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Vision and the hypothalamus
Joseph N. Trachtman, O.D., Ph.D.
Elite Learning and Performance Center, PS, Seattle, Washington.

KEYWORDS Abstract For nearly 2 millennia, signs of hypothalamic-related vision disorders have been noticed
ing

Wa

152

doi
Hypothalamus;
Vision;
Peptides;
Cytokines;

Nitric oxide (NO)

as illustrated by paintings and drawings of that time of undiagnosed Horner’s syndrome. It was not
until the 1800s, however, that specific connections between the hypothalamus and the vision system
were discovered. With a fuller elaboration of the autonomic nervous system in the early to mid 1900s,
many more pathways were discovered. The more recently discovered retinohypothalamic tracts show
the extent and influence of light stimulation on hypothalamic function and bodily processes. The hy-
pothalamus maintains its myriad connections via neural pathways, such as with the pituitary and pin-
eal glands; the chemical messengers of the peptides, cytokines, and neurotransmitters; and the nitric
oxide mechanism. As a result of these connections, the hypothalamus has involvement in many de-
generative diseases. A complete feedback mechanism between the eye and hypothalamus is estab-
lished by the retinohypothalamic tracts and the ciliary nerves innervating the anterior pole of the
eye and the retina. A discussion of hypothalamic-related vision disorders includes neurologic syn-
dromes, the lacrimal system, the retina, and ocular inflammation. Tables and figures have been used
to aid in the explanation of the many connections and chemicals controlled by the hypothalamus. The
understanding of the functions of the hypothalamus will allow the clinician to gain better insight into
the many pathologies associated between the vision system and the hypothalamus. In the future, it
may be possible that some ocular disease treatments will be via direct action on hypothalamic
function.
Optometry 2010;81:100-115
A starting point on when the relationship between the
hypothalamus and vision first appeared in the literature is
with Horner’s syndrome, which occurs when there is a
lesion in the sympathetic nervous system innervation
between the eye and the hypothalamus.1 According to the
same authors,1 Horner’s syndrome was known approxi-
mately 1,800 years ago as illustrated in a funeral portrait.
Bernard, in 1852, is credited with the first description of
the syndrome, which was later elaborated and popularized
by Horner in 1869.2

Discovering the connection between the sympathetic
nervous system and the hypothalamus was a slow process.
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The first description of the hypothalamus was given,
approximately 1,800 years ago, by Galen. As investigative
techniques into the anatomy of the brain advanced, illus-
trations of the structure of the hypothalamus were made in
drawings by DaVinci in 1508 and, shortly thereafter, by
Michelangelo’s paintings in the Sistine Chapel.3 The same
investigators3 credit Cajal with anatomically locating and
describing the hypothalamus in 1894. Swaab4 credited Wil-
helm His as first describing the hypothalamus as a distinct
anatomic structure in 1893.

Bernard began investigations of the sympathetic nervous
system (SNS) in 1849.5 Primarily through the pioneering
efforts of Cannon (beginning in 1914) and Selye (beginning
in the 1940s) did the important connections and relation-
ships between the sympathetic nervous system and the
hypothalamus become established in the scientific and
medical literature.6
l rights reserved.
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In the 1940s there were experiments relating vision
function to the SNS, with the identification of fibers other
than those going to the pupil. One of the earliest reports of
SNS innervation to the eye was by Morgan,7 with the find-
ing of SNS fibers in the ciliary muscle. In a later report,
Morgan8 concluded that the SNS action on the ciliary mus-
cle dealt only with the blood supply. During the 1970s there
were a series of pharmacologic studies investigating the
SNS innervation to the ciliary muscle. The results showed
that the SNS not only innervated the vascular supply of
the eye but negative accommodation as well.9-16

By the 1980s, specific retinohypothalamic pathways
were discovered by Sadun et al.,17 leading to the elabora-
tion of a much broader role of the hypothalamus in relation
to the function of the vision system.17 The purposes of this
report are to describe the hypothalamus anatomically and
neurophysiologically, the many interconnections between
the hypothalamus and the vision system, the interrelation-
ships among the many functions of the hypothalamus
with specific emphasis on vision function, and the optome-
trist’s role in the diagnosis and treatment of hypothalamus-
related vision disorders. The current report is but a brief
survey of the great wealth of information regarding the hy-
pothalamus. Accordingly, an extensive list of references is
given to allow in-depth study when desired.
* Paracrine. ‘‘Of or relating to a hormone or to a secretion released by

(endocrine) cells into the adjacent cells or surrounding tissue rather than

into the bloodstream.’’116

† ‘‘In 1980, Sporn and Todaro introduced the concept of autocrine con-

trol, an autocrine factor being a substance released by the cell and affecting

the cell of origin itself. They showed that cells that had been transformed

by an oncogene in culture no longer required serum supplements because

they themselves produced or overproduced the essential growth factors.’’32

‡ ‘‘Juxtacrine communication provides a mechanism of strict spatial

control of activation of one cell type by another, in contrast with paracrine

control in which the factor acts in the fluid phase within an action radius

determined by its diffusion gradient. The active domain of a juxtacrine pol-

ypeptide can be cleaved from the cell surface by regulated proteolysis

which will, if needed, abolish spatial specificity and which, in turn, will

optimize diversity of communication but, by spreading, the signal could

also be the start of disregulation.’’32
The autonomic nervous system

As a result of research studies in the 1920s, Walter B.
Cannon’s ‘‘fight or flight’’ theory introduced the autonomic
nervous system (ANS) response being mediated by hor-
mones.18 Two basic elements of Cannon’s theory are (1)
there is the same response to a variety of stimuli and (2)
the response is mediated by hormones. Much of the ANS
and the neurotransmitters were unknown at Cannon’s
time. Although it was Bernard in 1865 who introduced
the concept of homeostasis,19 it was Cannon who built on
the concept through his experimentation.

