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(Rhinencephalon)
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System

“Emotional Brain”
“Psychosexual Brain”

1952 Paul McLean's
The Triune Brain

The limbic system is a term for a set of
brain structures including the hippocampus and
amygdala and anterior thalamic nuclei and a limbic

cortex that support a variety of functions including
emotion, behavior and long term memory.

The structures of the brain described by the limbic

system are closely associated with the olfactory
structures.

The term "limbic" comes from Latin limbus,
meaning "border" or "belt".

-

Paul MacLean
M.D.

Paul MacLeal
Triune Brain

The Reptilian Brain : Core brainstem

The Paleomammalian Brain : the limbic system
The Neomammalian Brain : neocortex and neocerebellum

History

The French physician Paul Broca first called this part of the
brain "le grand lobe limbique" in 1878, but most of its
putative role in emotion was developed only in 1937 when the
American physician James Papez described his anatomical
model of emotion, the Papez circuit.

Paul D. MacLean expanded these ideas to include additional
structures in a more dispersed "limbic system," more on the
lines of the system described above. The term was formerly
introduced by MacLean in 1952. The concept of the limbic
system has since been further expanded and developed by
Nauta, Heimer and others.

Broca, P. Anatomie comparée des circonvolutions cérébrales: le grand lobe limbique.
Rev. Anthropol. 1878;1:385-498.

Papez JW. A proposed mechanism of emotion. 1937. J Neuropsychiatry Clin Neurosci.
1995;7(1):103-12.

P. D. Maclean (1952). "Some psychiatric implications of physiological studies on
frontotemporal portion of limbic system (visceral brain)". 4 (4): 407-418.




Dr. James Papez (1883-1958) was an American
neuroanatomist. Dr. Papez received his MD from the University
of Minnesota College of Medicine and Surgery. He is most
famous for his 1937 description of the Papez circuit which is a
neural pathway in the brain thought to be involved in the
cortical control of emotion.He was a neurologist at Cornell
University when he published a journal article in which he
outlined a "new" circuit to account for emotion. He
hypothesized that the hippocampus, the cingulate gyrus
(Broca's callosal lobe), the hypothalamus, the anterior thalamic
nuclei, and the interconnections among these structures
constituted a harmonious mechanism which elaborate the
functions of emotions. Papez never mentioned Broca's limbic
lobe but others noted that his circuit was very similar to Broca's
great limbic lobe.

Papez JW. 1937. A proposed mechanism of emotion. 1937. J Neuropsychiatry

Clin Neurosci. 1995 Winter;7(1):103-12.
Lima, D.R.,2004. History of Medicine, Medsi, RJ.
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Reflecting on the earlier work of Cannon, Bard, and
others, American neurologist James Papez
proposed that there is an ‘emotion system,’ lying
on the medial wall of the brain, that links the cortex
with the hypothalamus...Papez believed that the
experience of emotion was determined by activity in
the cingulate cortex and, less directly, other cortical
areas. Emotional expression was thought to be
governed by the hypothalamus. The cingulate cortex
projects to the hippocampus, and the hippocampus
projects to the hypothalamus by way of the bundle
of axons called the fornix. Hypothalamic effects
reach the cortex via a relay in the anterior thalamic
nuclei
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Figure 50-1 Model of the basic neural systems that control
emotions. Emotions are typically elicited by a specific stimu-
lus. The stimulus affects both neocortical and subcortical struc-
tures, such the amygdala. In turn, cortical structures and the
;.mygdala_ and other subcortical structures regulate the systems
that mediate the peripheral manifestations of emotional behav-
iors. The particular emotion experienced is a function of cross-
talk betwean neocortical and subcortical structures, as well as
feedback from peripheral receptors.
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Figure 7.1

The James-Lange theory of emotion bolds that the
psvchological experience of emotion follows the poer
ception of one's own physiological reactions
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The Cannon-Bard theary, in contrast to the James
Lange theory, says that the psychological experience
of emotion and the physiological reactions are simul
taneons.
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The Reptilian Brain : Core brainstem

