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OBJECTIVES FOR HYPOTHALAMUS 1 & 2 2009
Reading Assignment: Neuroscience: An Outline Approach, Chapter 32
KEY CONCEPTS

1. The hypothalamus maintains a stable internal environment (homeostasis) and regulates
reproduction.

2. The hypothalamus coordinates the endocrine system, autonomic nervous system and
motivated behaviors (drives).

3. Although a relatively small part of the human brain (1%), the hypothalamus is
evolutionarily conserved.

4. Remember the 4 F’s: feeding, fighting, fleeing and reproduction.
5. The hypothalamus is part of the forebrain and diencephalon.

6. For convenience the hypothalamus is divided into three parasagittal zones
(periventricular, medial, lateral) and four rostrocaudal levels based on where they are
relative to the optic chiasm, pituitary stalk (also called the tuber cinereum) and
mammillary bodies (preoptic, supraoptic, tuberal, mammillary—also called posterior).

7. Hypothalamic nuclei are highly interconnected with each other and have reciprocal
connections with the cortex, brainstem autonomic cell groups, amygdala, midbrain and
reward pathways in the rostral forebrain. Also have unidirectional neural input from the
retina (retinohypothalamic tract) and to the pituitary (hypothalamohypophyseal tract).

8. Humoral and neural inputs; humoral and neural outputs.

9. The functions regulated or modulated by the hypothalamus are interrelated and
include: maintenance of energy homeostasis (feeding, macronutrient selection, growth,
metabolism), water balance (drinking, water resorption, hemorrhagic responses), stress
responses, thermoregulation, fever, immune responses, sickness behavior, circadian
rhythms, sleep, arousal, reproduction (sexual behaviors, parental behaviors, control of
gonadal function).

9. With few exceptions, a single function is carried out at multiple levels of the
hypothalamus.

10. The hypothalamus and other brain regions are sexually differentiated in development
and are sensitive to gonadal steroid hormones in adulthood.
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ADDITIONAL OBJECTIVES FOR THE HYPOTHALAMUS 1 & 2

1. Identify the classical hypophysiotropic (hypothalamic releasing) hormones, their
general characteristics, and the main function of each in pituitary secretion. Recognize
the large number of additional neuropeptides involved in hypothalamic function, and that
new ones are identified frequently.

2. Understand that the hypothalamus regulates reproductive behavior and neuroendocrine
function.

3. Understand the hypothesized role of the preoptic area in generation of fever.

4. Identify the part of the hypothalamus that is considered the body's "clock", and
understand how the clock (the suprachiasmatic nucleus) is entrained.

4. Understand the multiple roles of the paraventricular nucleus, the “head ganglion” of
the autonomic nervous system.

5. Identify the hypothalamic nuclei referred to as "feeding" and "satiety" centers, and the
importance of these brain regions in regulation of energy balance, feeding behavior and
macronutrient selection. Understand the concepts and neurotransmitters/peptides that are
orexigenic vs anorexigenic.

6. Remember that the hypothalamus is important in many clinically relevant and serious,
and sometimes just plain annoying, conditions: generation of fever, stress, jet lag, stress
responses, cardiovascular regulation, stress, obesity, anorexia, cachexia, stress, growth,
puberty, infertility, stress, thyroid regulation, diabetes, ‘roid rage, depression, stress.

7. Understand that the mammillary nuclei are involved in spatial learning and memory;
they sense head position in space, and are highly interconnected with the hippocampal
formation. Therefore, they do not participate in classically “hypothalamic” functions.

NOTE: Our current understanding of hypothalamic functions is rapidly evolving due to new methods in
genetics. Many new therapies for obesity and anorexia/bulimia, diabetes, anxiety and depression,
infertility, preocious/delayed puberty, growth hormone excess and deficiencies and so on are likely to
result from these advances. In addition, the optimal timing for administration of specific therapies during
the day will be better known, and information on which therapies are more likely to benefit men or women,
specifically, is likely to become available. Stay tuned!
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The hypothalamus has two interrelated functions:

immune responses

2) to regulate appetitive and defensive behaviors such
as feeding, drinking, sex, parenting, sleep and sickness
behaviors.

