Homeostasis

increasing or
decreasing a

Controlled Condition

controlled condition
that is monitored by

There is a return to
9 homeostasis when
the response brings
Receptors the controlled condition
that send back to normal.
Input Nerve impulses or

hemical signals to a

Control Center
That receives the
Input and provides

S —

Output

Nerve impulses or
chemical signals to

~

That bring about a change or
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response that alters the controlled condition.

Response




Homeostasis of Blood Pressure

Controlled Condition

Decreased blood pressure

Receptors

Baroreceptors in aorta
and carotid artery

Control Center

eIncreased sympathetic
nerve impulses

eIncreased secretion of
epinepherine

and norepinephrine.

© ~

Heart Vessels

Increased heart rate. Increased vasoconstriction
Increased heart stroke volume.
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Response
Increased cardiac output Increased vascular
will elevate blood pressure. resistance will elevate

blood pressure.




Homeostasis of Heart Rate

Controlled Condition

Heart Rate &
Stroke Volume

Receptors

Baroreceptor,
Proprioreceptor

Control Center

eIncreased sympathetic
nerve impulses

~

Heart
Increased heart rate.
Increased heart stroke volume.

Response

J o LU

Increased cardiac output
Increased contraction force results in greater stroke volume.




Homeostasis of Heart Rate

Controlled Condition

Normal
Heart rate &
Stroke Volume

®
Receptors

Baroreceptor,
Proprioreceptor

Control Center

Increased
parasympathetic
nerve impulses

~

Heart

Decreased heart rate.
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Response

Decreased cardiac output




Homeostasis of Heart Rate

High Blood Pressure

Smoking

Stimulus

High Blood Cholesterol Level

Obesity

Controlled Condition

Inadequate
Cardiac Output

Receptors

Baroreceptor,
Proprioreceptor

Control Center

Heart

Decreased contraction force.

"@—“

Response

Inadequate cardiac output.

When the heart muscle is damaged, it cannot provide
adequate cardiac output to supply enough oxygen to
maintain healthy heart muscle.




Homeostasis of Blood Glucose

Controlled Condition

Blood glucose level

®
Receptors

Pancreatic cells

Control Center

Glucagon gene in
Alpha cells

S —

Increased glucagon
production

© ~

Liver

Converts glycogen to glucose

"@—“

Response

Increased blood glucose.

Increased glucagon acts on liver cells to convert glycogen
to glucose, thereby increasing blood glucose levels.




Homeostasis of Blood Glucose

Controlled Condition

Blood glucose level

Receptors

Pancreatic cells

Control Center

Insulin gene in
Beta cells

S —

Increased insulin
production

© <~
Liver Body Cells Fat Cells
Increased Accelerated Increased
Conversion of uptake of glucose conversion of
Blood glucose and amino acids blood glucose
To glycogen. Into cell and increased to fat.
protein synthesis.

"

Decreased blood glucose.

The levels of insulin and glucagon change frequently
to provide nearly constant regulation of blood glucose levels.




Homeostasis of Blood Glucose

Stimulus

Controlled Condition

Blood glucose level

Receptors

Pancreatic cells

Control Center

Insulin gene in
Beta cells

S —

Deficient insulin
production

~

Excessive Thirst (Polydipsia)

Elevated blood glucose causes water to
be osmotically transported out of all
body cells, including hypothalmic cells.

Stimulation of the hypothalamus
triggers increased thirst.

Excesive Urination (Polyuria)

This situation causes water to be
Osmotically transported into the kidney
Filtrate resulting in high urine volume.

Excessive levels of glucose overwhelm
the ability of the kidney to retain glucose
in blood thereby causing high levels of
glucose in the urine.

Excessive Hunger (Polyphagia)

Cellular starvation triggers an increase
In hunger.

Inadequate carbohydrate, fat, and protein
energy sources.

Body cells
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Response

individuals.

Type | Diabetes Mellitus, also called insulin-dependent
diabetes mellitus, is caused by a deficiency of insulin.
Medical researchers believe that it is an autoimmune disease
that attacks the beta cells of genetically predisposed

Type 11 Diabetes Mellitus, also called non-insulin-dependent
diabetes mellitus, is the most common form of diabetes.
Obesity is the major environmental risk factor that increases
an individual’s chance of contracting type II diabetes mellitus.