The Paleomammalian Brain : the limbic system
The Neomammalian Brain : neocortex and neocerebellum

Components of the Limbic System:
Olfactory inputs (Rhinencephalon)
Amygdala Nuclear Complex
Hippocampus
Septal Nuclei
Hypothalamus
Mammillary Body
Thalamus (Anterior and Medial thalamic nuclei)
Habenular nucleus
Limbic Cortical structures

Cingulate gyrus, Parahippocampal gyrus,
Entgrhinalgcyortx, Insulapgortex,porb?él gyrus.
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Paul D. MacLean (May 1, 1913 — December
26, 2007) was an American physician and
neuroscientist who made significant contributions in
the fields of physiology, psychiatry, and brain
research through his work at Yale Medical School
and the National Institute of Mental Health.

MacLean's evolutionary triune brain theory
proposed that the human brain was in reality three
brains in one: the reptilian complex, the [imbic
system, and the neocortex.




PERCENT AVERAGE ADULT VALUE

PRENATAL MONTHS POSTNATAL YEARS

Figure 1 Brain growth. The growth of the human brain is presented from two perspectives. For
both perspectives brain weight or volume is expressed as a percentage of the mean adult volume or
weeright i 1g=1 i 7, where 100 ds 1o the mean adult value. Age (ab-
scissa) ks expressed in months for fetal life and in years for postnatal life. (1) Curve: The first per-
spective is that of the full profile of brain growth, based upon brain weights obtained postmortem.
This is exp asa hange with growth through the fetal months and the
first 15 years of postnatal life (adapted from Lamine of al, 1975). (2) Histograms: The second per-
spective is based upon volumetric analyses of magnetic resonance images. This perspective is the
size of the cercbrum. the neocortex, and the cercbral central white matter taken from a cross-
sectional analysis in the school age child. We have taken the mean volume for the full series where
values for males and females were {n = 30, i ing 15 male and 15 fe le by ) over
an age range of 6-11 years, mean age 9 years, and have placed the histograms for the mean volumes
at the mean age. At school age the overall cycle of growth i i
in relation to curve; histograms adapted from Caviness of al.. 1996). Corebral volume of the school

age child, mean age 9 years, is scaled to overall brain size. That is, cerchral volume at school age.

The Reptilian Brain : Core brainstem, predominant genetic
determined programmes of prenatal development, for the
control of reflexes and primitive behaviours, relate to
homeostasis and survival.

The Paleomammalian Brain : the limbic system, partially
genetic and partially modified by early experience and
environmental stimulation during early infancy and
childhood, spatial and temporal memory circuits, face-
recognition, emotional and affectional experience of
“Self” . “The Emotional Brain.” “The Psycho-sexual Brain.”
relate to the preservation of “Self” ,and “Species”
Social and emotional attachment and motivated behaviours

The Neomammalian Brain : neocortex and neocerebellum.
predominant postnatally developed by environmental
stimulation, tremendously plastic, for skilled movements,
logic thinking, languages and higher brain functions.




Figure 7.6
With an electrode mplanted m one area of ws bypothalamus, this cat postures ag
gressively when electrical stimulation is applied (Hess, 1957),
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Fiorse 3 Lacoral and medial views of braies of rabbic, cat,  lobe containg most of the cortex: corresponding to thar of
15 monkey drawn roughly so sale. This Fegure ilbastrates  the paléoensmanalian brain, The greater part of the neo-
thas che limbic liobe [dark shadeg m medial view] is found  comex, which menbrooms late in evolution, compies the
252 cammon d e of th ; hout the  laseral warface. (Afier Mac Lean, 1954b.)

warmalian serie. Surrounding the brainwem, the mbic

Figure 16.2. The limbic lobe of the brain of the rabbit A; cat B; monkey C; and man D,
shown in black. The lobe is seen as a *“common denominator ™ of the medial cortex of the
roximately to scale. (From Russell, 1961, medified from MacLean, 1954)
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Fig. 2.2 Copulation in rats. The female‘s posture with raised pelvis and deflected
tail is very stereotyped in form. The pressure of the male's fore-limbs on her flanks
is one of the stimuli necessary for the female to respond, (From Barnett,** 1963,
A Study in Behaviour. Methuen, London.)
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Ficune 3 Genital display, a social signal of the squirrel monkey,
used in agonistic and courtship behavior by both sexes. Two of
several variations; top; displayingat distance; bottom, counterdis-
playat proximity. (From Ploog, 1967.)

