Download K2.2_3.0b ' important features for teaching each organ system following the MRS GREN mnemonic'

Systems of the body

This download was prepared to provide supporting material for primary teachers in training. The notes will also be useful for secondary trainees, especially those who did degrees which contained no human biology.

Movement: bones, skeleton and muscles (the muscular-skeletal system)

If you ask infants to draw what they think is inside their body they often draw bones, but they are the double ended typical 'dog bone', even in the head. The picture which follows shows what a Y1 child thought was inside their body. 
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Getting children to feel the shape of the bones, and realise that they must be jointed to allow our bodies to bend, is an important experience for them. Getting children to feel the shape of the bones, and realise that they must be jointed to allow our bodies to bend, is an important experience for them.

Bones provide us with:

· support (or we would be like a jellyfish  out of water) 

· protection (especially the rib cage and  skull)

· basis for movement

Movement also needs muscles, and they need to be attached to the bones with flexible but non stretchy material, the tendons. Muscles are attached to bones by tendons in antagonistic pairs and contract to move the joints in different directions (e.g. biceps and triceps of the arm). In teaching, make connections between food / oxygen for respiration and energy for muscle action and nervous control; thus the digestive, respiratory, circulatory and nervous systems are all involved in movement. A useful activity to consider this integrated system is to think about what happens when we run a race.

Bones are held together at their joints by ligaments, which are made of a similar material to tendons. To make joints operate smoothly the ends of the bones are made of cartilage, and the synovial fluid protects and lubricates joints. Different types of joint allow different degrees of movement, e.g. 180 degrees (e.g. arm-hinge joint), 360 degrees (e.g. shoulder-ball and socket) fixed (e.g. between the bones which make up the skull) or sliding (e.g. wrist). Encourage the children to use their own joints to experiment with, and compare it with a skeleton where you can see what is happening. 

With older children leading up to KS4, a comparative approach to movement in different animals is appropriate, showing how different animal groups have evolved different strategies, e.g. movement in microorganisms by cilia / flagella as in Paramecium and Euglena; invertebrate movement as in arthropods (examine muscle attachments and movement in the exoskeletons compared to the endoskeleton of vertebrates, including humans), snails (waves of muscular contractions in the muscular foot); earthworms (by waves of longitudinal and circular muscle contraction acting on the hydrostatic [liquid based] skeleton); comparison of human, monkey, rabbit, dog skeleton to compare bones (and teeth) for different modes of living; movement in fish (through muscular contraction on the body and the role of fins and swim bladder); and birds (flight muscles, the wing as an aerofoil, and the structure and function of feathers). In each group adaptations for different forms of movement can be investigated and compared.

At all stages it is important to emphasise the effect of exercise on health and fitness and to put this into practice through PE activity. Increased fitness develops through increased muscle, bone, joint strength and the beneficial effects on the heart and circulatory system through increased cardio-vascular blood flow. Calcium and vitamin D are also particularly important nutrients for strong bone growth, while a balanced, healthy diet is essential to maintain suitable body mass / height ratio. Obesity from poor diet and excess consumption plus lack of exercise is an increasingly problematic issue in children, and essential part of teaching today involves developing awareness of the importance of exercise and good eating patterns, and putting that into effect through school practices.

Lack of exercise results I decreased health through lower cardiovascular fitness, risk of high blood pressure, diabetes, osteoporosis, cancer, anxiety and depression. Posture is affected by lifestyle; too much sitting results I increased lower back, neck and shoulder pain. Too much exercise can also have ill-effects on later life, affecting conditions such as osteo- and rheumatoid arthritis. The secret is to maintain a healthy balance.

Breathing (ventilation) and respiration system 

Many children think we breathe to keep alive (true!), and that the air that comes in is the same as that which comes out. The idea that our food enters the mouth and comes out at the lungs is very strange for them (and many adults) to grasp. The path of food we use for energy is as follows: from mouth to intestine, into blood, transport via heart to lungs, picks up (but does not yet join with) oxygen, back to heart, transport to cells, now joins with oxygen producing carbon dioxide (and water), back into blood, to heart, to lungs and out to the air. The function of breathing (also called ventilation) is thus to get air into our bodies, and waste gases out. Respiration, on the other hand, is the process of combining food and oxygen (in our cells) to provide energy. Let’s consider each in turn.

