of the use of hormone 
supplements.  

Endocrine 

Gland 
Location Hormone 

Role of 

Hormone 

 Pancreas Insulin  

Thyroid 
Gland    

   
“fight or 
flight” 

 



 

Did You Know? 

• Giving thyroxine supplements to tadpoles 
causes them to metamorphose earlier and 
become miniature frogs; while depriving 
them of thyroxine by keeping them in a 
iodine free environment delays 
metamorphosis and produces larger than 
normal tadpoles. 

• Seaweeds, particularly kelp are a good 
source of iodine. Kelp was harvested 
around the coast of Ireland for over one 
hundred years for the production of iodine 
and potash. It is still harvested as a source 
of alginate which is used in the immobilised 
enzyme experiment on the Leaving 
certificate Biology course. 

• Many people think that sea salt contains 
enough iodine for human requirements but 
this is not true. It has to be iodised to make 
it prevent iodine deficiency. 

• Tincture of iodine, a solution of iodine in 
alcohol, is used as an antiseptic wash for 
cuts and grazes. It is not popular now for 
several reasons including the fact that it is 
not very effective and some people show a 
severe allergic reaction to it. 

• Iodine is dark purple and it sublimes [turns 
directly from a solid to a gas without 
becoming a liquid] to form a purple vapour. 
It is brown in solution and is used in 
chemistry to test to see if a compound is 
unsaturated [contains a double or triple 
bond]. 

Biographical Notes 

Edward C. Kendall (1886 – 1972) was born in 
South Norwalk, Connecticut, USA. He was 
educated at Columbia University and then worked 
on thyroid hormones at an affiliated hospital until 
he resigned when he was asked to analyze the 
chemicals in a box of cornflakes. He accepted a 
post at the Mayo Foundation where he won a 
share in the Nobel Prize for Medicine in 1950 for 
his work on adrenal hormones. He is best 
remembered for the isolation thyroxine which he 
is supposed to have completed on 25 December 
1924.   
 

 

Revise the Terms 

Can you recall the meaning of the following terms? 
Reviewing terminology is a powerful aid to recall and 
retention. 

aerobic respiration; aggressive; benign; biopsy; 
cancer; cretinism; dominant gene; endocrine 
gland; exocrine gland; follicular cancers; gamma 
rays; goitre; hormones; hyperthyroidism; 
hypothyroidism; lymphatic system; isotope; 
malignant; metastasise; metabolic rate; negative 
feedback; nodule; nuclear fallout; prognosis; 
radiation; radionuclides; risk factors; supplements; 
thyroxine; trace elements.   
Check the Glossary of Terms for this lesson on 
www.sta.ie  

 

http://www.sta.ie/

