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Biopsychology

Neuron

The brain is made up of approximately 100 billion neurons. At one end of these elongated cells are structures called dendrites, which receive information from other neurons or from muscles, and that information travels through the cell body, down the axon or nerve fibre, and ends at the terminal buttons. Depending on what information is received from the dendrites, the neuron will release one of a variety of chemicals into the space between itself and the next cell. This space is the synapse. The chemicals, called neurotransmitters, cross the synapse with instructions for the next neuron. Signals speed along neurons at over 160 kph (100 mph).

Mirror Neurons

When you perform an action, say riding a bike or perhaps executing a dance step, neurons fire in your brain. What we’ve learned recently, however, is that specialized neurons, called mirror neurons, fire even when you don’t perform that action yourself but rather are watching someone else perform it. This was first discovered in monkeys, whose motor and pre-motor cortexes activated when they watched others perform actions. Electroencephalogram (EEG) studies in humans have confirmed that we have a similar mechanism. Mirror neurons most likely assist us in learning from others by helping us to imitate their actions if we decide to do so.

Synapse

The synapse (or synaptic gap) is the space between one neuron and the next. What happens in this space determines the actions, emotions and thoughts you experience. Chemicals called neurotransmitters cross this cleft as they travel from one synapse to the next. The cleft is estimated to be only 20–40 nanometres wide (a human hair is more than 80,000 nanometres wide). Neurotransmitters crossing this space assist in the formation of your memories, the emotions you feel, and the actions you decide to take. Whether you’re riding a bike, driving a car or just thinking about tomorrow, neurons are constantly communicating with each other through these synapses.

Synaptic Pruning

At birth, the brain contains billions of neurons, with synapses between them across which neurotransmitters flow. It is estimated that we have over 120 trillion synapses. One curious occurrence not yet completely understood is that as we grow, the brain eliminates synaptic connections that are not active. It is thought that this allows the brain to be more efficient as it prepares for adulthood. The process typically stops in our 20s. Researchers are studying whether this pruning process has a causal connection to schizophrenia and autism, since individuals with these conditions may have too few or too many synapses and thus be neuro-atypical.

Neurotransmitters

Neurotransmitters are chemicals emitted from the terminal buttons of one neuron into the synapse between it and another neuron. There are a variety of neurotransmitters, each of which has a different effect on movement, thought and emotion. Serotonin, for example, is a neurotransmitter that plays a role in depression, while dopamine is implicated in motivation and reward. Typically, once released, neurotransmitters are reabsorbed into the terminal button (a process known as reuptake) to be used again, but medication (such as selective serotonin reuptake inhibitors, SSRIs) can block this process. Alternatively, neurotransmitters can be broken down by the enzyme monoamine oxidase, although this process can also be blocked, by monoamine oxidase inhibiting medication (MOAIs).

Dopamine

Dopamine is a neurotransmitter that is passed from one neuron to another across the synaptic cleft. It is released when the brain anticipates that an experience will be rewarding, such as food, love or sex. It also plays a role in motor coordination. Stimulants such as caffeine and alcohol and some psychiatric medication work by blocking the reuptake of dopamine, which results in more of the neurotransmitter being available in the brain. Low levels of dopamine are associated with Parkinson’s disease and schizophrenia, while high levels are associated with increased motivation and positive feelings, but also with attention deficit/hyperactivity disorder (ADHD) and compulsive behaviour such as gambling.

Serotonin

Serotonin is one of the many neurotransmitters in your body and brain. Neurons release it into the synapse and it is either passed on to the next neuron or taken back into the one that released it (reuptake). Serotonin is linked to feeling full after eating, adequate sleeping and helping to heal wounds, as well as a number of emotions, such as anxiety and depression. Antidepressant medication increases serotonin in the brain by preventing the reuptake process so that more serotonin is available to be transmitted to the next neuron. Medication that does this is called an SSRI (selective serotonin reuptake inhibitor). Prozac and Zoloft are two types of SSRI.

GABA and Glutamate

GABA (gamma-aminobutyric acid) is a neurotransmitter that, when released into the synapse, inhibits the action of the next neuron, in particular the release of glutamate (an excitatory neurotransmitter). As a result, you feel more relaxed and confident. GABA is also released when we drink alcohol, and the resulting reduction in the effects of glutamate makes social drinkers feel more relaxed. However, drinking too much alcohol over many years can lead an imbalance in these two chemicals, resulting in alcohol addiction. To increase GABA in the brain is the function of much anti-anxiety medication. It is also used to help those with mood disorders.

