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Get the most from this book


Welcome to the AQA GCSE Combined Science Trilogy Student Book 2.


This book covers the Foundation and Higher-tier content for sections Biology 4.5–4.8, Chemistry 5.6–5.11 and Physics 6.5–6.8 the 2016 AQA GCSE Combined Science Trilogy specification. All other content can be found in Book 1.


The following features have been included to help you get the most from this book.
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Prior knowledge


This is a short list of topics you should be familiar with before starting a chapter. The questions will help to test your understanding. Extra help and practice questions can be found online in our AQA GCSE Science Teaching & Learning Resources
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KEY TERMS


Important words and concepts are highlighted in the text and clearly explained for you in the margin.
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Practical


These practical-based activities will help consolidate your learning and test your practical skills.


[image: ]







[image: ]


Required practical


AQA’s required practicals are clearly highlighted.
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TIPS


These highlight important facts, common misconceptions and signpost you towards other relevant chapters. They also offer useful ideas for remembering difficult topics.
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Show you can…


Complete the Show you can tasks to prove that you are confident in your understanding of each topic.
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Higher-tier only


Some material in this book is only required for students taking the Higher-tier examination. This content is clearly marked with the blue symbol seen here.


[image: ]







[image: ]


Examples


Examples of questions and calculations that feature full workings and sample answers.
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Test yourself questions


These short questions, found throughout each chapter, allow you to check your understanding as you progress through a topic.
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Chapter review questions



These questions will test your understanding of the whole chapter. They are colour coded to show the level of difficulty and also include questions to test your maths and practical skills.





•  Simple questions that everyone should be able to answer without difficulty.



•  These are questions that all competent students should be able to handle.



•  More demanding questions for the most able students.
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Answers


Answers for all questions and activities in this book can be found online at:


www.hoddereducation.co.uk/​aqagcsecombinedscience2
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Practice questions


You will find Practice questions at the end of every chapter. These follow the style of some of the different types of questions you might see in your examination and have marks allocated to each question part.
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Working scientifically


In this book, Working scientifically skills are explored in detail in the activities at the end of most chapters. Work through these activities on your own or in groups. You will develop skills such as Dealing with data, Scientific thinking and Experimental skills.
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*AQA only approve the Student Book and Student eTextbook. The other resources referenced here have not been entered in the AQA approval process.





19 Homeostasis and the human nervous system
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In order that you can read this sentence, light must reflect into your eyes from the page. Your eyes really are amazing. They contain millions of receptor cells, which detect different wavelengths of light and start electrical signals. These travel along your nerves in your central nervous system to your brain. Your nervous system is your brain, spinal cord and the network of nerves that spread throughout your body. You have a staggering 45 miles of them!
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Specification coverage


This chapter covers specification points 4.5.1 to 4.5.2 and is called Homeostasis and the human nervous system.


It covers homeostasis and the structure and function of the nervous system.
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Prior knowledge


Previously you could have learnt:




•  The body consists of a range of different types of cells and systems.





Test yourself on prior knowledge





1  What is a neurone (nerve cell)?



2  What does the nervous system do?
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Homeostasis


There are certain conditions that your body needs to keep stable in order to survive. You need to have enough glucose in your blood for your cells to respire. Not enough would leave you without sufficient energy, and too much would send you into a coma. You need to be warm. Too hot or too cold and your enzymes wouldn’t be able to control your cellular reactions. You need to have sufficient water. Too little or too much water in your body would kill you. So your body maintains at particular levels or concentrations your:





•  blood glucose concentration




•  body temperature




•  water balance.





The maintenance of these three key conditions (and many others) is called homeostasis. This is the detection of changes to these conditions and responses to return the body to normal. The definition of homeostasis is the regulation of the internal environment of a cell or organism to maintain optimal conditions for function in response to internal and external changes. These changes are automatic. You do not know that they are occurring. They are described as involuntary.
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KEY TERM


Homeostasis The maintenance of a constant internal environment.
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Many of your body’s systems are involved in maintaining internal conditions. Your nervous system coordinates your voluntary and involuntary actions. It does this by transmitting electrical impulses along your nerve cells. These electrical impulses move very quickly along your neurones. As a consequence, homeostatic responses that involve your nervous system happen very quickly.
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TIP


It is important that you can explain the importance of homeostasis in maintaining optimal conditions for enzyme action and cell function.
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Other parts of your body produce chemicals called hormones. These are proteins, and they are released by glands into your bloodstream. Hormones travel around the blood until they reach their target organ, where they act. Because hormones travel in the blood, their effects are much slower than those of nerve impulses.
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TIP


You should be aware that homeostatic systems can adjust levels up or down. For example, if blood glucose is too low, the level can be increased, and if blood glucose is too high, the level can be reduced.


[image: ]





The electrical impulses that travel along your nerve cells from receptors reach parts of your body called coordination control centres. These include your brain, spinal cord and pancreas, and they process the information and respond accordingly. These centres can respond by releasing a hormone in the case of the glands in your brain or your pancreas. Coordination centres can also send electrical impulses back along your nerve cells. These usually end in glands or muscles, which are called effectors because they can bring about a response. For example, the sweat glands in your skin might produce more sweat in response to a high temperature.
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KEY TERM


Effector A muscle or a gland.
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Test yourself





1  Give an example of homeostasis.



2  Give an example of a control centre.



3  Describe why responses along nerve cells are faster than hormonal ones.
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Show you can…


Explain why maintenance of blood glucose is an example of homeostasis.
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The human nervous system – structure and function


An animal’s nervous system controls its voluntary and involuntary actions and is responsible for transmitting and receiving impulses in different parts of its body. In most animals, including humans, it comprises the central nervous system (CNS) and the network of nerves that spreads from it throughout your body. The CNS is composed of your brain and spinal cord. Nerves are made from bundles of individual neurones (nerve cells).
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KEY TERM


Central nervous system (CNS) The brain and spinal cord.
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TIP


Neurones link receptors and effectors to the coordinator.
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Generating electrical impulses


All messages sent along nerve cells are electrical. This means they move quickly along them. In longer nerve cells that have a myelin sheath to insulate the impulse, these speeds can reach 120 metres per second. This is over 250 miles per hour! Think about how fast you react if you put your hand on a hot surface.


