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Intercellular Communication

Physiology Lecture 16

Dr. Waleed R. Ezzat

Lecture Objectives:

e Understand how neural and endocrine integrate to maintain
homeostasis.

e Recognize extra cellular regulators: nervous, endocrine,
paracrine, autocrine.

e Compare and contrast autocrine, paracrine, and endocrine
signaling in the control of cell function.

e Differentiate chemical nature of hormones.

e Explain how the electrical components of the nervous system
and the chemical components of the endocrine system work
together to influence body function.
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Introduction: Communication and Signaling
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The human body has several means of transmitting
information between cells.
These mechanisms include:
A. Direct communication between adjacent cells A+R
B. Autocrine and paracrine signaling :\.'
C.| The release of neurotransmitters and hormones Q¥
produced by nerves and endocrine cells
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Types of intercellular communication.
Paracrines, neurotransmitters, hormones, and neurohormones are all extracellular chemical messengers that accomplish indirect communication between cells

These chemical messengers differ in their source and the distance they travel to reach their target cells.

Torget: Cells L2, receptors
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A. Direct communication between odjacent cells:
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C. The release of neurotransmitiers 3 Hormones by nerves § endocrine
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Coordination of Body Functions by Chemical

Messengers:

Cellular and tissue activities are coordinated by chemical messenger
systems. These systems include:

1. Neurotransmitters are released by axon terminals of neurons into the
synaptic junctions and act locally to control nerve cell functions. The
nervous system is also organized for rapid discrete activities; it has an
enormous number of “private lines” for sending messages from one

distinct locus to another.

2. Endocrine hormones are released by glands or specialized cells into the
circulating blood and influence the function of target cells at another
location in the body. In contrast to the rapid, directed effects resulting
from neuronal stimulation, responses to hormones are much slower
(seconds to hours) in onset, and the effects often last longer.
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3. Neuroendocrine hormones are secreted by neurons into the circulatinﬁ
=

glogd and influence the function of target cells at another location in t
ody.
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4. Paracrines are secreted by cells into the extracellular fluid and diffuses a short
distance and affect neighboring target cells of a different type. They do not
gain entry to the blood in any significant T)Jantity because they are rapidly
inactivated by IocaI(I)/ existing enzymes or bound to extracellular matrix, thus
preventing their widespread diffusion. Histamine and Nitric oxide (NO) are an
example of a paracrine-signaling molecules.
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5. Autocrines are secreted by cells into the extracellular fluid and affect the

function of the same cells that produced them. Eicosanoids (e.g.,

prostaglandins) are examples of signaling molecules that can act in an
autocrine manner.



6. Cytokines are peptides (cannot cross the lipid bilayer of cells to enter the
cytoplasm) secreted by cells into the extracellular fluid and can function as
autocrines, paracrines, or endocrine hormones as immune-modulating agents.
Cytokines are important in health and disease, specifically in host immune
responses to infection, inflammation, trauma, sepsis, cancer, and reproduction.

Examples; are interleukins, lymphokines and chemokines. Example of cytokine
hormones is the Teptin lsyntﬁesuzea by adipose cells and enterocytes in the
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® The nervous system exerts control over endocrine gland function, most if not all
endocrine glands are innervated by the PNS, and these nerves can directly
control the endocrine function of the gland.

e This overlap between the nervous and endocrine systems maintains
homeostasis. Example; the adrenal medullae and the posterior pituitary gland
secrete their hormones primarily in response to neural stimuli. Therefore, it is
sometimes difficult to classify a particular molecule as either a hormone or a
neurotransmitter. _padd

e On the other hand, hormones can affect the CNS to altér behavior and mood.

® 'I[he wo”rd “hormone” is derived from the Greek hormaein, which means to
excite”.

e The endocrine hormones are carried by the circulatory system to cells
throughout the body, including the nervous system in some cases, where they
bind with receptors and initiate many cell reactions.

e A particular cell can only respond to a hormone if it possesses the appropriate
hormone receptor.
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Chemical Structure and Synthesis of Hormones

The three chemical classes of hormones include: c,\mmml

. . e T
1. Proteins and polypeptides. Example; anterior,and posterior
pituitary hormones, the pancreaticggrmone?ﬂnsulln and
glucagon), the parathyroid hormon
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, and many others.