Expanding on Cannon’s work, Hans Selye investigated
the body’s reaction to stress.20 His theory is known as the
‘‘General-Adaptation Syndrome’’ or ‘‘Stress Syndrome,’’
which now included the hypothalamic-hypophyseal-adre-
nocortical axis. Selye’s theory also included elaboration
of homeostasis. Later the hypothalamic-hypophyseal-adre-
nocortical axis became known as the hypothalamic-pitui-
tary-adrenal axis (HPA).

Further understanding of the ANS was described by
Neal Miller21 with his theory of ANS learning. His theory
of psychosomatic illness is based on inappropriate ANS
learning. For example, because there is an absence of an
odd-error signal for retinal blur, the response to blur
may be to either under- or overaccommodate to blurry
stimuli.22 With a bias to overaccommodate to a near
object, Miller’s theory can explain the near-work theory
etiology of nearsightedness based on inappropriate ANS
learning.23
A detailed review and modern understanding of the ANS
is elaborated by Berntson et al.24 As a result of a series of
experiments, they noted that the relationship between the
sympathetic and parasympathetic nervous systems can be,
as classically described, reciprocaldas one increases in
function, the other decreases. However, further experimen-
tation found that they can also act uncoupleddindependent
of each other as demonstrated by basal heart rate control by
the vagus nerve, or co-activitydas one increases the other
increases, and vice versa. For example, as demonstrated in
salivation, both sympathetic and vagal activities result in
salivation. This model may help to explain why some
ANS drugs are effective for some patients and not others
and the reason that some medications to reduce intraocular
pressure (IOP) may instead increase it.

Contemporary models of the ANS greatly expand the
earlier hormonal models with the discovery of opiate-
receptor binding,25 the first description of brain pep-
tides,26,27 peptides as neurotransmitters,28 and the role of
nitric oxide (NO) in the nervous system.29,30,31 As de-
scribed above, there are innumerable connections between
the ANS and the hypothalamus, mediated by hormones,
peptides, cytokines, and NO. In addition, within the hypo-
thalamus there exists paracrine,* autocrine,† and
juxtacrine‡ factors, which are nonsynapse, inter- and intra-
cellular means of communication.32

The ANS is not only under the influence of the nerves
that comprise it but hormones, peptides, cytokines, NO, and
paracrine, autocrine, and juxtacrine communications as
well. This elaborate mechanism results in numerous intra-
connection possibilities and innumerous interconnection
possibilities with all components of the body’s functions.
Anatomy of the hypothalamus

The hypothalamus is located in the diencephalon and is
approximately in the geometric center of the brain. It is
surrounded by several structures: superiorly by the thala-
mus and the anterior commissure, inferiorly by the optic
chiasm and the hypophysis, dorsally by the hypothalamus
sulcus, and ventrally by the infundibulum. In relation to the



Figure 1 The hypothalamus is located close to the geometric center of

the brain, just below and anterior to the thalamus, and above the pituitary

gland. This central location of the hypothalamus not only allows ready in-

ter-communication with other brain structures, but provides a safe envi-

ronment during head trauma.177
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ventricles, the rostal and ventral walls of the third ventricle
are formed by the hypothalamus.33,34,35 Illustrations of the
hypothalamus are shown in Figures 1 and 2.

The size of the hypothalamus is approximately 4 cm3.
The weight of the hypothalamus is approximately 39 to
42 g. Table 1 lists the different components of the hypothal-
amus, with their function(s) and associated peptide(s).
Peptides

Peptides are released and contained in nerves, both sym-
pathetic and cholinergic.36 These authors further propose
that future pharmacologic agents will be either peptide
inhibitors or stimulators.

The earliest peptide identified was substance P by von
Euler and Gaddum37 in 1931. At that time they did not rec-
ognize the function of substance P (SP). It was not until
Lembeck,38 in 1953, that SP was understood to be a
neurotransmitter.

In 1977, Nobel Prize co-laureates described the first
hypothalamic peptide, thyroid releasing factor (TRF).26,27

With 1.0 mg of ovine TRF, which Guillemin26 obtained
in 1969 from 300,000 sheep hypothalamic fragments, he
was able to chemically analyze the newly discovered pep-
tide. His results were similar as to those found by Schally.27

As discussed in the ANS section above, the first
description of peptides as neurotransmitters was by
Snyder.28 Today there more than 200 peptides4; this discus-
sion is limited to the hypothalamic peptides, which are
listed in Table 2. The extensive involvement of the hypotha-
lamic peptides in the body’s neurophysiology, with empha-
sis on the vision system, will be a major theme of the
remainder of this discussion.
Cytokines

The first cytokine to be identified was interferon39 in 1957,
although it was not classified as a cytokine at that time.
Baron and Isaacs40 and Isaacs41 reported that interferon is
active as an antiviral agent. One of the first articles that
made the classification of cytokines identified not only in-
terferon, but interleukin 1 (IL-1) and tumor necrosis factor
(TNF).42 Cytokines are found in low levels in normal tissue
and are activated by tissue stress. This activation may be via
pleiotropy (exerting a variety of actions) or redundancy
(exerting the same action).43 In both cases, their activation
is related to immune function. For example, TNF causes
fever by stimulating IL-1 production.44 A thorough descrip-
tion of the cytokines’ immunologic functions was presented
by Delves et al.45 In conjunction with NO (see below) the
cytokines are involved in fever production and sleep
mechanisms.46
Nitric oxide