These electrical impulses are generated by special cells called receptors and travel to your brain and/or spinal cord. There are many different types of receptor that measure and respond to different stimuli. These are often associated with your sense organs. Table 19.1 shows your senses and the associated stimuli.
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KEY TERM


Receptor A cell or group of cells at the beginning of a pathway of neurones that detects a change and generates an electrical impulse.
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Your skin is covered with a large number of different receptors. They are not always found in the same number in the same place in your skin. Which parts of your skin are the most sensitive? This is where the most receptors are found. Usually your fingertips and lips have the most receptors, and the soles of your feet and elbows have the least.


Sensory, relay and motor neurones


Once a receptor has started an electrical impulse, the impulse moves along a neurone towards your brain or spinal cord. Any neurone that takes an impulse in this direction is called a sensory neurone. Once inside your CNS the electrical impulse is passed along relay neurones. Finally the impulse passes from your brain or spinal cord to your muscles or glands along a motor neurone. Your muscles can then contract and relax to help you move in response. Your glands can produce and secrete hormones into your bloodstream. Because muscles and glands both effect a response, we call them effectors. This can be shown in a pathway:
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KEY TERMS


Sensory neurone A neurone that carries an electrical impulse from a receptor towards the central nervous system.


Relay neurone A neurone that carries an electrical impulse within the central nervous system (brain and spinal cord).


Motor neurone A neurone that carries an electrical impulse away from the central nervous system to an effector (muscle or gland).
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This can also be shown in more detail:
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Remember that the only cells in this pathway that are completely within your CNS are the relay neurones. The differences in the structures of sensory, relay and motor neurones are shown in Figure 19.4.
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Synapses



Neurones in this network do not join directly to each other. There is a small gap between each of them called a synapse. When an electrical impulse reaches the end of the axon it spreads out into the ends of the cell, which look a little like the roots of a plant. At the tips of these ‘roots’ are special areas that convert the electrical impulse into a chemical signal. These are called neurotransmitters and quickly diffuse across the synapse. On the other side the neurotransmitters meet the dendrites of the next nerve cell. Here they bind to receptors and trigger the start of the electrical impulse, which travels along that neurone until it reaches the next synapse.
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KEY TERMS


Synapse A gap between the axon of one nerve and the dendrites of another where chemical neurotransmitters transmit the impulse.


Dendrites The branched beginnings of neurones, which can detect chemical neurotransmitters and start another electrical impulse.
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The reflex arc


Some of your responses are automatic. They happen quickly. An example of this might be moving your hand away from a hot radiator you have just touched by mistake. Other automatic responses include regulating your heart rate and controlling the amount of light that enters your eyes. These responses do not require your brain to make a decision. They are called reflex responses.


Because reflex responses happen quickly they often occur to stop you damaging your body by mistake. Remember how quickly you move your hand from a hot radiator! Just as described before, the electrical impulse is first generated by a receptor. In this case, this is a pain receptor in the skin of your hand. The impulse travels quickly through sensory neurones to your spinal cord. Here relay neurones take over the impulse. However, this impulse does not travel immediately to your brain. Your spinal cord is able to send the impulse back along motor neurones to your muscles. These then quickly contract, moving your hand from the radiator. This nervous pathway is called a reflex arc.
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TIP


It is important that you can explain how the structure of neurones in a reflex arc relates to their function.
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KEY TERMS


Reflex response An automatic response that you do not think about.


Reflex arc The pathway of neurones in a reflex action.
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Other responses require a decision to be made. Think about how much longer a decision would take to answer the question ‘How comfortable is your new school uniform?’ compared with moving your hand away from a hot radiator. Decisions like this are not automatic. We call them conscious decisions. When you make conscious decisions the electrical impulse travels along relay neurones to your brain before moving back along motor neurones to your muscles (and glands).
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TIP





•  Reflex actions are rapid and automatic. They do not involve the conscious part of the brain.



•  Reflex actions are protective, because they are fast and do not require thinking time.
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Required practical 6


Plan and carry out an investigation into the effect of a factor on human reaction time


In this experiment you test the reaction time of yourself and a partner using visual and auditory cues.
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TIP


Be careful when you talk about changing reaction times. Reducing your reaction time means that your reaction is faster.
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Method





1  In pairs decide who will have their reaction time tested and who will be the tester.



2  The tester should hold two 30 cm rulers vertically at the end near the 30 cm mark, one in each hand.



3  The other person places their index finger and thumb of each hand either side of the 0 cm marks, holding them as wide as possible ready to catch a ruler when one falls.
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4  Without warning, the tester lets go of one of the rulers and the other student tries catch the ruler as soon as possible.



5  Record the distance travelled by measuring where the ruler was caught just above the student’s first finger.



6  Repeat this two more times, ensuring that the ruler is always dropped at random times, and then calculate a mean (charts are available to convert centimetres to seconds).



7  Repeat the process, but this time the student being tested should close their eyes and the tester should say ‘left’ or ‘right’ as they drop the corresponding ruler. Again do three repeats so that a mean can be determined.