Remember its functions with 4 F’s:
feeding, fighting, fleeing and reproduction.

1) to maintain maintain homeostasis, that is, a stable internal
environment, by regulating energy and fluid balance, growth,
temperature, daily rhythms, arousal, reproduction, and stress and

Note: Most of the first lecture on the
hypothalamus will pertain to its
general characteristics such as
location, cellular compositiion, basic
connectivity and global functions.

The second lecture will provide a few
examples, related to specific
curricular objectives, of the more
specific, and better known, functions.
You will hear about the hypothalamus
again in lectures on the limbic system,
sleep, and autonomic function.

It carries out these functions by coordinating the endocrine
system, autonomic nervous system and motivated behaviors.

The hypothalamus is small, only about 4 grams of tissue at
the base of the brain, and therefore constitutes only about
1% of the human brain. Despite its small size, many of

its functions are clearly critical for survival in most animals. n %3

The hypothalamus is evolutionarily highly conserved. Its overall structure,
functions, and neurochemistry are similar and recognizable, if not identical, in

reptiles, amphibians, fish, birds and mammals.

The functions that are regulated or modulated by the hypothalamus are
highly interrelated to one another.

Regulation and maintenance of energy homeostasis (feeding, macronutrient selection,
growth, metabolism), water balance (drinking, water resorption, hemorrhagic
responses), stress responses, thermoregulation, fever, immune responses, sickness
behavior, circadian rhythms, sleep, arousal, reproduction (sexual behaviors, parental
behaviors, control of gonadal function) are all coordinately regulated.

A corollary to this is that, with few exceptions, a single function is
carried out by multiple intercommunicating cell groups within the
hypothalamus.



Where is the hypothalamus?

The hypothalamus is part of the forebrain and
diencephalon. Itis an anatomically symmetrical
structure, situated on either side of the third
ventricle, below the thalamus, just above the optic
chiasm anteriorly and the pituitary posteriorly.
The more rostral preoptic area is typically
grouped with the hypothalamus because these
regions are functionally intertwined and
indistinguishable, except that the preoptic area
develops as part of the telencephalon, whereas
the hypothalamus proper develops as part of the diencephalon. For all practical
purposes, you can lump the two together.

Lagina terminalis
During development, the rostral end of the / \

neural tube forms the organum vasculosum of "
the lamina terminalis (OVLT). As the rest of
the cerebral hemispheres develop, they ot cup
balloon around the OVLT so that this structure ( )
is now covered anteriorly by the cerebral )
cortex and striatum. The preoptic e ,

N arly, Later development:
area/hypothalamus beglns at the OVLT, development: e=3p. Telencephalonenlarges and

. . . balloons outward, covering

WhICh! as the name ImplleS, haS many bIOOd ) lamina terminalis, diencephaloniand
vessels running into it. The OVLT is one of Forebrain eventually; midbraim:
several circumventricular organs that are Hindbrain Idc 2008

notable because the blood brain barrier is

more permeable at these locations. From the rostral OVLT, the third ventricle
opens up and extends caudally through the middle of the diencephalon to the

mammillary recess, finally communicating with the 4™ ventricle via the cerebral
aqueduct.

