
 

 

Genzyme 
Vitamin D and Parathyroid Hormone

Vitamins are organic compounds that are 
essential (or vital) for the body in tiny amounts. 
The name vitamin was originally spelt with an “e” 
at the end, being derived from combination of the 
words vital and amine (since the first ones to be 
identified belonged to this chemical family). 
However, it was later found that not all vitamins 
are amines, but by then the name vitamin(e) was 
so well established that it was too late to change 
it, so the “e” at the end was dropped in order to 
de-emphasise the amine part. Vitamin D can be 
photosynthesised by humans and other 
organisms, so it is not strictly a vitamin (vital food 
substance) unless one is unable to synthesise it 
due to lack of exposure to sufficient sunlight. For 
this reason it is often called ‘the sunshine 
vitamin’. 

Discovery 
In 1913 Elmer McCollum and Marguerite Davies 
discovered a compound in cod liver oil which came to 
be called vitamin A. Edward Mellanby, an English vet, 
noticed that dogs fed cod liver oil did not develop 
rickets so he concluded, incorrectly, that vitamin A 
prevents rickets. In 1921 E. McCollum did further 
research using cod liver oil where the vitamin A had 
been destroyed. It still prevented dogs developing 
rickets so he concluded that another vitamin was at 
work. He called it vitamin D as it was the fourth 
vitamin to be discovered. 

You may have heard of vitamins E and K and so 
might wonder what has happened to vitamins F, G, H, 
I and J. The simple explanation is that substances 
which at the time they were discovered were thought 
to be vitamins, and had been allocated letters in order 
of their discovery, were later found not to be vitamins. 
Thus F to J disappeared from the lists leaving vitamin 
K as the last one.  

Vitamers are different forms of a particular vitamin. 
Vitamin D has five vitamers [D1 to D5]. Of these five, 
two are important: Vitamin D2 which is called 
ergocalciferol and is synthesised in invertebrates, 
fungi and plants, and Vitamin D3, cholecalciferol 
which is synthesised in vertebrates: both in response 
to ultra violet light (UV). Vitamin D usually refers to 
both the D2 and D3 vitamers. 

Vitamin D is fat soluble and is stored in the liver as the 
pro-hormone calcidiol. Vitamin C, on the other hand, 

is water soluble and cannot be stored, so any excess 
is excreted in the urine.  

 

Functions of Vitamin D 
Vitamin D travels in blood to the liver where it is 
converted to the pro-hormone calcidiol which can then 
be converted to calcitriol [the physiologically active 
form] as it circulates in the blood. 

It has three main functions. 

In the proximal tubules of the kidney it acts as a 
hormone regulating Ca2+ (calcium) and PO43− 
(phosphate) levels in blood, leading to healthy bone 
mineralisation during growth and remodelling. 

In monocyte macrophages (a type of white blood cell) 
it acts locally as a cytokine defending body against 
micro-organisms. 

It also modulates neuromuscular function, reduces 
inflammation and affects the action and expression of 
genes that regulate multiplication, differentiation 
(change in form and function of cells as they mature) 
and apoptosis (programmed cell death) of cells. 

Deficiency Diseases 
Lack of vitamins can lead to deficiency diseases. In 
humans lack of vitamin D causes different forms of the 
disease in children and adults. 

In children the disease is called rickets and is 
characterised by poor growth and a softening of the 
long bones resulting in bow legs.  

In adults it is called osteomalacia, a bone thinning 
disorder characterised by muscle weakness, 
especially in muscles near the trunk, and bone 
fragility.  

Taken together with Ca, vitamin D, usually as a 
dietary supplement, can reduce osteoporosis (brittle 
bones) in older adults. 

Rickets is not totally 
eradicated as there 
have been twenty cases 
of rickets in Dublin 
children in the last four 
or five years. The very 
elderly and immobile 
such as those in nursing homes are also at risk of 
deficiency since they do not get sufficient exposure to 
sunlight. 



 

Production  
Vitamin D3 is produced in the skin of vertebrates after 
exposure to UVB in sunlight. Tanning lamps produce 
mainly UVA so are not a good source of vitamin D. It 
is produced in the innermost two layers of the 
epidermis called the stratum basale and stratum 
spinosum. See Fig.2. It also occurs naturally in some 
foods such as fatty fish, mushrooms, eggs, meat and 
dairy products. 