8  Swap over and repeat the whole experiment.





Questions





1  Who had the quickest reaction time?



2  How repeatable and reproducible were your data?



3  Were your reaction times quicker with visual or auditory clues?



4  What is the stimulus in both experiments?



5  What is the response?
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Test yourself





4  Name the two parts of the central nervous system.



5  Name the two types of effector.



6  Describe what happens when an electrical impulse reaches the end of a neurone.
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Show you can…


Explain how the reflex arc protects you from damage when you touch a hot radiator.
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Chapter review questions


Band 1




  1    Name the two parts of the central nervous system.


  2    Describe what nerve cells (neurones) are.


  3    Name five senses.


  4    Explain how reflex responses are different from voluntary responses.


  5    Give an example of a reflex response.





Band 2




  6    Describe an experiment in which you investigate the effects of caffeine on reaction time.


  7    In which direction do sensory neurones send electrical impulses?


  8    Where in your body would you find relay neurones?


  9    Name one type of structure that is found at the end of motor neurones.



10    Define the term ‘synapse’.



11    Name the chemicals that move across a synapse.





Band 3





12    Explain how chemical neurotransmitters work in a synapse.



13    Explain how a reflex arc works.
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Practice questions





1  a)   What is homeostasis?


[1 mark]


    b)  Complete the following sentence.







          If blood glucose levels get too high, homeostatic systems__________the amount of glucose in the blood, so that they return to their__________level.


[2 marks]








2  The flow diagram (Figure 19.9) shows a response to a stimulus. Of stages 1–5:







    a)    Which stage involves the CNS?


[1 mark]


    b)    Which stage involves a receptor?


[1 mark]
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3  a)   Using the words below, put the stages of a reflex action into the correct sequence.


[4 marks]







         effector stimulus response coordinator receptor







    b)    During a reflex action, as shown in Figure 19.10, the impulse travels along different types of neurones.
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        Name the type of neurone represented by:







          i)  Neurone A


[1 mark]


          ii) Neurone B


[1 mark]







     c)  i)  On Figure 19.10, X shows a gap between two neurones. What is the term for this gap?


[1 mark]







              A Synapse


              B Axon


              C Dendrite


              D Myelin







          ii) Explain how a message is transmitted across such gaps.


[3 marks]







    d)    During a reflex action the impulse travels approximately 1.5 m at a speed of 120 metres per second. How long would it take in seconds to respond? Show your working.


[2 marks]


    e)    Name a substance that can slow your reaction speed.


[1 mark]
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Working scientifically: Experimental skills


Accuracy and precision


Most people think of the human body temperature as being 37 °C. However, the normal range is between 36.5 and 37.5 °C. Temperatures outside this range can lead to medical problems. Hypothermia is when core body temperature falls too low. When core body temperature begins to fall, people become drowsy; if body temperature continues to fall, a person can become unconscious and die from hypothermia. If the core body temperature becomes too high, enzymes will denature causing cellular processes to stop. This is called hyperthermia and can quickly cause death.


Thermometers are used to measure core body temperature. Body temperature can be measured in many locations such as the mouth, ear, armpit, rectum and forehead. It is important that the thermometer takes both precise and accurate readings in order to give correct information about a person’s body temperature.


The terms ‘precise’ and ‘accurate’ are often used incorrectly or to mean the same thing. However, there are important differences. An accurate reading is one that is close to the true value (the actual value), whereas precise readings are measurements that are close to each other and show little spread about the mean. These two terms are not interchangeable. You can have precise readings that are not accurate, and accurate readings that are not precise.
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The data in Table 19.2 show the readings taken from three thermometers measuring the temperature of a thermostatically controlled water bath. The performance of the thermometers is being measured against a clinical (medical) thermometer, which is giving a reading considered to be the true value.
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Questions





1  What are the most accurate and least accurate readings for each thermometer?



2  Work out the mean temperature readings for each thermometer and use this to decide which thermometer is the most accurate.



3  Why does it matter if a thermometer is inaccurate?



4  Which location in the body do you think will give the most accurate reading for core body temperature?



5  Which thermometer produces the most precise readings? Explain your choice.



6  Which of the three thermometers in Table 19.2 do you think should be used? Explain your choice.



7  Why do we say that the clinical thermometer ‘gives a value considered to be the true value’, rather than it ‘takes the true value’?
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20 Hormonal coordination in humans
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Puberty involves a lot of changes in your body. It can also affect your emotions and behaviour. These drastic changes in your body mean you have reached sexual maturity and are now able to have children. But why does this happen and what causes it? The answer is the release of hormones from your glands. These are like chemical messages which travel around your bloodstream telling bits of your body what to do at certain times.
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Specification coverage


This chapter covers specification points 4.5.3.1 to 4.5.3.6 and is called Hormonal coordination in humans.


It covers homeostasis, the human endocrine system, hormones in human reproduction, contraception, hormones in infertility treatment and negative feedback.
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Prior knowledge


Previously you could have learnt:




•  An unbalanced diet can have consequences, including obesity.


•  The reproductive system includes the parts of the body concerned with reproduction in humans.