For convenience (and for the Mammillothalamic tract
developmental reason mentioned above) U
the hypothalamus is divided into four 0 & - Third
rostrocaudal levels. The names for ool R
these levels are are based on their %gggg‘amﬂc - Fornix
location relative to the optic chiasm and ﬁ‘ lateral
optic tracts, pituitary stalk or mammillary o 9 ggggthaiamlc
bodies. They are the preoptic area el &= @ '4- e
(anterior to and above the optic chiasm), s ' P
the supraoptic region (above the optic Optic tract — ‘
chiasm and optic tracts), the tuberal Vemromed\al “Amypsale
region (above the tuber cinereum, or Laterl uberel MoHe  [Mpicimk
pituitary stalk), and the mammillary Median
region (in proximity to the mammillary Adapfgéngrg; Kandel/Schwartz/Jessell
nuclei). Principles of Neural Science

2 landmark fiber

tracts: see p. 9 & 10




The hypothalamus is also divided into three parasagittal zones. The zones are
the periventricular zone, adjacent to the third ventricle, the medial zone, and
the lateral zone. These 3 zones are not only divided for convenience, but there

are also some functional Commonly referred to Hypothalamic
distinctions among them. For

example, the periventricular cell *Preoptic area:

groups are largely related to eperiventricular POA

pituitary function. The medial cell *Medial POA, lateral POA

groups are highly integrative. The  *Supraoptic: rarely used terminology

lateral cell groups are largely *Suprachiasmatic

concerned with sleep and arousal *Paraventricular and Supraoptic n.

states. *Periventricular hypothalamic n.
*Tuberal:

In addition, some of the cell *medial tuberal nuclei (a composite of arcuate and ventromedial n.);

groups within the hypothalamus *lateral hypothalamus

are named based on whether they *Dorsomedial hypothalamus

*Mammillary/posterior hypothalamus:
*Posterior hypothalamus
*Medial mammillary, lateral mammillary
esupramammillary; tuberomammillary

are dorsal or ventral within the
hypothalamus.

Others are named based on the
size or shape of the neurons in
the region. Therefore, the names are highly descriptive of location, or, in the
case of the mammillary bodies, appearance, but bear no relationship to
function, and in truth, despite its importance and evolutionary conservation,
much of the function of the hypothalamus is yet to be understood.

Finally, with respect to the cell groups found . Suprachiasgali
within the hypothalamus, many of these are not -
easy to discern simply by looking at a Nissl Nissl fine

- ligle]
stain. In addition, most of the tracts are not well ‘
defined anatomically. Only by using highly B S
specific markers for specific neuropeptides, : / -
neurotransmitters, or specific activity can we - : i o s
easily detect most of these functionally related Adapted from David.Weaver@umassmed.edu

cell groups.

Some notes about studying the connectivity and functions of the hypothalamus. With respect to
connectivity, the overall concept to keep in mind with the hypothalamus is that everything works
together to coordinate all aspects of the endocrine system, autonomic nervous system, and
behavioral systems, allowing maintenance of internal homeostasis. This means that the
connections of the hypothalamus are complex, with extensive inputs from, and outputs to, many
regions. With a few exceptions, you will not learn a lot of point-to-point information about these
connections. Second, an enormous amount of very important information has been learned in
just the last decade, or even the last year, about hypothalamic function but has not yet filtered
into the clinic or medical neuroscience textbooks, so there are no good, succinct and current,
guidebooks. These will come—and treatment for many disorders as far ranging as obesity,
diabetes, cardiovascular problems, Alzheimer’s disease, Crohn’s disease, attention deficit
disorder, autism or schizophrenia will change as a result of this new information.
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The hypothalamus is situated right in the middle of everything—it has an excellent blood
supply, access to blood born substances via circumventricular organs that are “outside” the
blood brain barrier, connections to and from virtually the entire nervous system and it receives
massive hormonal inputs via its blood supply.

It is considered the “master” of the “master gland”—the pituitary.

It is considered the “head ganglion” of the autonomic nervous system.

It coordinates complex motivated behaviors with appropriate endocrine and autonomic
output.

The hypothalamus receives extensive neuronal inputs that modify its
effects on the endocrine, autonomic and behavioral systems.