Breathing (ventilation)

This process takes in air (providing us with oxygen) and removes carbon dioxide from the lungs. Water is also lost via this route as water vapour. We make the lungs expand and contract in two ways: either by muscular contraction of the diaphragm or of the rib cage. Differences in pressure between the air in the lungs and the air outside allow air to move one way or the other.
At first many children think the lungs are like a balloon, but they are much more like a sponge. To realise why they are built like this you need to think what function they serve. Oxygen needs to get into the blood, and carbon dioxide needs to escape back to the air. In a balloon only the gas at the outside surface would be able to enter the blood; however, if the lungs were more like a sponge, with small air spaces separated by thin walls carrying blood, air could get into the blood everywhere. So exchange of O2 and CO2 occurs in air sacs (alveoli) which make up the spongy structure of the lungs.

Respiration

This is where oxygen (carried by blood from the lungs) and digested food (carried by blood from the intestines) combine in the cells to release energy producing carbon dioxide and water (carried by blood to be excreted).
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This reaction is a summary of the reaction that drives a series of reactions, converting ADP (adenosine diphosphate) to ATP (adenosine triphosphate) reaction. Carbon dioxide and water are produced and pass into the blood. Water is needed in the cells but excess water is excreted through the skin, kidneys and lungs. Carbon dioxide is transported to the lungs, where it is excreted through inhalation.

The energy released through  respiration in the cells is taken up and stored by making a stable molecule of ADP into highly reactive, weak bonded ATP. The energy is released when it is needed when the third weak phosphate bond is replaced by a strong bond. This energy is used to drive all our metabolic processes and helps to keep the body temperature at correct levels for cell activities. It is eventually lost to the surroundings as waste heat. 

A very small amount of energy can be released if carbohydrate molecules are rearranged in the absence of oxygen — so-called anaerobic respiration. The process can be useful if we need to get energy very quickly for a short burst, say a 10 second sprint. This process builds up poisons (including lactic acid) in the cells and we get exhausted, sometimes suffering muscle cramp during heavy exercise. Panting allows plenty of oxygen into the blood and the poisons combine with oxygen and can be metabolised properly. 

At KS3 and 4 it is appropriate to study the detailed structure and function of lungs, including the distinction between breathing / ventilation (muscular control of inhalation and exhalation), gas exchange (O2 and CO2 exchange at the alveoli in lungs) and respiration (oxidation of food in body tissues to transfer energy for life processes).

Health and the respiratory system

Exercise has important beneficial effects for lung functioning. Heavy breathing from exercise keeps the airways free and improves the lung’s vital capacity, which directly affects oxygen uptake. Age will inevitably reduce the functioning of the lungs, but exercise can keep the alveoli inflated and slow down the affects of aging.

Smoking. At KS2 and up the effects of smoking on lungs need to be considered. The details will vary according to the age and anatomical understanding of the structure and function of lungs. Effects of smoking are:

· constriction of bronchioles restricting air movement with increased breathing difficulties and reducing fitness

· smoke increases the production of mucus, the cilia lining the air passage (which normally carry invading  bacteria to the stomach where the acids destroy them) stop beating and mucus falls into the lungs contributing to smoker’s cough

· nicotine is addictive making it hard to stop smoking, and increases the heart rate and raises blood pressure making heart disease more likely

· nicotine is also poisonous as demonstrated by an effective way of controlling greenfly through soaking cigarette ends in water and spraying the liquid over roses

· 4000% increase in lung cancer in the last century is thought to be through smoking and at least 17 chemicals in tobacco smoke can cause cancer (carcinogenic)

· emphysema (breakdown of alveoli) reduces the oxygen absorbing function of the lungs leaving the person breathless, and irritants in the smoke contribute to smoker’s cough

· bronchitis (inflammation of bronchi) is caused by build up of mucus and irritants in the smoke. Over 95% of people with bronchitis are smokers and they have 20 times greater chance of dying from this than non smokers

· coronary heart disease is the main cause of death in developed countries and results from blockage of the coronary arteries to the heart by fatty deposits. Blood clots form more readily under influence of nicotine and carbon monoxide in cigarettes and this can result in heart failure

· other increased risks from smoking include: disease of the leg arteries, which can lead to amputation; strokes due to arterial disease in the brain resulting in death or degrees of paralysis; cancer of the bladder; ulcers in the stomach and duodenum; tooth decay; gum disease; tuberculosis; reduced sperm vitality leading to infertility; impotence; small babies due to reduced oxygen supply in pregnancy; higher rates of miscarriages, still births and infant deaths

· Passive smoking by people in smoky environments can result in increased risk of all of the above, hence the enforced restrictions of smoking in public places. Children in homes of heavy smokers are particularly at risk.