Test yourself on prior knowledge





1  Name a medical condition that can arise from having too much sugar in your diet.



2  Describe how obesity can be prevented.



3  Explain why the lining of the uterus thickens during the menstrual cycle.
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Human endocrine system


The endocrine system is a group of glands that secrete hormones directly into the blood. Hormones are proteins, which are large chemical molecules. Hormones travel in the blood until they reach their target organ. Here they effect a change. Examples of hormones, their target organs and their effects are given in Table 20.1, and Figure 20.1 on the next page shows the locations of these glands. Because hormones travel in the blood, their effects are usually slower than those of impulses that travel along your nerves as a part of your nervous system. However, the effects of hormones are usually longer lasting than the effects of the nervous system.
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KEY TERM


Gland A structure in the body that produces hormones.
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TIP


Compared with the effects of the nervous system, the effects of hormones are usually slower but last for longer.
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TIP


Copy out the table headings in the first row and column and test yourself by filling in the rest of the table from memory. This will help you remember the detail.
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The pituitary gland in the brain is your ‘master gland’. Your pituitary gland is about the size of a pea. It secretes hormones that help control growth and blood pressure, as well as partly controlling functions of the ovaries or testes, pregnancy, childbirth and the kidneys. Your pituitary gland releases hormones that have other glands as their target organs. Thus your pituitary gland releases hormones that ‘turn on’ other glands. An example of this is the thyroid gland. This controls how quickly your body uses energy and makes proteins and how sensitive it is to other hormones.
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KEY TERM


Pituitary gland The master gland in your brain that produces a number of hormones, including TSH, FSH (in women) and LH (again in women).
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Test yourself





1  Name two hormones produced in the pituitary gland.



2  What does adrenaline prepare the body for?



3  Describe where your pituitary gland is located.
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Higher-tier only





4  Describe what effect insulin and glucagon have on the body.





[image: ]





[image: ]







[image: ]


Show you can…


Explain why your pituitary gland is called the ‘master gland’.
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Control of blood glucose concentration


The purpose of your digestive system is to break down large lumps of food into molecules small enough to be absorbed into your blood. Carbohydrase enzymes break down carbohydrates into sugars, which are absorbed through villi into your bloodstream. Your pancreas monitors and controls the amount of blood sugar (glucose) that remains in your blood. Too little and your cells cannot respire, and too much and you become comatose. Because it involves your body automatically returning to a normal state, control of blood glucose is an example of homeostasis.


Many people eat three meals a day. So there will be three times when lots of glucose from their food rushes into their bloodstream. Just before meals there are times when your blood glucose is likely to be low because your cells have been respiring. So your body, and the body of every other mammal, has evolved a way to store excess glucose after a meal and release it when your body needs it.



Insulin



A hormone called insulin helps to control the concentration of blood glucose. Two organs, the pancreas and liver, are also involved. When your blood glucose is too high, the pancreas detects this and produces insulin, which is released into the bloodstream and reaches its target organ, the liver. The liver cells then absorb the glucose from the bloodstream and start to turn the excess glucose into an insoluble larger molecule called glycogen. The formation of glycogen also occurs in your muscles. Its formation reduces your blood glucose concentrations back to normal.
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Higher-tier only


Glucagon


If your blood glucose is too low, your pancreas produces a second hormone, called glucagon. This travels in your blood to your liver and muscles, where it converts the insoluble glycogen back into glucose. This is released into your blood to return your blood glucose concentrations to normal. Like all examples of homeostasis, this two-way process is constantly happening all the time in your body.


The control of blood glucose is an example of negative feedback control. Here your body has detected a change (high or low blood glucose) and made an adjustment to return it back to normal. All examples of homeostasis involve negative feedback.
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KEY TERMS


Insulin A hormone produced in your pancreas that lowers blood glucose by converting it to glycogen and storing it in the liver.


Glycogen An insoluble molecule made from many glucose molecules.
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Higher-tier only


Glucagon A hormone produced in the pancreas that raises blood glucose by breaking down glycogen stored in the liver.


Negative feedback control A homeostatic mechanism by which the body detects a change and makes an adjustment to return itself to normal.
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TIP





•  Your body produces INsulin when there is too much glucose IN your blood.
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Higher-tier only





•  Your body produces glucaGON when the glucose has GONe from your blood.
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Diabetes


Diabetes is a non-communicable disease. People with diabetes cannot easily control their blood glucose levels. There are approximately three million people with diabetes in the UK, and this figure is rising. Some people develop the disorder early in life, while others develop it later, usually as a result of an unhealthy lifestyle. Regardless of the way a person develops diabetes, the symptoms are similar. Because there are two different ways in which diabetes develops there are two different names for it.
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KEY TERM


Diabetes A non-communicable disease that reduces control of blood glucose concentrations.


[image: ]






Type 1 diabetes



The causes of type 1 diabetes are unknown. About 10% of the total number of diabetic people in the UK have type 1 diabetes. It usually develops in children or young adults when the insulin-producing cells in the pancreas are destroyed. This happens because the sufferer’s immune system mistakenly makes antibodies to attack and destroy these cells. Without these cells the blood glucose concentration of diabetic people can quickly and easily rise to harmful levels, which may become fatal.
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KEY TERM


Type 1 diabetes A medical condition that usually develops in younger people, preventing the production of insulin.
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People with type 1 diabetes usually inject insulin to help reduce their blood glucose. They can also help keep blood glucose levels low by reducing the sugar in their diet and exercising regularly. Reducing sugar intake means they need to inject less insulin, and exercise increases the amount of glucose that is used by their muscle cells for respiration. Often diabetic people test their blood glucose level after a meal. If they have a high blood glucose concentration they will need to inject a greater volume of insulin.
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It is important that type 1 diabetes is diagnosed as early as possible. There is currently no cure, so injecting insulin, eating carefully and exercising manage the symptoms of the disorder without treating them.


Type 2 diabetes


Type 2 diabetes usually develops later in life. Its cause is different from that of type 1 diabetes. People with type 2 diabetes cannot produce enough insulin or, if they can, their liver and muscle cells won’t respond to it. This prevents the conversion of glucose into glycogen and blood glucose concentrations remain high.
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KEY TERM


Type 2 diabetes A medical condition that usually develops in later life, preventing the person producing enough insulin or preventing cells from responding to insulin.
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The number of cases of type 2 diabetes is rising. This is partly because the number of older people is increasing as people are generally living longer. People who do not exercise regularly, have an unhealthy diet (often high in sugar) and are obese are more likely to develop type 2 diabetes. Obesity is an important risk factor for this disorder.