Homeostasis of Blood Oxygen Levels

Controlled Condition

Low blood oxygen level Increased blood oxygen

®
Receptors

Kidney
Increased erythropoietin
production

Control Center

Increased immature
Red Blood Cells

© ~

Red Blood Cell

Increased mature RBCs (Red Blood Cells) in circulation.
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Response

Increased blood oxygen.

Imcreased numbers of RBCs will elevate blood oxygen levels.




Homeostasis of Blood Oxygen Levels
(Anemia) @

Controlled Condition

Low blood oxygen level

Receptors

Kidney
Increased erythropoietin
production

Control Center

Red Blood Cell

Abnormally low RBC count.

YV V!

Response
Hemorrhagic Anemia]| Pernicious Anemia |Aplastic Anemia
Caused by blood loss | Caused by low Can occur

due to wounds, ulcers| hemopoiesis which [following the

or heavy menstrual | is caused by the lack |destruction of
bleeding. Of intrinsic factor, a [red bone marrow
molecule needed for| from a tumor,
the absorption of  [toxins in the body}
Vitamin B12. radiation, and
some medicines.




Homeostasis of Blood Oxygen Levels
(Anemia) @

Controlled Condition

Low blood oxygen level

Receptors

Kidney
Increased erythropoietin
production

Control Center

Red Blood Cell: Abnormally low RBC count.

Abnormally low Abnormally low Abnormally
hemoglobin in hemoglobin in formed hemo-
RBCs. RBCs. Globin in RBCs.
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Response
Iron Deficiency Thalassemia Sickle Cell
Anemia Anemia
Caused by inadequate| Hereditarily- Hereditarily
absorption or loss of determined determined

iron. This is probably] inability to producq inability to

the most ommon type| hemoglobin. Somg produce normal
of anemia, particularly forms can cause hemoglobin

in children. significant cardio- [ molecules.
vascular burden.




Homeostasis of Blood Gas Levels

@ Stimulus

Increased carbon dioxide
(or decreased pH) :
Decreased oxygen.

Controlled Condition

Blood O,, CO,, pH

Increased blood oxygen
e and pH, decreased carbon
dioxide.
Receptors
Chemo receptors in
Medulla oblongata,
aorta, and carotid arteries

Control Center

Increased nerve
impulses

© ~

Diaphram

Increased respiration rate.
Increased tidal volume.
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Response

Increased respiratory rate and volume exchange will elevate
blood oxygen and reduce blood carbon dioxide.




Homeostasis of Blood Gas Levels
Disorders

That May Result
In Inadequate
Oxygenation ©
Controlled Condition
Blood O,, CO,, pH Excessive carbon dioxide
or inadequate oxygen
3
Receptors
Chemo receptors in
Medulla oblongata,
aorta, and carotid arteries
@

Control Center
Medulla Oblongata

Depression of respiratory center

Increased nerve
impulses

© ~

Diaphram Dammage to diaphram

Increased respiration rate.
Increased tidal volume.
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Response

Another major disorder that predisposes an individual to
respiratory failure would be lung injury and/or disease such
as emphysema, tuberculosis, and bronchitis. Symptoms of
respiratory failure include disorientation, muscular weakness,
tachycardia, and hypertension.




Homeostasis of Blood Gas Levels

Stimulus

Controlled Condition

Blood O,, CO,, pH

Normal blood oxygen
And carbon dioxide levels.

Receptors

Chemo receptors in
Medulla oblongata,
aorta, and carotid arteries

Control Center

Increased nerve
impulses

© ~

Diaphram
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Response

When an individual’s blood pH reaches very acidic levels,
dangerous situations can occur: acidic blood levels can alter
the shape of proteins. For example, when the shape of
hemoglobin is altered, the carrying capacity of blood oxygen
is diminished.




Homeostasis of Gastric Secretions

Controlled Condition

Gastric juice pH

®
Receptors

Chemo receptors in
stomach

Control Center

Increased nerve
impulses

© ~

Parietal cells in stomach.

