Brain and Nervous System
Gleitman et al. (2011), Chapter 3, Part 3

Mike D'Zmura

Department of Cognitive Sciences, UCI

Psych 9A / Psy Beh 11A
January 28, 2014



Parts of the Nervous System

e Central nervous system (CNS)—brain and spinal cord

e Peripheral nervous system (PNS)—includes both efferent and
afferent nerves
e The PNS is divided into the somatic nervous system and
the autonomic nervous system.
e The autonomic nervous system has both sympathetic and
parasympathetic components
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A schematic of the somatic nervous system
(SNS), which provides conscious and sub-
conscious control over skeletal muscles
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3.25 Principal parts of the nervous system
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3.26 Sympathetic and parasympathetic systems
Parasympathetic – SLUDD – salivation, lacrimation, urination, digestion, defecation
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3.26 Sympathetic and parasympathetic systems
Parasympathetic – SLUDD – salivation, lacrimation, urination, digestion, defecation
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3.26 Sympathetic and parasympathetic systems
Parasympathetic – SLUDD – salivation, lacrimation, urination, digestion, defecation
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3.26 Sympathetic and parasympathetic systems
Parasympathetic – SLUDD – salivation, lacrimation, urination, digestion, defecation
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 Within the central nervous system (CNS), the brain can be divided into several large structures. 
 The brain stem, medulla, and pons control key life-sustaining functions, while the cerebellum is involved in movement and sensory integration. 
 The midbrain and thalamus relay and process sensory information and perform early regulatory functions. 
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The Cortex

 The outer surface of forebrain is the cerebral cortex.
 The cortex is a large, thin sheet of tissue crumpled inside the skull.
e Some of the convolutions divide the brain into sections:
* The frontal lobes, the parietal lobes, the occipital lobes, and the
temporal lobes

Central fissure
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The cerebral cortex, whose structures contribute to complex intelligent functions; the forebrain, located underneath the cortex, includes key structures involved in memory and emotion, like the hypothalamus, amygdala, and hippocampus.
 The cortex is divided into the frontal, parietal, temporal, and occipital lobes. 
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The cerebral cortex, whose structures contribute to complex intelligent functions; the forebrain, located underneath the cortex, includes key structures involved in memory and emotion, like the hypothalamus, amygdala, and hippocampus.
 The cortex is divided into the frontal, parietal, temporal, and occipital lobes. 
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The cerebral cortex, whose structures contribute to complex intelligent functions; the forebrain, located underneath the cortex, includes key structures involved in memory and emotion, like the hypothalamus, amygdala, and hippocampus.
 The cortex is divided into the frontal, parietal, temporal, and occipital lobes. 



The Cortex

e The temporal lobes
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The cerebral cortex, whose structures contribute to complex intelligent functions; the forebrain, located underneath the cortex, includes key structures involved in memory and emotion, like the hypothalamus, amygdala, and hippocampus.
 The cortex is divided into the frontal, parietal, temporal, and occipital lobes. 
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The cerebral cortex, whose structures contribute to complex intelligent functions; the forebrain, located underneath the cortex, includes key structures involved in memory and emotion, like the hypothalamus, amygdala, and hippocampus.
 The cortex is divided into the frontal, parietal, temporal, and occipital lobes. 
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The cerebral cortex, whose structures contribute to complex intelligent functions; the forebrain, located underneath the cortex, includes key structures involved in memory and emotion, like the hypothalamus, amygdala, and hippocampus.
 The cortex is divided into the frontal, parietal, temporal, and occipital lobes. 
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The cerebral cortex, whose structures contribute to complex intelligent functions; the forebrain, located underneath the cortex, includes key structures involved in memory and emotion, like the hypothalamus, amygdala, and hippocampus.
 The cortex is divided into the frontal, parietal, temporal, and occipital lobes. 
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The cerebral cortex, whose structures contribute to complex intelligent functions; the forebrain, located underneath the cortex, includes key structures involved in memory and emotion, like the hypothalamus, amygdala, and hippocampus.
 The cortex is divided into the frontal, parietal, temporal, and occipital lobes. 
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The cerebral cortex, whose structures contribute to complex intelligent functions; the forebrain, located underneath the cortex, includes key structures involved in memory and emotion, like the hypothalamus, amygdala, and hippocampus.
 The cortex is divided into the frontal, parietal, temporal, and occipital lobes. 
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The cerebral cortex, whose structures contribute to complex intelligent functions; the forebrain, located underneath the cortex, includes key structures involved in memory and emotion, like the hypothalamus, amygdala, and hippocampus.
 The cortex is divided into the frontal, parietal, temporal, and occipital lobes. 
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The cerebral cortex, whose structures contribute to complex intelligent functions; the forebrain, located underneath the cortex, includes key structures involved in memory and emotion, like the hypothalamus, amygdala, and hippocampus.
 The cortex is divided into the frontal, parietal, temporal, and occipital lobes. 