People with type 2 diabetes control their blood glucose concentrations by eating a balanced, healthy diet and by exercising regularly. Because the liver and muscle cells of many people with type 2 diabetes do not respond to insulin, injecting insulin is not usually a treatment.
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TIPS





•  Poor lifestyle choices can lead to type 2 diabetes. Type 1 diabetes is not linked to lifestyle.



•  Type 1 diabetes usually develops in young children or young adults. Type 2 diabetes usually develops much later in life.
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Activity


Controlling blood sugar concentration


Data were collected on the concentration of blood glucose for two patients over 6 hours following a high glucose meal (at time 0) (see Table 20.2).
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Questions





1  Plot the data as line graphs with time in hours on the x-axis and concentration of blood glucose in mg/dL on the y-axis.



2  After looking at the graph, which patient would you expect to have diabetes? Quote data to support your answer.



3  Why did it take an hour for the blood glucose concentration of both patients to rise?



4  Use your knowledge of blood sugar regulation to explain the changes in patient A’s blood sugar concentration over the 6 hours.
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TIPS





•  You should be able to compare type 1 and type 2 diabetes and explain how they can be treated.



•  You should be able to extract information and interpret data from graphs that show blood glucose concentrations for diabetes and non-diabetes, such as is given in the activity in this section.
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Managing diabetes


Diabetes is a common medical condition and the number of people that have the disorder is increasing. It does have serious medical effects for some people, but many are able to lead relatively normal lives. In fact, some very successful people are diabetic. These include actors Tom Hanks and Halle Berry, as well as Olympic rower Sir Steven Redgrave. He has had type 1 diabetes since 1997 but won five gold medals in five different and successive Olympic Games (from 1984 to 2000). This makes him one of the most successful athletes of all time.
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Test yourself





5  Which type of diabetes is treated using insulin?



6  Name the organ in which insulin is produced.
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Higher-tier only





7  Describe how blood sugar concentrations are increased.
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Show you can…


Explain the differences between type 1 and type 2 diabetes, including their causes and treatments.
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Hormones in human reproduction



The sex hormones in women include oestrogen and progesterone. Testosterone is the male sex hormone. These hormones are involved in the development of secondary sex characteristics in puberty. These are shown in Table 20.3.
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KEY TERMS


Oestrogen A female sex hormone produced in the ovaries that controls puberty and prepares the uterus for pregnancy.


Progesterone A female sex hormone produced in the ovaries that prepares the uterus for pregnancy.


Testosterone A male sex hormone produced in the testes that controls puberty.
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Testosterone in males is secreted by the testes. Oestrogen and progesterone in females are produced by the ovaries. The testes and ovaries are therefore glands. As well as causing the secondary sex characteristics shown in Table 20.3, testosterone stimulates the production of sperm. Oestrogen and progesterone are two key hormones in the menstrual cycle.
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The menstrual cycle


After puberty, women undergo a reproductive cycle of around 28 days until they reach the menopause. At this point a woman’s menstrual cycle stops and she is no longer able to have children. This occurs between approximately 45 and 55 years of age. There is no menopause for men, and they are often able to produce sperm for much longer than women can release eggs. But older men produce less testosterone than younger ones and their sperm become less able to fertilise an ovum (i.e. become less fertile).


Oestrogen is responsible for the lining of a woman’s uterus. After menstruation, the lining thickens in preparation for a fertilised ovum to settle after travelling down an oviduct (fallopian tube) to the uterus. The release of a mature ovum from an ovary into the oviduct happens on about day 14 of the menstrual cycle. This is called ovulation. The ovum takes several days to travel down an oviduct and be fertilised by a sperm cell. If a fertilised ovum does embed in the lining of the uterus, the hormone progesterone continues to be produced to continue the build-up of the uterus lining and to prevent menstruation. (Menstruation would abort a developing fetus.) If an ovum is not fertilised, less progesterone is produced and a woman menstruates as normal. This lasts several days and can be painful, causing cramps. Its beginning marks the start of the next 28-day menstrual cycle. The hormonal control of the menstrual cycle is very delicate. It is often altered by stress or exercise.
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KEY TERMS


Menopause The point in a woman’s life, usually between 45 and 55, when she stops menstruating and therefore cannot become pregnant.


Ovulation The release of an egg from an ovary.
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There are four main hormones involved in the menstrual cycle. They are shown in Table 20.4, together with the effects they have. Figure 20.8 shows these effects in a flow diagram.
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TIP


It is important that you can explain the interactions of hormones in the menstrual cycle. Draw a flow diagram of the process to help you remember.
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TIP


You should be able to extract and interpret data from graphs showing hormone concentrations during the menstrual cycle.
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Follicle-stimulating hormone (FSH) is released by the pituitary gland. This causes an ovum to mature in an ovary. This happens inside a follicle. FSH also causes the ovaries to produce and release oestrogen. This causes the lining of the uterus to thicken in the beginning of the menstrual cycle. The pituitary gland detects this high level of oestrogen and stops producing FSH. Instead the pituitary gland starts to secrete luteinising hormone (LH). This stimulates ovulation, releasing an ovum from an ovary. After ovulation the follicle from which the ovum was released develops into the corpus luteum. This releases progesterone, which inhibits the release of both FSH and LH and in doing so maintains the lining of the uterus in the second half of the cycle. If a fertilised ovum settles and implants, the levels of progesterone are maintained, resulting in no menstruation. If an ovum does not implant, the levels of progesterone reduce. This triggers menstruation.
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KEY TERMS


Follicle-stimulating hormone (FSH) A hormone produced by the pituitary gland that causes an ovum to mature in an ovary and the production of oestrogen.


