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What causes the Extreme Drop in 
Neurotransmitter Levels?
Healthy neurons have 
microtubules, acting like 
tracks, guiding nutrients and 
molecules (including 
neurotransmitters) from the 
neuron cell body down to the 
axon terminals and back again. 
A special protein called ‘tau’ 
makes these microtubules or 
‘transport highways’ stable. In 
Alzheimer’s patients, the tau 
proteins are altered chemically 
and begin to pair with other 
threads of tau, forming tangles 
inside neurons. When this happens the microtubules disintegrate, causing 
the neuron’s transport system to fail.

Another protein, Amyloid Precursor Protein (APP), is important in helping 
neurons grow and survive. In Alzheimer’s disease, something breaks the 
APP into fragments, one of which is called beta-amyloid. The beta-
amyloid fragments clump together outside nerve cells forming insoluble 
plaques. Both plaques and tangles disrupt essential brain activity and 
cause large numbers of neurons in the cerebral hemispheres to die.

What is the difference between Alzheimer’s 
and normal age-related memory loss? 

What Treatments are Available? 
There is currently no cure for Alzheimer’s disease but regular physical 
exercise and some medications can treat the symptoms, delay the onset 
or slow the progress of the disease. Here in Ireland, researchers at the 
Elan Corporation are currently researching (i) inhibitors of enzymes 
that snip APP causing the amyloid plaques and (ii) antibodies that might 
clear the plaques already formed. 

Scientists in Trinity College Institute of Neuroscience (TCIN) received 
funding from PRTLI to examine the role of beta-amyloid in memory loss 
and have shown that particular forms of beta-amyloid (low molecular 
weight species) are particularly toxic to neurons and are associated with 
inflammatory changes in the brain. This suggests that anti-inflammatory 
treatment may be useful in alleviating some of the symptoms of 
Alzheimer’s Disease. This work is continuing with the launch, in October 
2007, of a major joint venture was initiated in Ireland between TCIN, 
Glaxo SmithKline Beecham and UCG. Up to 14.6 million euro will be 
spent on investigating new therapies to treat Alzheimer’s disease.

or gland. This route from sense organ or receptor to effector organ via 
interconnecting neurons in the CNS is called the pathway of nerve 
transmission.

How do Impulses Travel from Neuron to Neuron?
Nerve impulses are electrical and travel along neurons with great speed, 
allowing very fast responses to changes in our environment. When an 
impulse reaches the end of a particular neuron there is a gap, called a 
synapse, between the pre-synaptic neuron and the post-synaptic neuron. 
The electrical impulse is unable to cross this gap. Chemical substances 
called neurotransmitters are required to bridge the gap. Common 
neurotransmitters include: acetylcholine, and dopamine.

At a synapse the electrical impulse triggers the release of a chemical 
neurotransmitter from special vesicles in the axon terminals of the pre-
synaptic neuron. The neurotransmitter diffuses across the gap and 
attaches to receptors on the post-synaptic neuron triggering an electrical 

impulse in the post synaptic 
neuron. In this way 
impulses travel from neuron 
to neuron throughout the 
pathway of nerve 
transmission. Not only do 
neurotransmitters bridge 
the gap between neurons 
they also ensure one-way 
transmission of impulses 
which is essential for the 
system to work in an orderly 
fashion. 

What is Alzheimer’s Disease?
Alzheimer’s disease is a progressive and terminal brain disease for which 
there is currently no cure. The risk of developing Alzheimer’s doubles 
every five years after the age of 65 years. There is sometimes a hereditary 
component and the risk of developing Alzheimer’s increases if more 
than one family member has had the disease. It is the most common 
form of dementia, a condition that results in confusion and the loss of 
other intellectual abilities. In a patient with Alzheimer’s disease, the 
ability to remember, understand, communicate and reason gradually 
decline. The patient may have increasing difficulty with everyday tasks 
such as using the phone, making meals or managing money.

Like the rest of our bodies our brains alter as we age. Concentrations of 
the neurotransmitter acetylcholine decrease causing slowed thinking 
and occasional problems remembering certain things. This is normal 
and not disabling. Serious memory loss, confusion and impaired 
intellectual abilities are not normal; they often indicate that brain cells are 
dying. In persons with Alzheimer’s disease acetylcholine levels may 
decrease by as much as 90% causing a lack of communication between 
neurons. The area of the brain that is most affected is the cerebrum. 

The Human Brain
The central nervous system (CNS) in humans comprises the 
brain and spinal cord. The brain has three main parts: 
forebrain, midbrain and hindbrain. The forebrain, comprising 
the cerebrum or cerebral cortex is by far the largest part of 
the brain. It consists of highly folded left and right cerebral 
hemispheres, with interconnecting fibres. The cerebrum 
receives and interprets sensory information; it controls 
voluntary movement and it is responsible for controlling all 
our higher order functions such as language, intelligence, 
memory, emotions and personality.

The midbrain consists of the thalamus, hypothalamus and pituitary 
gland. The thalamus is the main relay centre of the brain. It 
operates rather like a telephone exchange receiving information 
and passing it on. The hypothalamus is responsible for 
homeostasis; it regulates factors such as body temperature, 
water-salt balance and appetite. The Pituitary gland is the master 

gland of the endocrine 
system. The hindbrain is 
made up of the medulla 
oblongata and the 
cerebellum. 

The medulla controls 
involuntary muscles such 
as those involved in 
heartbeat, breathing and 
swallowing, while the 
cerebellum regulates 
muscle co-ordination and 
controls balance.

What are Brain Cells like?
The structural and functional unit of the nervous system is the 
neuron. The main part of a neuron is the cell body containing the 
normal cell organelles. Dendrites from the cell body receive 
messages or impulses that travel along the axon to the axon 
terminal(s)

What is the Route taken by Nerve Impulses?
Sensory neurons carry impulses from the sense organs and receptors to 
the central nervous system (CNS). Here the impulse is passed to 
interconnecting neurons within the CNS and finally an impulse is sent 
along a motor neuron from the CNS to an effector organ, usually a muscle 

The Higher Education Authority (HEA) is the national 
agency with responsibility for allocating funding to our 
universities, institutes of technology and other 
designated higher education institutions. In addition, 
the HEA advises Government on all aspects of higher 
education and research.

One of the key programmes managed by the HEA is the 
Programme for Research in Third Level Institutions 
(PRTLI), which is currently building a world class research 
infrastructure within Ireland. To date, €865m has been 
invested in third level institutions as part of PRTLI, which 
was established at the end of 1998. This makes it the most 
significant research programme in the country.

Research is vital to Ireland’s future economic and social 
development and the HEA is committed to putting in place 
the buildings and the support mechanisms that will allow 
researchers and their ideas to flourish. There are 
increasing opportunities in higher education institutions 
and in business and industry for those who wish to pursue 
a career in research.

The HEA is also working to increase the range of 
educational opportunities open to everyone, regardless 
of background. About six in every ten 17 to 19 year olds 
now go on to college, compared to just two in ten thirty 
years ago and we plan for that figure to increase to over 
seven in ten in the next decade. It has never been easier 
to go to college and there have never been as many 
avenues of entry or places available.

More information is available about the Higher 
Education Authority, their programmes, policies and 
publications at www.hea.ie

Fig. 2 A typical motor neuron.

Fig. 1 The Central Nervous System.

Fig. 3 The pathway of nerve transmission.
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Fig. 6 Difference between Alzheimer’s & normal age-related memory loss. 
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homeostasis; it regulates factors such as body temperature, 
water-salt balance and appetite. The Pituitary gland is the master 

gland of the endocrine 
system. The hindbrain is 
made up of the medulla 
oblongata and the 
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The medulla controls 
involuntary muscles such 
as those involved in 
heartbeat, breathing and 
swallowing, while the 
cerebellum regulates 
muscle co-ordination and 
controls balance.

What are Brain Cells like?
The structural and functional unit of the nervous system is the 
neuron. The main part of a neuron is the cell body containing the 
normal cell organelles. Dendrites from the cell body receive 
messages or impulses that travel along the axon to the axon 
terminal(s)

What is the Route taken by Nerve Impulses?
Sensory neurons carry impulses from the sense organs and receptors to 
the central nervous system (CNS). Here the impulse is passed to 
interconnecting neurons within the CNS and finally an impulse is sent 
along a motor neuron from the CNS to an effector organ, usually a muscle 

The Higher Education Authority (HEA) is the national 
agency with responsibility for allocating funding to our 
universities, institutes of technology and other 
designated higher education institutions. In addition, 
the HEA advises Government on all aspects of higher 
education and research.

One of the key programmes managed by the HEA is the 
Programme for Research in Third Level Institutions 
(PRTLI), which is currently building a world class research 
infrastructure within Ireland. To date, €865m has been 
invested in third level institutions as part of PRTLI, which 
was established at the end of 1998. This makes it the most 
significant research programme in the country.

Research is vital to Ireland’s future economic and social 
development and the HEA is committed to putting in place 
the buildings and the support mechanisms that will allow 
researchers and their ideas to flourish. There are 
increasing opportunities in higher education institutions 
and in business and industry for those who wish to pursue 
a career in research.