There are social pressures linked to smoking, and too many teenagers take it up even when they have been exposed to the health risks. It is useful to show what may accumulate in the lungs by drawing cigarette smoke over cotton wool through a pump. Pictures of damaged lungs can have a powerful influence. There is also much scope for using drama to explore the issues and dilemmas associated with pressures to smoke.

Asthma is a disease affecting the airways, resulting in shortage of breath, coughing or wheezing. Causes may be from allergies, pollution, strenuous exercise and nervous tension. Treatments include medication to dilate the bronchi to normal size. Asthma in children is thought to be on the increase and possibly linked o environmental factors. 

Circulatory system 

Many children think the blood is everywhere (if they are pricked, do they not bleed?), and say the heart keeps you alive. As children progress through the school they can begin to realise that blood flows in tubes and the heart is a pump. A few centuries ago people thought blood flowed away from the heart to nourish the body. The revolutionary idea of William Harvey (in 1628) was that blood circulated with the heart as the pump, though the Chinese discovered this 2000 years previously.

The blood transports materials around the body to supply the cells with food materials and oxygen. It also removes wastes. Hormones give chemical information for control, and white blood cells provide defence functions against invading organisms (e.g. bacteria); oxygen is carried by the red blood cells. The system also transports heat to keep limbs warm, or carries excess heat to the surface so we can keep cool. The following table shows the elements of the circulatory system:
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Function

Blood

Heart

Blood vessels
Arteries  arterioles
Capillaries

Venules/ veins
Lymph vessels
Lymph glands

Spleen/bone marrow

Picks up and transports:
« oxygen from lungs to tissues (as
oxy-haemoglobin in red blood cells)
« digested food from digestive system
tothe cells
« wastes from metabolism (eg urea
from cells to the kidneys)
* CO2(in plasma) from cells to lungs
« also transports blood clotting agents.
(platelets), hormones (from
endocrine system), white cells
(produce antibodies or ingest
bacteria) and heat
Pumps blood around the body
Carry blood around body
‘Take blood from the heart
Exchange of materials with tissues,
lymph formation
‘Take blood to the heart
Drain tissue spaces of excess fluid,
transport lymph to blood circulation, fat
transport
Produce white cells which ingest foreign
bodies or produce antibodies.
Produce red blood cells, spleen also acts
as blood reservoir and is important in
antibody production by white blood cells





Health and the circulatory system

Diet and exercise are important in maintaining a healthy circulatory system. Thus, excess fat in diet causes fatty deposits in arteries, which can result in coronary thrombosis (heart attack) if blood clots block the coronary artery carrying food and oxygen to the heart. Similarly, strokes can occur if the carotid artery to the head (brain) is blocked (leading to death or degrees of paralysis), or arterioles supplying the brain get blocked. Exercise promotes good circulation and reduces the likelihood of heart attacks or strokes.

Nervous system 

Have you wondered why animals have so many senses, but plants have so few? A plant needs to know where the light is and how the roots can find the ground. They need to open and close the holes in their leaves, or their flowers as conditions demand. But that’s about it. They let animals and the wind help them during sexual reproduction and dispersal of their seeds.

Animals need to find other living things for their food and to avoid being eaten themselves. They need to find a mate and be able to disperse and colonise new territory. Higher animals, such as humans, have therefore developed specialised organs to detect light (eyes) sounds (ears) smells (nose) taste (tongue) and the sensation of touch (pressure, hot/cold, pain). What problems would you have, living in the wild, if even one of these senses were not working?