Subcortical structures are also important
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3.29 The limbic system The limbic system is made up of a number of subcortical structures.


Subcortical structures are also important

e The hippocampus plays a key role in long-term memory formation as well
as in spatial navigation
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3.29 The limbic system The limbic system is made up of a number of subcortical structures.


Subcortical structures are also important

 The hypothalamus plays a key role in motivated behaviors (eating, drinking,
sexual activity)
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3.29 The limbic system The limbic system is made up of a number of subcortical structures.


Subcortical structures are also important

e The amygdala plays an important role in emotional reactions and helps in
stimulus evaluation, learning
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3.29 The limbic system The limbic system is made up of a number of subcortical structures.


Left and Right Hemispheres

e The brain is roughly symmetrical
around the midline.

* Most brain areas come in pairs:
* One on the left side
* One on the right side
e There are many axons that cross the
midline, connecting neurons on left
and right sides via commissures
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 The longitudinal fissure of the cerebral cortex divides the brain into the left and right hemispheres, which are more or less symmetrical. 




Left and Right Hemispheres

The brain is roughly symmetrical
around the midline.
Most brain areas come in pairs:

* One on the left side

* One on the right side
There are many axons that cross the
midline, connecting neurons on left
and right sides via commissures
The corpus callosum is a large
bundle of axons crossing the
midline and connecting the two
hemispheres
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 The longitudinal fissure of the cerebral cortex divides the brain into the left and right hemispheres, which are more or less symmetrical. 
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 The longitudinal fissure of the cerebral cortex divides the brain into the left and right hemispheres, which are more or less symmetrical. 




Left and Right Hemispheres

The left and right structures are generally similar.
The two halves of the brain work as an integrated whole.

Important fact. On the whole, the right side of the brain processes
sensory information from the left side of the body and issues motor
commands to the left side of the body. Likewise, the left side of the brain
processes sensory information from the right side of the body and issues
motor commands to the right side of the body.

Terminology: ipsilateral (same side) and contralateral (opposite side).
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 There are some anatomical and functional differences, though, between the two halves of the brain, and research demonstrates that each hemisphere has specialized capacities (e.g., for language, spatial tasks, and facial recognition). 
 The two hemispheres of the brain work closely together for most processes, communicating information back and forth via commissures, including the corpus callosum.



Sperry’s Split Brain Patients

Sever the corpus callosum surgically in an attempt stop epileptic activity.
Severing communication can reveal the ways in which the two
hemispheres differ.

Nobel prize for studies of the effects on information processing among
such patients.

When a split-brain patient is asked what The right hemisphere sees the spoon on the screen’s
he sees, the left hemisphere sees the fork  left side, but it cannot verbalize that. However, if the
on the right side of the screen and can patient reaches with his left hand to pick up the
verbalize that. object, he does select the spoon.