The HEA is also working to increase the range of 
educational opportunities open to everyone, regardless 
of background. About six in every ten 17 to 19 year olds 
now go on to college, compared to just two in ten thirty 
years ago and we plan for that figure to increase to over 
seven in ten in the next decade. It has never been easier 
to go to college and there have never been as many 
avenues of entry or places available.

More information is available about the Higher 
Education Authority, their programmes, policies and 
publications at www.hea.ie
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What causes the Extreme Drop in 
Neurotransmitter Levels?
Healthy neurons have 
microtubules, acting like 
tracks, guiding nutrients and 
molecules (including 
neurotransmitters) from the 
neuron cell body down to the 
axon terminals and back again. 
A special protein called ‘tau’ 
makes these microtubules or 
‘transport highways’ stable. In 
Alzheimer’s patients, the tau 
proteins are altered chemically 
and begin to pair with other 
threads of tau, forming tangles 
inside neurons. When this happens the microtubules disintegrate, causing 
the neuron’s transport system to fail.

Another protein, Amyloid Precursor Protein (APP), is important in helping 
neurons grow and survive. In Alzheimer’s disease, something breaks the 
APP into fragments, one of which is called beta-amyloid. The beta-
amyloid fragments clump together outside nerve cells forming insoluble 
plaques. Both plaques and tangles disrupt essential brain activity and 
cause large numbers of neurons in the cerebral hemispheres to die.

What is the difference between Alzheimer’s 
and normal age-related memory loss? 

What Treatments are Available? 
There is currently no cure for Alzheimer’s disease but regular physical 
exercise and some medications can treat the symptoms, delay the onset 
or slow the progress of the disease. Here in Ireland, researchers at the 
Elan Corporation are currently researching (i) inhibitors of enzymes 
that snip APP causing the amyloid plaques and (ii) antibodies that might 
clear the plaques already formed. 

Scientists in Trinity College Institute of Neuroscience (TCIN) received 
funding from PRTLI to examine the role of beta-amyloid in memory loss 
and have shown that particular forms of beta-amyloid (low molecular 
weight species) are particularly toxic to neurons and are associated with 
inflammatory changes in the brain. This suggests that anti-inflammatory 
treatment may be useful in alleviating some of the symptoms of 
Alzheimer’s Disease. This work is continuing with the launch, in October 
2007, of a major joint venture was initiated in Ireland between TCIN, 
Glaxo SmithKline Beecham and UCG. Up to 14.6 million euro will be 
spent on investigating new therapies to treat Alzheimer’s disease.

or gland. This route from sense organ or receptor to effector organ via 
interconnecting neurons in the CNS is called the pathway of nerve 
transmission.

How do Impulses Travel from Neuron to Neuron?
Nerve impulses are electrical and travel along neurons with great speed, 
allowing very fast responses to changes in our environment. When an 
impulse reaches the end of a particular neuron there is a gap, called a 
synapse, between the pre-synaptic neuron and the post-synaptic neuron. 
The electrical impulse is unable to cross this gap. Chemical substances 
called neurotransmitters are required to bridge the gap. Common 
neurotransmitters include: acetylcholine, and dopamine.

At a synapse the electrical impulse triggers the release of a chemical 
neurotransmitter from special vesicles in the axon terminals of the pre-
synaptic neuron. The neurotransmitter diffuses across the gap and 
attaches to receptors on the post-synaptic neuron triggering an electrical 

impulse in the post synaptic 
neuron. In this way 
impulses travel from neuron 
to neuron throughout the 
pathway of nerve 
transmission. Not only do 
neurotransmitters bridge 
the gap between neurons 
they also ensure one-way 
transmission of impulses 
which is essential for the 
system to work in an orderly 
fashion. 

What is Alzheimer’s Disease?
Alzheimer’s disease is a progressive and terminal brain disease for which 
there is currently no cure. The risk of developing Alzheimer’s doubles 
every five years after the age of 65 years. There is sometimes a hereditary 
component and the risk of developing Alzheimer’s increases if more 
than one family member has had the disease. It is the most common 
form of dementia, a condition that results in confusion and the loss of 
other intellectual abilities. In a patient with Alzheimer’s disease, the 
ability to remember, understand, communicate and reason gradually 
decline. The patient may have increasing difficulty with everyday tasks 
such as using the phone, making meals or managing money.

Like the rest of our bodies our brains alter as we age. Concentrations of 
the neurotransmitter acetylcholine decrease causing slowed thinking 
and occasional problems remembering certain things. This is normal 
and not disabling. Serious memory loss, confusion and impaired 
intellectual abilities are not normal; they often indicate that brain cells are 
dying. In persons with Alzheimer’s disease acetylcholine levels may 
decrease by as much as 90% causing a lack of communication between 
neurons. The area of the brain that is most affected is the cerebrum. 

The Human Brain
The central nervous system (CNS) in humans comprises the 
brain and spinal cord. The brain has three main parts: 
forebrain, midbrain and hindbrain. The forebrain, comprising 
the cerebrum or cerebral cortex is by far the largest part of 
the brain. It consists of highly folded left and right cerebral 
hemispheres, with interconnecting fibres. The cerebrum 
receives and interprets sensory information; it controls 
voluntary movement and it is responsible for controlling all 
our higher order functions such as language, intelligence, 
memory, emotions and personality.

The midbrain consists of the thalamus, hypothalamus and pituitary 
gland. The thalamus is the main relay centre of the brain. It 
operates rather like a telephone exchange receiving information 
and passing it on. The hypothalamus is responsible for 
homeostasis; it regulates factors such as body temperature, 
water-salt balance and appetite. The Pituitary gland is the master 

gland of the endocrine 
system. The hindbrain is 
made up of the medulla 
oblongata and the 
cerebellum. 

The medulla controls 
involuntary muscles such 
as those involved in 
heartbeat, breathing and 
swallowing, while the 
cerebellum regulates 
muscle co-ordination and 
controls balance.

What are Brain Cells like?
The structural and functional unit of the nervous system is the 
neuron. The main part of a neuron is the cell body containing the 
normal cell organelles. Dendrites from the cell body receive 
messages or impulses that travel along the axon to the axon 
terminal(s)

What is the Route taken by Nerve Impulses?
Sensory neurons carry impulses from the sense organs and receptors to 
the central nervous system (CNS). Here the impulse is passed to 
interconnecting neurons within the CNS and finally an impulse is sent 
along a motor neuron from the CNS to an effector organ, usually a muscle 

The Higher Education Authority (HEA) is the national 
agency with responsibility for allocating funding to our 
universities, institutes of technology and other 
designated higher education institutions. In addition, 
the HEA advises Government on all aspects of higher 
education and research.

One of the key programmes managed by the HEA is the 
Programme for Research in Third Level Institutions 
(PRTLI), which is currently building a world class research 
infrastructure within Ireland. To date, €865m has been 
invested in third level institutions as part of PRTLI, which 
was established at the end of 1998. This makes it the most 
significant research programme in the country.

Research is vital to Ireland’s future economic and social 
development and the HEA is committed to putting in place 
the buildings and the support mechanisms that will allow 
researchers and their ideas to flourish. There are 
increasing opportunities in higher education institutions 
and in business and industry for those who wish to pursue 
a career in research.

The HEA is also working to increase the range of 
educational opportunities open to everyone, regardless 
of background. About six in every ten 17 to 19 year olds 
now go on to college, compared to just two in ten thirty 
years ago and we plan for that figure to increase to over 
seven in ten in the next decade. It has never been easier 
to go to college and there have never been as many 
avenues of entry or places available.

More information is available about the Higher 
Education Authority, their programmes, policies and 
publications at www.hea.ie
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What causes the Extreme Drop in 
Neurotransmitter Levels?
Healthy neurons have 
microtubules, acting like 
tracks, guiding nutrients and 
molecules (including 
neurotransmitters) from the 
neuron cell body down to the 
axon terminals and back again. 
A special protein called ‘tau’ 
makes these microtubules or 
‘transport highways’ stable. In 
Alzheimer’s patients, the tau 
proteins are altered chemically 
and begin to pair with other 
threads of tau, forming tangles 
inside neurons. When this happens the microtubules disintegrate, causing 
the neuron’s transport system to fail.

Another protein, Amyloid Precursor Protein (APP), is important in helping 
neurons grow and survive. In Alzheimer’s disease, something breaks the 
APP into fragments, one of which is called beta-amyloid. The beta-
amyloid fragments clump together outside nerve cells forming insoluble 
plaques. Both plaques and tangles disrupt essential brain activity and 
cause large numbers of neurons in the cerebral hemispheres to die.

What is the difference between Alzheimer’s 
and normal age-related memory loss? 

What Treatments are Available? 
There is currently no cure for Alzheimer’s disease but regular physical 
exercise and some medications can treat the symptoms, delay the onset 
or slow the progress of the disease. Here in Ireland, researchers at the 
Elan Corporation are currently researching (i) inhibitors of enzymes 
that snip APP causing the amyloid plaques and (ii) antibodies that might 
clear the plaques already formed. 