Fur and feathers can block UV from skin. So many 
mammals and birds spread oily secretions from their 
skin onto their fur or feathers, which on exposure to 
sunlight produces vitamin D. This is then harvested 
during grooming or preening. 

In 1923 Harry Steenbock working in the University of 
Winsconsin in the United States showed that 
irradiation of food with UV increased its vitamin D 
content. Using his personal funds he patented its use 
in milk and, as a result, rickets was all but eliminated 
in the US by 1945. Many food products are now 
fortified with vitamin D e.g. ‘Supermilk’. 

Many countries now have an RDA (Recommended 
Daily Allowance) for vitamins and minerals. Vitamin D 
is no exception although different countries 
recommend different amounts: in Europe it is 5 µg (5 
micrograms) or 200 IU (International Units), while in 
the US it is 15 µg (600 IU). Excess intake of some 
vitamins can cause problems so there are often 
recommended upper limits. In the US these are set at 
between 1000 and 4000 IU, increasing as one gets 
older. In Ireland since February 2001 it is the policy of 
the Department of Health & Children and the Health 
Service Executive that all infants up to the age of one 
year should be given a supplement containing 200 IU 
(= 5 µg) of vitamin D exclusively per day.  

A survival hint: If you are stranded in the Arctic do 
not eat polar bears liver as it contains such large 
amounts of vitamin A that it can cause serious illness. 
The same is true of kangaroo liver. 

Parathyroid Hormone  
Parathyroid hormone 
(PTH) is produced in a 
group of endocrine 
(ductless) glands, the 
parathyroid glands (Fig. 
3), and regulates Ca2+ 
and PO4

3− ion levels in 
the blood by targeting 
cells in bone and in the kidneys. If Ca2+ ion levels in 
extracellular fluid fall below normal, its job is to bring 
them back to normal. It does this in three ways as 
illustrated in Figure 4.  

It stimulates osteoclasts to reabsorb bone minerals 
and release Ca2+ and PO4

3− ions into the blood. 

It reduces Ca2+ ion loss in urine and stimulates loss of 
PO4

3− ions. 

It increases absorption of Ca2+ ions from the small 
intestine and stomach. 

Hyperparathyroidism is a disease condition caused by 
an excess production of iPTH [intact parathyroid 
hormone]. It occurs in two forms: 

Primary: most often caused by a parathyroid tumour. 
This excess production leads to elevated Ca2+ ion 
levels in blood (hypercalcemia); kidney stones which 
can be extremely painful, and decalcification of bones.  

Secondary: caused by a disease or factor outside the 
parathyroid glands. There are two main causes.  

Kidney disease in which the kidneys cannot reabsorb 
calcium and so it is excreted in urine. Calcium levels 
in the blood fall causing continuous production of 
parathyroid hormone in an effort to restore the calcium 
levels 

Diets lacking in calcium or vitamin D or containing 
excessive PO4

3−This results in symptoms such as 
pathologic fractures of “rubber bones”. 

Hypoparathyroidism is caused by an under-secretion 
of iPTH and leads to decreased Ca2+ and increased 
PO4

3− concentrations in blood (hypocalcemia) 
resulting in tetany and convulsions which can lead to 
sudden death. 

 



 

 

Doxercalciferol 
Chronic dialysis in people with kidney problems 
removes so many Ca2+ ions from the blood that in an 
effort to normalise the levels the parathyroid glands 
are continually producing iPTH. This can lead to 
secondary hyperparathyroidism and to counteract this 
doxercalciferol, a synthetic (man-made) form of 
vitamin D, can be prescribed to reduce the elevated 
levels of iPTH and to limit any resulting calcium loss.  

Genzyme 
The Genzyme Ireland plant is in Waterford City in the 
South East of Ireland. Established in 2001, it is 
located on a 37 acre (15 hectare) site. Tablet and 
sachet products are manufactured in the two oral 
dose manufacturing facilities. The fill finish facility is 
used for the aseptic filling of biologics including 
enzyme replacement therapies in the Genzyme rare 
disease portfolio. The filling and lyophilisation capacity 
at the site places the Waterford plant at the heart of 
the Genzyme supply chain. The packaging facility has 
sachet, vial and bottle packaging lines. An extensive 
range of product testing and release to market is 
performed with distribution to over 70 countries 
worldwide. 