Our brain is able to build up a picture of the world around us. Pre-existing ideas have a profound influence on the way we perceive the world. Illusions work by playing tricks on our senses — we perceive what we expect to perceive. 

Read this notice:
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Did you notice anything wrong?

Much of the work in science at KS1 can be covered in this section alone, as children use their senses to become gradually aware of the world around them. It is through our senses that we perceive the world, and all descriptions are linked with sense organs. Just consider which of your senses are needed to detect: yellowness, roughness, loudness, saltiness, hotness, smelliness.

All sense organs work through nerves. These are made up of nerve cells. Nerve cells communicate by sending electrical signals which may or may not pass from cell to cell through synapses. The electrical impulses travel through an ionic solution, not by electrons as in metallic wires. Nerve cells require to be re-set after each impulse has passed, and this requires energy, from respiration. Our brain consumes a large proportion of the food we use as fuel, and if it is starved of oxygen needed to respire the fuel for just a few minutes the nerve cells will die.

At KS3 and 4 the structure and function of sense organs and the coordination of the body through the central nervous system are relevant. This includes structure and function of the skin and organs of touch, the tongue and taste, organs of smell, the eye and ear. This also includes vision and formation of images of the retina, and functions of the ear, through hearing and balance. Linked to coordination of the body is the structure of nerve cells including the synapse, the nerve impulse and the reflex arc, the spinal cord and the brain. These details need to be connected to how the body senses and responds to stimuli and how it is coordinated. There are many interesting practical activities linked to the senses that link these concepts directly to experience.

Health and the nervous system

A positive mental outlook is important for emotional and mental health. Developing positive outlooks through self esteem, confidence and acceptance are important aspects of this. These are supported by forming healthy relationships with others, friends and family. Conversely, stressful social environments can affect health.

Stress is biologically useful through secretion of adrenaline form the adrenal glands (near the kidney) under stimulus from the pituitary gland in the brain into the blood stream, preparing the animal for ‘fight or flight’. A degree of stress is valuable in that can motivate one into appropriate action, be it in the sports field or in preparation for mental activity. However, excessive stress through, for example, undue anxiety or aggressive, uncaring environments may cause ill health manifest in tiredness, poor resistance to infections, or in chronic ailments such as ulcers.

Growth and Reproductive systems 

Living things are characterised by their ability to make more of themselves. The simplest way to do this is for a cell to divide into two. When we grow from a single cell — the fertilised egg in our mother’s womb — that is what happens. One cell becomes two, two become four, and so on. But during growth, cells begin to specialise, some to become muscle cells, others nerve cells etc. Once we are fully developed we still continue to grow — old skin drops off and contributes to house dust (and is food for the house mites) as new skin replaces it. Hair and fingernails grow and are cut off from time to time. But even our insides have to be replaced. Half the cells in our liver are replaced every few months, and even our bones are being replaced. If we get damaged the growth is accelerated. Material for growth is provided by the blood — mostly amino acids that can be built up into new proteins. All this is controlled by the genes in the nuclei of each cell.

Many of the simpler organisms use this simple cell division to make copies of themselves (e.g. yeast, which can be easily grown in a warm water and sugar solution with cells observed under a microscope and a balloon colleting the CO2 given off during respiration); but the copies they make are clones — identical genetically. Sexual reproduction allows variation, and ultimately provides a range of characteristics in a population which can lead to evolution. Of course mutation in asexual reproduction may happen, and even these simple organisms can evolve, as we have seen when bacteria develop resistance to antibiotics.

In outline, sexual reproduction in humans is simple. Sperm meets egg, and the fertilised egg cell, now called a zygote, embeds itself in the uterus wall. After many cell divisions the developing embryo becomes a foetus, then a baby. After 9 months it is born. The developing embryo lives in a sack of water and gets its food and oxygen through the placenta, where the baby’s blood and the mother’s blood exchange materials (but not blood). The baby has to make a huge change when it is born because it will need to empty its lungs of water, and activate the second two chambers of its heart, so its blood can start to visit the now functioning lungs.