Hypothalamic nuclei are highly interconnected with each other and have
reciprocal connections with the cortex, brainstem and spinal cord
autonomic cell groups, amygdala, midbrain and reward pathways of the
rostral forebrain.

Overview of the major neural projections to the hypothalamus and the
information conveyed:

Cortex-- all sensory modalities (esp. olfactory & visual cortex; association
regions); sensory information

Brainstem-- gustatory information (taste, visceral sensory, eg. gastric
distention, hepatic sensation);
somatosensory information (esp. temperature, but also pain,
light touch)

Brainstem monoaminergic cell groups—(locus coeruleus, raphe nuclei)
general arousal states

Amygdala/ limbic areas—learning and memory, association areas,
stress and fear related information; dopaminergic reward pathways

Retinohypothalamic tract—conveys light, thereby “setting” daily and
annual rhythms

Specific pathways 1: Reciprocal neural pathways into and out of the
hypothalamus

*The pathways you will hear about most often and will be responsible for
knowing are marked with an asterisk.

Medial Forebrain Bundle*: this is one of the most important pathways coursing
through the hypothalamus. The MFB consists of loosely arranged; mostly thin,
often unmyelinated fibers, extending from the septal area to the midbrain. The MFB
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is a complex bundle, with both short and long ascending and descending fibers.
The MFB carries information that is critical to reward pathways; stimulation of this
region activates “pleasure” centers. In this regard, it is important that the MFB
carries not only hypothalamic interconnections, but also the ascending
dopaminergic nigrostriatal fibers. Some of the projections of the hypothalamus to
the brainstem and spinal cord autonomic cell groups also course through the MFB.

Stria Terminalis: this is a more cohesive, detectable bundle of fibers and it
reciprocally connects the amygdala and the medial hypothalamus. When you think
of amygdala, think of association of sensory information with context and
behaviors—for example sounds or smells that spark fear, arousal, or pleasure, i.e.
emotions. The stria terminalis doesn’t take the most direct route between the
amygdala and hypothalamus; it arches behind and above the thalamus. [Just FYI
for the sake of completeness: The lateral hypothalamus and amygdala also
communicate, but do so via a diffuse but direct pathway called the ventral
amygdalofugal pathway that you will probably never hear about again.]

Stria Medullaris: this pathway primarily connects the lateral preoptic-hypothalamic
region with the habenular complex (epithalamus, part of the diencephalon just
above the thalamus and just below the pineal gland. The habenular complex is
poorly understood but appears to be a relay between the diencephalon and
midbrain and is involved in reward, parental behaviors, sexual behavior, learning,
memory and attention.

Dorsal Longitudinal Fasciculus: this is an extensive fiber system that travels
close to the third and fourth ventricles, and connects the hypothalamus with the
midbrain gray and other regions in the pons and medulla oblongata including
preganglionic autonomic nuclei of the vagus nerve.

Fornix*: The fornix is one of the most recognizable of fiber bundles in the
hypothalamus, and a good landmark that separates the medial from the lateral
hypothalamus. Like the stria terminalis, the fornix takes an indirect route, doing a
back dive out of the hippocampal formation, through the septal region, anterior
thalamus and hypothalamus to finally terminate in the mammillary nuclei. The
information conveyed between the hippocampus and mammillary nuclei is largely
concerned with spatial information, and is critical for learning and memory. See
figure bottom of page 2. Fornix = projection from hippocampus to mammillary
nuclei.

Mammillothalamic Tract*: another tract that is recognizable, and in proximity to a
portion of the fornix. It sends projections from the mammillary nuclei to the anterior
thalamic nuclei. Collaterals of these axons descend, forming the
mammillotegmental tract, a dense bundle terminating in tegmental nuclei and a
reticular nucleus that appear to be involved in head movements (and therefore,
assist the mammillary nuclei and hippocampal formation in spatial memory). See
figure bottom of page 2.

