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The limbic system is composed of several

structures in the brain because they are

located near the medial edge or fringe

("limbus" in Latin) of the cerebral cortex.

These structures have evolved from a system

devoted mainly to olfaction in simpler animals

to perform diverse functions, including

regulation of your emotions, memory,

appetite drives, and anautonomic and

neuroendocrine control.

The limbic system includes certain cortical

areas located in the medial and anterior

temporal lobes, the anterior insula, inferior

medial frontal lobes, and the cingulate

gyrus. It also includes deeper structures such

as the hippocampal formation and the

amygdale located in the medial temporal

lobes, several nuclei in the medial thalamus,

hypothalamus, basal ganglia, septal area, and

brainstem.

Thalamus ("Sensory Relay Station") 

Amygdala ("Aggression Center") 

Hippocampus (Memory Formation) 

Hypothalamus (Regulates Temperature, Hunger, Activity of ANS, 

hormone release via pituitary, site of "pleasure center" ) 



Lesions in the limbic system can cause deficits in the consolidation of immediate recall into long term

memories. Thus, patients with lesions in these areas may have no trouble recalling remote events, but

they might have difficulty forming new memories.

In addition, limbic dysfunction can cause behavioral changes that may underlie a number of psychiatric

disorders.

Finally, epileptic seizures most commonly arise from the limbic structures of the medial temporal lobe,

resulting in seizures that may begin with emotions such as fear, memory distortions such as déjà vu, or

olfactory hallucinations.



The limbic system, often referred to as the “emotional brain”, is found buried within the cerebrum. Like the

cerebellum, evolutionarily the structure is rather old.

This system contains the thalamus, hypothalamus, amygdala, and hippocampus. Here is a visual

representation of this system, from a midsagittal view of the human brain:

Thalamus

Thalamus - a large mass of gray matter deeply situated in the forebrain at the topmost portion of the

diencephalon. The structure has sensory and motor functions. Almost all sensory information enters this

structure where neurons send that information to the overlying cortex. Axons from every sensory system

(except olfaction) synapse here as the last relay site before the information reaches the cerebral cortex.

Hypothalamus

Hypothalamus - part of the diencephalon, ventral to the thalamus. The structure is involved in functions

including homeostasis, emotion, thirst, hunger, circadian rhythms, and control of the autonomic nervous

system. In addition, it controls the pituitary.

Amygdala

Amygdala - part of the telencephalon, located in the temporal lobe; involved in memory, emotion, and fear.

The amygdala is both large and just beneath the surface of the front, medial part of the temporal lobe

where it causes the bulge on the surface called the uncus. This is a component of the limbic system.

Hippocampus

Hippocampus - the portion of the cerebral hemisphers in basal medial part of the temporal lobe. This part

of the brain is important for learning and memory . . . for converting short term memory to more permanent

memory, and for recalling spatial relationships in the world about us

DIENCEPHALON



The diencephalon contains two major subdivisions:

thalamus and the hypothalamus...

Thalamus is an essential link in the transfer of sensory

information (other than olfactory) from receptors in the

periphery to sensory processing regions in the cerebral

hemispheres.

Thalamus is NOT just a relay station – it has recently

been shown that thalamus also acts as a gating and

modulatory component of the brain.

Thalamus determines whether sensory information

reaches the conscious awareness in the neocortex

or not.

Thalamus also participates in integrating motor information from the cerebellum and basal ganglia and

transmitting this information to the regions of the cerebral hemispheres associated with motor function.



As just mentioned, the thalamus is a structure that is

located above the brainstem and it ıs generally viewed

as (an actively involved) relay station for nearly all

messages that travel from the cerebral cortex to the

rest of the body/brain and vice versa.

As such, problems within the thalamus can cause

significant symptoms with regard to a variety of

functions, including movement, sensation, and

coordination.

The thalamus also functions as an important

component of the pathways within the brain that control

pain sensation, attention, and wakefulness

Thalamus ("Sensory Relay Station") 

Amygdala ("Aggression Center") 

Hippocampus (Memory Formation) 

Hypothalamus (Regulates Temperature, Hunger, Activity of ANS, 

hormone release via pituitary, site of "pleasure center" ) 



The basal ganglia (among the subcortical regions of the brain) are clusters of nerve cells around the

thalamus which are heavily connected to the cells of the cerebral cortex.

The basal ganglia are associated with a variety of functions, including voluntary movement, procedural

learning, eye movements, and cognitive/emotional functions. Neurons in the basal ganglia regulate

movement and also contribute to certain cognitive functions such as learning of skills.