Psychology, 8/e Figure 3.31
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3.31 The split-brain patient In this experiment, the patient is shown two pictures, one of a spoon and one of a fork. If asked what he sees, his response is controlled by the left hemisphere, which has seen only the fork (because it’s in the right visual field). If asked to pick up the object shown in the picture, however, the patient—reaching with his left hand— picks up the spoon. That happens because the left hand is controlled by the right hemisphere, and this hemisphere receives visual information from the left-hand side of the visual world.
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 The primary sensory and motor projection areas serve as receiving stations for sensory impulses and as dispatching centers for motor commands. 


Cerebral Cortex

e localization of function:
e Determining the function of each brain area

e Some parts serve as projection areas:
e The first receiving stations for information coming from the sense

organs
e primary visual cortex, area V1
e primary auditory cortex, area Al
e primary somatosensory cortex, area S1

e Departure points for signals going to the muscles (e.g. primary motor
cortex, area M1)
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 The primary sensory and motor projection areas serve as receiving stations for sensory impulses and as dispatching centers for motor commands. 
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 The primary sensory and motor projection areas serve as receiving stations for sensory impulses and as dispatching centers for motor commands. 
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 The primary sensory and motor projection areas serve as receiving stations for sensory impulses and as dispatching centers for motor commands. 
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The areas of cortex pictured are on the left hemisphere. These neurons are
primarily responsible for processing information from and controlling movement
on the right side of the body.
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3.33 The primary motor and somatosensory projection areas The primary motor projection area is located at the rearmost edge of the frontal lobe, and each region within this projection area controls the motion of a specific body part, as illustrated on the top left. The primary somatosensory projection area, receiving information from the skin, is at the forward edge of the parietal lobe; each region within this area receives input from a specific body part. The primary projection areas for vision and hearing are located in the occipital and temporal lobes, respectively. These two areas are also organized systematically. For example, in the visual projection area, adjacent areas of the brain receive visual inputs that come from adjacent areas in visual space.


Cortical Somatosensory Representation

Most projection areas lie on the
side of the brain opposite to that
side sensed or controlled.
Adjacent sites in the brain usually
represent adjacent parts of the
body (for somatosensation).
Assignment of space is

disproportionate:

e For touch, the parts of the body that
are most sensitive to touch receive
the most space.

Somatosensory Homunculus
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 In each area, a specific region of the cortex corresponds to a specific region of the body. 
 Both areas demonstrate contralateral control: the left hemisphere controls the right side of the body and receives sensory input from the right side of the body, and vice versa. 
 The somatosensory and motor areas devote the most cortical space to those parts of the body that require the most precision or sensitivity. 
 The visual cortex and auditory cortex are organized topographically; adjacent areas in the visual cortex represent adjacent areas in visual space, and the auditory cortex is organized by pitch.



Cortical Damage

Much of what we know about the cortex comes from studying
brain damage.

Damage at identifiable sites can produce:

Apraxias (disorders in action — frontal lobe damage)

Agnosias (inability to recognize objects and their properties — occipital,
parietal, temporal cortex damage)

Prosopagnosia (inability to recognize faces)

Aphasias (disorders of language — Broca’ s and Wernicke' s areas)

Disorders of planning or social cognition (prefrontal cortex — like
Phineas Gage)
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Presentation Notes
 Apraxias, disturbances in organizing or initiating actions, result from some lesions to the frontal lobe. 
 Damage to the occipital-parietal region can result in agnosia, the inability to recognize objects, or (with some parietal and temporal damage) prosopagnosia, the inability to recognize faces. 
 Right hemisphere parietal damage can lead to neglect syndrome, a systematic neglect of the left side of the visual field. 
 Damage to Broca’s area leads to nonfluent aphasia, while damage to Wernicke’s area leads to fluent aphasia. 
 Damage to the prefrontal area (as in the case of Phineas Gage) leads to a loss of executive control, response inhibition, and decision making.


