The human brain is the site of the major coordination in the nervous system. It contains around 1010 neurones, each making thousands of connections to others, so the number of pathways through the brain is vast. Different regions of the brain can be identified by their appearance, and it turns out that each region has a different role.


· The medulla controls heart rate, breathing, peristalsis, and reflexes such as swallowing, coughing, sneezing and vomiting. 

· The Hypothalamus controls temperature homeostasis, water homeostasis, and controls the release of hormones by the pituitary gland. 

· The pituitary gland secretes a range of hormones including LH, FSH, ADH, and growth hormone. 

· The Thalamus is a relay station, integrating sensory input and channelling it to the sensory areas of the cerebrum. 

· The cerebellum coordinates muscle movement and so controls balance, posture and locomotion (walking, running and jumping). 

· The Pineal gland secretes melatonin, the hormone that regulates the biological clock.

These regions of the brain are all involved in involuntary functions, and are connected to the autonomic nervous system. A large part of the brain’s processing concerns these routine processes that keep the body working. By contrast, the upper half of the brain, the cerebrum, is responsible for all voluntary activities, and is connected to the somatic nervous system. The cerebrum is divided down the middle by a deep cleft into two cerebral hemispheres. The two halves are quite separate except for the corpus callosum, a bundle of 200 million neurones which run between the two halves. The inside contains fluid and only the outer few mm of the cerebral hemispheres contains neurones, and this is called the cerebral cortex (or just cortex). The cortex is highly folded and so has a large surface area. The cortex is the most complicated, fascinating and least-understood part of the brain.

The Cerebral Cortex

Various techniques have been used to investigate the functions of different parts of the brain. Patients with injuries to specific parts of the brain (such as strike victims) can be studies to see which functions are altered. The brain itself has no pain receptors, so during an operation on the brain, it can be studied while the patient is alert. Different parts of the brain can be stimulated electrically to see which muscles in the body respond, or conversely different parts of the body can be stimulated to see which regions of the brain show electrical activity. More recently, the non-invasive technique of magnetic resonance imaging (MRI) has been used to study brain activity of a subject without an operation.

Studies like these have shown that the various functions of the cortex are localised into discrete areas. These areas can be split into three groups:

· Sensory areas, which receive and process sensory input from the sensory organs. There are different sensory areas for each sense organ (visual, auditory, smell, skin, etc.). The sensory neurones are first channelled through the thalamus, and they may also send impulses to other regions of the brain for autonomic processing (such as the iris response). 

· Motor areas, which organise and send motor output to skeletal muscles. The motor neurones originate in these areas but are usually processed by the cerebellum before going to the muscles. So the cortex may decide to walk up stairs, but the cerebellum will organise exactly which muscle cells to contract and which to relax. 

· Association areas, which are involved in higher processing. 

Some of these areas are shown on this map of the surface of the cerebral cortex.
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Motor and Sensory Areas

The main motor area controls the main skeletal muscles of the body, and the main sensory area receives input from the various skin receptors all over the body. These two areas are duplicated on the two cerebral hemispheres, but they control the opposite side of the body. So the main sensory and motor areas of the left cerebral hemisphere are linked to the right side of the body, and those of the right cerebral hemisphere are linked to the left side of the body.

These two areas have been studied in great detail, and diagrams can be drawn mapping the part of the cortex to the corresponding part of the body. Such a map (also called a homunculus or "little man") can be drawn for the main sensory and motor areas:
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The sensory and motor maps are similar, though not identical, and they show that regions of the body with many sensory (or motor) neurones have correspondingly large areas of the cortex linked to them. So the lips occupy a larger region of the sensory cortex than the shoulder, because they have many more sensory neurones. Similarly, the tongue occupies a larger region of the motor cortex than the trunk because it has more motor neurones controlling its muscles.