Nitric Oxide (NO) is not to be confused with N2O, nitrous
oxide, which was discovered by Joseph Priestly in 1793 and
is better known as laughing gas.47 It was not until the 1990s
that NO was recognized as being a significant regulator of
central and peripheral neurotransmission, activation of
platelets, and blood flow.31 The production of NO is local-
ized by its release from individual cells. At the end of the
1990s, there were about 20,000 reports published on the
topic of NO, which were selectively reviewed by Mon-
cada.29 In the review, emphasis was placed on the vasodila-
tion properties, gastrointestinal influence, memory
function, production of cerebrospinal fluid, production of
neurotransmitters, immunology, and reaction to inflamma-
tion. The NO system consists of a large nerve network,
which is neither adrenergic nor cholinergic and is known
as the nitrergic system.29 Barañano and Snyder48 expanded
on the roles of NO and added the attribute of neurotransmit-
ter as one of NO’s properties.

Another area of investigation of the properties of NO is
its role in the placebo effect. Via the release of NO during
stress, a physiologic reaction occurs that has been related to
the placebo effect.49 The hypothalamus is a major center
during the reaction of stress with its release of NO.
Functions of the hypothalamus

After its initial discovery, the hypothalamus was believed
to play a minor or subservient role in nervous system
function and regulation. Recent studies report quite the
contrary; the hypothalamus is the main component of the
sympathetic nervous system, regulates much of the pitui-
tary’s activity, and produces many of the nervous system’s
neurotransmitters and peptides. Emphasizing the important
and central role of the hypothalamus in the SNS, Hess50

summarized the many functions of the hypothalamus
known at that time. Before a discussion about the specific
connections between the vision system and the hypothala-
mus, an update on the understanding of the many functions



Figure 2 A detailed representation of the hypothalamus showing some of the components and their location within the hypothalamus. Within the

hypothalamus there exists paracrine, autocrine, and juxtacrine factors, which are non-synapse, inter- and intra-cellular means of communication.178
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and connections of the hypothalamus is presented in Tables
1, 2, and 3.
The hypothalamic-pituitary-adrenal axis

In addition to the innumerable functions and connections
illustrated in the tables, the hypothalamus has further wide-
ranging physiologic influence via the HPA. The complete
literature describing the HPA is encyclopedic and outside
the realm of a brief literature review. However, by taking
one of its functions, adrenocorticotropic hormone (ACTH)
production, a glimpse of the HPA in the relationship
between the brain and behavior will be revealed.

ACTH is released by the anterior pituitary gland in
response to stimulation from hypothalamic peptides corti-
cotrophin-releasing hormone (CRH), vasopressin (AVP),
oxytocin (OT), and angiotensin II (AII), with CRH from the
paraventricular nucleus (PVN) being the main stimu-
lus.51,52 The importance of the role of CRH was empha-
sized in 1955 by Nobel Prize winners Guillemin26 and
Schally.27 They described that CRH increases behavioral
activation, stimulates the SNS, and inhibits feeding and
sexual behaviors. The involvement in the SNS is extensive,



Table 1 Components of the hypothalamus

Structure Function Peptides Study

Anterior commisure Immune system CRH 118
Anterior hypothalamic area Feeding, cardiovascular

function, sleep
Oxytocin, vasopresin, leptin,

ANP, DSIP
83, 120, 121

Arcuate nucleus Appetite, feeding, growth,
reproduction, anorexigenic,
energy balance, stress, gastric
acid secretion, water balance,
cardiac function, blood
pressure, endocrine gland
regulation, pain, euphoria,
exercise, neuromuscular and
neurodegenerative disease

POMC (proopiomelanocortin),
galanin, Neuropeptide
Y(NPY)CART, ghrelin, NMU,
apelin, Urotensin II, KiSS-1,
PACAP, ACTH, b endorphin,
leptin, ghrelin

4, 32, 83

Cingulate gyrus Stress Synapsin 122
Commissural fibers of the

suprachiasmatic nucleus
Epilepsy NPY 123

Dorsal hypothalamic area Immune system, feeding Substance P, NKA
(neurokinin A), ACTH

124

Dorsomedial nucleus (DMN) ANS functions, sexual functions,
feeding, anorexigenic, energy
balance, stress, gastric acid
secretion, reproduction,
cardiovascular function

Lipofuscin, NMU, KiSS-1,
angiotensin

4, 83, 118

Fornix Narcolepsy Orexin, prodynorphin 125
Hippocampus Immune system, seizures, pain,

stress, neurodegenerative
disease, learning, pain and
repair, salt intake,
inflammation

TNF, galanin, NKA, NPK, NGF,
ghrelin

83, 126

Interthalamic adhesion Sexual dimorphism Vasopressin, CRF 4, 117
Lateral hypothalamic area (LHA) Sleep, appetite, drink center,

reproduction, energy
homeostasis

Oxytocin, CRF, orexins,
hypocretins, dynorphin, MCH,
a MSH, KiSS-1, CGRP

4, 64, 121, 127

Lateral preoptic nucleus Sexual behavior Substance P 4
Mammillary complex Temperature, memory,

reproduction
NPY, Substance P, VIP, GABA,

galanin, somatostatin
4

Medial preoptic nucleus Sexual behavior VIP, Substance P, NPY 4
Median eminence Immune system, sleep,

neurotropic properties,
endocrine gland regulation,
gastric acid secretion,
depression, hepatic
encephalopathy

PACAP, endozepines 83

Nucleus basalis Cholinergic function Ab peptides (b amyloid protein
peptides)