The site has invested in state of the art infrastructure 
and technology, reflecting the niche nature and high 
value of the products produced there. It also has 
clinical trial manufacturing capability. The pilot scale 
facility provides product development, technical 
transfer and process trouble shooting capability. The 
Quality System has been audited by leading 
regulatory bodies from around the world and 
Genzyme Ireland has an excellent quality and 
compliance track record. Operational excellence is a 
key site enabler and continuous improvement 
processes are grounded in best practice and involve 
those closest to the operations.  

About Genzyme, a Sanofi Company  

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 its founding in 1981, the company has 
introduced breakthrough treatments that have 
provided new hope for patients in the fields of rare 
inherited disorders, kidney disease, orthopaedics, 
cancer, transplant, and immune diseases. Genzyme is 
a Sanofi company. 
You can find this and other lessons on www.sta.ie. 
Find out more about the work of Genzyme on www.genzyme.com. 

 



 

Teaching Notes 
Syllabus References 

Leaving Certificate Biology 

1.3.4 Biomolecular Sources and the Components of 
Food 

• Carbohydrate, fat and oil (lipid), protein and 
vitamin: their basic element components, 
biomolecular components and sources.  

• Vitamins: one water-soluble and one fat-soluble 
vitamin. 

1.3.7 Metabolic Role of Biomolecules 

• Hormones as regulators of metabolic activity. 

• Vitamins – e.g. C and D for tissue growth, cell 
production and health maintenance. Disorders 
associated with deficiency of a water-soluble and 
a fat-soluble vitamin. 

1.3.8 Minerals 

• Requirement and use of any two minerals 
present in dissolved salts or in trace amounts. 

3.5.3 Responses in the Human 

• 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. 

H.3.5.6 Animal Hormones 

• Description of the feedback mechanism of any 
one animal hormonal system. 

H.3.5.8 Growth and Development in Bones 

• Osteoblast role in bone growth. Terminating 
development of adult height. Role of osteoblasts 
in bone cell replacement. Bone renewal. Role of 
calcium in bone. 

 

Learning Outcomes  
On completion of this lesson, students should know:  

• What a vitamin is and what vitamers are. 

• The sources and functions of vitamin D. 

• The deficiency disease of vitamin D and its 
symptoms in children and adults. 

• What RDAs are. 

• The location of the parathyroid glands and that 
they produce parathyroid hormone.  

• The functions of parathyroid hormone. 

• The symptoms of hyperparathyroidism and 
hypoparathyroidism.  

• The effect of chronic dialysis on calcium and 
parathyroid hormone levels in the blood. 

• The use of doxercalciferol to control parathyroid 
hormone and vitamin D levels. 

General Learning Points 
The following information can be used to revise the lesson’s 
main learning points and inform discussion. 

• Vitamins are organic compounds required in tiny 
amounts in the diet for the proper functioning of 
the body. 

• Lack of vitamins leads to deficiency diseases. 
Vitamin D causes rickets in children and 
osteomalacia in adults. 

• Vitamins can occur in various forms called 
vitamers. 

• Vitamin D is photosynthesised in the skin using 
UVB and it can also be obtained in the diet 
through dairy products, mushrooms, fatty fish and 
meat. 

• RDAs for vitamins vary from country to country 
and Ireland has a compulsory dose of vitamin D 
for children under one year old. 

• Parathyroid hormone is important in controlling 
calcium and phosphate levels in the blood. Too 
much or too little causes disease. 

• Doxercalciferol is a synthetic form of vitamin D 
and is used to control excess parathyroid 
hormone production in people who are 
undergoing chronic dialysis for kidney disease. 

 

 



 

Student Exercises 
 

Student Activities 
Look at cereal boxes, milk and juice cartons, and any 
other packaged food and see if they quote vitamin 
content or percentages of RDA.  

For a particular vitamin find out who discovered it and 
how they showed its effects. 

Find out the names and symptoms of the deficiency 
diseases of other vitamins. 

Find the natural sources of other vitamins. 

Find out what other vitamins are synthesised. 