They receive information from all parts of the cerebral cortex, but only send information to the

frontal lobe through thalamus.

The various components of the basal ganglia include caudate nucleus, putamen, globus pallidus,

substantia nigra, and subthalamic nucleus. Diseases affecting these parts can cause a number of

neurological conditions, including Parkinson's disease and Huntington's disease.



Caudate Nucleus

While the caudate nucleus constitutes a system that is

responsible largely for voluntary movement,....

.... it also plays a vital role in how the brain learns. As

such, it also plays a highly important role in storing

memories.

It works as a feedback processor, and this is important

to the development and use of language.

Specifically, communication skills are thought to be

more the territory of the left caudate and the thalamus.

.Each of the brain's hemispheres contains a caudate nucleus, and both are located centrally and near the

basal ganglia. They are situated near the thalamus. Each nucleus features a wide head that tapers into a

body and a thin tail. As a whole, it is curved and often resembles the letter "C" in shape.

Dysfunction of a caudate nucleus will cripple some aspects of the brain's functional ability. Some brain

specialists suspect the nucleus may play a role in the development of obsessive compulsive disorder. If

this is true, the nucleus is unable to control the transmission of worrying and concerning impulses between

the thalamus and the orbitofrontal cortex.

The caudate nucleus has also been implicated in responses to visual beauty, and has been suggested as

one of the "neural correlates of romantic love"



Putamen

The putamen is a round structure located at the base

of the forebrain (telencephalon).

The putamen and caudate nucleus together form

the dorsal striatum. It is also one of the structures that

comprises the basal ganglia.

Through various pathways, the putamen is connected

to the substantia nigra and globus pallidus.

The main function of the putamen is to regulate

movements and influence various types of learning.

It employs GABA, acetylcholine, and enkephalin to

perform its functions.

The putamen also plays a role in degenerative

neurological disorders, such as Parkinson's disease.

Recent, tentative studies have suggested that the

putamen may play a role in the so-called

"hate circuit" of the brain.



Globus Pallidus

The globus pallidus (Latin for "pale globe") is a sub-

cortical structure of the brain. It is part of the telencephalon,

but retains close functional ties with the subthalamus - both of

which are part of the extrapyramidal motor system.

The globus pallidus is a major component of the basal

ganglia core along with the striatum and its direct target,

the substantia nigra.

The globus pallidus is a structure in the brain involved in

the regulation of voluntary movement. It is part of the

basal ganglia, which, among many other things, regulate

movements that occur on the subconscious level. If the

globus pallidus is damaged, it can cause movement

disorders.

The globus pallidus is involved in the constant subtle

regulation of movement that allows people to walk, talk, and

engage in a wide variety of other activities with a minimal

level of disruption



Substantia Nigra

The substantia nigra contains two parts:

1) The substantia nigra pars compacta (SNpc) obtains input from the putamen

and caudate, and sends information back. It produces dopamine, which is

crucial for movements. This is the part that degenerates during Parkinson's disease.

2) The substantia nigra pars reticulata (SNpr) also obtains input from the

putamen and caudate. However, it sends the input outside the basal ganglia

to control head and eye movements.
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Experimental Parkinson Model – example: 6-OHDA lesion

http://www.intarchmed.com/content/1/1/2/figure/F3?highres=y

In the 6-OHDA animal model of Parkinson's disease, the nigral dopaminergic neurons are destroyed

unilaterally by means of a stereotactic injection of the toxin, as indicated by the needle.

6-hydroxydopamine (6-OHDA) is a neurotoxic synthetic organic compound used to selectively

destroy dopaminergic and noradrenergic neurons in the brain. 6-OHDA is thought to enter the

neurons via the dopamine and noradrenaline (norepinephrine) reuptake transporters.

Oxidopamine is often used in conjunction with a selective noradrenaline reuptake inhibitor (such as

desipramine) to selectively destroy dopaminergic neurons.

Oxydopamine /

6-hydroxydopamine



Experimental Parkinson Model – example: MPTP model

http://onlinelibrary.wiley.com/doi/10.1111/jnc.12407/abstract

http://www.nature.com/nrn/journal/v4/n5/box/nrn1100_BX2.html

1-methyl-4-phenyl-1,2,3,6-tetrahydropyridin (MPTP) - used as a model of Parkinson's disease;

Acute Levodopa (L-DOPA) – as a treatment of PD

After its systemic administration, MPTP, which is a pro-toxin, rapidly crosses the blood–brain barrier and

is metabolized to 1-methyl-4-phenyl-2,3-dihydropyridinium (MPDP+) by the enzyme monoamine oxidase B