Specific pathways 2: Unidirectional neural connections of the
hypothalamus

Retinohypothalamic tract*: These axons exit the optic nerves at the optic chiasm
and project directly into the suprachiasmatic nucleus, the “clock” in the brain. Light
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information “sets” the clock; this will be discussed further in Hypothalamus I

lecture.

Hypothalamohypophyseal tract*: Hypothalamic axons from two cell groups, the
paraventricular nucleus and the supraoptic nucleus project directly into the posterior
pituitary, secreting neurohormones into the posterior pituitary circulation (see later

discussion of PVN and SON).

The hypothalamus regulates endocrine function.

ngothalamic regulation of endocrine function:

1) Anterior pituitary
regulation:

Hormones from hypothalamic
neuroendocrine neurons that
regulate anterior pituitary function
reach the anterior pituitary via the
portal system. The pituitary portal
system, also called the
hypothalamohypophyseal portal
system, consists of two capillary
beds with communicating veins.
Neuroendocrine neurons in the
hypothalamus that affect the anterior
pituitary project to the median
eminence (also known as the
infundibulum, pituitary stalk or
hypophysis), terminating on
specialized blood vessels in the
primary capillary plexus. The
hormones are then carried via the
portal veins to the secondary
capillary plexus where they leave
the bloodstream and act on
pituitary cells to facilitate or inhibit
release of pituitary hormones;
these neurohormones are referred
to as hypophysiotropic hormones.
Not surprisingly, the
hypothalamus and pituitary are
extremely well vascularized, with
blood arising directly from
branches of the internal carotid
artery.

More blood flows through the
median eminence and the
pituitary portal system than
through coronary arteries.

(a) Anterior pituitary

Descending
axons of
hypothalamic
neurosccretor
cells

Secondary
plexus

Primary
plexus

(b) Posterior pituitary

Paraventricular

nucleus
Supraoptic
nucleus

~—Axon terminals

Cell
bodies

adapted from Krieger and
Huahes. 1980
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Some other important points to keep in mind regarding hypophysiotropic
hormones:

1) These are small molecules (for example, TRH is 3-amino acids in length)
with a short half-life; most are neuropeptides, but others are
neurotransmitters. All have a short half-life. The hormones act via G-
protein coupled receptors.

2) Co-regulatory molecules are often secreted in addition to the primary
hypophysiotropic hormone, depending on specific contextual cues. Alone,
these may have no effect on anterior pituitary secretion, but they may
augment or inhibit the effect of the primary hypothalamic hormone. For
example, in response to especially strong stressful stimuli, CRF containing
cells upregulate synthesis and release of vasopressin; co-release of CRF
and vasopressin enhances ACTH release.

3) At least 35 of these co-regulatory transmitters and peptides have been
identified to date; these are important therapeutic targets.

4) Many of the hypophysiotropic hormones are players in other regions of the
nervous system. For example, somatostatin is an important neuropeptide
in the cerebral cortex.