In detail, sexual reproduction is more complex. The fact that we are all here suggests that it is a process over which we have little choice. It is all controlled by hormones, from the pituitary gland (in the brain) and from the ovaries (female hormones) and testes (male hormones). Detailed anatomy and physiology of the process is relevant for KS3/4, but this needs to be set in the context of sex education, linking understanding of the processes of sexual reproduction to changes that are taking place during puberty leading to sexual maturity and the dilemmas and choices associated with making sexual partnerships, love, commitment and caring for children. It is relevant to look at sexual reproduction in other living things, including plants, to illustrate the significance of sexual reproduction for variation and adaptation to change, which has influenced the evolution of features of males and females. 

To guarantee that animals do reproduce themselves, ensuring survival of the species, evolution has ensured that males and females meet through elaborate attraction and mating behaviours, which culminates in the pleasurable sensations of sex. Strong motivation for parental care also ensures, in many species, that offspring are looked after and protected after they are born. All these factors are relevant to humans who are also motivated towards sex for the same reasons as other animals, though human sexuality is complex because of social and cultural factors. Sex can play an important and fulfilling part in people’s lives contributing to health, but it can also be expressed exploitatively and harmfully with stressful and psychologically damaging consequences.

Health and the reproductive system

Healthy diet (vitamin E, for example in water cressand wheat germ, maintains fertility) and personal hygiene are important for healthy sex organs. A number of diseases (such as HIV, AIDS, gonorrhea, herpes, non-specific urithritis or NSU - inflammation of the urethra) can be transmitted sexually, though protection through condoms restricts this transfer.

However the safest option is to maintain longstanding and loving relationships where partners are free of disease. These are also the best conditions for emotional health and upbringing of children.

The Liver

This is our largest organ (apart from the skin) and has many functions. It is the first place the blood visits with its new load of materials absorbed from the intestine. Here the liver has to remove or make safe any toxic substances, and correct the balance of various nutrients. The table below gives an idea of the complex job it has to do:
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Effects

Carbohydrate metabolism

Insulin controls glucose levels by converting it
t0 an insoluble form called glycogen. When
blood sugar levels fall again glycogen is
converted back to glucose by an enzyme called
glucagon.

Protein metabolism

Proteins are made from 20 different amino
acids. If our diet provides some of these in
excess of our needs, the liver converts them to
blood sugar and urea. Camivores which eat a
high protein diet have to use protein as a fuel,
50 their livers have to work very hard, and they
produce large quantities of urea (strong urine).

Fat metabolism

Excess carbohydrate is converted into fat.

Vitamin storage

Especially A D, E K B&C

Mineral storage

Iron, trace elements, copper, zinc, cobalt,
molybdenum

Blood storage Released to circulation or restricted as
necessary
Red cell breakdown Both individual haemoglobin molecules and

the red cells themselves, The materials are re-
used as much as possible.

Bile production

‘Emulsifies fats in digestion; a cholesterol
derivative. Excess cholesterol results in
atherosclerosis (artery hardening) and
thrombosis (blocking [occlusion] of blood
vessels by blood clots).

Hormone production
and breakdown

Growth hormone produced, excess hormones
destroyed

Detoxification

Toxins rendered harmless and transported to
kidneys. Excess alcohol results in cirthosis of
the liver

Heat production

Liver is 1-2 degrees hotter than the body core,
evidence of the large number of chemical
reactions going on. This heat s carried by the
blood to keep the body warm, or to the skin
where it can be lost.




Excretory system 

This gets rid of the waste products of metabolism of the cells. These waste materials are in the blood and have to be removed by special organs such as kidneys and lungs. Don’t confuse this with the egested material from the anus, which has never really entered the body — it has remained undigested and unused, in the tube through our middles (the alimentary canal or digestive tract).

The liver makes urea, which makes up urine, from waste nitrogenous products (note that carnivores have larger livers than herbivores since they use protein, which contains unwanted nitrogen, for fuel). This is passed into the blood and excreted via the kidneys, which filter out the waste materials. The urine then travels to the bladder where it is stored before it is eliminated. 
The following table shows the elements of the excretory system. 
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Function

Lungs

Kidneys

Linked to the kidneys are:

Ureters
Bladder
Urethra

Skin (sweat glands)

Water and carbon dioxide removed
from blood

Ultrailtration — small molecules
removed from blood, eg water, glucose,
urea

Selective reabsorption — useful
molecules reabsorbed, eg glucose
Water control — ADH (antidiuretic
hormane from pituitary gland in brain),
water intake stimulates less ADH ie
water excreted, dehydration stimulates
more ADH ie water retained

Tubes to the bladder

Urine storage /emission

Urine discharged

Water and minerals released —
usually associated with keeping cool





Health and the excretory system

This is largely concerned with hygiene. Urinary infections may be caused by infrequent washing of the genital area or infrequent changing of underclothes. Such infections can be transmitted during sex. 