(MAO-B) in non-DA cells, and then, probably by spontaneous oxidation, to 1-methyl-4-phenylpyridinium

(MPP+), the active toxic compound. MPP+ is then taken up by DA transporters, for which it has high

affinity. Once inside DA neurons, MPP+ is concentrated by an active process within the mitochondria, where

it impairs mitochondrial respiration by inhibiting complex I of the electron transport chain. The inhibition

of complex I impedes the flow of electrons along the mitochondrial electron transport chain, resulting in an

increased production of free radicals, which causes oxidative stress and activation of programmed cell

death molecular pathways.



http://www.intechopen.com/books/neurodegenerative-

diseases/astrocytes-role-in-parkinson-a-double-edged-sword

Many molecules are currently used in

cellular and animal models of PD,

including pesticides as paraquat or

rotenone and neurotoxins such as 6-

OHDA and MPP+.

Paraquat, 6-hydroxydopamine (6-

OHDA) and MPP+ easily cross cell

membrane through the dopamine

transporter (DA) thus inducing the

formation of α-synuclein aggregates

and mitochondrial impairment with the

subsequent production of ROS and

quinones.

Compounds, as rotenone, are extremely

hydrophobic and penetrate easily the

cellular membrane of neurons and

astrocytes. Rotenone may promote

processes such as the formation of α-

synuclein aggregates, and the genetic

activation through the nuclear

translocation of NF-κB. Additionally, as

an inhibitor of mitochondrial complex I,

rotenone causes the impairment of ATP,

the generation of ROS and the release

of proapoptotic molecules, such as

cytochrome c that activate caspase 9,

which trigger caspases 3, 6 and 7, and

induce apoptosis.



Subthalamic Nucleus

The function of the STN is unknown, but current theories place it as a component of the basal

ganglia control system that may perform action selection (?).

It is a glutamatergic system and innervates the globus pallidus pars interna and the substantia nigra

pars reticulata.

STN dysfunction has also been shown to increase impulsivity in individuals presented with two

equally rewarding stimuli .... (impulse-shopping center of most women ???)

http://kin450-neurophysiology.wikispaces.com/Basal+Ganglia+II



Thalamus and Hypothalamus



Hypothalamus regulates several behaviours that are

essential for homeostasis as well as reproduction..

It controls growth, eating, drinking, maternal behavior,

by regulating the hormonal secretions of the pituitary

gland.

It is also an essential component of the motivational

system of the brain, initiating and maintaining

behaviors that the organism finds rewarding.

One part of the hypothalamus, called the

Suprachiasmatic Nuclei (SCN), regulates circadian

rhythms, cyclic behaviors that are entrained to the

daily light-dark cycles.

Hypothalamus also controls the Pituitary Gland.

Thalamus ("Sensory Relay Station") 

Amygdala ("Aggression Center") 

Hippocampus (Memory Formation) 

Hypothalamus (Regulates Temperature, Hunger, Activity of ANS, 

hormone release via pituitary, site of "pleasure center" ) 



The pituitary gland (hipofiz bezi) is a small structure that is attached to the base of the brain in an

area called the sella turcica. This gland controls the secretion of several hormones which regulate

growth and development, function of various organs (kidneys, breasts, and uterus), and the function

of other glands (thyroid gland, gonads, and the adrenal glands).



The gland is attached to the hypothalamus by the pituitary stalk, which is composed of

the axons of neurons and the hypophyseal-portal veins. In most species the pituitary gland is divided into

three lobes: the anterior lobe, the intermediate lobe, and the posterior lobe. In humans the intermediate

lobe does not exist as a distinct anatomic structure but rather remains only as cells dispersed within the

anterior lobe.

The posterior lobe is composed of

the endings of nerve cells located

in specialized regions of the

hypothalamus. These nerve cells

produce two

hormones, oxytocin and

vasopressin (antidiuretic

hormone), that are carried down

the nerves and stored in the nerve

endings that compose the posterior

pituitary gland. The hormones are

released into the circulation in

response to nerve signals that

originate in the hypothalamus and

are transmitted to the posterior

pituitary.

Oxytocin causes contraction of

the uterus and milk secretion in

women, and

vasopressin increases

reabsorption of water from

the kidneys and raises blood

pressure.



The pineal gland (epifiz bezi) is an outgrowth from the back portion of the third ventricle, and has some

role in sexual maturation. Studies on rodents suggest that the pineal gland influences the pituitary gland's

secretion of the sex hormones follicle-stimulating hormone (FSH), and luteinizing Hormone (LH). Its shape

resembles a tiny pine cone (hence its name), and it is located in the epithalamus, near the centre of the

brain.