Follicle A structure in an ovary in which an ovum matures.


Luteinising hormone (LH) A hormone produced by the pituitary gland that stimulates ovulation.


Corpus luteum After ovulation the empty follicle turns into the corpus luteum and releases progesterone.
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Test yourself




  8    Where is oestrogen produced?


  9    Describe secondary sexual characteristics in women.
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10    Describe why the menstrual cycle is an example of negative feedback.
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Show you can…


Explain how hormones regulate the menstrual cycle.
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Contraception


Contraception is the name for the methods or devices that stop women becoming pregnant. It is often called birth control or family planning. Some forms of contraception are permanent, while others are only temporary. Contraception is an ethical issue. This means that some people disagree with it for religious or moral reasons. Some religions, including perhaps most famously the Roman Catholic Church, of which there are more than a billion members worldwide, only officially accept ‘natural family planning’. This is when the male doesn’t ejaculate inside the female’s vagina during sex, particularly when an ovum is likely to be fertilised (around days 13–17). This is different from abstinence, which is stopping having sex altogether. Other religions such as Judaism, Hinduism and Buddhism have wide-ranging views that allow both ‘natural’ and artificial contraception.


One method of contraception for men is to have a vasectomy. Here a short and relatively simple operation stops sperm travelling along the sperm ducts that link the testes to the penis. The sperm ducts can be tied or cut. This is a permanent form of contraception for men. A similar procedure can occur in women. Here the oviducts (fallopian tubes) are tied or cut, which stops ova reaching the uterus.
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TIPS





•  Vasectomy and female sterilisation are surgical methods of contraception.



•  Remember that condoms and diaphragms are barrier methods of contraception. They are not permanent, but are easy to use. However, they are less reliable than some other methods.



•  Types of contraceptive that use hormones work by stopping eggs from maturing and being released.
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Other forms of contraception include barrier methods that stop ova and sperm meeting. Condoms are a very widespread form of contraception. They surround an erect penis and stop sperm entering the vagina. They have been used for over 400 years. There are larger female condoms, often called femidoms, which sit inside the vagina and stop sperm in the same way. These are less common. Another contraceptive that forms a barrier is the diaphragm. This is a small plastic dome that is inserted into the vagina to cover the cervix. The cervix is the narrow join between the vagina and the uterus. Contraceptive sponges work in the same position. They are also covered in a chemical called a spermicide, which kills sperm cells.
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KEY TERMS


Vasectomy A contraceptive medical procedure during which a man’s sperm ducts are blocked or cut.


Barrier A contraceptive method that prevents sperm reaching an egg.
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Condoms protect against the spread of many sexually transmitted diseases (STDs) because they stop the exchange of all bodily fluids. Other forms of contraception are less effective at stopping STDs. The diaphragm and the sponge don’t stop their transmission, for example.


All the above methods are non-hormonal methods of contraception.
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The use of contraceptive hormones



Other forms of contraception involve the use of hormones to stop fertilisation of ova. The oral contraceptive pill (often known simply as the pill) contains both oestrogen and progesterone. It is a very common form of contraception with over 100 million women worldwide using it. The pill prevents ovulation by inhibiting the production of FSH.


The woman takes a pill each day at the same time. This can either be for the entire cycle or just the first 21 days followed by a week with no pills. The pill is a very effective contraceptive that prevents pregnancy if used properly. Possible side effects include headaches, and the pill does not stop the transmission of STDs.
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TIP


It is important that you can evaluate the use of hormonal and non-hormonal methods of contraception.
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Progesterone can also be delivered into a woman’s blood in a small device implanted under her skin or a patch temporarily stuck to it. Implants and patches are as effective at reducing pregnancy as the oral pill. They can stop eggs maturing and being released for a number of months or years.


Intrauterine devices work either by releasing contraceptive hormones or by preventing fertilised eggs from implanting.
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KEY TERM


Intrauterine In the uterus. An intrauterine contraceptive device is implanted in the uterus.
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Test yourself





11    Define the term ‘vasectomy’.



12    Describe why contraception is an ethical issue.



13    Describe how the contraceptive pill is taken.
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Show you can…


Explain how the contraceptive pill works.
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The use of hormones to treat fertility


You learnt in the previous section that the sex hormones oestrogen and progesterone are used to prevent pregnancy. Other related hormones can actually be used to have the opposite effect. That is, they can be used to treat infertility or help a woman become pregnant.


Some women have naturally low levels of the two hormones FSH and LH. (Look back at Table 20.4 to remind yourself about these hormones.) FSH and LH both work with oestrogen and progesterone to control the menstrual cycle. Some infertile women cannot produce sufficient FSH to begin maturing an ovum in an ovary. ‘Fertility drugs’ containing FSH and LH can increase the levels in the woman’s blood. This may allow her to become pregnant naturally.


If this does not work some woman undergo in vitro fertilisation (IVF). In vitro is Latin for ‘in glass’, which means outside of the body. ‘Inside the body’ is in vivo. Babies born following IVF treatment are often called ‘test-tube babies’, even though test tubes are not actually used! The first step involves injections of FSH and LH. These hormones stimulate the maturation of several ova in the woman. A small operation removes these ova from the woman’s ovaries and they are introduced to a man’s sperm in a medical laboratory. The sperm cells sometimes fuse with the ova naturally to fertilise them. Sometimes the nucleus of a sperm cell is injected into an ovum. The fertilised ova then develop into embryos (small balls of cells). A second small operation places one or more embryos back into the lining of the uterus. Nine months later the woman has her ‘test tube’ baby or babies.
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KEY TERM


In vitro fertilisation (IVF) Fertilisation of an ovum outside a woman’s body.
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What happens to the unused fertilised embryos is an ethical decision. This means that some people disagree with IVF for religious or moral reasons.