Increased HCI (hydrochloric acid) production.
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Response

Increased gastric acidity.

This response increases gastric acid to promote digestion and
returns pH to the normal levels that were present before
eating.




Homeostasis of Gastric Secretions

Stress Smoking

Caffeine Stimulus Alcohol

NSAIDS (anti-inflammatory
drugs such as aspirin)

Controlled Condition

Gastric juice pH

®
Receptors

Chemo receptors in
stomach

Control Center

Increased nerve
impulses

© ~

Parietal cells in stomach.

Excessive HCI (hydrochloric acid) production.
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Response

Excessive gastric acidity.

Ulcers are produced as a result of excessive gastric acid.




Homeostasis of Gastric Secretions

Such as Pepcid ™,
Zantac ™, Tagamet ™

Controlled Condition

Gastric juice pH

Normal gastric juice pH.
@
Receptors

Chemo receptors in
stomach

Control Center

Normal nerve impulses

© ~

Parietal cells in stomach.

Normal HCI (hydrochloric acid) production.

"@—“

Response

Normal stomach pH.

Healthy stomach mucosa.




Homeostasis of Body Temperature
Low Body :
Temperature ST 05

@

Controlled Condition

Decreased
body temperature

e Increased body temperature

Receptors

Skin,
hypothalamus

Control Center

Increased nerve impulses;

more TRH

© <~
Skin. Adrenal gland Skeletal muscle Thyroid gland
Increased sympa-  Increased sympathetic Increased skeletal TRH promotes
Thetic stimulation stimulation of adrenal activity (shivering)  the release of
of cutaneous medulla promotes increases heat thyroid hormones
blood vessels secretion of epinephrine production. which increase
causes vaso- which increases meta- metabolic rate.
constriction bolic rate and therefore
and decreased heat production.
heat loss.

Response

Increased body temperature.




Homeostasis of Body Temperature
Temperature
Above Stimulus

Normal

Controlled Condition

High
body temperature

a Decreased body temperature

Receptors

Skin,
hypothalamus

Control Center

Decreased nerve impulses

less TRH
Skin Adrenal gland Skeletal muscle Thyroid gland

Decreased sympa- Decreased sympathetic ~ Decreased skeletal Decreased TRH
thetic stimulation  stimulation of adrenal activity (shivering) reduces the

of cutaneous blood medulla reduces decreases heat release of thyroid
vessels causes secretion of epinephrine  production. hormones thereby
vasodilation and thereby decreasing meta- reducing heat
increases heat bolic rate and heat production.

loss. production.

Response

Loss of water electrolytes

Heat cramps and exhaustion are caused by the loss of fluids and electrolytes.
The loss of salts causes painful contractions of skeletal muscles. Heat
exhaustion, characterized by cool and clammy skin due to excessive
perspiration, may result in fatigue, dizziness, fainting or vomiting.

Inability to cool the body

Excessive body temperature. Heat stroke, characterized by hot and dry

skin occurs when perspiration cannot cool the body.




Homeostasis of Water and lon Concentrations

Stimulus

Controlled Condition

Blood osmotic
pressure

®
Receptors

Osmoreceptor
in hypothalamus

Control Center

Increased ADH
production

© ~

Principal cells of the nephron.

Response
Increased water reabsorption.
As more water is reabsorbed, the concentration of water in

blood increases and in response, blood osmotic pressure
decreases.




Homeostasis of Water and lon Concentrations
Imbalance of
Blood Osmotic Stimulus
Pressure

Controlled Condition

Blood osmotic
pressure

High blood osmotic pressure.
@
Receptors

Osmoreceptor
in hypothalamus

Control Center

Inadequate ADH
production

© ~

Principal cells of the nephron.
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Response

Decreased water reabsorption.

Because less water is retained, the blood osmotic pressure
changes and goes beyond the normal homeostatic range.




Homeostasis of Water and lon Concentrations

Diabetes Insipidus
P @ Stimulus

Controlled Condition

Blood osmotic
pressure

High blood osmotic pressure.
@
Receptors

Osmoreceptor
in hypothalamus

Control Center

Normal ADH
production

© ~

Principal cells of the nephron.