Scientists in Trinity College Institute of Neuroscience (TCIN) received 
funding from PRTLI to examine the role of beta-amyloid in memory loss 
and have shown that particular forms of beta-amyloid (low molecular 
weight species) are particularly toxic to neurons and are associated with 
inflammatory changes in the brain. This suggests that anti-inflammatory 
treatment may be useful in alleviating some of the symptoms of 
Alzheimer’s Disease. This work is continuing with the launch, in October 
2007, of a major joint venture was initiated in Ireland between TCIN, 
Glaxo SmithKline Beecham and UCG. Up to 14.6 million euro will be 
spent on investigating new therapies to treat Alzheimer’s disease.

or gland. This route from sense organ or receptor to effector organ via 
interconnecting neurons in the CNS is called the pathway of nerve 
transmission.

How do Impulses Travel from Neuron to Neuron?
Nerve impulses are electrical and travel along neurons with great speed, 
allowing very fast responses to changes in our environment. When an 
impulse reaches the end of a particular neuron there is a gap, called a 
synapse, between the pre-synaptic neuron and the post-synaptic neuron. 
The electrical impulse is unable to cross this gap. Chemical substances 
called neurotransmitters are required to bridge the gap. Common 
neurotransmitters include: acetylcholine, and dopamine.

At a synapse the electrical impulse triggers the release of a chemical 
neurotransmitter from special vesicles in the axon terminals of the pre-
synaptic neuron. The neurotransmitter diffuses across the gap and 
attaches to receptors on the post-synaptic neuron triggering an electrical 

impulse in the post synaptic 
neuron. In this way 
impulses travel from neuron 
to neuron throughout the 
pathway of nerve 
transmission. Not only do 
neurotransmitters bridge 
the gap between neurons 
they also ensure one-way 
transmission of impulses 
which is essential for the 
system to work in an orderly 
fashion. 

What is Alzheimer’s Disease?
Alzheimer’s disease is a progressive and terminal brain disease for which 
there is currently no cure. The risk of developing Alzheimer’s doubles 
every five years after the age of 65 years. There is sometimes a hereditary 
component and the risk of developing Alzheimer’s increases if more 
than one family member has had the disease. It is the most common 
form of dementia, a condition that results in confusion and the loss of 
other intellectual abilities. In a patient with Alzheimer’s disease, the 
ability to remember, understand, communicate and reason gradually 
decline. The patient may have increasing difficulty with everyday tasks 
such as using the phone, making meals or managing money.

Like the rest of our bodies our brains alter as we age. Concentrations of 
the neurotransmitter acetylcholine decrease causing slowed thinking 
and occasional problems remembering certain things. This is normal 
and not disabling. Serious memory loss, confusion and impaired 
intellectual abilities are not normal; they often indicate that brain cells are 
dying. In persons with Alzheimer’s disease acetylcholine levels may 
decrease by as much as 90% causing a lack of communication between 
neurons. The area of the brain that is most affected is the cerebrum. 

The Human Brain
The central nervous system (CNS) in humans comprises the 
brain and spinal cord. The brain has three main parts: 
forebrain, midbrain and hindbrain. The forebrain, comprising 
the cerebrum or cerebral cortex is by far the largest part of 
the brain. It consists of highly folded left and right cerebral 
hemispheres, with interconnecting fibres. The cerebrum 
receives and interprets sensory information; it controls 
voluntary movement and it is responsible for controlling all 
our higher order functions such as language, intelligence, 
memory, emotions and personality.

The midbrain consists of the thalamus, hypothalamus and pituitary 
gland. The thalamus is the main relay centre of the brain. It 
operates rather like a telephone exchange receiving information 
and passing it on. The hypothalamus is responsible for 
homeostasis; it regulates factors such as body temperature, 
water-salt balance and appetite. The Pituitary gland is the master 

gland of the endocrine 
system. The hindbrain is 
made up of the medulla 
oblongata and the 
cerebellum. 

The medulla controls 
involuntary muscles such 
as those involved in 
heartbeat, breathing and 
swallowing, while the 
cerebellum regulates 
muscle co-ordination and 
controls balance.

What are Brain Cells like?
The structural and functional unit of the nervous system is the 
neuron. The main part of a neuron is the cell body containing the 
normal cell organelles. Dendrites from the cell body receive 
messages or impulses that travel along the axon to the axon 
terminal(s)

What is the Route taken by Nerve Impulses?
Sensory neurons carry impulses from the sense organs and receptors to 
the central nervous system (CNS). Here the impulse is passed to 
interconnecting neurons within the CNS and finally an impulse is sent 
along a motor neuron from the CNS to an effector organ, usually a muscle 

The Higher Education Authority (HEA) is the national 
agency with responsibility for allocating funding to our 
universities, institutes of technology and other 
designated higher education institutions. In addition, 
the HEA advises Government on all aspects of higher 
education and research.

One of the key programmes managed by the HEA is the 
Programme for Research in Third Level Institutions 
(PRTLI), which is currently building a world class research 
infrastructure within Ireland. To date, €865m has been 
invested in third level institutions as part of PRTLI, which 
was established at the end of 1998. This makes it the most 
significant research programme in the country.

Research is vital to Ireland’s future economic and social 
development and the HEA is committed to putting in place 
the buildings and the support mechanisms that will allow 
researchers and their ideas to flourish. There are 
increasing opportunities in higher education institutions 
and in business and industry for those who wish to pursue 
a career in research.

The HEA is also working to increase the range of 
educational opportunities open to everyone, regardless 
of background. About six in every ten 17 to 19 year olds 
now go on to college, compared to just two in ten thirty 
years ago and we plan for that figure to increase to over 
seven in ten in the next decade. It has never been easier 
to go to college and there have never been as many 
avenues of entry or places available.

More information is available about the Higher 
Education Authority, their programmes, policies and 
publications at www.hea.ie
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What causes the Extreme Drop in 
Neurotransmitter Levels?
Healthy neurons have 
microtubules, acting like 
tracks, guiding nutrients and 
molecules (including 
neurotransmitters) from the 
neuron cell body down to the 
axon terminals and back again. 
A special protein called ‘tau’ 
makes these microtubules or 
‘transport highways’ stable. In 
Alzheimer’s patients, the tau 
proteins are altered chemically 
and begin to pair with other 
threads of tau, forming tangles 
inside neurons. When this happens the microtubules disintegrate, causing 
the neuron’s transport system to fail.

Another protein, Amyloid Precursor Protein (APP), is important in helping 
neurons grow and survive. In Alzheimer’s disease, something breaks the 
APP into fragments, one of which is called beta-amyloid. The beta-
amyloid fragments clump together outside nerve cells forming insoluble 
plaques. Both plaques and tangles disrupt essential brain activity and 
cause large numbers of neurons in the cerebral hemispheres to die.

What is the difference between Alzheimer’s 
and normal age-related memory loss? 

What Treatments are Available? 
There is currently no cure for Alzheimer’s disease but regular physical 
exercise and some medications can treat the symptoms, delay the onset 
or slow the progress of the disease. Here in Ireland, researchers at the 
Elan Corporation are currently researching (i) inhibitors of enzymes 
that snip APP causing the amyloid plaques and (ii) antibodies that might 
clear the plaques already formed. 

Scientists in Trinity College Institute of Neuroscience (TCIN) received 
funding from PRTLI to examine the role of beta-amyloid in memory loss 
and have shown that particular forms of beta-amyloid (low molecular 
weight species) are particularly toxic to neurons and are associated with 
inflammatory changes in the brain. This suggests that anti-inflammatory 
treatment may be useful in alleviating some of the symptoms of 
Alzheimer’s Disease. This work is continuing with the launch, in October 
2007, of a major joint venture was initiated in Ireland between TCIN, 
Glaxo SmithKline Beecham and UCG. Up to 14.6 million euro will be 
spent on investigating new therapies to treat Alzheimer’s disease.

or gland. This route from sense organ or receptor to effector organ via 
interconnecting neurons in the CNS is called the pathway of nerve 
transmission.

How do Impulses Travel from Neuron to Neuron?
Nerve impulses are electrical and travel along neurons with great speed, 
allowing very fast responses to changes in our environment. When an 
impulse reaches the end of a particular neuron there is a gap, called a 
synapse, between the pre-synaptic neuron and the post-synaptic neuron. 
The electrical impulse is unable to cross this gap. Chemical substances 
called neurotransmitters are required to bridge the gap. Common 
neurotransmitters include: acetylcholine, and dopamine.

At a synapse the electrical impulse triggers the release of a chemical 
neurotransmitter from special vesicles in the axon terminals of the pre-
synaptic neuron. The neurotransmitter diffuses across the gap and 
attaches to receptors on the post-synaptic neuron triggering an electrical 

impulse in the post synaptic 
neuron. In this way 
impulses travel from neuron 
to neuron throughout the 
pathway of nerve 
transmission. Not only do 
neurotransmitters bridge 
the gap between neurons 
they also ensure one-way 
transmission of impulses 
which is essential for the 
system to work in an orderly 
fashion. 