These fertility treatments allow women, who otherwise might not be able to, to have a baby of their own. There is often a very natural strong urge to have a baby. The treatments themselves can be emotionally and physically stressful. Unfortunately the success rates are not high. This has led doctors to implant more fertilised ova during IVF and has led to mothers having larger numbers of children than they might have wanted.
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Test yourself





14    Name the two hormones used in IVF.



15    Give three types of contraception that use hormones.



16    Describe the process of IVF.



17    Describe the uses of hormones in IVF.
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Show you can…


Explain how hormones are used treat infertility.
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Negative feedback


The homeostatic regulation of blood glucose levels by the hormones insulin and glucagon is an example of negative feedback control, as discussed earlier in this chapter. The secretion of hormones in the menstrual cycle is another.
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TIP


Learn all examples of negative feedback control. What similarities and differences do they have?
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The formation of thyroxine in the thyroid gland is another example of negative feedback control. The thyroid gland is one of your largest glands. It is found in your neck. It produces hormones that control how quickly your body uses energy, and controls your basal metabolic rate. It therefore plays an important role in growth and development. Your pituitary gland produces thyroid-stimulating hormone (TSH). This stimulates the release of thyroxine from your thyroid gland. By increasing or decreasing levels of TSH, we can control the amount of thyroxine in the body. In turn, when our thyroxine is at an optimum level, this reduces the amount of TSH produced – another example of negative feedback control.


Adrenaline is a hormone that is secreted by your adrenal glands, which sit just above your kidneys. Unlike the previous examples, the formation of adrenaline is not an example of negative feedback control. Adrenaline is most commonly associated with the ‘fight or flight’ response. This response occurs if your brain perceives a threat to you or those around you. Under these circumstances your adrenal glands produce adrenaline. This happens very quickly to avoid any damage from the threat. Adrenaline causes your heart rate to increase, providing your muscles and brain with more glucose and oxygen needed for respiration. This releases the energy you may need to fight or run away. It also increases your blood glucose level, blood pressure and supresses your immune system. All of these are designed to give you a short-term energy boost.
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KEY TERMS


Thyroid-stimulating hormone (TSH) A hormone produced by your pituitary gland that stimulates the production of thyroxine by the thyroid gland.


Thyroid gland A gland in your neck that produces thyroxine to regulate how quickly your body uses energy, and controls your metabolic rate.


Adrenaline A hormone produced by your adrenal glands that causes an increase in heart rate ready for a ‘fight or flight’ response.


Adrenal glands Glands that produce adrenaline.
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Test yourself





18    What does thyroxine control?



19    Where is thyroxine produced?
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Show you can…


Explain why the effects of adrenaline are important.
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Chapter review questions


Band 1




  1    What type of organs produce hormones?


  2    Describe how hormones move around your body.


  3    Name the glands that produce testosterone in men.


  4    Define the term ‘contraception’.


  5    Suggest an advantage of using a condom over a diaphragm or sponge.





Band 2




  6    Give the general name for an organ that a hormone acts upon.


  7    Describe what happens when insulin is released into your blood.


  8    Describe how people with type 2 diabetes treat the condition.


  9    Give the function of oestrogen in the menstrual cycle.



10    Describe what happens in a vasectomy.



11    Describe how the diaphragm and sponge stop pregnancy.



12    Name the two hormones in the contraceptive pill.



13    Explain how the contraceptive patch or implant works.
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14    Explain how hormones can be used to treat infertility.
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15    Describe the function of thyroid-stimulating hormone (TSH).



16    Explain why you need to be able to store glucose.
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17    Explain why the regulation of blood sugar is an example of negative feedback control.
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18    Describe the roles of FSH and LH.
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19    Describe the process of in vitro fertilisation (IVF).



20    Explain why some people have multiple births following IVF treatment.
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Practice questions





1  The human endocrine system consists of structures that can secrete hormones.







    a)    Describe what a hormone is.


[1 mark]


    b)    Which of the following structures secrete hormones?


[1 mark]







          A Ventricles


          B Arterioles


          C Glands


          D Ducts







    c)    Describe how the hormones that regulate the menstrual cycle travel around the body.


[1 mark]








2  Figure 20.14 shows the concentrations of blood glucose in the body after a student ate a chocolate bar.
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    a)    What is the highest concentration of blood glucose recorded?


[1 mark]







    b)  i) Sketch a graph to show what you would expect the blood glucose concentration to look like if the student had diabetes.


[3 marks]


          ii) Which hormone can a person with type 1 diabetes not produce?


[1 mark]







              A Adrenalin


              B Insulin


              C Glucagon


              D Thyroxin







         iii) Other than injecting themselves with hormones, what else can people with type 1 diabetes do to manage their condition?


[1 mark]







    c)  i) Why is glucose needed by the body?


[1 mark]


         ii) Name the organ that monitors blood glucose concentrations.


[1 mark]
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    d)    Sometimes blood glucose concentrations drop too low. Describe as fully as you can how blood glucose concentrations can be brought back to normal.


[4 marks]
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3  Hormones play an important role in regulating the menstrual cycle. Figure 20.15 shows the change in thickness of the lining of the uterus during the menstrual cycle.







[image: ]






    a)  i) Use Figure 20.15 to explain what happens to the thickness of the uterine lining over the course of the menstrual cycle.


[3 marks]


          ii) Suggest on which day the ovum is released.