Polypeptide and Protein Hormones:

Most of the body hormones are polypeptides and proteins. They range in size from
small peptides with as few as three amino acids (thyrotropin-releasing hormone, TRH)
to proteins with almost 200 amino acids (growth hormone and prolactin).

Protein and peptide hormones are synthesized as prohormones on the rough end of
the endoplasmic reticulum, and then transferred to the Golgi apparatus for packaging
into secretory vesicles.

Polypeptide hormones are synthesized and stored in advance of need.

Enzymes in the vesicles cleaye the prohorr'nones to produce smaller, biologically active
hormones and inactive fragments. ®

Secretion of the hormones (as well as the inactive fragments) occurs by exocytosis into
the interstitial fluid or directly into the blood stream.

Exocytosis is initiated either by increased cytosolic calcium concentration caused by
depolarization of the plasma membrane. Or, by stimulation of an endocrine cell surface *
receptor that increases cAMP, and the subsequent activation of protein kinases that
initiate secretion of the hormone.

The peptide hormones are water soluble (hydrophilic) and carried by plasma to their
target tissues. —_——
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2. Steroids (cholésterol-derived). Example; adrenal cortical

hormones (cortisol and aldosterone), the ovarian hormones
(estrogen and progesterone), the testicular hormones
(testosterone), and the placental hormones (estrogen and
progesterone).
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Steroid hormones:

® The chemical structure of steroid hormones is similar to that of
cholesterol, and in most instances, hormones are synthesized
from cholesterol.

CH,OH CH,OH
® Thex\arg lipid soluble (hydrophobic) and once they are | _’_ ﬁ I _2_
synthesized, they diffuse across the cell membrane and enter the s He 6=0
interstitial fluid and then the blood. HO OH HO
e Steroid hormones are synthesized and secreted on demand.
e In most cases, 90% or more of steroid hormones in the blood are o™ — = 0" s

bound to plasma proteins. Some of the plasma proteins that bind
hormones are sgecialized, in that they have a considerably h‘ifher s -

affinity for one hormone over another (such as corticosteroi
binding globulin).
e The liver synthesizes and secretes these plasma proteins.
e For hormones that bind to carrier proteins, only 1% to 10% of the festosterons HO" e 20

total hormone present in the plasma exists free in solution.
However, only this free hormone is biologically active.

e Bound hormone cannot directly interact with its receptor and,
thus, is part of a temporarily inactive pool.

e Protein binding greatly slows the rate of clearance of hormones
from plasma.

Chemical structures of several steroid hormones



Amine hormones (Tyrosine derivative):

® These hormones are smgll in size.

e Two groups of hormones are derived from tyrosine, the thyroid and the adrenal
medullary hormones.

odothronine
e The thyroid hoyxbfe‘s are synthesized and stored in the thyroid gland as the protein
thyroglobulin? Thyroglobulin is stored in large follicles within the thyroid gland.

e Hormone secretion occurs when the amines are split from thyroglobulin, and the
free hormones are then released into the blood stream. o

e After entering the blood, most of the thyroid hormones combine with plasma
proteins, thyroxine-binding globulin, which slowly releases the hormones to the

target tissues. = from liver (carrier protein

e Epinephrine (E) and norepinephrine (NE) are formed in the adrenal medulla. The
gland secretes about four times more epinephrine than norepinephrine.

e Similar to the protein hormones stored in secretory granules, catecholamines are
also released from adrenal medullary cells by exocytosis.