128

Nucleus intercalatus Pain, immune system Enkephalin 129
Organum Vasculosum

Lamina Terminalis
Sodium regulation Angiotensin II 130

Paraventricular nucleus (PVN) Corticosteriods, NOS injury,
stress, hypophyseal secretion,
anorexigenic, energy balance,
gastric acid secretion, water
balance, cardiac function,
blood pressure, endocrine
gland regulation, appetite
regulation, immune system,
sleep

CRH, oxytocin, CRHmRNA, UNC1,
vasopressin, NOS; TRH mRNA
dynorphin, enkephalin, b
endorphin, NMU,
adrenomedullin, apelin,
Urotensis II, ANP, PACAP,
NPY, CART

4, 64, 83, 119,
131, 132, 133

(continued)
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Table 1 (continued)

Structure Function Peptides Study

Periventricular nucleus Growth, fluid and electrolyte
homeostasis

Somatostatin, hypocretin,
melatonin, RFRP

4, 83, 132

Posterior hypothalamus Sleep, feeding, hormone
secretion

Melanin-concentrating hormone,
hypocretin/orexin,
enkephalin, hypocretin

121, 134

Posterior nucleus Feeding Hypocretin, predynorphin,
enkephalin

4, 135

Premammillary nucleus Feeding Leptin 136
Preoptic nucleus Sexual behavior Oxytocin, proenkephalin,

galanin, TRH
4, 121

Preoptic-anterior hypothalamic
area (POAH)

Temperature Melatonin 137

Recessus opticus Endocrine regulation Oxytocin, vasopressin 138
Sexually dimorphic nucleus of

the preoptic area
Reproduction Oxytocin 139

Solitary tract nucleus Feeding, pituitary hormone
secretion, nociceptive

RFRP 83

Subfornical organ Drinking Enkephalin, angiotensin II 83, 121, 140
Suprachiasmatic nucleus (SCN) Circadian rhythms Angiotensin II, vasopressin, VIP,

neurotensin
4, 121, 141

Supraoptic nucleus (SON) NOS injury, fluid and electrolyte
homeostasis, water balance
neurotransmitters

Vasopresin, oxytocin, CRH, NOS,
adrenomedullin, apelin,
ANPGABA, histamine

83, 84, 132

Tubermamillary nucleus Feeding, body weight, stress,
gastric

Orexins, oxytocin, Substance P,
VIP, angiotensin, NMU,
nociceptin

142

Ventromedial nucleus (VMN) Acid secretion, energy balance,
anorexigenic, pain, anxiety,
learning, addiction,
cardiorespiratory function,
kidney function, urinary
function, immune function,
gastrointestinal function

Ghrelin 143
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involving both adrenaline and noradrenaline through both
their a and b receptors.51 In the pituitary gland, ACTH is
chemically derived from the synthesis of pro-opiomelano-
cortin (POMC), another hypothalamic peptide, which in
turn stimulates production of cortisol, which then inhibits
hypothalamic production of CRH.53 In response to stress,
the hypothalamus initiates the response for cortisol produc-
tion, the most prevalent of the glucocorticoids.54

The current and future use of cortisol-related pharma-
ceutical agents can be well illustrated with anecortave
acetate, a synthetic analog of cortisol acetate.55 The most
notable properties of anecortave acetate are its being angio-
static, without having the glucocorticoid receptor–mediated
effects typical of corticol.56 Currently, there is a clinical
trial evaluating the effectiveness of anecortave acetate in ar-
resting the progression of dry age-related macular degener-
ation in patients who are at risk for progressing to wet age-
related macular degeneration. The first phase reporting on
the safety of the treatment was completed in 2003.57 In-
terim reports of the success and progress of the clinical trial
were reported in 2007.58 In a more recent study, Robin
et al.59 reported the successful use of anecortave acetate
in the treatment of steroid-related ocular hypertension
(see Figure 3).

The magnitude of the importance of physiologically
proper levels of ACTH, CRH, and cortisol can be understood
by their role in the etiology of disease and in the treatment of
disease. For example, there is a lack of ACTH in Addison’s
disease, Alzheimer’s disease, Parkinson’s disease, and
Crohn’s disease, and HPA suppression in Cushing’s syn-
drome and post-traumatic stress disorder,60,61 whereas an
increase in ACTH reduces delta brain wave sleep.62

More recent research has explored the role of the HPA in
stress. McCann et al.63 reported on the extensive connec-
tions involved in CRH release in response to stress with in-
fluence on the locus coeruleus, the limbic system, and NO
activity. In a comprehensive review, Hauger et al.64 de-
scribed the expansive interconnections and interactions of
CRH, ranging from the molecular level, to behavioral re-
sponses to stress including memory, learning, early-life
stress, panic disorder, depression, and bipolar disorder.
Other research suggests that chronic stress results in a



Table 2 Hypothalamic peptides*

Peptide Function

a-MSH (melanocortin)
Immune system, feeding, social and sexual behaviors, inflammation

regulation, fever, cardiovascular
Adrenomedullin Functions, neurotrophic activities, cognitive functions
Adrenocorticotropic hormone

(ACTH, a melanocortin)
Vasodilator, fluid and electrolyte balance, neuropeptide synthesis, migraine,

endocrine gland regulation
Immune system, appetite regulation, social and sexual behaviors,

inflammation regulation, fever,
Angiotensin II Cardiovascular functions, neurotropic activities, cognitive, gastrointestinal

function, sleep
Atrial natriuretic peptide (ANP) Cardiovascular functions, stress, feeding behavior
Apelin Body fluid regulation, cardiovascular functions, endocrine gland regulation
b-endorphin Blood pressure, cardiac function, kidney function

Endocrine gland regulation, pain, reproductive functions, stress, euphoria,
exercise, cardiorespiratory