Froume 8 The insular cortex overlying the claustrum is limbic by
definition, because it forms a part of the phylogenerically old cor—
tex bordering the brainstem. This part of the insular cortex. as do
the hippocampal and cingulate gyri, projects to the hippocampus.
Microelectrode ssudies indicate that it transmits impulses of audi-
tory and somartic origin.

stad, 1958; Cragg, 1960), As illustrated in Figure 10, it
was found that septal stimulation is highly effective in
cliciting excitatory postsynaptic potentials (EPSPs) and
nearonal discharge, whercas olfactory volleys generate only
-bo " i The anatomical con-
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The limbic system is also tightly connected ‘ Profrontal ‘ T R
to the prefrontal cortex. el

Some scientists contend that this connection is
related to the pleasure obtained from solving
problems. To cure severe emotional disorders, this
connection was sometimes surgically severed, a =
procedure of psychosurgery, called a prefrontal aarong
lobotomy. Patients who underwent this procedure il
often became passive and lacked all motivation. I NMammil

There is circumstantial evidence that the limbic Ht
system also provides a custodial function for the S ety
maintenance of a healthy conscious state of mind.

Forni=

Hypothalamus

THE ANATOMY OF ANXIETY TIME| . THE ANATOMY OF ANXIETY TIME| 2L
HOW THE BRAIN REACTS

Depending on the stimuli, different parts i D'itex When the senses pick up a threat — a

of the brain process the information and . loud noise, a scary sight, a creepy feeling

signal physical and emotional responses. / 5 — the information takes two different

Roll over items to find out more p 1 f. routes through the brain. Roll over thg
letters to find out what they are

Auditory
Stimuli

Stimuli

THE ANATOMY OF ANXIETY

WHAT TRIGGERS IT... HOW THE BRAIN REACTS...

By putting the brain on alert, the amygdala triggers a series of changes in
brain chemicals and hormones that puts the entire body in anxiety mode

The brain stops thinking about things that
bring pleasure, shifting its focus instead to
identifying potential dangers. To ensure

that no energy is wasted on digestion, the

The senses become hyperalert, drinking in
every detail of the surroundings and

STRESS HORMONE BOOST RACING HEARTBEAT looking for potential new threats.
Responding to signals from the The body's sympathetic nervous system, Adrenaline shools to the muscles,
hypothalamus and pituitar}: gland, the rewuqsible for h?arl rate and breathing, preparing the hndy to tht or flee hndy will sometimes IESBOFId by empt_ving
adrenal glands pump out high levels of shifts into overdrive. The heart beals he di ' hi 1 invol

the stress hormone cortisol. Too much faster, blood pressure rises and the lungs the digestive tract through involuntary
cortisol short-circuits the cells in the hyperventilate. Sweat increases, and even vomiling. urination or defecation
hippocampus, making it difficult to the nerve endings on the skin tingle into
organize the memory of a trauma or action, creating goose bumps

stressful experience. Memories lose their

context and become fragmented

I
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PROBING

IMPLANTED ELECTRODES

An X-ray of a monkey's skull shows bath sur-
face and deeper electrodes. Electrodes one mil-
lionth of an inch in dismeter have been pain-
lessly insarted inside a single call in the cortex

Wikder Pemfield (b 1891, Spokane,
Washingica] was the fin directce of
the Mootreal Neurological Dnstiate
and the fine peofessce in MeGill Usi-
vemiey's Deparsment of Neurology and
Newosurgery. Wi sesearches have is-
ehaded studies of epalepeicarizere pute
teras in relation w0 the fanctional
antsey of the beain, mapping the
excitsbi corses i comcions man, ad
the brain, mechanisms responsibie foe
speech. Since i reirement in 1960,
Dr. Prabild has writien on subjocts
naging e hinerial fesion asd
beography to nrurocience and philos-
by,

erbert H. Jasper (b 1906, L Grands,
Ovegon) s prodesmos of 2
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The limbic system operates by influencing the
endocrine system and the autonomic nervous
system. It is highly interconnected with the nucleus
accumbens, the brain's pleasure center, which plays
arole in sexual arousal and the "high" derived from
certain recreational drugs. These responses are

heavily modulated by dopaminergic projections from
the limbic system.