Sympathetic and Parasympathetic Nervous Systems

The autonomic nervous system (a branch of the peripheral nervous system) contains the sympathetic and parasympathetic systems. These systems receive information from your senses and decide, largely unconsciously, how your body should respond. Whether your heart rate and respiration increase or decrease is controlled by these systems. If you perceive a dangerous or stressful situation, the sympathetic nervous system activates and readies many parts of your body for the threat. Once the threat is past, the parasympathetic system activates to bring your breathing and heart rate down, as well as modifying other bodily functions. Disorders in these systems are implicated in cases of depression, anxiety and alcohol abuse.

Brain Lobes

No doubt you’ve seen pictures of the human brain. It may look as though there are only two sections – right and left – but there are actually four lobes. The front part, above your eyes and extending back a little, is the frontal lobe, and this is the part where your higher-order thinking occurs. The back part is the occipital lobe, where visual information is processed. In the middle is the parietal lobe, which processes touch, and behind your ears is the part that processes auditory input, the temporal lobe.

Amygdalae

The amygdalae are often referred to as the ‘emotional centre’ of the mind. When participants in a magnetic resonance imaging (MRI) brain scan are shown images with sad connotations, the amygdalae, two small, almond-shaped structures, show activity. Other emotions, such as anger, fear and depression, appear to be regulated by the amygdalae. These structures are part of the limbic system, which includes the hippocampus, the ‘memory centre’ of the brain. This tight connection between the two may explain why events that cause heightened fear responses are easier to remember than those that have no emotional component. The amygdalae are also active in times of grief.

Hypothalamus

Psychology students often expect to learn about psychological disorders and personality types, but what they find is that they spend a great deal of time learning about the structures of the brain – especially the hypothalamus. Blood-sugar levels are detected in the hypothalamus, along with fat levels in the cells, and when these levels drop, it is the hypothalamus that signals to us that we need to eat. When we are under stress, the hypothalamus secretes corticotrophin-releasing hormone, which causes the adrenal glands to release cortisol. The hypothalamus is also involved in regulating thirst, sexual arousal and sleep patterns.

Hippocampus

The hippocampus (one in each hemisphere of the brain) plays an important role in our ability to remember – especially emotional memories. Henry Molaison, known as patient ‘H.M.’, helped us understand the role of the hippocampus when he had part of his removed in 1953 in an attempt to control his epileptic fits. While the operation had some success in treating the seizures, Molaison lost the ability to form new memories (a condition called anterograde amnesia). He could be introduced to someone, but if that person left the room and came back, he would not remember having met them. However, he could remember events that had happened long before the surgery. Our hippocampi are constantly forming new neurons (neurogenesis) and new connections between neurons when we learn information (semantic memory) or new ways of doing things (procedural memory).

Split Brain

The brain is divided into right and left hemispheres, and the two are connected by a band of fibres called the corpus callosum. For many years researchers have tried to discover whether the hemispheres operate differently. The psychologists Roger Sperry and Michael Gazzaniga conducted Nobel Prize-winning research in the 1950s, extending into the 1990s, on patients who had their corpus callosum cut to reduce the effects of seizures caused by epilepsy. The two researchers presented such patients with words and pictures and found that the left hemisphere was adept with words, while the right hemisphere was quick to identify images. Their research helped scientists better understand how the hemispheres differ in function.

Electroencephalogram (EEG)

Neurons in the brain pass signals from one to the other using an electrochemical process. Those electrical signals can be detected using an EEG, a non-invasive procedure in which small discs are attached all over the patient’s scalp. These discs pick up electrical signals and transmit that information to a computer, which displays waking brain activity as small, regular waves. The test is used to better understand brain seizures brought on by epilepsy, and is also used in cases of head injury and those experiencing sleep problems. It reveals general brain activity but cannot pinpoint exactly which parts of the brain are active.

CT Scan

The Computed Tomography or ‘CT’ scan allows doctors to obtain a picture of the structures of the brain. Patients lie on a slim table and are slowly slid into the middle of a doughnut-shaped machine. During the scan, X-rays are passed through the brain to create a three-dimensional image. The goal is to identify any structural abnormalities such as blood clots and tumours. However, the CT scan has also been used to study psychological disorders such as schizophrenia. It has been found that schizophrenia is related to degeneration in the sylvian fissure, the area that separates the temporal lobe from the frontal and parietal lobes.

MRI and fMRI Scans

MRI (magnetic resonance imaging) scans provide detailed images of brain structures. Patients lie on a table and are placed in a device that contains a very large circular magnet, which creates a strong magnetic field around the patient. Disruptions in that
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