Right hemisphere
parietal damage can
lead to neglect
syndrome, a
systematic neglect of
the left side of the
visual field.
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M. R. Rosenzweig and A. L. Leiman Physiological Psychology, 2e (McGraw-Hill, 1991)

3.35 Neglect syndrome A patient with damage to the right parietal cortex was asked to draw a typical clock face. In his drawing, the patient seemed unaware of the left side, but he still recalled that all 12 numbers had to be displayed. The drawing shows how he resolved this dilemma.


Damage to Broca’ s and/or Wernicke’ s areas can cause aphasia. For right-handed
people, these sensitive areas are located on the brain’ s left hemisphere.

Broca’ s area: helps to convert phonemic information into motor commands and lies
close to motor areas controlling the vocal articulature

Wernicke’ s area: plays a central role in speech comprehension and is located close to
areas involved in hearing (audition)

Wernicke’s area
(A) (B)

Psychology, 8/e Figure 3.36
© 2011 W.W. Norton & Company, Inc.
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Nature Reviews Neuroscience, 5 (October 2004): 812–819
3.36 Areas of the brain crucial for language (A) Many sites in the brain play a key role in the production and comprehension of language. In right-handed people, these sites are located in the left hemisphere, generally at the lower edge of the frontal lobe and the upper edge of the temporal lobe. Broca’s area, long thought to play a central role in speech production, is located near the areas that control speech muscles; Wernicke’s area, which plays a central role in our comprehension of speech, is near other areas that play a key part in audition. (B) This photo shows the brain of Broca’s actual patient, preserved from the nineteenth century.


Plasticity

The nervous system is plastic—subject to alteration in the way it functions, such
as:

e Changes in how much neurotransmitter a presynaptic neuron releases

e Changes in neuron sensitivity to neurotransmitters

e Creating new connections by growing new dendritic spines
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- Important for learning


Plasticity

Plasticity can involve larger-scale changes:
e Changes in the brain’ s overall architecture
e Example: occipital cortical neurons, specializing normally for visual
stimulation, can become sensitive to auditory and somatosensory
stimulation in people blind since birth
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Presentation Notes
 On a larger scale, whole regions of the cortex can be reorganized with experience; for example, musicians who require sensitivity and skill in their fingers have more cortical area devoted to representing information about the fingers. 
 Similarly, individuals who are blind can show visual cortex activation to somatosensory tasks, suggesting that even specialized parts of the cortex can take on new roles. 
 Finally, evidence suggests that neurogenesis in response to learning continues throughout life, although the central nervous system does not appear to be able to grow new neurons to replace neurons damaged through injury. 
 Controversial research that induces stem cells to turn into healthy neurons, however, may lead to successful therapies for injuries and diseases of the nervous system.



Blind people use
visual cortex to
process verbal
information

(Sadato et al., 1996)
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Deaf people use
auditory cortex to
process visual
information

(Finney et al., 2001,
moving dot stimuli)
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Plasticity

e Plasticity can involve larger-scale changes:

e Changes in the brain’ s overall architecture

e Example: occipital cortical neurons, specializing normally for visual
stimulation, can become sensitive to auditory and somatosensory
stimulation in people blind since birth

e The central nervous system can grow new neurons:
e But appears unable to do so with cortical injury

e This promotes stability in the brain’ s connections but is an obstacle to
recovery from brain damage.

e There is tremendous work on promoting nervous system
plasticity and recovery from lesions (for example, spinal cord
lesions).
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 On a larger scale, whole regions of the cortex can be reorganized with experience; for example, musicians who require sensitivity and skill in their fingers have more cortical area devoted to representing information about the fingers. 
 Similarly, individuals who are blind can show visual cortex activation to somatosensory tasks, suggesting that even specialized parts of the cortex can take on new roles. 
 Finally, evidence suggests that neurogenesis in response to learning continues throughout life, although the central nervous system does not appear to be able to grow new neurons to replace neurons damaged through injury. 
 Controversial research that induces stem cells to turn into healthy neurons, however, may lead to successful therapies for injuries and diseases of the nervous system.
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