What is Alzheimer’s Disease?
Alzheimer’s disease is a progressive and terminal brain disease for which 
there is currently no cure. The risk of developing Alzheimer’s doubles 
every five years after the age of 65 years. There is sometimes a hereditary 
component and the risk of developing Alzheimer’s increases if more 
than one family member has had the disease. It is the most common 
form of dementia, a condition that results in confusion and the loss of 
other intellectual abilities. In a patient with Alzheimer’s disease, the 
ability to remember, understand, communicate and reason gradually 
decline. The patient may have increasing difficulty with everyday tasks 
such as using the phone, making meals or managing money.

Like the rest of our bodies our brains alter as we age. Concentrations of 
the neurotransmitter acetylcholine decrease causing slowed thinking 
and occasional problems remembering certain things. This is normal 
and not disabling. Serious memory loss, confusion and impaired 
intellectual abilities are not normal; they often indicate that brain cells are 
dying. In persons with Alzheimer’s disease acetylcholine levels may 
decrease by as much as 90% causing a lack of communication between 
neurons. The area of the brain that is most affected is the cerebrum. 

The Human Brain
The central nervous system (CNS) in humans comprises the 
brain and spinal cord. The brain has three main parts: 
forebrain, midbrain and hindbrain. The forebrain, comprising 
the cerebrum or cerebral cortex is by far the largest part of 
the brain. It consists of highly folded left and right cerebral 
hemispheres, with interconnecting fibres. The cerebrum 
receives and interprets sensory information; it controls 
voluntary movement and it is responsible for controlling all 
our higher order functions such as language, intelligence, 
memory, emotions and personality.

The midbrain consists of the thalamus, hypothalamus and pituitary 
gland. The thalamus is the main relay centre of the brain. It 
operates rather like a telephone exchange receiving information 
and passing it on. The hypothalamus is responsible for 
homeostasis; it regulates factors such as body temperature, 
water-salt balance and appetite. The Pituitary gland is the master 
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What are Brain Cells like?
The structural and functional unit of the nervous system is the 
neuron. The main part of a neuron is the cell body containing the 
normal cell organelles. Dendrites from the cell body receive 
messages or impulses that travel along the axon to the axon 
terminal(s)

What is the Route taken by Nerve Impulses?
Sensory neurons carry impulses from the sense organs and receptors to 
the central nervous system (CNS). Here the impulse is passed to 
interconnecting neurons within the CNS and finally an impulse is sent 
along a motor neuron from the CNS to an effector organ, usually a muscle 

The Higher Education Authority (HEA) is the national 
agency with responsibility for allocating funding to our 
universities, institutes of technology and other 
designated higher education institutions. In addition, 
the HEA advises Government on all aspects of higher 
education and research.

One of the key programmes managed by the HEA is the 
Programme for Research in Third Level Institutions 
(PRTLI), which is currently building a world class research 
infrastructure within Ireland. To date, €865m has been 
invested in third level institutions as part of PRTLI, which 
was established at the end of 1998. This makes it the most 
significant research programme in the country.

Research is vital to Ireland’s future economic and social 
development and the HEA is committed to putting in place 
the buildings and the support mechanisms that will allow 
researchers and their ideas to flourish. There are 
increasing opportunities in higher education institutions 
and in business and industry for those who wish to pursue 
a career in research.

The HEA is also working to increase the range of 
educational opportunities open to everyone, regardless 
of background. About six in every ten 17 to 19 year olds 
now go on to college, compared to just two in ten thirty 
years ago and we plan for that figure to increase to over 
seven in ten in the next decade. It has never been easier 
to go to college and there have never been as many 
avenues of entry or places available.

More information is available about the Higher 
Education Authority, their programmes, policies and 
publications at www.hea.ie
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What causes the Extreme Drop in 
Neurotransmitter Levels?
Healthy neurons have 
microtubules, acting like 
tracks, guiding nutrients and 
molecules (including 
neurotransmitters) from the 
neuron cell body down to the 
axon terminals and back again. 
A special protein called ‘tau’ 
makes these microtubules or 
‘transport highways’ stable. In 
Alzheimer’s patients, the tau 
proteins are altered chemically 
and begin to pair with other 
threads of tau, forming tangles 
inside neurons. When this happens the microtubules disintegrate, causing 
the neuron’s transport system to fail.

Another protein, Amyloid Precursor Protein (APP), is important in helping 
neurons grow and survive. In Alzheimer’s disease, something breaks the 
APP into fragments, one of which is called beta-amyloid. The beta-
amyloid fragments clump together outside nerve cells forming insoluble 
plaques. Both plaques and tangles disrupt essential brain activity and 
cause large numbers of neurons in the cerebral hemispheres to die.

What is the difference between Alzheimer’s 
and normal age-related memory loss? 

What Treatments are Available? 
There is currently no cure for Alzheimer’s disease but regular physical 
exercise and some medications can treat the symptoms, delay the onset 
or slow the progress of the disease. Here in Ireland, researchers at the 
Elan Corporation are currently researching (i) inhibitors of enzymes 
that snip APP causing the amyloid plaques and (ii) antibodies that might 
clear the plaques already formed. 

Scientists in Trinity College Institute of Neuroscience (TCIN) received 
funding from PRTLI to examine the role of beta-amyloid in memory loss 
and have shown that particular forms of beta-amyloid (low molecular 
weight species) are particularly toxic to neurons and are associated with 
inflammatory changes in the brain. This suggests that anti-inflammatory 
treatment may be useful in alleviating some of the symptoms of 
Alzheimer’s Disease. This work is continuing with the launch, in October 
2007, of a major joint venture was initiated in Ireland between TCIN, 
Glaxo SmithKline Beecham and UCG. Up to 14.6 million euro will be 
spent on investigating new therapies to treat Alzheimer’s disease.

or gland. This route from sense organ or receptor to effector organ via 
interconnecting neurons in the CNS is called the pathway of nerve 
transmission.

How do Impulses Travel from Neuron to Neuron?
Nerve impulses are electrical and travel along neurons with great speed, 
allowing very fast responses to changes in our environment. When an 
impulse reaches the end of a particular neuron there is a gap, called a 
synapse, between the pre-synaptic neuron and the post-synaptic neuron. 
The electrical impulse is unable to cross this gap. Chemical substances 
called neurotransmitters are required to bridge the gap. Common 
neurotransmitters include: acetylcholine, and dopamine.

At a synapse the electrical impulse triggers the release of a chemical 
neurotransmitter from special vesicles in the axon terminals of the pre-
synaptic neuron. The neurotransmitter diffuses across the gap and 
attaches to receptors on the post-synaptic neuron triggering an electrical 

impulse in the post synaptic 
neuron. In this way 
impulses travel from neuron 
to neuron throughout the 
pathway of nerve 
transmission. Not only do 
neurotransmitters bridge 
the gap between neurons 
they also ensure one-way 
transmission of impulses 
which is essential for the 
system to work in an orderly 
fashion. 

What is Alzheimer’s Disease?
Alzheimer’s disease is a progressive and terminal brain disease for which 
there is currently no cure. The risk of developing Alzheimer’s doubles 
every five years after the age of 65 years. There is sometimes a hereditary 
component and the risk of developing Alzheimer’s increases if more 
than one family member has had the disease. It is the most common 
form of dementia, a condition that results in confusion and the loss of 
other intellectual abilities. In a patient with Alzheimer’s disease, the 
ability to remember, understand, communicate and reason gradually 
decline. The patient may have increasing difficulty with everyday tasks 
such as using the phone, making meals or managing money.

Like the rest of our bodies our brains alter as we age. Concentrations of 
the neurotransmitter acetylcholine decrease causing slowed thinking 
and occasional problems remembering certain things. This is normal 
and not disabling. Serious memory loss, confusion and impaired 
intellectual abilities are not normal; they often indicate that brain cells are 
dying. In persons with Alzheimer’s disease acetylcholine levels may 
decrease by as much as 90% causing a lack of communication between 
neurons. The area of the brain that is most affected is the cerebrum. 

The Human Brain
The central nervous system (CNS) in humans comprises the 
brain and spinal cord. The brain has three main parts: 
forebrain, midbrain and hindbrain. The forebrain, comprising 
the cerebrum or cerebral cortex is by far the largest part of 
the brain. It consists of highly folded left and right cerebral 
hemispheres, with interconnecting fibres. The cerebrum 
receives and interprets sensory information; it controls 
voluntary movement and it is responsible for controlling all 
our higher order functions such as language, intelligence, 
memory, emotions and personality.

The midbrain consists of the thalamus, hypothalamus and pituitary 
gland. The thalamus is the main relay centre of the brain. It 
operates rather like a telephone exchange receiving information 
and passing it on. The hypothalamus is responsible for 
homeostasis; it regulates factors such as body temperature, 
water-salt balance and appetite. The Pituitary gland is the master 

gland of the endocrine 
system. The hindbrain is 
made up of the medulla 
oblongata and the 
cerebellum. 