Hygiene is also important n the care of the skin, though a healthy diet with plenty of fresh foods and not too much fat is also important. We have natural skin bacteria, which are important in healthy skin, so we should also be careful about not being over-hygienic through excessive uses of disinfectants, which can also cause pollution to rivers. 

Skin cancer resulting excessive exposure to sun us an increasing problem. Although some exposure to sun is healthy because of production of vitamin D and endorphins associated with a sense of well being (far north countries with long dark winters have high rates of depression), sun screens and restricted exposure to sun are both important to protect against skin damage.

Digestive system 

This breaks up food so that it can pass into our blood and be transported around the body to enter our cells. The food is needed as a fuel to provide energy (combines with oxygen) and to provide materials for growth and repair.

The following table shows the elements of the digestive system.
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Function

Mouth/salivary glands

Pharynx (throat)
Oesophagus
Stomach

Duodenum
Gall bladder
Pancreas

Intestines
Tleum (small intestine)
Caecum and appendix
Colon (large intestine)

Rectum (large intestine)
Anus

Food enters (ingestion), is chewed
(mastication), starch digestion
Swallowing (an action called peristalsis)
Links pharynx to stomach

Tood storage, protein digestion, stomach
acid kills bacteria & aids digestion
Digestion, absorption of food into blood
Bile (produced by liver) emulsifies fats
Digestion of carbohydrates, protein, fats,
insulin secretion (control of blood sugar
level)

Completion of digestion and absorption
into blood

Vestigial (evolutionary remnant) —no
function (bacteria digest cellulose in
herbivores, eg cow)

Absorption of water

Formation and storage of facces
Egestion /defecation of undigested
(unused) food





Diet and health

A healthy balanced diet is important for healthy growth. The energy needed to fuel the body comes from respiration of food. Up to 90% of the food we absorb into our blood is used for respiration. This is mainly supplied by carbohydrates and fats or from stores in the body, though protein can be respired under conditions of starvation. 

Carbohydrates are fuel foods (e.g. bread, potatoes, pasta, cereals containing starch, and sugar). Digestion of carbohydrate breaks it into sugar (glucose), which enters the blood, though concentrated sugar (in table sugar, sweets, chocolate, which  contain sucrose) is unhealthy if eaten in large amounts. Cellulose (fibre or roughage found implants) is an indigestible, but an important carbohydrate, which keeps the food moving through the gut. Cows and some other animals can make use of cellulose by taking advantage of the bacteria in their guts to do the digestion for them.

Proteins are structural materials used for growth and repair, they are present in most foods, but are particularly abundant in animal foods (e.g. milk, eggs, meat) and some plants (e.g. lentils, beans, nuts). Digestion breaks them into amino acids, which enter the blood and are transported to the tissues where cells use them for growth.

Fats are a concentrated fuel, transferring large amounts of energy when respired, and act as an energy reserve in the body. Fats contain fatty acids, which can be saturated and excessive eating of these is linked with heart disease. 

Minerals are important for a range of functions, such as blood composition (sodium), hemoglobin in red blood cells (iron) bones and teeth (calcium) etc.

Vitamins also have a range of functions and are needed for health, e.g. vitamin A is important for eyes, aiding sight in dim light. B vitamins are used for many different chemical processes in the body, vitamin C helps stick cells together (hence bleeding gums in scurvy) and contributes to defense against disease, vitamin D is needed for bone development, vitamin E is needed for development  and functioning of ovaries and testes, vitamin K aid blood clotting. Most vitamins are small, but complex molecules produced by plants, which our cells are unable to synthesize (except for vitamin D, which is synthesized by action of sunlight on lipids in the skin), but are essential for health.

Water is essential for life and all cell activities can only take place in solution (our bodies are about 70% water).
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