"

High osmotic pressure.
Patients with diabetes insipidus experience excessive thirst
And urination.

Normal blood osmotic pressure due to hormone replacement
Therapy of ADH.




Homeostasis of Enzyme Function

Conversion Stimulus
Of Galactose
To Glucose

Controlled Condition

High blood galactose
level

®
Receptors

Liver enzymes

Blood galactose level

Control Center

Increased enzymes

© ~

Liver

"@—“

Response
Conversion of galactose Reduction of blood
to glucose galactose level.

Conversion of fuel molecules to glucose increases blood
Glucose levels.




Homeostasis of Enzyme Function

Galactosemia Stimulus
@

Controlled Condition

High blood galactose
level

Receptors

Liver enzymes

Control Center

Inadequate enzyme
function

© ~

Liver

Response
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Excessive galactose

An excessive accumulation of galactose can prevent a
newborn from thriving. Continued buildup can eventually
Damage the liver, causing cirrhosis. In the brain, continued
Buildup can cause mental retardation. In order to reduce the
Effect of galactosemia, children with galactosemia must
Continue their lives with a milk-free diet.




Homeostasis of Mucus Secretion

Controlled Condition

Mucus secretion

Receptors

Epithelial cell
in exocrine
gland

Control Center

More CL-and Na *
transporters

~

Mucus glands Mucus glands Mucus glands in
in intestine in pancreas air ducts of lungs
Normal mucus Normal mucus Normal mucus
production production production
High osmotic High osmotic High osmotic
pressure pressure pressure
o U 1l 1l
Response
Water in mucus is used by| Watery mucus is Watery mucus is crucial for
the intestine in hydrolytic | crucial for normal normal debris and
digestive reactions to secretion of pathogen removal from
digest foodstuffs. Water | pancreatic digestive| inspired air.
is also crucial for normal | enzymes.

absorption of digested
nutrients.




Homeostasis of Mucus Secretion

Cystic
Fibrosis

©

Controlled Condition

Mucus secretion

Receptors

Epithelial cell
in exocrine
gland

Control Center

No CI-
transporter

~

Mucus glands
in intestine
Low osmotic
pressure

Mucus glands

in pancreas
Low osmotic

pressure

Mucus glands in
air ducts of lungs
Low osmotic
pressure

Excessively dry mucus
production can form
blockages within the
intestine, inhibiting
digestion. Maldigestion
can result in malnutrition|
and failure to thrive in
newborns.

Response
Excessive dry mucus
production can form
blockages in the pan-
creatic duct. Eventual-
ly, damage to the pan-
creas can destroy the
organ’s production of
insulin, thereby
causing diabetes
mellitus.
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Excessive, dry mucus
production can form
blockages within the air
ducts leading to the
lung. These obstructions
increase the chances for
chronic infection.




Homeostasis of Blood Calcium

Stimulus

Controlled Condition

Decreased
Blood Ca 2* level

®
Receptors

Parathyroid gland cell

Control Center

Increased PTH

Osteoclast Kidney
Increased bone resorption Increased calcium

retention and increased
calcitrol production.
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Response

Increased blood Ca 2*




Homeostasis of Blood Calcium

Osteoporosis
@

Blood
Ca 2* level

Receptors
Parathyroid gland cell

Control Center

Excessive
PTH production

~

Osteoclast Kidney
Excessive bone resorption Excessive calcium
retention.
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Response
Osteoporosis Hypercalcemia
Porous bones (osteoporosis) Hypercalcemia, which is an
can also be caused by a abnormally high level of
reduction in osteoblast blood calcium, can
activity, so that actual bone dangerously elevate heart
formation, of which rate.

osteoblasts are an essential
element, does not keep
pace with bone resorption.




Somatic Reflex Arc Function

Stimulus

Controlled Condition

Excessive
Muscle length
Normal muscle length

Receptors

Muscle spindle

Control Center

Spindle cord
Integrating center

| ——

Increased Decreased
motor motor
impulses impulses

~

Prime mover muscle Antagonistic muscle

Response

Decreased muscle length.
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In addition to preventing injury of the prime mover muscle
by overstretching, this reflex maintains muscle tone. This
reflex provides the small amount of contractions needed to
maintain a muscle’s health and readiness.