Do RDAs have an upper limit? 
 

True/False Questions 
(1) Vitamin D causes rickets.   

(2) Vitamin D is photosynthesised in skin.   

(3) Endocrine glands have ducts.   

(4) Synthetic compounds are normally found in 
nature.   

(5) Apoptosis is a form of cell division.   

(6) Calcium and vitamin D are used to treat 
osteoporosis.   

(7) Doxercalciferol is a synthetic precursor of 
vitamin D.   

(8) Differentiation is the change in form and 
function of a cell as it matures.   

(9) Doxercalciferol is used to reduce levels of 
parathyroid hormone in the blood of patients 
undergoing chronic renal dialysis.  

(10) Vitamin D is stored in the liver as the 
prohormone calcitriol. 

(11) Rickets still occur in Ireland.   
Check your answers to these questions on www.sta.ie. 

 

Examination Questions  

Leaving Certificate Biology (HL) 2006 Q1  

Vitamin ........ is an example of a water-soluble 
vitamin. Name a disorder associated with a deficiency 
of the vitamin that you have named above or of 
another named vitamin in the human diet. 

Leaving Certificate Biology (HL) 2007, Q15 (b) 

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

State two ways in which hormone action differs from 
nerve action. 

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

Endocrine Gland 
Location 

Hormone Role of 
Hormone 

 Pancreas Insulin  

Thyroid 
Gland 

   

   “fight or 
flight” 

In the case of a named hormone give a deficiency 
symptom and a corrective measure.  

Leaving Certificate Biology (HL) 2010 Q11 (c) 

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

Name a hormone-producing gland in the human body. 

Where in the body is the gland located? 

Name a hormone that this gland secretes. 

State a role of this hormone. 

Describe what happens if the body experiences a 
deficiency of this hormone. 

Give two examples of the use of hormone 
supplements. 

 

 

http://www.sta.ie/


 

Did You Know 
During World War II fighter pilots were fed lots of 
carrots, rich in carotene a precursor of vitamin A 
which is used to cure night blindness. The story 
disseminated was that this was done to improve the 
night vision of the pilots and thus enable them to 
successfully intercept German night bombers. Like all 
good propaganda it had a grain of truth in it. Vitamin A 
does cure night blindness but does not improve night 
vision in healthy people. This was done to hide the 
fact that the British had invented radar and it  was this 
that enabled them to intercept the German bombers. 

Vitamin requirements vary from species to species 
e.g. mice do not need vitamin C. 

The naked mole rat is naturally deficient in vitamin D 
and is resistant to aging, maintains healthy vascular 
function and is longest lived of all rodents. 

Mushrooms are the only dietary source of vitamin D 
for vegans. 

 

Biographical Notes  

Elmer McCollum (1879-1967) 

Elmer McCollum worked at odd jobs to finance his 
education. He gained his doctorate in biology in 1906. 
From his early experiments he concluded, incorrectly, 
that animals fed on ‘tasty’ food would thrive. When 
experiments by others showed that he was wrong he 
accepted the criticism and dedicated himself even 
more to identifying micronutrients. He was the first 
scientist to establish a colony of white rats for nutrition 
experiments. He discovered the fat soluble vitamin A 
and water soluble vitamin B and also worked on  the 
effects of vitamins D and E. 

Harry Steenbock (1886-1967) 

After patenting his vitamin D enrichment technology 
Steenbock was offered $1 million by the Quaker Oats 
company but he refused the offer. Instead he, along 
with nine other colleagues, started the first technology 
transfer office at the Wisconsin Alumni Research 
Foundation [WARF]. In 1927 WARF licensed the 
Quaker Oaks company to fortify their breakfast 
cereals with vitamin D. 
 

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

Amine, apoptosis, deficiency disease, differentiation, 
endocrine gland, epidermis, fortified, hormone, 
hypothyroidism, hyperthyroidism, iPTH , monocyte 
macrophage, organic, osteoclast, osteomalacia, 
osteoporosis, pathogenic, phosphate, photosynthesis, 
recommended daily allowance (RDA), rickets, 
synthetic, tetany, ultra violet, UV, UVA, UVB, vitamer, 
vitamin. 
Check the Glossary of Terms for this lesson on www.sta.ie. 

 
 

 