The medulla controls 
involuntary muscles such 
as those involved in 
heartbeat, breathing and 
swallowing, while the 
cerebellum regulates 
muscle co-ordination and 
controls balance.

What are Brain Cells like?
The structural and functional unit of the nervous system is the 
neuron. The main part of a neuron is the cell body containing the 
normal cell organelles. Dendrites from the cell body receive 
messages or impulses that travel along the axon to the axon 
terminal(s)

What is the Route taken by Nerve Impulses?
Sensory neurons carry impulses from the sense organs and receptors to 
the central nervous system (CNS). Here the impulse is passed to 
interconnecting neurons within the CNS and finally an impulse is sent 
along a motor neuron from the CNS to an effector organ, usually a muscle 

The Higher Education Authority (HEA) is the national 
agency with responsibility for allocating funding to our 
universities, institutes of technology and other 
designated higher education institutions. In addition, 
the HEA advises Government on all aspects of higher 
education and research.

One of the key programmes managed by the HEA is the 
Programme for Research in Third Level Institutions 
(PRTLI), which is currently building a world class research 
infrastructure within Ireland. To date, €865m has been 
invested in third level institutions as part of PRTLI, which 
was established at the end of 1998. This makes it the most 
significant research programme in the country.

Research is vital to Ireland’s future economic and social 
development and the HEA is committed to putting in place 
the buildings and the support mechanisms that will allow 
researchers and their ideas to flourish. There are 
increasing opportunities in higher education institutions 
and in business and industry for those who wish to pursue 
a career in research.

The HEA is also working to increase the range of 
educational opportunities open to everyone, regardless 
of background. About six in every ten 17 to 19 year olds 
now go on to college, compared to just two in ten thirty 
years ago and we plan for that figure to increase to over 
seven in ten in the next decade. It has never been easier 
to go to college and there have never been as many 
avenues of entry or places available.

More information is available about the Higher 
Education Authority, their programmes, policies and 
publications at www.hea.ie

Fig. 2 A typical motor neuron.

Fig. 1 The Central Nervous System.

Fig. 3 The pathway of nerve transmission.
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Sense Organ Effector OrganCNS

Fig. 4 A synapse.

Fig. 5 Normal and diseased neurons

Fig. 6 Difference between Alzheimer’s & normal age-related memory loss. 
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True/False Questions

a) The hypothalamus is located below the thalamus. T F

b)  The forebrain is the largest part of the brain. T F

c)  The neuron is the structural and functional unit of the  
nervous system. T F

d)  The pathway of nerve transmission runs from the sensory  
neurons to the interconnecting neurons in the CNS and then  
along the motor neurons to the effector organs. T F

e)  Nerve impulses are chemical and neurotransmitters are  
electrical substances. T F

f) There is currently no cure for Alzheimer’s disease. T F

g)  Acetylcholine concentrations are greatly reduced in  
persons with Alzheimer’s disease. T F

h)  Acetylcholine concentration may be affected by tangles  
of tau protein inside the neuron. T F

i)  Plaques form outside the neuron, which consist of  
fragments of APP. T F

j)  Scientists at TCIN believe that inflammatory treatment may  
alleviate some of the symptoms of Alzheimer’s disease. T F

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

Syllabus Reference

Leaving Certificate Biology
Unit 3.5.3: Responses in the Human

Junior Certificate Science
Section 1B3: Sensory System

Learning Outcomes

On completing this section, the student should be able to:
• Give an outline of the main components of the human   

nervous system.

• Relate the structure of a motor neuron to its function.

• Outline how impulses travel from neuron to neuron.

• Describe the structure of a synapse.

• Name two neurotransmitters.

• Indicate two roles of neurotransmitter substances in nervous 
transmission.

• Understand how brain degenerative diseases, such as Alzheimer’s, 
have a profound effect on brain function.

• Be aware of lifestyle choices they can make that will minimise their 
risk of developing Alzheimer’s disease in later life.

Did You Know?
• The concept of dementia goes back as far as the ancient Greek and 

Roman civilisations.

• Alzheimer’s disease was first reported by Alois Alzheimer in 1906.

• In 1910 Emil Kraeplin first separated Alzheimer’s disease or presenile 
dementia as a subtype of senile dementia in his Textbook of Psychiatry.

• For most of the twentieth century Alzheimer’s disease was reserved 
for individuals between the ages of 45 and 65 who developed 
symptoms of dementia. Nowadays the term is used regardless of 
the age of onset.

• The first neurotransmitter was discovered by an Austrian Scientist, 
Otto Lowei, following an experiment with two frog hearts. The idea 
for the experiment came to him in a dream! Both hearts were placed 
in different containers with saline solutions and the solution from 
heart 1 was allowed flow into the chamber containing heart 2. 
Electrical stimulation was applied to heart 1 but not to heart 2. This 
stimulation caused the heart to slow down. Heart 1 slowed down as 
expected. After a while heart 2 slowed down also even though the 
only connection between the two hearts was the saline solution. 
Lowei hypothesised that electrical stimulation of heart 1 caused a 
chemical to be released into the saline solution of chamber 1. This 
solution flowed into chamber 2 and caused slowing of the heartbeat 
in heart 2. The chemical is now known as acetylcholine.

• There are several common myths that are believed about 
Alzheimer’s disease. These include:

 • Memory loss is a normal part of ageing
 • Only older people can get Alzheimer’s
 • Cooking in aluminium pots can lead to Alzheimer’s
 • Artificial sweeteners can lead to memory loss
 • Silver dental fillings increase the risk of Alzheimer’s disease.

 There is no evidence to suggest that any one of these is true.
Examination Style Questions
Leaving Certificate Biology, 2008 Higher Level

The diagram shows a motor neuron. Identify parts A, B and C.
(a) Give a function of A 
(b)  Place an arrow on the diagram to show the direction of the 

impulse.
(c) Give a function of C 
(d)  Place an X on the diagram at a point at which a neurotransmitter 

substance is secreted?
(e) What is the role of the motor neuron? 

Leaving Certificate Biology, 2006 Higher Level

What is a neuron? Distinguish between sensory, motor and interneurons 
(association neurons).
Briefly explain the role of neurotransmitter substances.
State a function for: 
1. Schwann cells.
2. Myelin sheath. 
In relation to Parkinson’s disease or paralysis give:
1. A possible cause.
2. A method of treatment.

For further examples of past questions check www.sta.ie

Student Activities

1. Role play 
The scene: Imagine you are a student working part time in the local 
shop and a customer enters to buy ‘bin tags’ for their wheelie bin. 
(Without the bin tag their waste wheelie bin will not be emptied by the 
council). Unknown to you this customer has early stage Alzheimer’s 
disease and cannot remember the name of the item they came to buy. 
The harder they try to remember the more confused and distressed 
they become. 

Roles: Shop assistant – your role is to help the customer successfully 
purchase the item they need. You may use any methods that are 
suitable for a public shop but you must not embarrass the customer or 
you will be’ fired’.

Customer with early Alzheimer’s – you cannot remember the name of 
the item you want or the name ‘bin’ or ‘tag’ but you do have some idea 
what the item is needed for. You are not allowed be deliberately difficult 
or aggressive, just forgetful, confused and mildly agitated.

Shop manager – You are present in the shop and gradually become 
aware of the discussion ensuing between your shop assistant and the 
customer. You decide you will not intervene unless the assistant really 
cannot handle the situation. You will provide feedback to you employee 
later about how you thought they handled the situation; what they did 
well and what they might have done differently.

Discussion: A class discussion could be used to complete the role 
play where students discuss suggestions of various ways they could 
help the customer.

2. Crossword
 Down
1.  Chemical substances that 

bridge the gap between 
neurons.

2  Brain part responsible for all 
higher order functions.

3.  Groupings of altered tau 
proteins inside neurons.

 Across
4.  Protein that manufactures 

transport highways inside neurons.

5.  Fragments of beta-amyloid outside neurons.

6. Controls heartbeat and breathing.

7. Neurotransmitter deficient in Alzheimer’s patients.

8. Structural and functional unit of nervous system.

3. Memory Game
Images of 20 unrelated items should be projected onto screen using 
either a data projector or overhead projector. The class are given 30 
seconds to look at the screen before the images are removed. Students 
then have 1 minute to write down as many of the items as they can.

There could be a prize for the ‘best memory’. This game can be repeated 
weekly for a number of weeks to see if there is any difference in the 
student scores from week to week. Do their results get better with 
practice or just vary randomly from week to week?

(A different set of unrelated items should be used each week!)

General Learning Points

• The human nervous system co-ordinates the body’s responses  
to stimuli.

• The brain is composed of the central nervous system (CNS) and 
the peripheral nervous system (PNS).

• The functional unit of the nervous system is the neuron.

• There are three types of neurons: sensory neurons, intermediate 
neurons and motor neurons.

• Messages called impulses travel down sensory neurons from 
sense organs or cells to the brain.

• Motor neurons carry impulses from the CNS to the muscle or 
gland that will carry out the response.

