Chapter 2: The Biology of Mind

The Nervous System:

· Central Nervous System (CNS)
· The body’s decision maker.
· Consists of the brain and spinal cord.
· Peripheral Nervous System (PNS)
· Responsible for gathering information.
· Transmits decisions made by the CNS to the rest of the body.
· Nerves
· Electrical cables formed of bundles of axons.
· The link between the CNS and the body’s sensory receptors, muscles, and glands.
· Example: The Optic Nerve
· Bundles a million axons into one single cable which carries the messages that each eye sends to the brain.
· Neurons (Three Types)
· The nervous system has a few million sensory neurons, a few million motor neurons, and billions of interneurons.
· Sensory Neurons
· Responsible for carrying messages from the body’s tissues and sensory receptors inward to the spinal cord and brain for processing.
· They are afferent (conducting or conducted inward or toward something).
· Motor Neurons
· Responsible for carrying instructions from the central nervous system (CNS) outward to the body’s muscles and glands.
· They are efferent (conducted or conducting outward or away from something).
· Interneurons
· Information passing from the sensory input to the motor output is processed through the brain’s interneurons.
· Responsible for most of the nervous system’s complex operations.










The Peripheral Nervous System (PNS)

· The PNS consists of two main components:
· The Somatic Nervous System (VOLUNTARY)
· Enables voluntary control of skeletal muscles.
· The Autonomic Nervous System (ANS) (INVOLUNTARY)
· Controls glands and internal organ muscles.
· Responsible for glandular activity, heartbeat, and digestion.
· Typically operates on its own.
· The Autonomic Nervous System (ANS) serves two important functions.
· Sympathetic Nervous System
· Arouses and expends energy.
· Accelerates heartbeat, raises blood pressure, slows digestion, raises blood sugar, activates perspiration, etc.
· Parasympathetic Nervous System
· Conserves energy. Calms the body.
· These two systems work together to keep the body in a steady internal state known as homeostasis.

The Central Nervous System (CNS)

· The Brain
· Enables thinking, feeling, and acting.
· Tens of billions of neurons communicating with thousands of other neurons.
· The brain’s neurons cluster into work groups called neural networks.
· Neurons network with nearby neurons with which they can have short, fast connections.
· Spinal Cord
· Two-way information highway.
· Connects the peripheral nervous system (PNS) and the brain.
· Ascending neural fibers send up sensory information, and descending fibers send back motor-control information.
· The neural pathways governing an individual’s reflexes (the automatic response to stimuli) illustrate the work of the spinal cord.
· Example: The knee-jerk response.
· A simple spinal reflex pathway is composed of a single sensory neuron and a single motor neuron, often communicating through an interneuron.
· Pg. 63 for pain reflex diagram (IMPORTANT)






The Endocrine System

· Interconnected with the nervous system is a second communication system, the Endocrine System.
· This system’s glands secrete another kind of chemical messengers, called hormones.
· These chemical messengers travel through the bloodstream and affect other tissues (including the brain).
· Influence interest in sex, food, aggression, etc.
· Some hormones are chemically identical to neurotransmitters.
· Messages communicated through the endocrine system travel significantly slower than those communicated by the nervous system.
· Endocrine messages tend to outlast the effects of neural messages.
· Example: Upset feelings may linger beyond an individual’s awareness of , the reason, takes time to “simmer down”.
· In a moment of danger, the ANS orders the adrenal glands (located on top of the kidneys) to release epinephrine (adrenaline) and norepinephrine (noradrenaline).
· These hormones increase heart rate, blood pressure, and blood sugar, which provides a large surge of energy.
· After the emergency has passed, these hormones linger.
· The most influential endocrine gland is the pituitary gland (located in the core of the brain).
· Controlled by the adjacent brain region, the hypothalamus.
· Releases the growth hormone responsible for physical development.
· Another is oxytocin, enables contractions during birth, milk flow, orgasms.
· Pituitary secretions also direct other endocrine glands to release their hormones. This makes the pituitary gland the master gland (whose own master is the hypothalamus).