It also produces melatonin, a serotonin derived hormone, that affects the modulation of sleep patterns in

both seasonal and circadian rhythms. Photosensitive cells in the retina detect light and directly signal

the suprachiasmatic nucleus (SCN), entraining its rhythm to the 24-hour cycle in nature. Fibers project from

the SCN to the paraventricular nuclei (PVN), which relay the circadian signals to the spinal cord and out via

the sympathetic system to superior cervical ganglia (SCG), and from there into the pineal gland.

SCN



The limbic system, often referred to as the “emotional brain”, is found buried within the cerebrum. Like the

cerebellum, evolutionarily the structure is rather old.

This system contains the thalamus, hypothalamus, amygdala, and hippocampus. Here is a visual

representation of this system, from a midsagittal view of the human brain:

Thalamus

Thalamus - a large mass of gray matter deeply situated in the forebrain at the topmost portion of the

diencephalon. The structure has sensory and motor functions. Almost all sensory information enters this

structure where neurons send that information to the overlying cortex. Axons from every sensory system

(except olfaction) synapse here as the last relay site before the information reaches the cerebral cortex.

Hypothalamus

Hypothalamus - part of the diencephalon, ventral to the thalamus. The structure is involved in functions

including homeostasis, emotion, thirst, hunger, circadian rhythms, and control of the autonomic nervous

system. In addition, it controls the pituitary.

Amygdala

Amygdala - part of the telencephalon, located in the temporal lobe; involved in memory, emotion, and fear.

The amygdala is both large and just beneath the surface of the front, medial part of the temporal lobe

where it causes the bulge on the surface called the uncus. This is a component of the limbic system.

Hippocampus

Hippocampus - the portion of the cerebral hemispheres in basal medial part of the temporal lobe. This part

of the brain is important for learning and memory . . . for converting short term memory to more permanent

memory, and for recalling spatial relationships in the world about us



Cajal’s drawing of hippocampus

The hippocampus and the associated cortical regions are

responsible for long-term memories of our daily experiences.

However, the hippocampus is not the permanent site for

memory storage.

Damage to the hippocampus results in patients with

problems in forming new memories, without any impairment

of old memories.

In Alzheimer's disease, the hippocampus becomes one of

the first regions of the brain to suffer damage; memory

problems and disorientation appear among the first

symptoms.

http://upload.wikimedia.org/wikipedia/en/3/3b/CajalHippocampus.jpeg
http://upload.wikimedia.org/wikipedia/en/3/3b/CajalHippocampus.jpeg


Although there is a lack of consensus relating to terms describing the hippocampus and the adjacent

cerebral cortex, the term hippocampal formation generally applies to the dentate gyrus, the Cornu

Ammonis fields CA1-CA3 (and CA4, frequently called the hilus and considered part of the dentate

gyrus), and the subiculum.

The CA1, CA2 and CA3 fields make up the hippocampus proper.

Information flow through the hippocampus proceeds from the dentate gyrus to CA3 to CA1 to the

subiculum, with additional input information at each stage and outputs at each of the two final stages.

CA2 represents only a very small portion of the hippocampus and its presence is often ignored in

accounts of hippocampal function, though it is notable that this small region seems unusually

resistant to conditions that usually cause large amounts of cellular damage, such as epilepsy.

http://en.wikipedia.org/wiki/Image:HippocampalRegions.jpg
http://en.wikipedia.org/wiki/Image:HippocampalRegions.jpg


The limbic system, often referred to as the “emotional brain”, is found buried within the cerebrum. Like the

cerebellum, evolutionarily the structure is rather old.

This system contains the thalamus, hypothalamus, amygdala, and hippocampus. Here is a visual

representation of this system, from a midsagittal view of the human brain:

Thalamus

Thalamus - a large mass of gray matter deeply situated in the forebrain at the topmost portion of the

diencephalon. The structure has sensory and motor functions. Almost all sensory information enters this

structure where neurons send that information to the overlying cortex. Axons from every sensory system

(except olfaction) synapse here as the last relay site before the information reaches the cerebral cortex.

Hypothalamus

Hypothalamus - part of the diencephalon, ventral to the thalamus. The structure is involved in functions

including homeostasis, emotion, thirst, hunger, circadian rhythms, and control of the autonomic nervous

system. In addition, it controls the pituitary.

Amygdala

Amygdala - part of the telencephalon, located in the temporal lobe; involved in memory, emotion, and fear.