B-type natriuretic peptide (BNP) Functions, thermogenesis, feeding behavior, neuromuscular disease
Bradykinin Body fluid regulation
C-type natriuretic peptide (BNP) Immune system, cardiovascular functions, vasodilator, water regulation
Calcitonic gene-related peptide (CGRP) Body fluid regulation, cardiovascular functions

Immune system, vasodilators, fluid and electrolyte balance, neuropeptide
synthesis, migraine, feeding

Cholecystokinin (CCK) Behavior, gastrointestinal function
Cocaine-and amphetamine-regulated transcript (CART) Anxiety, satiety, learning, memory, sexual behavior, analgesia
Corticotropin-releasing hormone (CRH) Ingestive behavior, neuroendocrine function, pain, cardiovascular

functions, gastrointestinal motility
d sleep-inducing peptide (DSIP) Immune system, appetite regulation, gastrointestinal function, sleep
Dynorphin-A Sleep
Endothelin (ET) peptides Endocrine gland regulation
Endozepines Endocrine gland regulation, cardiovascular functions
Enterostatin Depression, hepatic encephalopathy, hormone secretion
Galanin Feeding suppression, seizures, Alzheimer’s disease, neural injury and repair,

pain, appetitie control, stress, reproductive
Gastrin-releasing peptides (GRP) Functions, learning, memory, endocrine gland regulation, sleep
g-MSH (melanocortin) Immune system, feeding, social and sexual behaviors, inflammation

regulation, fever, cardiovascular
Ghrellin Functions, neurotrophic activities

Growth hormone release, energy homeostasis, appetite control,
gastrointestinal motility, cardiovascular

Hypocretins (orexins) Functions, sleep
Feeding behavior, hormone secretion, cardiovascular functions, sleep-wake

regulation, blood pressure,
Interleukin 1 Locomotor activity, narcolepsy
Leptin Immune system

Appetite regulation, neurodegenerative disease
KiSSpeptins (metastin and kisspeptin-10)
MCH (melanin-concentrating hormone) Reproductive functions
Met-enkephalin and endorphins Stress, body weight, energy homeostasis, feeding behavior,

immune system, gastrointestinal function, cardiovascular functions, pain,
neurotransmission, growth

Neuromedin U (NMU) Regulation
Neuropeptide Y (NPY) Food intake, energy expenditure, anorexigenic, gastric acid function stress,

endocrine gland regulation
Tumors, immune system, appetite regulation, anxiety, depression-related

behaviors, neuronal exicitibility, seizures, circadian rhythms, alcohol
consumption, neuroendocrine secretions, cardiorespiratory

(continued)

106 Optometry, Vol 81, No 2, February 2010



Table 2 (continued)

Peptide Function

Neurotensin (NT) Functions, sleep
Endogenous antipsychotic, pain, appetite control, stress responses,

reproductive responses, endocrine
Nerve growth factor (NGF) Gland regulation
Nociceptin Neurodegenerative disease, pain, inflammation regulation

Pain, stress, anxiety, feeding, learning, memory, addiction,
cardiorespiratory functions, kidney function,

Oxytocin (OT) Urinary bladder function, immune system, gastrointestinal function
Pituitary adenylate cyclase-activiting

polypeptide (PACAP)
Kidney, cardiovascular function, reproduction function, agression, stress

Rfamide-related peptides (RFRPs) Immune system, neurotropic properties, endocrine gland regulation, gastric
acid secretion, sleep

Somatostatin Feeding, nociceptive, pituitary hormone secretion, tumors
Substance P Immune system, gastrointestinal function, sleep
Tachykinins (NKA, NKB, NPK, NPg, tachykinin 1) Immune system, gastrointestinal function, sleep

Immune system, potassium concentrations, dopamine regulation, memory,
sexual behavior, salt intake

Urotensin (UII) Cardiovascular functions, gastric acid function, endocrine gland regulation
Vasopressin (AVP) Cardiac function, blood pressure, diabetes mellitus, kidney function, liver

function
Vasoactive intestinal peptide (VIP) Immune system, water regulation, aggression, learning, memory, stress,

cardiovascular function, sleep
Immune system, neurotropic properties, cerebral energy metabolism,

cardiovascular functions, vasodilator, respiratory functions, sleep

* Kastin AJ (ed). Handbook of biologically active peptides. Burlington, MA: Academic Press, 2006.83
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learned hypo-response by the HPA.65,66 Recent reviews of
human psychoimmunology reported on the intimate in-
volvement of the HPA via its links with the ANS, CNS,
and behavior.67,68

The involvement of ACTH in the etiology of vision
disorders and their treatment has a history of more than
50 years. One of the early publications reported on the
use of ACTH in the treatment of cataract, retinitis
pigmentosa, uveitis, and retrolental fibroplasias (as labeled
in the reference), with success in one case of cataract.69

Duke-Elder70 reviewed the use of ACTH for a variety
of ocular diseases, with a caution of ACTH use in patients
with diabetes, hypertension, chronic nephritis, and psy-
chotic states. The diseases treated, with various results, in-
cluded uveitis, retinal and neural inflammations, central
serous retinopathy, optic neuritis, retrobulbar neuritis, ret-
inal perphlebitis, vitreous hemorraghes, kerititis, corneal
abscesses, phlyctenular disease, herpes zoster, pannus, ep-
iscleritis, scleritis, conjunctivitis, diabetic retinopathy,
Coat’s disease, central retinal venous thrombosis, retrolen-
tal fibroplasia, glaucoma, Sjögren’s syndrome, exophthal-
mic conditions, and neoplasms.70 The use of ACTH for
scleromalacia had limited results as reported by Anderson
and Margolis.71 Brown and Corner72 treated 4 infants who
had retrolental fibroplasia with ACTH. The results were
that 3 of the 4 infants had normal fundi. In another study,
in the same year with 32 infants who had retrolental fibro-
plasias, the author reported no improvement with ACTH
treatment.73 Topical application of cortisone and hydro-
cortisone were reported to be successful in the treatment
of kerato-conjunctivitis sicca in patients with Sjögren’s
syndrome, but systemic treatment with ACTH showed
limited improvement.74 A question arose concerning the
effects of steroid therapy in causing posterior subcapsular
cataracts (PSC). Toogood et al.75 reported that in a study
of 56 patients receiving corticosteroid therapy, only 3
(5.4%) had PSC. The authors concluded that the cortico-
steroid therapy was not a causative factor in the develop-
ment of PSC. In a literature review, Kaiser-Kupfer76