Somatic Reflex Arc Function
Patellar

Reflex @
(knee jerk)

Stimulus

Controlled Condition

Excessive
Muscle length

®
Receptors

Muscle spindle

Control Center

Spindle cord
Integrating center

| ——
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Prime mover muscle Antagonistic muscle
Quadricep Hamstrings
Increased motor impulses. Decreased motor impulses.

Hamstring muscles relax
allowing rapid extension

of leg.
o L L

Decreased muscle length.

Normal knee jerk.




Somatic Reflex Arc Function
Damage to
Patellar @ Stimulus
reflex

Controlled Condition

Excessive
Muscle length

®
Receptors

Muscle spindle

Control Center

Spindle cord
Integrating center

| ——
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Prime mover muscle Antagonistic muscle
Quadricep Hamstrings
Decreased motor impulses. Decreased motor impulses
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Response

Decreased knee jerk.

Severe cases of diabetes mellitus will also prevent the normal
Knee jerk reflex from occurring.




Homeostasis of Blood pH

Controlled Condition

Decreased blood pH
(more H)

Receptors

Chemoreceptor in medulla
Chemoreceptor in vessels

Control Center

Increased nerve impulses

~

Diaphragm

Increased respiration rate
Increased tidal volume.
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Response

H* levels decrease.

Increased respiratory rate and volume exchange will reduce
Blood carbon dioxide and carbonic acid so fewer hydrogen
lons are released into the blood. This response raises blood
pH back to normal.




Homeostasis of Blood pH
pH
Imbalance ©

Controlled Condition

Blood pH

®
Receptors

Chemoreceptor in medulla
Chemoreceptor in vessels

Control Center

Increased nerve impulses

© ~

Diaphragm Nephron

Increased respiration rate
Increased tidal volume.

Response
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Homeostasis of Blood pH

Respiratory
Acidosis

Acidic blood pH

Damage to diaphragm or airways

Lung disorder (l.e. emphysema)

Depression of respiratory center

Receptors

Chemoreceptor in medulla
Chemoreceptor in vessels

Control Center

Increased nerve impulses

~

Normal blood pH

Diaphragm

Nephron

Increased excretion of H*

"@—“

Response

Decreased H* in blood.

This response returns blood pH to normal. Treatment of
Respiratory acidosis involves injection of sodium bicarbonate
lons to elevate buffering ability and ventilation therapy to
Remove excess carbon dioxide.




Homeostasis of Blood pH
Alkalosis

Alkaline blood pH

Normal blood pH

Receptors

Chemoreceptor in medulla
Chemoreceptor in vessels

Control Center

Diaphragm Nephron

Decreased excretion of H*

"@—“

Response

Increased H* in blood.

This response returns blood pH to normal. Treatment of
alkalosis involves increasing carbon dioxide levels. One
method involves simply breathing into a bag and rebreathing
the exhaled carbon dioxide.




Homeostasis of Blood pH

Metabolic

Diahrrhea (loss of bicarbonate ions)

Acidosis

Renal dysfunction

Ketoacidosis (diabetes mellitus)

Acidic blood pH

Normal blood pH

Receptors

Chemoreceptor in medulla
Chemoreceptor in vessels

Control Center

Diaphragm Nephron

Increased respiratory rate.
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Response
Decreased CO, in blood.

This response returns blood pH to normal. Treatment of
metabolic acidosis involves injection of sodium bicarbonate
and correcting the initial cause of metabolic acidosis (the
stimuli).




Homeostasis of Blood pH

Metabolic
Alkalosis

Diuretics (loss of H* in urine)

Vomiting (loss of gastric acid)

Alkaline blood pH

Receptors

Chemoreceptor in medulla
Chemoreceptor in vessels

Control Center

Diaphragm Nephron

Decreased respiratory rate.

J o LU

Response

Increased CO, in blood.

This response returns blood pH to normal. Treatment of
metabolic alkalosis often involves intravenous administration
of electrolytes.

Normal blood pH