The amygdala is both large and just beneath the surface of the front, medial part of the temporal lobe

where it causes the bulge on the surface called the uncus. This is a component of the limbic system.

Hippocampus

Hippocampus - the portion of the cerebral hemispheres in basal medial part of the temporal lobe. This part

of the brain is important for learning and memory . . . for converting short term memory to more permanent

memory, and for recalling spatial relationships in the world about us



Amygdala lies rostral to the hippocampus and is involved in analyzing the emotional and motivational

significance of sensory stimuli and in coordinating the actions of many brain systems to allow an

individual to make an appropriate response.

The amygdala receives input directly from the major sensory systems – and then projects back to the

neocortex, basal ganglia, the hippocampus, and other subcortical structures such as the hypothalamus.

It projects to the brainstem and can thus modulate somatic PNS, and coordinate the body’s responses to

a given situation – responses to danger such as heart rate and respiration are controlled through the

amygdala.



BRAIN – CEREBRAL HEMISPHERES 



Brain – Cerebral Hemispheres 

The cerebrum is the largest part of the brain and controls voluntary actions, speech, thought, and memory.

The surface of the cerebral cortex has grooves or infoldings, the largest of which are termed fissures. Some fissures

separate lobes.

The cerebrum is divided into 2 halves, known as the right and left hemispheres.

The right hemisphere controls voluntary limb movements on the left side of the body, and

the left hemisphere controls voluntary limb movements on the right side of the body.

Almost every person has one dominant hemisphere.

Each hemisphere is divided into 4 lobes, or areas, which are interconnected.



A mass of fibers called the corpus callosum links the hemispheres. 



FUNCTIONAL SYSTEMS OF THE HEMISPHERES CONTROL THE OPPOSITE SIDES

Most neural pathways are bilaterally symmetrical and cross over to the other hemisphere of the brain or the

other side of the spinal cord…

Thus, sensory and motor activities on one side of the body are mediated by the hemisphere on the opposite

side.

These crossings are called decussations.



EACH FUNCTIONAL SYSTEM INVOLVES SEVERAL BRAIN REGIONS…. 

The functional systems in the brain feed into each other:

In some sensory systems,

receptors in the periphery may project to one or more

regions in the spinal cord, brain stem and thalamus….

...the thalamus projects into the primary sensory

cortices…..

...these in turn project into other regions of the cerebral

cortex.

The components of the functional systems are called relays,

although these systems do not simply relay the information,

but also modify it through integration of the multitude of

synaptic inputs before relaying into the next level…..

http://www.cochlea.eu/en/auditory-brain



EACH FUNCTIONAL SYSTEM INVOLVES SEVERAL BRAIN REGIONS…. 

Usually, the neurons in information processing can be classified into 2 groups:

1- projection (or principal) neurons

2- local interneurons

Projection neurons convey the information over large distances, from one region of the brain to

another and are often excitatory…

Local interneurons may have synaptic input from the same source as principal neurons, but they only

convey the information locally and are often inhibitory…

Example:



http://www.nature.com/nrn/journal/v14/n9/fig_tab/nrn3381_F2.html

Example:

A close-up view detailing the

presynaptic inputs onto D1- and D2-

type GABAergic medium spiny

neurons (MSNs) and onto several types

of interneurons within the nucleus

accumbens (NAc).

(Orexin, also called hypocretin, is

a neurotransmitter that

regulates arousal, wakefulness,

and appetite.

The most common form of narcolepsy, in

which the sufferer briefly loses muscle

tone (cataplexy), is caused by a lack of

orexin in the brain due to destruction of

the cells that produce it.

The brain contains very few cells that

produce orexin; in a human brain, about

10,000 to 20,000 neurons in the

hypothalamus. However, the axons from

these neurons extend throughout the

entire brain and spinal cord, where there

are also receptors for orexin)



Pathways link components of a functional system…..

Axons leaving one component of a functional system are often bundled together –

And their location is more or less similar in different brain samples….

These pathways are readily observable by the naked eye…

Example:



http://thebrain.mcgill.ca/flash/a/a_03/a_03_cl/a_03_cl_dou/a_03_cl_dou.html

Example:

pathways linking brain to the rest of the

body

pathways linking parts of the brain



CEREBRAL CORTEX



The cortex, also called gray matter, is the most external layer of the brain and predominantly contains neuronal 

bodies (the part of the neurons where the DNA-containing cell nucleus is located). 

The gray matter participates actively in the storage and processing of information. An isolated clump of nerve 

cell bodies in the gray matter is termed a nucleus (to be differentiated from a cell nucleus). The cells in the gray 

matter extend their projections to other areas of the brain. 