cautioned the use of ACTH for retrolental fibroplasias,
as these reports were from poorly designed studies.
More recently, ACTH as well as peptides and cytokines
have been found to be important in lacrimal gland
function.77
Hypothalamus and neurodegenerative
disorders

The most comprehensive description of the role of the
hypothalamus in degenerative disease was presented by
Swaab.4,78 An abridged summary is shown in Table 4.

As examples of the nature of the relationship between
the hypothalamus and degenerative disease, Alzheimer’s
disease, Huntington’s disease, and Parkinson’s disease will
be specifically discussed.



Table 3 Hypothalamic connections

Connection Function Study

ANS ANS neurotransmitters 144, 145
Instrinsic eye muscles 1
Position of eyelids 1
Tear secretion 1
Ocular vasomotor system 1
Intraocular pressure 1
Immune system 67
Anovulation 147
Emotional stress 147

Brain stem Scoliosis 148
Memory 149, 150
Retina 151
Blood sugar 144, 152
Idiopathic scoliosis 153
EEG asymmetry 154
Vision and auditory

interaction
155

Cerebellum Feeding 156
Taste 157

Cerebral cortex Feeding 158
Circadian rhythms 158
Lordosis in females 158

Eye Hormone secretion 159
Calcium oscillations 160
Skin diseases 161
Migraine headache 162

H-P-A axis Feeding, sleep 163
Stress-related

behaviors
26, 27, 164

Hormone secretion 4, 165
Heart rate 51, 52, 54, 165
Blood pressure 51, 52, 165
Feeding 54, 165
Drinking 54, 165
Sexual function 4, 165

Kidney Emotion, pain,
breathing

130

Sodium hunger
and thirst

130

Growth 166
Homeostasis 167

Limbic system Emotions 145, 146, 150
EEG asymmetry 154

Medial thalamic
nuclei

Short-term memory 150
Blood pressure 150
Sleep 150
Water metabolism 150
Satiety 150
Sexual function 150

Medulla Heart rate 167
Vasoconstriction 167
Digestion 167
Sweating 167

Nuclues of the
solitary tract

Blood pressure 167

(continued)

Table 3 (continued)

Connection Function Study

Olfactory system Eating and
reproduction

167

OMPFC Olfaction 168
Taste 168
Visceral afferents 168
Somatic sensation 168
Vision 168
Feeding 168
Depressive disorders 168

Periaqueductal
gray

Pain 169

Pituitary Puberty development 170
Female gonadal

function
171

Diabetes insipidus 152
Septic shock 172

Posterior
pituitary

Metabolism 167
Adrenaline levels 167

Reticular
formation

Body temperature 167

Fluid balance 167
Electrolyte balance 167

Retina and
pineal gland

Circadian rhythms 167

Spinal cord Temperature 173
Vagus nerve Female gonadal

function
174

Ageing 175
Malaria 176
Narcolepsy 125
Paracrinicity 32
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Alzheimer’s disease

Alzheimer’s disease (AD) is associated with aging and
depression, a decrease in vasopressin (VP) and vasoactive
intestinal peptide (VIP), and a decrease in melatonin. The
decrease in VP and VIP is the result of an impaired response
of the peptide-producing cells in the suprachiasmatic nucleus
(SCN). Damage to the hypothalamus can produce antero-
grade amnesia and AD. In AD there is an increase in the
volume of the third ventricle whose rostral and ventral walls
are formed by the hypothalamus, with an associated atrophy
of the hypothalamus. Development of neurofibrillary tangles
(NFTs) and congophilic neuritic plaques are found in the
hypothalamus in AD.4,78
Huntington’s disease

In Huntington’s disease (HD) there are changes in the supra
optic nuclei (SON) and the PVN resulting in a decrease of
VP production. Also, there are changes in the ventromedial
nucleus (VMN), tubermamillary nucleus (TMN), and lat-
eral tuberal nucleus (NTL). Associated hypothalamic ANS
and endocrine abnormalities include sleep disturbances,
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Figure 3 In response to stress, the hypothalamus initiates the re-

sponse for cortisol production, the most prevalent of the glucocorticoids.

This stimulation of the hypothalamus, in response to stress, results in the

release of CRH. In response the pituitary gland produces and releases

ACTH, which is chemically derived from the synthesis of proopiomelanocor-

tin (POMC), another hypothalamic peptide, which in turn stimulates pro-

duction of cortisol, by the adrenal glands, which then inhibits

hypothalamic production of CRH.