Alert! Alert! Do not memorize the following! This is for those of you who are interested in the
history of medicine and science, and how progress proceeds... if you are not, skip it! As for me,
historical background helps me remember things.... Until 1969, most endocrinologist’s believed
that the anterior pituitary controlled the gonads and brain independent of neural input, even though it
had been discovered earlier in the century that the posterior pituitary secreted substances that were
made in the brain but acted peripherally. It was in the late 1930’s that Geoffrey Harris first proposed
that the anterior pituitary was regulated by hypothalamic neurons. The proof required isolation of a
substance produced by neurons that could elicit anterior pituitary hormone release-- this initiated a
race to discovery that involved dozens of labs and over 30 years of effort, and similar research
continues today, as new hypothalamic releasing factors and comodulatory peptides continue to be
isolated and characterized. Originally in the late 1930’s the research teams set out to isolate CRF
because an excellent bioassay for glucocorticoids was available; initial evidence of the existence of the
releasing factor and its chemical nature as a peptide wasn't reported until 1955, and further attempts to
characterize the factor proved difficult. Ultimately, TRH was the first to be identified, in 1969, because
it was the smallest of the neuropeptides, being only 3 amino acids long. TRH was discovered by
Guillemin and Schally, who originally worked together but later became arch rivals and hated each
other; their competition fueled the race and their two separate publications were eventually
simultaneously published. To isolate 1 mg of TRH required endurance, persistence, and 300,000
sheep hypothalami (roughly a ton of tissue), a major freezer “incident” in which years worth of samples
were lost—and a fight for funding at NIH because some endocrinologists decreed that anything
requiring over 30 years to isolate probably didn't exist. CRF, now CRH, the original goal, turned out to
be a more difficult-to-isolate 40 amino acid peptide, and after a mere 100,000 sheep hypothalami
collected by a different group, and failed attempts by numerous other labs, the structure of CRH was
finally reported in 1981 by Wylie Vale’s group. A long lasting historical “accident’ of the rivalry
between Guillemin and Schally, and one that impacts you as a student, is that the terms “gonadotropin
hormone- releasing hormone” or GnRH (the Guillemin term) and “luteinizing hormone releasing
hormone” or LHRH (Schally’s term) are both in use for the identical peptide—with both terms receiving
about 30,000 PubMed “hits” since 1990. Half of the 1977 Nobel Prize in Physiology and Medicine was
awarded to Rosalyn Yalow, developer of the radioimmunoassay, with the other half shared jointly by
Guillemin and Schally, an ironic twist to their decades-long rivalry. Geoffrey Harris did not live to see
the discovery of the molecules he had so clearly predicted decades earlier.
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2) Posterior pituitary regulation:

Large vasopressin and oxytocin producing cell bodies, called magnocellular neurons,
are located in the paraventricular and supraoptic nuclei of the hypothalamus. These
send axons directly into the posterior pituitary — the hypothalamohypophyseal tract-- to
release the hormones directly into the blood stream. Oxytocin and vasopressin are
derived from larger precursor molecules (neurophysins) that are packaged in dense
core vesicles; the neuropeptides are cleaved from the precursor as they travel down
the axons. Action potentials are generated in these neurons in response to specific
stimuli, and, upon firing, the axon terminals release their hormones into the peripheral
circulation. Unlike the anterior pituitary hormones, oxytocin and vasopressin of
magnocellular origin act at a distance, and therefore have a somewhat longer half- life.

Magnocellular Oxytocin functions:
Milk let down reflex- upon stimulation of a neural pathway from the nipples,
oxytocin is released and initiates a milk let-down reflex in the mammary
glands.

Uterine contractions-- Oxytocin stimulates cervical and uterine
contractions; the synthetic form “ptocin” is used to initiate or speed up
labor. The word oxytocin is derived from the Greek for “fast labor”.

Love/social bonding/decreased anxiety—the “love” hormone. Release
during suckling and social encounters promotes maternal/social bonding,
affection, trust and reduces anxiety; vasopressin has similar effect in males.
An inhaled form of oxytocin is currently in clinical trials as a treatment for
anxiety, as well as for autism; autistic individuals have lower levels of this
hormone.

Magnocellular Vasopressin: primary function is to promote water retention
and resorption (renin-angiotensin system); other name is antidiuretic
hormone.

Paraventricular and
supraoptic nucleus-
magnocellular (blue, open
circles) neurons project
directly to posterior pituitary.

U

Oxytocin and vasopressin of
magnocellular origin have
direct hormonal effects on
peripheral targets.

3rd
ven

Some cells in the PVN (red,

e filled circles) are called

Suprgoptic pycleus  parvicellular neurons. These
) project to the hypothalamo-
@ ’»,( hypophyseal porta_l system to
regulate anterior pituitary
function, or to the midbrain,
Idc 2008 brainstem or spinal cord, to
regulate autonomic and
behavioral functions.