Cortex Is Concerned with Cognitive Functioning

The cerebral cortex is highly convoluted, including grooves

(sulci) that separate elevated regions (gyri) – which is likely to

have resulted through a need for increased number of neurons

during evolution…..

The thickness of the cortex is pretty much similar across

species – however the surface area can change substantially.

Cortex is organized into different functional layers, and is

important for information processing…



Cortical areas receive their names according to their general function or lobe name:

If in charge of motor function, the area is called motor cortex.

If in charge of sensory function, the area is called a sensory (or somesthetic) cortex.

The visual cortex is located in the occipital lobe (also termed occipital cortex) and receives visual input.

The auditory cortex, localized in the temporal lobe, processes sounds or verbal input.

Knowledge of the anatomical projection of fibers of the different tracts and the relative representation of body

regions in the cortex often enables doctors to correctly locate an injury and its relative size, sometimes with

great precision.



Brain Topography

Organization of most sensory systems is represented topographically on the brain…..

Neighboring groups of cells in the retina, for instance, project into neighboring groups of cells in the visual

portion of thalamus…….

… which in turn project into neighboring regions of the visual cortex…(TO BE DISCUSSED)

These neural maps not only reflect the position of the receptors, but also their density.

For instance in the retina, the fovea has the highest density of receptors – and as such, the area in the

visual cortex devoted to information from fovea is greater than the rest of the receptors in the retina….



Motor map (or motor homonculus), like the

sensory map (or the sensory homonculus), does

not represent every part of the body equally – the

extent of representation reflects the density of

innervation of that particular part, and therefore

reflects on the fineness of control required for

movements of that body part….



The frontal lobes are located in the front of the brain and are responsible for voluntary movement and, via

their connections with other lobes, participate in the execution of sequential tasks; speech output;

organizational skills; and certain aspects of behavior, mood, and memory.

The parietal lobes are located behind the frontal lobes and in front of the occipital lobes. They process

sensory information such as temperature, pain, taste, and touch. In addition, the processing includes

information about numbers, attentiveness to the position of one’s body parts, the space around one’s body,

and one's relationship to this space.

The temporal lobes are located on each side of the brain. They process memory and auditory (hearing)

information and speech and language functions.

The occipital lobes are located at the back of the brain. They receive and process visual information.



Hierarchical Organization of Information Processing

In most brain systems, information processing is organized hierarchically – for example, in the visual system,

the Lateral Geniculate Nucleus (LGN, within the thalamus) is responsive to a spot of light in a particular

region of the visual field.

The axons of several adjacent thalamic neurons converge on cells in the primary visual cortex, where each

cell fires only when a particular arrangement of presynaptic cells is active (such as when the eye perceives a

single bar of light in a given orientation)



Layers of the Cerebral Cortex

Approximately 75-85% of the neurons in the neocortex

are pyramidal cells (pyramid-shaped), characterized by

a broad base at the bottom, and an apex that points

upwards to the cortical surface. The neurotransmitter of

pyramidal neurons is glutamate, which is excitatory.

Most of the axons in the neocortex connect pyramidal

neurons with other pyramidal neurons. A large pyramidal

neuron may have 20,000 synapses (the average

neocortical neuron has 6,000).

Non-pyramidal neurons in the neocortex are referred to

collectively as interneurons. Most of these interneurons

(smooth stellate, basket cells, chandelier cells and

double bouquet cells) use the inhibitory

neurotransmitter gamma-amino butyric acid (GABA).

The other common interneuron is the spiny stellate cell,

which is excitatory.

The average cortical neuron is idle 99.8% of the time.

In the illustration, next to the names of the layers are three columns,

indicating the results of different staining methods. The leftmost column

indicates a Golgi stain, which causes silver chromate salt precipitation in

less than 2% of cells -- but these cells are stained in their entirety. The

second column uses a stain that reveals only cell bodies and the third

column uses a stain that reveals only myelin (axons).



http://guitchounts.com/2014/05/20/how-does-sensory-experience-change-cortex/

The human neocortex and its six layers.

Different parts of cortex have different densities and

numbers of cells across the six layers, suggesting

different functions for each part.

One interesting question is whether the differences

in cortical “wiring” develop from the types of input the

area receives.



LAYER I – acellular layer, also called molecular layer.

Occupied by dendrites of cells located in deeper cortex as

well as by axons that travel through or form connections in

this layer.

LAYER II – composed of mainly spherical granule cells,

therefore called external granule cell layer. Receives input

from other cortical layers.