• Impulses must travel across the gaps between neurons. These 
gaps are called synapses.

• Neurotransmitters are chemicals that bridge the gap between 
neurons. They also ensure one-way transmission of the nervous 
impulses.

• Alzheimer’s is a progressive brain disease characterised by a 
gradual loss of the ability to remember, understand, reason and 
communicate effectively. It is a terminal illness.

• Patients with Alzheimer’s disease have markedly reduced levels of 
the neurotransmitter acetylcholine in their brains.

• Abnormal proteins called plaques and tangles develop in the 
brains of Alzheimer’s patients and interfere with the functioning of 
neurons.

• Tangles are inside neurons (TIN). Plaques are outside neurons.

• The symptoms of Alzheimer’s disease differ from normal age 
related memory loss.

• Currently there is no cure for Alzheimer’s disease but there is 
considerable research underway to find improved treatments for it.

Biographical Notes

Alois Alzheimer (1864 – 1915)
Aloysius ‘Alois’ Alzheimer was born in 1864 in Bavaria, Germany. He 
studied medicine at Wurtzburg University and became a psychiatrist. A 
year after qualifying, in 1888, he took up office in the city mental asylum 
in Frankfurt. Among his patients was a 51 year old woman, Auguste 
Deter, who exhibited strange behavioural symptoms including loss of 
short term memory. In 1906, five years after his first observations of her, 
Mrs Deter died. Alzheimer took both the patient records and her brain 
to Munich where he worked with Emil Kraepelin in his laboratory. He 
used Kraepelin’s staining techniques and identified amyloid plaques 
and neurofibrillary tangles.

Revise The Terms

Revising the terminology is a powerful aid for recall and 
retention. Can you recall the meaning of these terms? 
Acetylcholine, axon, axon terminal(s), bridge the gap, cell body, central 
nervous system, cerebellum, cerebral cortex, cerebral hemispheres, 
cerebrum, dementia, dendrites, electrical, homeostasis, hypothalamus, 
impulses, impulses, interconnecting neurons, medulla oblongata, 
microtubules, motor neuron, neuron, neurotransmitters, one-way 
transmission, pituitary gland, pituitary gland, plaques, receptors, 
sensory neurons, synapse, tangles, tau, thalamus. 

Check the Glossary of Terms for this lesson at www.sta.ie
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What causes the Extreme Drop in 
Neurotransmitter Levels?
Healthy neurons have 
microtubules, acting like 
tracks, guiding nutrients and 
molecules (including 
neurotransmitters) from the 
neuron cell body down to the 
axon terminals and back again. 
A special protein called ‘tau’ 
makes these microtubules or 
‘transport highways’ stable. In 
Alzheimer’s patients, the tau 
proteins are altered chemically 
and begin to pair with other 
threads of tau, forming tangles 
inside neurons. When this happens the microtubules disintegrate, causing 
the neuron’s transport system to fail.

Another protein, Amyloid Precursor Protein (APP), is important in helping 
neurons grow and survive. In Alzheimer’s disease, something breaks the 
APP into fragments, one of which is called beta-amyloid. The beta-
amyloid fragments clump together outside nerve cells forming insoluble 
plaques. Both plaques and tangles disrupt essential brain activity and 
cause large numbers of neurons in the cerebral hemispheres to die.

What is the difference between Alzheimer’s 
and normal age-related memory loss? 

What Treatments are Available? 
There is currently no cure for Alzheimer’s disease but regular physical 
exercise and some medications can treat the symptoms, delay the onset 
or slow the progress of the disease. Here in Ireland, researchers at the 
Elan Corporation are currently researching (i) inhibitors of enzymes 
that snip APP causing the amyloid plaques and (ii) antibodies that might 
clear the plaques already formed. 

Scientists in Trinity College Institute of Neuroscience (TCIN) received 
funding from PRTLI to examine the role of beta-amyloid in memory loss 
and have shown that particular forms of beta-amyloid (low molecular 
weight species) are particularly toxic to neurons and are associated with 
inflammatory changes in the brain. This suggests that anti-inflammatory 
treatment may be useful in alleviating some of the symptoms of 
Alzheimer’s Disease. This work is continuing with the launch, in October 
2007, of a major joint venture was initiated in Ireland between TCIN, 
Glaxo SmithKline Beecham and UCG. Up to 14.6 million euro will be 
spent on investigating new therapies to treat Alzheimer’s disease.

or gland. This route from sense organ or receptor to effector organ via 
interconnecting neurons in the CNS is called the pathway of nerve 
transmission.

How do Impulses Travel from Neuron to Neuron?
Nerve impulses are electrical and travel along neurons with great speed, 
allowing very fast responses to changes in our environment. When an 
impulse reaches the end of a particular neuron there is a gap, called a 
synapse, between the pre-synaptic neuron and the post-synaptic neuron. 
The electrical impulse is unable to cross this gap. Chemical substances 
called neurotransmitters are required to bridge the gap. Common 
neurotransmitters include: acetylcholine, and dopamine.

At a synapse the electrical impulse triggers the release of a chemical 
neurotransmitter from special vesicles in the axon terminals of the pre-
synaptic neuron. The neurotransmitter diffuses across the gap and 
attaches to receptors on the post-synaptic neuron triggering an electrical 

impulse in the post synaptic 
neuron. In this way 
impulses travel from neuron 
to neuron throughout the 
pathway of nerve 
transmission. Not only do 
neurotransmitters bridge 
the gap between neurons 
they also ensure one-way 
transmission of impulses 
which is essential for the 
system to work in an orderly 
fashion. 

What is Alzheimer’s Disease?
Alzheimer’s disease is a progressive and terminal brain disease for which 
there is currently no cure. The risk of developing Alzheimer’s doubles 
every five years after the age of 65 years. There is sometimes a hereditary 
component and the risk of developing Alzheimer’s increases if more 
than one family member has had the disease. It is the most common 
form of dementia, a condition that results in confusion and the loss of 
other intellectual abilities. In a patient with Alzheimer’s disease, the 
ability to remember, understand, communicate and reason gradually 
decline. The patient may have increasing difficulty with everyday tasks 
such as using the phone, making meals or managing money.

Like the rest of our bodies our brains alter as we age. Concentrations of 
the neurotransmitter acetylcholine decrease causing slowed thinking 
and occasional problems remembering certain things. This is normal 
and not disabling. Serious memory loss, confusion and impaired 
intellectual abilities are not normal; they often indicate that brain cells are 
dying. In persons with Alzheimer’s disease acetylcholine levels may 
decrease by as much as 90% causing a lack of communication between 
neurons. The area of the brain that is most affected is the cerebrum. 

The Human Brain
The central nervous system (CNS) in humans comprises the 
brain and spinal cord. The brain has three main parts: 
forebrain, midbrain and hindbrain. The forebrain, comprising 
the cerebrum or cerebral cortex is by far the largest part of 
the brain. It consists of highly folded left and right cerebral 
hemispheres, with interconnecting fibres. The cerebrum 
receives and interprets sensory information; it controls 
voluntary movement and it is responsible for controlling all 
our higher order functions such as language, intelligence, 
memory, emotions and personality.

The midbrain consists of the thalamus, hypothalamus and pituitary 
gland. The thalamus is the main relay centre of the brain. It 
operates rather like a telephone exchange receiving information 
and passing it on. The hypothalamus is responsible for 
homeostasis; it regulates factors such as body temperature, 
water-salt balance and appetite. The Pituitary gland is the master 

gland of the endocrine 
system. The hindbrain is 
made up of the medulla 
oblongata and the 
cerebellum. 

The medulla controls 
involuntary muscles such 
as those involved in 
heartbeat, breathing and 
swallowing, while the 
cerebellum regulates 
muscle co-ordination and 
controls balance.

What are Brain Cells like?
The structural and functional unit of the nervous system is the 
neuron. The main part of a neuron is the cell body containing the 
normal cell organelles. Dendrites from the cell body receive 
messages or impulses that travel along the axon to the axon 
terminal(s)

What is the Route taken by Nerve Impulses?
Sensory neurons carry impulses from the sense organs and receptors to 
the central nervous system (CNS). Here the impulse is passed to 
interconnecting neurons within the CNS and finally an impulse is sent 
along a motor neuron from the CNS to an effector organ, usually a muscle 

The Higher Education Authority (HEA) is the national 
agency with responsibility for allocating funding to our 
universities, institutes of technology and other 
designated higher education institutions. In addition, 
the HEA advises Government on all aspects of higher 
education and research.

One of the key programmes managed by the HEA is the 
Programme for Research in Third Level Institutions 
(PRTLI), which is currently building a world class research 
infrastructure within Ireland. To date, €865m has been 
invested in third level institutions as part of PRTLI, which 
was established at the end of 1998. This makes it the most 
significant research programme in the country.

Research is vital to Ireland’s future economic and social 
development and the HEA is committed to putting in place 
the buildings and the support mechanisms that will allow 
researchers and their ideas to flourish. There are 
increasing opportunities in higher education institutions 
and in business and industry for those who wish to pursue 
a career in research.