The Tools of Discovery: Having Our Heads Examined

· Neuroscientists have developed a number of strategies and tools for studying brain patterns and behaviour.
· Scientists can selectively lesion (destroy) tiny clusters of brain cells, while leaving the surrounding tissue unharmed.
· Studies have shown that damage in one area may produce entirely opposite effects to damage in another area. Example: Reduces eating to the point of starvation vs. Overeating. 
· Neuroscientists can stimulate various brain parts.
· Electrically
· Chemically
· Magnetically
· Electroencephalogram (EEG)
· An amplified readout of the electrical activity in the brain.
· Billions of neurons sweep in regular waves across the brain’s surface, an EEG helps to produce an accurate look at these waves.
· Waves are record the brain waves through a shower-cap-like hat that is filled with electrodes covered with a conductive gel.
· Positron Emission Tomography (PET)
· Depicts brain activity by showing each brain area’s consumption of its chemical fuel, the sugar glucose. 
· Neurons at work are chemical hogs.
· Patient receives temporarily radioactive glucose, the PET-scan tracks the gamma-rays.
· PET-scan “hot spots” show the most active brain areas as the person does mathematical calculations, looks at images of faces, or daydreams.
· Magnetic Resonance Imaging (MRI)
· Patient’s head is put in a strong magnetic field, aligns the spinning atoms of brain molecules. 
· A radio-wave pulse then temporarily disorients these atoms.
· When the atoms return to their normal spin, they emit signals that provide a detailed picture of soft tissues, which includes the rain.
· Functional MRI (fMRI)
· Reveals the brain’s functioning as well as his structure.
· Wherever the brain is especially active is where blood is directed.
· By comparing successive MRI scans, researchers can watch as specific brain areas activate (showing an increase in oxygen-laden blood flow).
· Example: As an individual looks at a scene, the fMRI machine detects blood rushing to the back of the brain (responsible for processing visual information).



Older Brain Structures

· The Brainstem
· Oldest and innermost region of the brain.
· Responsible for automatic survival functions.
· Begins where the spinal cord swells slightly after entering the skull.
· This slight swelling is known as the medulla (controls heartbeat and breathing).
· Above the medulla is the pons (helps coordinate movement and control sleep).
· The Thalamus
· Sits atop the brainstem.
· The brain’s sensory control center.
· Receives information from all senses (EXCEPT FOR SMELL), and then routes it to the higher brain regions that deal with those senses (sight, sound, taste, touch)
· Also receives some of the higher brain’s replies, which it then directs to the medulla and the cerebellum.
· It is essentially the hub which traffic passes through en-route to various destinations.
· The Reticular Formation
· Reticular = “net-like”
· A neuron network extending from the spinal cord right up through the thalamus.
· As the spinal cord’s sensory input flows up through the thalamus, some of it travels through the reticular formation.
· Responsible for filtering incoming stimuli, relays important information to other brain areas, and controls arousal.
· The Cerebellum
· Cerebellum = “little brain”
· Extends from the rear of the brainstem.
· Enables non-verbal learning and skill memory.
· Helps judge time, modulate our emotions, and discriminate sounds and textures.
· (With help from the pons) coordinates voluntary movement.
· A damaged cerebellum would result in difficulty walking, keeping balance, shaking hands, etc.









· The Limbic System
· Lies between the oldest and newest brain areas.
· Contains the amygdala, the hypothalamus, and the hippocampus.
· Linked to emotions such as fear and anger, and basic motives such as those for food and sex.
· Hippocampus
· Processes conscious, explicit memories.
· Those who lose their hippocampus lose their ability to form new memories of facts and events.
· The Amygdala
· Two neural clusters linked to aggression and fear. 
· Electric stimulation of the amygdala provokes angry reactions, which activates the sympathetic nervous system (responsible for arousal).
· The Hypothalamus
· Hypo = “just below”
· Responsible for body maintenance
· Neural clusters in the hypothalamus influence hunger, regulate thirst, body temperature, and sexual behaviour.
· Together, they help to maintain homeostasis.
· The hypothalamus is always monitoring the body, ready to secrete certain hormones depending on the signals that it picks up from the brain.
· These hormones will in turn trigger the adjacent “master gland” of the endocrine system, the pituitary gland, to influence the body’s sex glands to release their hormones.
· The Point to Remember: The brain influences the endocrine system, which in turn influences the brain. The nervous and endocrine systems frequently work together, and are closely related.
· The hypothalamus is also responsible for “pleasure” or “reward” centers.
· Some researchers believe that addictive disorders (substance use, gambling, binge eating, etc.) stem from malfunctions in natural brain systems for pleasure.
· Otherwise known as reward deficiency syndrome.