LAYER III – mostly pyramidal cells, and called external

pyramidal cell layer

LAYER IV – is made up of granule cells mainly, and called

the internal granule cell layer. Receives input from outside

the cortex.

LAYER V – is made up of mainly pyramidal cells and is

called the internal pyramidal cell layer. These are typically

longer than cells in Layer III.

LAYER VI – is a heterogenous layer of neurons, therefore

called the polymorphic or multiform layer. It blends into

the white matter, carrying axons to and from the cortex.



Layer 4 tends to be thickest in primary sensory cortex

and it is virtually missing in the motor cortex (the

"agranular cortex").

Layer 4 is so thick and specialized in the primary visual

cortex that it is subdivided into 4A, 4B and 4C.

Cell density is also very high in the primary visual

cortex: 250,000 neurons per square millimeter, versus

100,000 in the rest of the neocortex.



Usually, the neurons in information processing can be classified into 2 groups:

1- projection (or principal) neurons

2- local interneurons

Principal neurons convey the information over large distances, from one region of the brain to another

and are often excitatory…

They are located mainly in Layers III, V, and VI.

Use the excitatory amino acid glutamate as their primary transmitter.

Local interneurons may have synaptic input from the same source as principal neurons, but they only

convey the information locally and are often inhibitory…

They are located in all layers, constituting about 20-25 % of the neurons in neocortex.

Use the inhibitory neurotransmitter GABA.



Most cortical outputs leading to the thalamus originate in layer 6,

whereas most outputs to other subcortical nuclei originate in layer 5.



Example: visual cortex

The axons of the cells of the lateral geniculate nucleus

transmit information from the eye along various pathways

that project mainly into layer IV C. In addition, the

neighbouring cells in this layer receive receive information

from neighbouring areas of the retina, thus preserving a

retinotopic structure.

In layer IV C, these information streams are received by

the stellate cells, whose axons pass them on to the

dendrites of the pyramidal cells in layers IV B and III.

These pyramidal cells then project their axons to other

areas of the cortex, up to layers 2 and 3, and from there

down to layers 5 and 6.

As for the other output pathways from the primary visual

cortex, we know that the pyramidal cells in layer V project

to the superior colliculus and the pons at the subcortical

level, and that the axons from layer VI return massively to

the lateral geniculate nucleus, thus exerting a feedback

effect on this structure.



These rich interconnections between layers, and the organization of these connections into

vertical columns, have led to models of the cortex in which billions of cortical columns act as

the functional units. In sensory areas, these vertically-integrated columns actually have an

inhibitory effect on adjacent columns (lateral inhibition) which is believed to increase resolution

of sensory information.



Neurons in different layers of the neocortex project to

different parts of the brain –

The neocortex receives inputs from the thalamus, from

other regions on either side of the brain, and various

other sources.

The output also depends on a variety of brain regions…

The layering of the neurons provides an efficient means

for organizing the input-output relationships.

(why was Layer 4 thickest in the sensory cortex, but

virtually absent in the motor cortex ?? )



Eye, Retina And Visual Perception





The Retina

• 125 Million Photoreceptors

• 7 Million for Color (cones)

• 118 Million for Low Light (Rods)

• Choroid: Melanin Dark Layer

Reflection off a butterfly 

retina. The different cones 

reflect different color lights. 





Color Blindness



Photoreceptors

• Rods

• Cones

Photoreceptor pigments

register the

information coming from

light (photons):

PHOTOPSINS

- OPSIN

- RHODOPSIN

http://www.google.com.tr/url?sa=i&source=images&cd=&cad=rja&docid=aUtdLLTdVA3VtM&tbnid=oQHl-TUZXuQuBM:&ved=0CAgQjRwwAA&url=http%3A%2F%2Fwww.medgadget.com%2F2006%2F04%2Fnonlightsensiti_1.html&ei=mTsjUeHGMYGztAaJ-4DQDw&psig=AFQjCNEwa65bOSNxqZmb5CGzvTdNOcHu0Q&ust=1361349913843213
http://www.google.com.tr/url?sa=i&source=images&cd=&cad=rja&docid=aUtdLLTdVA3VtM&tbnid=oQHl-TUZXuQuBM:&ved=0CAgQjRwwAA&url=http%3A%2F%2Fwww.medgadget.com%2F2006%2F04%2Fnonlightsensiti_1.html&ei=mTsjUeHGMYGztAaJ-4DQDw&psig=AFQjCNEwa65bOSNxqZmb5CGzvTdNOcHu0Q&ust=1361349913843213


Sensory rhodopsin II embedded in the

membrane with transducin under it.