The HEA is also working to increase the range of 
educational opportunities open to everyone, regardless 
of background. About six in every ten 17 to 19 year olds 
now go on to college, compared to just two in ten thirty 
years ago and we plan for that figure to increase to over 
seven in ten in the next decade. It has never been easier 
to go to college and there have never been as many 
avenues of entry or places available.

More information is available about the Higher 
Education Authority, their programmes, policies and 
publications at www.hea.ie

Fig. 2 A typical motor neuron.

Fig. 1 The Central Nervous System.

Fig. 3 The pathway of nerve transmission.

Sensory Neuron Motor Neuron

Sense Organ Effector OrganCNS

Fig. 4 A synapse.

Fig. 5 Normal and diseased neurons

Fig. 6 Difference between Alzheimer’s & normal age-related memory loss. 
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Entire experiences are forgotten Parts of an experience may be 
forgotten

What is forgotten rarely returns ‘Forgotten’ memories may be 
remembered later

Loss of ability to follow written/spoken 
directions

Retain ability to follow written/spoken 
directions

Loss of ability to care for self Retain ability to care for self
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What causes the Extreme Drop in 
Neurotransmitter Levels?
Healthy neurons have 
microtubules, acting like 
tracks, guiding nutrients and 
molecules (including 
neurotransmitters) from the 
neuron cell body down to the 
axon terminals and back again. 
A special protein called ‘tau’ 
makes these microtubules or 
‘transport highways’ stable. In 
Alzheimer’s patients, the tau 
proteins are altered chemically 
and begin to pair with other 
threads of tau, forming tangles 
inside neurons. When this happens the microtubules disintegrate, causing 
the neuron’s transport system to fail.

Another protein, Amyloid Precursor Protein (APP), is important in helping 
neurons grow and survive. In Alzheimer’s disease, something breaks the 
APP into fragments, one of which is called beta-amyloid. The beta-
amyloid fragments clump together outside nerve cells forming insoluble 
plaques. Both plaques and tangles disrupt essential brain activity and 
cause large numbers of neurons in the cerebral hemispheres to die.

What is the difference between Alzheimer’s 
and normal age-related memory loss? 

What Treatments are Available? 
There is currently no cure for Alzheimer’s disease but regular physical 
exercise and some medications can treat the symptoms, delay the onset 
or slow the progress of the disease. Here in Ireland, researchers at the 
Elan Corporation are currently researching (i) inhibitors of enzymes 
that snip APP causing the amyloid plaques and (ii) antibodies that might 
clear the plaques already formed. 

Scientists in Trinity College Institute of Neuroscience (TCIN) received 
funding from PRTLI to examine the role of beta-amyloid in memory loss 
and have shown that particular forms of beta-amyloid (low molecular 
weight species) are particularly toxic to neurons and are associated with 
inflammatory changes in the brain. This suggests that anti-inflammatory 
treatment may be useful in alleviating some of the symptoms of 
Alzheimer’s Disease. This work is continuing with the launch, in October 
2007, of a major joint venture was initiated in Ireland between TCIN, 
Glaxo SmithKline Beecham and UCG. Up to 14.6 million euro will be 
spent on investigating new therapies to treat Alzheimer’s disease.

or gland. This route from sense organ or receptor to effector organ via 
interconnecting neurons in the CNS is called the pathway of nerve 
transmission.

How do Impulses Travel from Neuron to Neuron?
Nerve impulses are electrical and travel along neurons with great speed, 
allowing very fast responses to changes in our environment. When an 
impulse reaches the end of a particular neuron there is a gap, called a 
synapse, between the pre-synaptic neuron and the post-synaptic neuron. 
The electrical impulse is unable to cross this gap. Chemical substances 
called neurotransmitters are required to bridge the gap. Common 
neurotransmitters include: acetylcholine, and dopamine.

At a synapse the electrical impulse triggers the release of a chemical 
neurotransmitter from special vesicles in the axon terminals of the pre-
synaptic neuron. The neurotransmitter diffuses across the gap and 
attaches to receptors on the post-synaptic neuron triggering an electrical 

impulse in the post synaptic 
neuron. In this way 
impulses travel from neuron 
to neuron throughout the 
pathway of nerve 
transmission. Not only do 
neurotransmitters bridge 
the gap between neurons 
they also ensure one-way 
transmission of impulses 
which is essential for the 
system to work in an orderly 
fashion. 

What is Alzheimer’s Disease?
Alzheimer’s disease is a progressive and terminal brain disease for which 
there is currently no cure. The risk of developing Alzheimer’s doubles 
every five years after the age of 65 years. There is sometimes a hereditary 
component and the risk of developing Alzheimer’s increases if more 
than one family member has had the disease. It is the most common 
form of dementia, a condition that results in confusion and the loss of 
other intellectual abilities. In a patient with Alzheimer’s disease, the 
ability to remember, understand, communicate and reason gradually 
decline. The patient may have increasing difficulty with everyday tasks 
such as using the phone, making meals or managing money.

Like the rest of our bodies our brains alter as we age. Concentrations of 
the neurotransmitter acetylcholine decrease causing slowed thinking 
and occasional problems remembering certain things. This is normal 
and not disabling. Serious memory loss, confusion and impaired 
intellectual abilities are not normal; they often indicate that brain cells are 
dying. In persons with Alzheimer’s disease acetylcholine levels may 
decrease by as much as 90% causing a lack of communication between 
neurons. The area of the brain that is most affected is the cerebrum. 

The Human Brain
The central nervous system (CNS) in humans comprises the 
brain and spinal cord. The brain has three main parts: 
forebrain, midbrain and hindbrain. The forebrain, comprising 
the cerebrum or cerebral cortex is by far the largest part of 
the brain. It consists of highly folded left and right cerebral 
hemispheres, with interconnecting fibres. The cerebrum 
receives and interprets sensory information; it controls 
voluntary movement and it is responsible for controlling all 
our higher order functions such as language, intelligence, 
memory, emotions and personality.

The midbrain consists of the thalamus, hypothalamus and pituitary 
gland. The thalamus is the main relay centre of the brain. It 
operates rather like a telephone exchange receiving information 
and passing it on. The hypothalamus is responsible for 
homeostasis; it regulates factors such as body temperature, 
water-salt balance and appetite. The Pituitary gland is the master 

gland of the endocrine 
system. The hindbrain is 
made up of the medulla 
oblongata and the 
cerebellum. 

The medulla controls 
involuntary muscles such 
as those involved in 
heartbeat, breathing and 
swallowing, while the 
cerebellum regulates 
muscle co-ordination and 
controls balance.

What are Brain Cells like?
The structural and functional unit of the nervous system is the 
neuron. The main part of a neuron is the cell body containing the 
normal cell organelles. Dendrites from the cell body receive 
messages or impulses that travel along the axon to the axon 
terminal(s)

What is the Route taken by Nerve Impulses?
Sensory neurons carry impulses from the sense organs and receptors to 
the central nervous system (CNS). Here the impulse is passed to 
interconnecting neurons within the CNS and finally an impulse is sent 
along a motor neuron from the CNS to an effector organ, usually a muscle 

The Higher Education Authority (HEA) is the national 
agency with responsibility for allocating funding to our 
universities, institutes of technology and other 
designated higher education institutions. In addition, 
the HEA advises Government on all aspects of higher 
education and research.

One of the key programmes managed by the HEA is the 
Programme for Research in Third Level Institutions 
(PRTLI), which is currently building a world class research 
infrastructure within Ireland. To date, €865m has been 
invested in third level institutions as part of PRTLI, which 
was established at the end of 1998. This makes it the most 
significant research programme in the country.

Research is vital to Ireland’s future economic and social 
development and the HEA is committed to putting in place 
the buildings and the support mechanisms that will allow 
researchers and their ideas to flourish. There are 
increasing opportunities in higher education institutions 
and in business and industry for those who wish to pursue 
a career in research.

The HEA is also working to increase the range of 
educational opportunities open to everyone, regardless 
of background. About six in every ten 17 to 19 year olds 
now go on to college, compared to just two in ten thirty 
years ago and we plan for that figure to increase to over 
seven in ten in the next decade. It has never been easier 
to go to college and there have never been as many 
avenues of entry or places available.

More information is available about the Higher 
Education Authority, their programmes, policies and 
publications at www.hea.ie

Fig. 2 A typical motor neuron.

Fig. 1 The Central Nervous System.

Fig. 3 The pathway of nerve transmission.

Sensory Neuron Motor Neuron

Sense Organ Effector OrganCNS

Fig. 4 A synapse.

Fig. 5 Normal and diseased neurons

Fig. 6 Difference between Alzheimer’s & normal age-related memory loss. 