Epinephrine= Adrenaline =£
Norepinephrine = Aoradrenaline = NE
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Notes:
S50\
e The liver is quantitatively the most important site of degradation;
for a few others, the kidneys play a significant role as well.

e Diseases of the liver and kidneys may, therefore, indirectly influence
endocrine status as a result of altering the rates at which hormones
are removed from the circulation.  j..,

e Urine is the primary rolte of excretion of hormone degradation
products. In some cases, measuring the urinary content of a
hormone metabolite provides a useful, indirect, noninvasive means
of assessing endocrine function.

Aormone md:abo\i&. t»~— Hormone T
L~ Hormone §,
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Test Question:

Q. Within the endocrine system, specificity of communication
is determined by:
A. The chemical nature of the hormone
B. The distance between the endocrine cell and its target

cell(s)NN

@The presence of specific receptors on target cells

D. Anatomic connections between the endocrine and target
cells ¥

E. The affinity of binding between the hormone and its
receptor



Am,otl/ler Questwws
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What is an organic compound that is made by glands in
the body (pituitary, thyroid, etc) that is used in long

distance communication between cells?

/Hormones

Neurotransmitters
Synapse

Carbohydrates

15

Which of the following can activate a protein by
transferring a phosphate group to it?

pe o

G Protein
protein kinase

protein phosphatase



A signal molecule that binds to a plasma-membrane

proteinis a

‘/igand

second messenger
protein kinase

receptor protein

Q) One of the following hormones isn’t made by
adrenal cortex:

1) Aldosterone
2) Cortisol
@Noradrenaline

4) None of these hormones
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¥ Mechanisms ¥ modes for communication 2, sJMRnJ 3 !:mnsmikﬁlg

information between cells‘

¥ Chemical Messenger Systems:

Type of Chemical
Messenger System
Neurotransmitters

Endocrine Hormones

Neuroendocrine

Paracrine signaling

Autocrine signaling
Cytokines

Neurotransmitters

Endocrine Hormones

Secreting Cell

Axon terminals of
neuron

Endocrine Cells
(specialized cells) &
glands

Neurons

Cells

Cells

Cells
Speed
rapid
slow

5 Direct comm unicahfn between adjocent cells

P Junctions

nerves

Target Cell

Local nerve cell
(another neuron)
Circulating Blood
(distant target cell)

Circulating Blood
(distant target cell)
Local (neighbouring
target cell)

Same cells that
produced them
Cells

Effect

L5 Aukocrine B poracrine signoling
_yrelease of Mumbtrmm{:h: & \-\almm

endocrine. cells

Examples

-Erythropoietin
-estrogen &
progesterone
-Atrial Natriuretic
Peptide

-Gastrin

-secretin

ADH (Antidiuretic
Hormone)
-Histamine & nitric
oxide
Eicosanoids
(prostaglandins)
-Interlukines
-Lymphokines
-Chemokines
-Leptin

Direct effect

Last longer effect
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FChemical Structure Synthesis of Hormones :

Type of
Hormone

Protein
Hormones

Steroid
Hormones

Amine
Hormones
(Tyrosine
derivate)

Is it water
soluble
(hydrophilic)?
Yes

NO

Tyrosine: No
Adrenal Medulla
Hormones: Yes

Is it lipid soluble
(hydrophobic)?

NO

Yes

Examples

-Anterior &
posterior pituitary
hormones
-Parathyroid
Hormones
-Pancreatic
Hormones:
*Insulin
*Glucagon
-Growth
Hormones
-Prolactin
Thyrotropin
releasing
Hormone (TRH)
-Ovarian
Hormones:
*Progesterone
*Estrogen
(Estradoil)
-Testicular
Hormones:
Testosterone
-Placental
Hormones:
*Progesterone
*Estrogen
(Estradoil)
-Adrenal Cortical
Hormones:
*Aldosterion
*Cortisol
-Thyroid
Hormones:
*Tyrosine
Hormone
*Triiodothyronine

-Adrenal Medulla
Hormones:
*Epinephrin
(Adrenaline)
*Norepinephrine
(Noradrenaline)

18

Where are
the
receptors?
ECF

ICF

Tyrosine:
ICF.
Adrenal
Medulla
Hormones:
ECF.
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