Table 4 Hypothalamus and neurodegenerative disorders78

ALS Marchiafava-Bignami disease
Alzheimer’s disease McCune-Albright syndrome
Anorexia Microcephalia
Argyrophilic grain disease Multiple sclerosis
Autism Multisytem atrophy
Bulimia nervosa Narcolepsy
Cardiovascular and

temperature regulation
Nasu-Hakola disease

Cerebral infarctions Noonan’s syndrome
Childhood optic neuritis Pallister-Hall disease
Cluster headaches Parkinson’s disease
Corticobasal degeneration Pick’s disease
Creutzfeldt-Jakob’s disease Prader-Willi syndrome
Cushing’s syndrome Primary hypertension
Dementia Progressive supranuclear palsy
Depression Retinitis pigmentosa
Diabetes insipidus Rett syndrome
Erdheim-Chester disease Riley-Day syndrome
Frölich’s syndrome Schizophrenia
Guillain-Barre syndrome Schwartz-Bartter syndrome
Hand-Schuler disease Septo-optic dysplasia
Huntington’s disease Shapiro’s syndrome
Intracranial hemorrhage Sids
Ischemic attacks Smith-Magenis syndrome
Kallmann’s syndrome Smith-Major syndrome
Kennedy’s syndrome Tourette’s syndrome
Klinefelter disease Von Economo encephalitis
Korsakoff’s syndrome Weil’s disease
Laurence Moon syndrome Wernicke encephalopathy
Lewy body disease West syndrome
Lime disease Whipple’s disease
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weight loss, decrease in b endorphin, and an increase in
luteinizing hormone-releasing hormone (LHRH).4,78
Malignant neuroleptic
syndrome

Wolfram’s syndrome
Parkinson’s disease

In Parkinson’s disease (PD) there is a decrease in the
hypothalamus of the number of oxytocin neurons associ-
ated with Lewy bodies, aggregates of protein deposits
inside nerve cells, in the hypothalamic nuclei. There are a
number of ANS and endocrine symptoms suggesting
hypothalamic involvement: dizziness, salivation, seborrhea,
excessive sweating, constipation, sphincter disturbances,
dysphagia, orthostatic hypertension, blue mottled skin, low
resting skin temperatures, heat intolerance, sleep disorders,
depression, impotence, sleep disruption, weight gain or
loss, and bulimia. The hypothalamus has an abnormal
secretion of prolactin, thyrotropin-stimulating hormone
(TSH), growth hormone, and nelanocyte stimulating hor-
mone (MSH) in PD.4,78
Retinohypothalamic tracts

Beginning in the 1980s, Sadun et al.79 began publishing re-
ports of retinohypothalamic pathways. Utilizing a newly
developed staining method for human autopsy tissue, nerve
fibers between the eye and the brain could now be traced.
The result of their investigation was the finding that fibers
from the retina projected to the SCN of the hypothalamus.
The explanation for the pathway was that it was involved in
mediating endogenous circadian rhythms by the SCN’s
connection to the pineal gland and its production of mela-
tonin. A year later there was the discovery of a second ret-
inohypothalamic pathway that terminated in the PVN of the
hypothalamus.80 A recent article reported on the impor-
tance of the PVN in its regulation of efferent sympathetic
nerve outflow.81 Continuing the investigation of retinohy-
pothalamic pathways, Sadun et al.82 reported a third path-
waydfrom the retina to the SON of the hypothalamus. In
describing the possible function(s) of this pathway, the au-
thors provided a detailed discussion of the neurophysio-
logic implications of their findings.

The SCN synthesizes several hormones including VP,
which is related to circadian rhythm patterns, the production
of melatonin by the pineal gland, and the sleep mechanism.17

The SON’s magnocellular neurons not only synthesize vaso-
pressin but oxytocin and some opioid peptides (see Table
1 for other SON peptides). The primary functions of the
SON include nitric oxide synthase injury, fluid and electro-
lyte homeostasis, and water balance.83,84,85 The magnocellu-
lar neurons of the PVN similarly produce vasopressin and
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oxytocin. The magnocellular and parvocellular neurons of
the PVN are involved with a variety of neurotransmitters in-
cluding somatostatin and enkephalins. The authors concluded
with a description of the importance of visual function in
relation to neuroendocrine function and neuro-ophthalmic
disease in general. The conclusion by the investigators is
amplified by the myriad of functions and connections of
the hypothalamus that are displayed in Tables 1, 2, and 3.

A recent discovery in relation to the RHT is the opsin,
melanopsin. Opsins are G-protein–coupled receptors
(GPCRs);86 the best known is rhodopsin, which was discov-
ered in 1877 by Franz Boll with further elaboration by Willy
Kühne in 1879.87, 88 Later opsins were found in the cones. Ex-
panding on the pioneering work of Wald,88 Bowmaker and
Dartnall89 reported the lmax for rhodopsin was 498 nm,
with the lmax for red cones at 563 nm, green cones at
534 nm, and blue cones at 420 nm. Adding to our understand-
ing of circadian rhythms and melatonin production is a newly
discovered opsin, melanopsin, which is found in the human
retina. Retinal cells containing melanopsin project to the
SCN via the retinohypothalamic tracts (RHT).90,91 Melanop-
sin is also found in melanophores in the iris and the inner
brain.92 The discovery of melanopsin greatly aids our under-
standing of the nonvisual aspects of light stimulation in par-
ticular and enhances our appreciation of the interaction
between the hypothalamus and the vision system in general.
Vision and the hypothalamus

In addition to the retinohypothalamic pathways, there are
numerous relationships between hypothalamic function and
the vision system. The connections are various, including
SNS fibers to the choroid, ciliary body, ciliary muscle, and
iris; the physical proximity of the hypothalamus to the optic
chiasm; the hypothalamic control of intraocular pressure,
lacrimation, sleep, peptides, neurotransmitters, NO, and the
immune system; and inter-sensory connections. Some of
the more common relationships are listed below.