Alzheimer’s disease Normal age-related memory

Entire experiences are forgotten Parts of an experience may be 
forgotten

What is forgotten rarely returns ‘Forgotten’ memories may be 
remembered later

Loss of ability to follow written/spoken 
directions

Retain ability to follow written/spoken 
directions

Loss of ability to care for self Retain ability to care for self
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True/False Questions

a) The hypothalamus is located below the thalamus. T F

b)  The forebrain is the largest part of the brain. T F

c)  The neuron is the structural and functional unit of the  
nervous system. T F

d)  The pathway of nerve transmission runs from the sensory  
neurons to the interconnecting neurons in the CNS and then  
along the motor neurons to the effector organs. T F

e)  Nerve impulses are chemical and neurotransmitters are  
electrical substances. T F

f) There is currently no cure for Alzheimer’s disease. T F

g)  Acetylcholine concentrations are greatly reduced in  
persons with Alzheimer’s disease. T F

h)  Acetylcholine concentration may be affected by tangles  
of tau protein inside the neuron. T F

i)  Plaques form outside the neuron, which consist of  
fragments of APP. T F

j)  Scientists at TCIN believe that inflammatory treatment may  
alleviate some of the symptoms of Alzheimer’s disease. T F

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

Syllabus Reference

Leaving Certificate Biology
Unit 3.5.3: Responses in the Human

Junior Certificate Science
Section 1B3: Sensory System

Learning Outcomes

On completing this section, the student should be able to:
• Give an outline of the main components of the human   

nervous system.

• Relate the structure of a motor neuron to its function.

• Outline how impulses travel from neuron to neuron.

• Describe the structure of a synapse.

• Name two neurotransmitters.

• Indicate two roles of neurotransmitter substances in nervous 
transmission.

• Understand how brain degenerative diseases, such as Alzheimer’s, 
have a profound effect on brain function.

• Be aware of lifestyle choices they can make that will minimise their 
risk of developing Alzheimer’s disease in later life.

Did You Know?
• The concept of dementia goes back as far as the ancient Greek and 

Roman civilisations.

• Alzheimer’s disease was first reported by Alois Alzheimer in 1906.

• In 1910 Emil Kraeplin first separated Alzheimer’s disease or presenile 
dementia as a subtype of senile dementia in his Textbook of Psychiatry.

• For most of the twentieth century Alzheimer’s disease was reserved 
for individuals between the ages of 45 and 65 who developed 
symptoms of dementia. Nowadays the term is used regardless of 
the age of onset.

• The first neurotransmitter was discovered by an Austrian Scientist, 
Otto Lowei, following an experiment with two frog hearts. The idea 
for the experiment came to him in a dream! Both hearts were placed 
in different containers with saline solutions and the solution from 
heart 1 was allowed flow into the chamber containing heart 2. 
Electrical stimulation was applied to heart 1 but not to heart 2. This 
stimulation caused the heart to slow down. Heart 1 slowed down as 
expected. After a while heart 2 slowed down also even though the 
only connection between the two hearts was the saline solution. 
Lowei hypothesised that electrical stimulation of heart 1 caused a 
chemical to be released into the saline solution of chamber 1. This 
solution flowed into chamber 2 and caused slowing of the heartbeat 
in heart 2. The chemical is now known as acetylcholine.

• There are several common myths that are believed about 
Alzheimer’s disease. These include:

 • Memory loss is a normal part of ageing
 • Only older people can get Alzheimer’s
 • Cooking in aluminium pots can lead to Alzheimer’s
 • Artificial sweeteners can lead to memory loss
 • Silver dental fillings increase the risk of Alzheimer’s disease.

 There is no evidence to suggest that any one of these is true.
Examination Style Questions
Leaving Certificate Biology, 2008 Higher Level

The diagram shows a motor neuron. Identify parts A, B and C.
(a) Give a function of A 
(b)  Place an arrow on the diagram to show the direction of the 

impulse.
(c) Give a function of C 
(d)  Place an X on the diagram at a point at which a neurotransmitter 

substance is secreted?
(e) What is the role of the motor neuron? 

Leaving Certificate Biology, 2006 Higher Level

What is a neuron? Distinguish between sensory, motor and interneurons 
(association neurons).
Briefly explain the role of neurotransmitter substances.
State a function for: 
1. Schwann cells.
2. Myelin sheath. 
In relation to Parkinson’s disease or paralysis give:
1. A possible cause.
2. A method of treatment.

For further examples of past questions check www.sta.ie

Student Activities

1. Role play 
The scene: Imagine you are a student working part time in the local 
shop and a customer enters to buy ‘bin tags’ for their wheelie bin. 
(Without the bin tag their waste wheelie bin will not be emptied by the 
council). Unknown to you this customer has early stage Alzheimer’s 
disease and cannot remember the name of the item they came to buy. 
The harder they try to remember the more confused and distressed 
they become. 

Roles: Shop assistant – your role is to help the customer successfully 
purchase the item they need. You may use any methods that are 
suitable for a public shop but you must not embarrass the customer or 
you will be’ fired’.

Customer with early Alzheimer’s – you cannot remember the name of 
the item you want or the name ‘bin’ or ‘tag’ but you do have some idea 
what the item is needed for. You are not allowed be deliberately difficult 
or aggressive, just forgetful, confused and mildly agitated.

Shop manager – You are present in the shop and gradually become 
aware of the discussion ensuing between your shop assistant and the 
customer. You decide you will not intervene unless the assistant really 
cannot handle the situation. You will provide feedback to you employee 
later about how you thought they handled the situation; what they did 
well and what they might have done differently.

Discussion: A class discussion could be used to complete the role 
play where students discuss suggestions of various ways they could 
help the customer.

2. Crossword
 Down
1.  Chemical substances that 

bridge the gap between 
neurons.

2  Brain part responsible for all 
higher order functions.

3.  Groupings of altered tau 
proteins inside neurons.

 Across
4.  Protein that manufactures 

transport highways inside neurons.

5.  Fragments of beta-amyloid outside neurons.

6. Controls heartbeat and breathing.

7. Neurotransmitter deficient in Alzheimer’s patients.

8. Structural and functional unit of nervous system.

3. Memory Game
Images of 20 unrelated items should be projected onto screen using 
either a data projector or overhead projector. The class are given 30 
seconds to look at the screen before the images are removed. Students 
then have 1 minute to write down as many of the items as they can.

There could be a prize for the ‘best memory’. This game can be repeated 
weekly for a number of weeks to see if there is any difference in the 
student scores from week to week. Do their results get better with 
practice or just vary randomly from week to week?

(A different set of unrelated items should be used each week!)

General Learning Points

• The human nervous system co-ordinates the body’s responses  
to stimuli.

• The brain is composed of the central nervous system (CNS) and 
the peripheral nervous system (PNS).

• The functional unit of the nervous system is the neuron.

• There are three types of neurons: sensory neurons, intermediate 
neurons and motor neurons.

• Messages called impulses travel down sensory neurons from 
sense organs or cells to the brain.

• Motor neurons carry impulses from the CNS to the muscle or 
gland that will carry out the response.

• Impulses must travel across the gaps between neurons. These 
gaps are called synapses.

• Neurotransmitters are chemicals that bridge the gap between 
neurons. They also ensure one-way transmission of the nervous 
impulses.

• Alzheimer’s is a progressive brain disease characterised by a 
gradual loss of the ability to remember, understand, reason and 
communicate effectively. It is a terminal illness.

• Patients with Alzheimer’s disease have markedly reduced levels of 
the neurotransmitter acetylcholine in their brains.

• Abnormal proteins called plaques and tangles develop in the 
brains of Alzheimer’s patients and interfere with the functioning of 
neurons.

• Tangles are inside neurons (TIN). Plaques are outside neurons.

• The symptoms of Alzheimer’s disease differ from normal age 
related memory loss.

• Currently there is no cure for Alzheimer’s disease but there is 
considerable research underway to find improved treatments for it.

Biographical Notes

Alois Alzheimer (1864 – 1915)
Aloysius ‘Alois’ Alzheimer was born in 1864 in Bavaria, Germany. He 
studied medicine at Wurtzburg University and became a psychiatrist. A 
year after qualifying, in 1888, he took up office in the city mental asylum 
in Frankfurt. Among his patients was a 51 year old woman, Auguste 
Deter, who exhibited strange behavioural symptoms including loss of 
short term memory. In 1906, five years after his first observations of her, 
Mrs Deter died. Alzheimer took both the patient records and her brain 
to Munich where he worked with Emil Kraepelin in his laboratory. He 
used Kraepelin’s staining techniques and identified amyloid plaques 
and neurofibrillary tangles.

Revise The Terms

Revising the terminology is a powerful aid for recall and 
retention. Can you recall the meaning of these terms? 
Acetylcholine, axon, axon terminal(s), bridge the gap, cell body, central 
nervous system, cerebellum, cerebral cortex, cerebral hemispheres, 
cerebrum, dementia, dendrites, electrical, homeostasis, hypothalamus, 
impulses, impulses, interconnecting neurons, medulla oblongata, 
microtubules, motor neuron, neuron, neurotransmitters, one-way 
transmission, pituitary gland, pituitary gland, plaques, receptors, 
sensory neurons, synapse, tangles, tau, thalamus. 

Check the Glossary of Terms for this lesson at www.sta.ie