 

Association Areas

While the jobs of the sensory and motor areas are reasonably well defined, the jobs of the association areas are far less clear. The association areas contain multiple copies of the sensory maps and they change as the sensory maps change. These copies are used to compare (or associate) sensory input with previous experiences, and so make decisions. They are therefore involved in advanced skills such as visual recognition, language understanding (aural and read), speech, writing and memory retrieval. The frontal lobes are particularly large in humans, and thought to be responsible for such higher functions as abstract thought, personality and emotion. We’ll look briefly at two examples of advanced processing: comprehension and visual processing.

Comprehension

This flow diagram shows how different areas of the cortex work together during a school lesson when a student has to understand the teacher’s written and spoken word, write notes, and answer questions.
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Unlike the sensory and motor areas, the association areas are not duplicated in the two hemispheres. Association areas in the two hemispheres seem to supervise different skills. 

· The right hemisphere has association areas for face recognition, spatial skills and musical sense. 

· The left hemisphere has association areas for speech and language, mathematical logical and analytical skills. 

These distributions apply to most right-handers, and are often reversed for left-handers. However, even this generalisation is often not true. For example, Broca’s area, the speech association areas is quite well-defined and well studied. 95% of right-handers have Broca’s area in their left hemisphere while 5% have it in their right. 70% of left-handers have Broca’s area in their left hemisphere, 15 in their right, and 15% in both hemispheres! Any reference to "right brain skills" or "left brain skills" should be taken with a large dose of scepticism.

Visual Processing.

The visual sensory area is at the back of the brain and receives sensory input from the optic nerves. Some of the neurones from each optic nerve cross over in the optic chiasma in the middle of the brain, so that neurones from the left half of the retinas of both eyes go to the visual sensory area in the left hemisphere and neurones from the right half of the retinas of both eyes go to the visual sensory area in the right hemisphere. Thus the two hemispheres see slightly different images from opposite side of the visual field, and the differences can be used to help judge distance. 

The mechanism of visual processing is complex and not well understood, but it is clear so far that the brain definitely does not work like a digital camera, by forming an image of pixels. Instead it seems to recognise shapes. The neurones in the visual cortex are arranged in 6 layers, each with a different hierarchical function in processing the visual information. The first layer recognises sloping lines, the second recognises complete shapes, the third recognises moving lines, and so on. 
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The Organisation Of The Human Nervous System

The human nervous system is far more complex than a simple reflex arc, although the same stages still apply. The organisation of the human nervous system is shown in this diagram:
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It is easy to forget that much of the human nervous system is concerned with routine, involuntary jobs, such as homeostasis, digestion, posture, breathing, etc. This is the job of the autonomic nervous system, and its motor functions are split into two divisions, with anatomically distinct neurones. Most body organs are innervated by two separate sets of motor neurones; one from the sympathetic system and one from the parasympathetic system. These neurones have opposite (or antagonistic) effects. In general the sympathetic system stimulates the "fight or flight" responses to threatening situations, while the parasympathetic system relaxes the body. The details are listed in this table:

	Organ
	Sympathetic System
	Parasympathetic System

	Eye

Tear glands

Salivary glands

Lungs

Heart

Gut

Liver

Bladder
	Dilates pupil

No effect

Inhibits saliva production

Dilates bronchi

Speeds up heart rate

Inhibits peristalsis

Stimulates glucose production

Inhibits urination
	Constricts pupil

Stimulates tear secretion

Stimulates saliva production

Constricts bronchi

Slows down heart rate

Stimulates peristalsis

Stimulates bile production

Stimulates urination


The retina is extremely sensitive to light, and can be damaged by too much light. The iris constantly regulates the amount of light entering the eye so that there is enough light to stimulate the cones, but not enough to damage them. The iris is composed of two sets of muscles: circular and radial, which have opposite effects (i.e. they’re antagonistic). By contracting and relaxing these muscles the pupil can be constricted and dilated:
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The iris is under the control of the autonomic nervous system and is innervated by two nerves: one from the sympathetic system and one from the parasympathetic system. Impulses from the sympathetic nerve cause pupil dilation and impulses from the parasympathetic nerve causes pupil constriction. The drug atropine inhibits the parasympathetic nerve, causing the pupil to dilate. This is useful in eye operations. 
The iris is a good example of a reflex arc. 
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