[1 mark]
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    b)    Explain how the hormones FSH, oestrogen and LH control the menstrual cycle.


[4 marks]
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4  The oral pill, the patch and the implant prevent pregnancy by releasing hormones that stop ovulation. Which organ do these hormones act on?


[1 mark]



5  The first stage in in vitro fertilisation (IVF) is the fertilisation of an ovum by a sperm.
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    a)    Describe what occurs after the ovum has been fertilised.


[2 marks]


    b)    Often in IVF multiple ova are fertilised.







          i)  Suggest an advantage of this.


[1 mark]


          ii) Suggest a disadvantage of using multiple embryos.


[1 mark]
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Working scientifically: Scientific thinking


Ethical choices in science


Any new development in science leads to decisions about its use. Since the birth of Louise Brown in 1978, the first ‘test-tube baby’ born through IVF, there have been ongoing debates about the use of IVF and funding of this procedure on the NHS.


The reasons for the continued interest in this topic are both the ongoing scientific advances in the field and the fact that use of IVF has moral and ethical implications. Morals involve an individual’s principles and their judgement of what is right or wrong. Ethics are principles that a group of people or a society agrees are right or wrong.


The Government and hospitals use ethics committees to make ethical decisions. These involve a group of people from different backgrounds who discuss the issues. Usually ethical decisions are based on what leads to the best outcome for the greatest number of people.
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In 2013 the guidelines for IVF in the UK were updated to give three full cycles of IVF to women under 40 years old who have not conceived after 2 years of trying. The success rate of IVF depends on a number of factors, including the age of the woman undergoing treatment. Younger women are more likely to have healthier ova, which increases the chances of success. Not everyone can be given IVF and there are waiting lists for the procedure. Fertility clinics need to make decisions about whether a treatment is suitable and ethical.
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Questions





1  Imagine you are a member of the ethics committee of a fertility clinic. Read the four case studies below and decide who should be given the three cycles of IVF treatment. You need to justify your reasons.


    Couple W are in their late twenties and have been married for 8 years. They have been trying for a child since they were married with no success. They would like IVF treatment.


    Couple X are in their mid-thirties and have three daughters already, but they really want a son. They would like to use IVF treatment and pre-select a male embryo to implant.


    Couple Y are in their early thirties. One of the couple has an inherited condition called Charcot–Marie–Tooth disease, which causes weakness and wasting of the muscles below the knees and loss of sensation in the fingers. The couple would like IVF treatment in order to pre-select a healthy embryo.


    Couple Z have been married for 3 years and they are in their mid-forties. Both have children from their previous relationships. They have been trying for a child of their own for 2 years and would like IVF to assist them in getting pregnant.



2  Give two reasons why some groups of people might be against all IVF treatment.



3  Decisions are not just made about ethics; personal, social, economic and environmental implications need to also be considered. Give an economic reason why some people are against IVF treatment.



4  In February 2015 the UK Parliament voted to approve the use of three-person IVF. Research what this is and the ethical arguments people have for and against its use.
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21 Reproduction
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Imagine cutting off your arm and allowing a genetically identical copy (clone) of yourself to grow from it. This sounds crazy in humans, but other species including plants, worms, fungi, coral and animals like starfish can reproduce in this way. They don’t cut themselves up but do reproduce if cut. This is an example of asexual reproduction. Most eukaryotic species like us don’t reproduce like this but do so sexually. You were formed from a sperm and an ovum when your parents sexually reproduced.
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Specification coverage


This chapter covers specification points 4.6.1.1 to 4.6.1.6 and is called Reproduction.


It covers the structure of DNA, genes, chromosomes and the genome. It also covers meiosis, the Human Genome Project, protein synthesis, sexual and asexual reproduction, sex determination and other genetic inheritance.
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Prior knowledge


Previously you could have learnt:




•  Heredity is the process by which genetic information is transmitted from one generation to the next.


•  DNA is organised into chromosomes, which are subdivided into genes.


•  There are similarities and also differences in how animals and plants reproduce.





Test yourself on prior knowledge





1  Name the two gametes in plants.



2  Describe how identical twins are formed.



3  Explain the difference between cross- and self-pollination.





OEBPS/OEBPS/images/17-1.jpg
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Sense organ ul
sight Eyes Light

Hearing Ears sound

Taste Tongue Chemicals in food

Smell Nose Chemicals in air

Touch skin Touch, pressure, temperature, pain and itching
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Table 20.4 The main hormones involved in the control of the menstrual cycle.
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A Figure 20.8 Hormones control the menstrual cycle.
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A Figure 20.3 Two hormones work to control blood glucose level.
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Table 20.2 Blood glucose concentrations for patient A and patient B.

h _Concentration of blood glucose in mg/dL

Patient B
0 82 120
1 144 223
2 99 190
3 95 172
4 92 163
5 87 145
3 82 138
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A Figure 19.5 How a synapse functions.
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A Figure 19.2 This flow diagram shows how the nervous system enables the body to

respond to changes.





OEBPS/OEBPS/images/10-2.jpg
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Table 20.1 Common examples ot hormones and their functions.

Hormone Produced Function

TSH (thyroid- Pituitary gland | Thyroid Controls the release of hormones
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Insulin (and pancreas Liver Insulin increases (and glucagon
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‘Thyroid hormones | Thyroid Various Control how quickly you use energy,

(e.g thyroxine) and your overall metabolic rate

Oestrogen Ovaries Reproductive | Controls puberty and the menstrual
organs cycle

Testosterone Testes Reproductive | Controls puberty

organs
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Figure 20.10 The contraceptive patch
contains hormones to stop pregnancy.
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Figure 20.13 When you are in a dan:
heart rate to increase to supply your muscles with more energy so that you can run
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