In 1954, James Olds and Brenda Milner found
that rats with metal electrodes implanted into their
nucleus accumbens repeatedly pressed a lever
activating this region, and did so in preference to
eating and drinking, eventually dying of exhaustion.

Olds, J., Milner, B. 1954. Positive reinforcement produced by electrical stimulation of septal area
and other regions of rat brain. J.Comp. Physiolo. Psycholo. 47, 419-427

nd reinforcement.

10

hon v
O, ). Pleassrs centers in the brain. Copyright © 1956 by S
. AR vighis rmeremd)

With an electrode implanted in an area of the bypothalamus that bas come to be

known as a “pleaswre center,” this rat pushes a lever to apply electrical stimulation
to it own brain (Ofds, 19513).

Intracranial
self stimulation

Amphetarmine

Caocaine Opigtes

Opiates Ethanol

THC Barbiturates
Phencyclidine Benzadiazepines
Ketamine Nicctine

Brain Reward Syste

Wired. Dopamine projections link the ventral tegmental area, nucleus
accumbens, and parts of the frontal lobe in a reward circuit that even
nondrug compulsions may alter.
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W Fexusing on the anterior cingulae—an
area devoted to ervor prevention—thi
MR indscaties maximum activiey when
the person i uncertain or knows he &
wreng. Such findngs support the theory
that the brain uses confhet 24 an Jlerting
signal in order to repulate & own
engritive functioes and adapt to changing
derandh from the cutside world

Behavioural Correlates of Limbic System:

. Program of stereotyped behaviours according to
instructions based on “Ancestral” learning experience and
memories e.g.

Establishing territory or Nesting, Defending

Finding shelter

Hunting Preys by Predators, eating

Homing

Courtships and Mating ... Reproductive Behaviours
Breeding & Parenting Behaviours

Social Bonding, Attachments, Imprinting

Forming Social Organization & Hierarchy, Leaderships
Social Communication

Fighting, Hostility, Aggression, Violence

Affection, Love, Altruistic Behaviour etc..

Limbic System=————————— Corpus Striatum

Hypothalamus Basal Ganglion
Pituitary Gland ANS Reticular Formation
Endocrine Glands Autonomic Stereotyped
l l Behaviours
Hormonal Responses Visceral Somatic
Responses  Motor
Responses

Clinical Correlates of Limbic System:
Amygdala ,,,,,, Fear, Anxiety, Aggressive, Violence, Rage
Hippocampus... Episodic Memories

Cingulate Gyrus .... Instinctive Behaviours, Parenting,
Social bonding, Moral reasoning,
Delayed alternating tasks

Septal Nucleus ... Docility,
Hypothalamus ...... ANS, Endocrine, Drive, Motivation

Mammillary Body..... Memory retrieval, recall

17



= Armggdda PRI rvcbved in segnaing the cortex of motivabonally sigribcant sbrmuk such ag those related 1o
raward and fear in addiion to social funcions swch &s mating

Hippocampus: 415 Required for the formation of long-tarm memonies

* Parshippocampal gyrus ] Plays & role in the formation of spatial memcey end is pant of the hippocampus
Cingulate gyrus P Ausonarric functions reguiating hear rate, blood prassure and cognitive and
altenhonal processing

Fomixl®I3 can

* Hypathalamus e Alfects
and regulates blaod prassure, heart rate, hunger, thirst, sexual arcusal, and the sleephwake cycl
* Thalarrus PIE] The "relay station” o the cersbral core

In addition, these stuctures are somalimes also considarad o be part of the limbic systam

Istasis

o s and o regulate hapoenass

mal corten and pinformn conex (] Recane smell nput in the oFfactony systerm

* Fomicats Qymus Reqion ancompassing the cinguiats, NIpRAcampus, and parsnippocampal Qs
* Oifactory Bult: Difactary sensary input

* MNuclaus accurmisens: vobed in roward, ploasure, and addiction

= Orbitofroreal cortee Requirad for decision making

What is Kluver-Bucy Syndrome?