Cornea

TNF-a, IL-1a, and IL-1b levels are increased post excimer
laser photorefractive keratectomy.93,94 SP and calcitonin
gene-related peptide (CGRP) aid in corneal wound healing.95

Diseasednonocular

A number of nonocular diseases have ocular manifestations
resulting from hypothalamic dysfunction. In Pradi-Willi
syndrome, hypopigmentation and strabismus are frequently
noted,96 pigmentation regulation being a hypothalamic
function. There was a reduced critical flicker frequency
(CFF) in a patient with hypothalamic pituitary disease.97

A correlation was reported between age-related macular
degeneration and AD in a study of 1,438 subjects, with no
explanation found for the relationship.98 A high occurrence
of glaucoma was reported in patients with AD by Bayer
et al.99 and in AD disease and PD by Bayer et al.100 As
mentioned above in the Hypothalamus and Neurodegenera-
tive Disorders section, one pathological factor of AD is a
decrease in VP production from the SCN, which is related
to the degenerative process of aging.4,78 Swaab4,78 also re-
ported that damage to the hypothalamus is related to PD.

Intersensory

Fibers in the lateral hypothalamus from both the retina and
the olfactory bulb link vision and olfaction.101

Inflammation

The levels of the hypothalamic cytokines, TNF-a, IL-1b, IL-
6, and IL-8, increase in association with autoimmune
inflammations such as proliferative vitreoretinopathy (PVR)
and uveitis.102,103 Interleukin-12 (IL-12) induces production
of interferon-g that reduces uveitis inflammation.104

Intraocular pressure

CGRP in cornea, uvea, and ciliary body is a vasodilator
involved in the blood–aqueous barrier and the elevation of
intraocular pressure.105 Riise and Simonsen106 reported that
there is hypothalamic control of intraocular pressure.

Lacrimation

Hypothalamus-based peptides, substance P (SP), neuropep-
tide Y (NPY), CGRP, and VIP are found in the lacrimal sac
and nasolacrimal duct.107

Metabolism

Via retino-hypothalamic nerve fibers, there is an influence
on a number of metabolic functions such as those for
calcium, creatinin, cholesterol, and eosinophils.108
Neurologic syndromes

Adie’s tonic pupil (slow pupillary reflexes) and Argyll
Robertson pupil (loss of direct and indirect pupillary
reflexes while maintaining the accommodative pupillary
reflex) can be caused by a viral infection or syphilis. Viral
infections may be associated with hypothalamic dysfunc-
tion, whereas the neurosarcoidosis of syphilis causes
lesions in the hypothalamus affecting the pupil and accom-
modation.4,78 Horner’s syndrome occurs when there is a le-
sion in the sympathetic nervous system innervation
between the eye and the hypothalamus. Wernicke’s syn-
drome, which includes ptosis and slow pupillary reflexes,1

is associated with periventricular and mamillary lesions to
the hypothalamus.4,78
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Sleep

There are sleep problems in patients with visual impair-
ment.109 In retinitis pigmentosa, decreased melatonin pro-
duction results in sleepiness and lack of sleep
quality.110,111 As described above, in the Retinohypothala-
mic tracts section, fibers from the RHT go to the SCN,
which in turn connect to the pineal gland, thereby regulat-
ing the production of melatonin.
Retinal peptides

Although the emphasis of this report has been on the
hypothalamus and its myriad functions, one of the hypo-
thalamic functions is retinal regulation via the retinal
peptides. These peptides are most likely involved in the
complete feedback loop from the retina to the hypothala-
mus to the retina. For example, some of the peptides
common to the retina and the hypothalamus are SP; VIP;
vascular endothelial growth factor, which affects retinal
vascularization,112 neurotensin (NT), and NPY. 113 Accord-
ingly, the future treatment for retinal diseases may very
well be peptides or peptide antagonists.
Clinical implications

Almost all bodily functions are either directly or indirectly
controlled or influenced by the hypothalamus. In this regard,
the eye is certainly no exception. A good question for a
clinician to ask is where to begin to analyze the relationship
between the patient’s vision and hypothalamic function? As
with the standard clinical routine, the analysis begins during
the case history. For example, does that patient complain
about tearing, dry eyes, or sleep disturbances? The lacrimal
system and corneal healing are both related to peptide levels
in the tears. Is the patient taking any medications that may
affect hypothalamic function? Most ANS-acting drugs will
affect the hypothalamus. One example is drugs affecting the
body’s water balance, which can affect intraocular pressure.
It is important to remember that what happens in one function
of the hypothalamus tends to happen in other functions as
well. A patient with a complaint of a short reading time,
indicating an accommodative infacility, may (1) not have
enough sleep; (2) have poor concentration or memory; (3)
have a water imbalance; (4) be hungry; (5) have blood sugar
level irregularities; or (6) have body temperature regulation
problems. In other words, although the clinician’s first
thought may not be the hypothalamus as an etiologic factor,
it should remain high on the list of possibilities when making
a diagnosis of common conditions.
Conclusion

Much material has been covered with the primary purpose
to document the pervasive nature of hypothalamic control
and how the control occurs both via nerve pathways; the
chemical messengers of the peptides, cytokines, and neu-
rotransmitters; and the NO mechanism. As optometrists
become more involved in prescribing or administering oral
and injectible medications, it will be essential to be aware
of the systemic effects of these drugs as well as what drug–
drug interactions may interface with hypothalamic controls.

As primary care providers, optometrists should know
about the relation of peptides to pharmaceuticals that are now
being produced and marketed. For example, on www.rxlist.
com114 6 of the top 100 prescriptions dispensed are peptide
antagonists. Predictably, in the near future more pharmaceu-
tical agents will act to either increase or decrease peptide pro-
duction.36 Peptides can currently be detected by analysis of
the tears.115 Future tests will most likely expand the number
of peptides analyzed as well as become a routine clinical test
rather than an outside laboratory procedure.
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