Rhodopsin is colored in a rainbow with the

N-terminus red and the C-terminus blue.

There is a bound retinal on the inside that is

colored black for ease of visualization.

For the transducin, the Gt-alpha subunit is

red, beta is blue and gamma is yellow. The

pseudo anchoring sites in black.

Rhodopsin on membrane

Retinal

(changes conformation upon 

photon encounter)

http://upload.wikimedia.org/wikipedia/en/4/41/Rhodopsin-transducin.png
http://upload.wikimedia.org/wikipedia/en/4/41/Rhodopsin-transducin.png
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http://droualb.faculty.mjc.edu/Course%20Materials/Physiology%20101/Chapter%20Notes/Fall%202011/chapter_10%20Fall%202011.htm



In darkness, the disk in the rod photoreceptor maintains a high concentration of the cGMP

molecules keeping the ion channel open to allow Na+ to flow in (with a pump to re-establish

the concentration gradient).

The process generates an action potential which released the inhibitory neurotransmitter

glutamate (to the bipolar cell) to inform the brain that it is dark.

Even a single photon would destroy many cGMPs altering the chemical-electrical signal and

form a dim image by the brain.



https://brainconnection.brainhq.com/2004/03/06/overview-of-receptive-fields/

The photoreceptors can either act to excite

(indicated in blue) or to inhibit (indicated in

purple) a downstream bipolar cell.

In an on-center bipolar cell, light hitting

the central photoreceptors will be excitatory

and light in the surround will be inhibitory.

In an off-center bipolar cell, light in the

center will be inhibitory, and light in the

surround will be excitatory.



The Complex Visual Pathway



VISUAL CORTEX

The primary visual cortex (V1) is the best studied visual area in 

the brain, and It is the simplest, earliest cortical visual area. It is 

highly specialized for processing information about static and 

moving objects and is excellent in pattern recognition.

Visual area V2 is the second major area in the visual cortex, and 

first region within the visual association area. It receives strong 

feedforward connections from V1 and sends strong connections to 

V3, V4, and V5. Cells are tuned to simple properties such as 

orientation, spatial frequency, and color. The responses of many V2 

neurons are also modulated by orientation of illusory contours and 

whether the stimulus is part of the figure or the ground, similar to V1.

Visual area V3 is a term used to refer to the region of cortex located 

immediately in front of V2. Recent work with fMRI has suggested 

that area V3/V3A may play a role in the processing of global motion. 

Visual area, like V1, is tuned for orientation, spatial frequency, and 

color. Unlike V1, it is also tuned for object features of intermediate 

complexity, like simple geometric shapes. Visual area V4 is not 

tuned for complex objects such as faces.

Visual area V5, also known as visual area MT (middle temporal), is 

a region of extrastriate visual cortex that is thought to play a major 

role in the perception of motion, the integration of local motion 

signals into global percepts and the guidance of some eye 

movements.
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Cells in V1 have elongated receptive fields, and consequently respond best to elongated stimuli, namely 

bars and edges. Hubel and Wiesel (in their Nobel-winning work) classified these cells according to the 

complexity of their response, dividing them into two groups called... "simple" and "complex"! 

Hubel and Wiesel were the first to discover that cells in V1 are 

arranged in a beautifully precise and orderly fashion. They found 

that as one advances deeper into the cortex through successive 

layers perpendicular to the surface, all cells that have orientation 

tuning prefer the same orientation. 

Another major determinant of cell response is eye-of-origin. Most 

cortical cells can be driven by stimuli presented in either eye, but 

they generally prefer (ie. respond more to) one eye or the other - a 

property called 'ocular dominance'. Some cells prefer the right 

eye, and others prefer the left eye. 



DEVELOPMENT OF OCULAR DOMINANCE 

COLUMNS IS ACTIVITY DEPENDENT

This phenomenon was shown in experiments in which one

eye in a kitten is externally shut at birth -- the procedure is

called "monocular depravation“.

When the eyelid is opened after 3 months, the kitten is blind in that eye even

though the activity of retinal ganglion cells from that eye, and the LGN cells to

which they project, are normal.

- after monocular deprivation, almost all of the cells in the visual cortex of the

kitten respond to input only from the intact eye

- after monocular deprivation, the ocular dominance columns become

asymmetrical -- nearly all of the space in cortex is devoted to input from the

intact eye thus, even though the retina and LGN can respond to input from the

deprived eye, the cortex receives almost zero input from it

since the visual cortex is needed for most forms of visual processing in the

brain,

Hence, the monocularly deprived kittens are blind in the previously shut

eye.