Kliver-Bucy syndrome is a rare behavioral
impairment that is associated with damage to both
of the anterior temporal lobes of the brain. It
causes individuals to put objects in their mouths
and engage in inappropriate sexual behavior. Other
symptoms may include visual agnosia (nability to
visually recognize objects), loss of hormal fear and
anger responses, memory loss, distractibility,
seizures, and dementia. The disorder may be
associated with herpes encephalitis and trauma,
which can result in brain damage

In humans: (Kluver-Bucy syndrome)

People with lesions in their temporal lobes (a bilateral
lesion) show similar behaviors. They may display oral
or tactile exploratory behavior (socially inappropriate
licking or touching); hypersexuality; bulimia; memory
disorders; flattened emotions; and an inability to
recognize objects or inability to recognize faces.

The full syndrome rarely, if ever, develops in humans.
However, parts of it are often noted in patients with
extensive bilateral temporal damage caused by
herpes or other encephalitis, dementias of

degenerative (Alzheimer's disease, Pick's Disease) or
post-traumatic etiologies or cerebrovascular disease.

Clinical Correlates of Limbic System:
Kluver-Bucy Syndrome:

Fearlessness. Hyperphagia, Hypersexuality,
Psychic Blindness
Korsakoff's Psychosis: Confabulation

Amnesia: (Retrograde & Anterograde Amnesia)
Temporal Lobe Epilepsy:

Stress, Post-traumatic Stress Disorders
Anxiety, Fear & Phobia

Panic Attacks, Emotional Depression
Obsessive- Compulsive Disorders

Abnormal Aggressive & Violence Behaviours
Paranoid, Delusion, Schizophrenia

Kliver-Bucy syndrome is a behavioral disorder that

occurs when both the right and left medial temporal lobes of the
brain malfunction. The amygdala has been a particularly

implicated brain region in the pathogenesis of this syndrome

The syndrome is named for Heinrich Kliiver and Paul Bucy, who removed the
temporal lobe bilaterally in rhesus monkeys in an attempt to determine its
function. This caused the monkeys to develop visual agnosia, emotional
changes, altered sexual behavior, and oral tendencies.

Though the monkeys could see, they were unable to recognize even
previously familiar objects, or their use. They would examine their world with
their mouths instead of their eyes ("oral tendencies") and developed a
desire to explore everything ("hypermetamorphosis").

Their overt sexual behavior increased dramatically (“hypersexualism"), and
the monkeys indulged in indiscriminate sexual behavior including
masturbation, heterosexual acts and homosexual acts.

Emotionally, the monkeys became dulled, and their facial expressions and
vocalizations became far less expressive. They were also less fearful of
things that would have instinctively panicked them in their natural state, such
as humans or snakes. Even after being attacked by a snake, they would
willingly approach it again. This aspect of change was termed “Placidity”.

Drug-Responsive Mania in a
Man With & Brain Tumor et

e, o
ol e beburvace. AL the time of

s

18



N

Pt

EUROLOGY INDIA

Takde 1 Outline of clinical fautures of 1

6 patmats of Khiver Bucy Syndrome

Eticlogy Visusl Orality Hyparmwts  Behavicr
grone morphors

Distary  Beizw
hakits

[

Fer—

S 3 P 3 - Do corebanl wogiy
Pressst WO oert Itable Rubiing of (et - BA TP icbvermast
o v H [ Migie
"o “Mhaninen [ poral mroghy
Presens  Houtke Wb Irpcrocephabes
Apathenc Coesbral awoghy (FT)
il ks, HAL — Viemn e
i =

19



