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Learned reflexes

The protective reflexes mentioned above are present from birth. chn. noﬁv_nx. motoer vm:Q..:m

appear during a baby’s development — including reflexes such as mﬁniwﬂm. chewing or following

movements with the eyes. These innate reflexes are determined genetically.
Some complex motor patterns are learned and are called . Muscular

adjustments required to maintain balance while riding 2 bike, jamming on the brakes of 2 car o

avoid a dangerous situation or catching a ball are all acquired reflexes. They are learned throngh

constant repetition.

Homeostasis

Have you ever run to catch a bus or a tratn, or perkaps run up several flights of stairs? After such
vigorous activity you may have been sweating, your face may have been red, you would have
been breathing heavily, and you would have been able to feel your heart beating @—‘nnm&m and
rapidly. All these responses would have occurred automaticaily, EWTDE any conscious &o:mrﬁ on
your part, Such responses ate a part of homeostasis, is the process of keeping the
environment inside the body fairdy constant. o

Our body cells work best at a particniar temperature, when surrounded by fluid wich a
particular pH, when given a constant supply of oxygen and glucose, and when wastesare
constantly removed. Maintzining these, and other optimum conditions for cel! funceoning, is

alk part of homeostasis. ,
Homeostatic mechanisms help vs wo be independent of our external environment. For example,

if you suddenly plunge into a cold swimming pool, the cells of your brain, liver, stomach, heart and
other internal organs will continue to function normally despite the sudden change in external

temperature (Figure 6.3).

Figure 6.3 Homeoslasis makes us relatively independent of the external enwironment
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The body’ cells are surrounded by fluid, and it is the composition and temperature of this Auid
that must be maintained within very fine limits. The important aspects of the internal environment
that the body needs o regulate include:
core bedy temperature
pH and concentrations of dissolved substances in the body Auids
concentration of glucose in che biood
concentration of oxygen and carbon dioxide in the blood and other body Auids
blood pressure
concentrztion of metabolic wastes.

The maintenance of this -tewdy ~tute does not mean that nothing changes. Instead, there is
a dynamic equilibrium in which the input and output of materials and energy are balanced, All
the systems of the body contribute to homeostasis, not anly to supply the cells’ needs, but also to
maintain 2 constant cellular environment,

To maintin homeostasis the body must be able to both sense changes in the internal and
exterazl environment and compensate for those changes. The nervous and endocrine systems
are the main sensory and controlling body systems and, in the case of homeostasis, they operate
through feedback systems, many of which involve negative feedback. Homeostasis of specific
aspects of the body’s internal environment will be considered in Chapters 7 and 8.

B V)

Tolerance limits

Mazny factors can vary in the human body. For example, oxygen concentration in the tissues, salt
concentation, temperature and glucose concentration ali rise and fll a litde, If there s too biga
ris¢ or too big 2 fall then things start to go wrong with the way the body works.

22"+ are the upper and lower limits to a range of factors. Within these limirs the
body finctions normally. A rise above, or a fall below, the normal range means that the individuals
tolerance limits have been exceeded and dysfunctions will occur,

Feedback systems

A *f -+ dsa circular sitwation in which the body responds to a change, or -zl with
the response altering the original stimulis. In the case 0F a 1 witice oaiboarl, o te3:, the response
causes the stimulus, or vasiable, to change in 2 direction opposite to that of the original change.

Take, for example, a variable such as the concentmation of glucose in the blood. When we
exercise, our muscles use up glucose to release the energy required for muscle contraction, The
mascles absorb glicose from the blood and consequently the blood glucose level tends to fall. This
is the stimulus, The liver responds by releasing more glucose into the blood {Figure 6.4). Thus, the
response has caused the blood glucose level to 80 up, which Is the opposite of the fall in glucose
that initiated the response. In this way the blood glucose level is maintained within a range that is
acceptable for efficient cellular fnctioning,
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Figure 6.4 An example of a feedback system. In this case the feedback

loop is contralling the body's blood glucose level
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Each kidney contains about 1.2 million microscopic units called nephrons. The - - is the
functional unit of the kidney; that is, it is the nephrons that carry out the kidney’s role in excretion and
water regulation. Figure 7.13 shows a nephron and explains how it functions. Detailed m:».nw:zumo:
abour the structite and function of the nephron was covered in Fuman Perspectives Units 1 & 2 ATAR.

Blood enters the glomerulus under
high prassore.

Filtration. The high blood pressure
forces water and smalt dissolved
maiecules aut of Ibe bload and into
lhe capsule. Large molecules and
blood celis are retained in the blood

The fillrate 1s collected by the
glomerutar capsule.

Reabsorptinn. The filirale passes
through theproximal convoluted tubule,
+hia' ldop of Habte, the distal Canvalutad
tebule and thie colfecting duct; Waler
and aitieruséfut subistinces sre
reabsorbed into the paritubllar
capillanies. T

Secretion, Some malerizls that need
te bie remaved from the body are -
secreted inlo the kidney:tubula from
the peritubulas eapittaries.:

Urine. The water and dissolved
substances thal remain make up the
uring. Urine is carried by collecting
ducis o the ureterand then to the
bladder.

Figure 7.1 The functional unit of the kidney is the nephron.

Control of water loss by the kidneys

The q.o_.ﬁqnn and composition of urine produced by the kidneys depends on how much wat
there is in the body fluids. If you drink a Large volume of water, you will quite soon produc g
_E.,mn volume of dilute urine. If you become dehydrated, through not drinking eno w_.. -
will produce a smaller volume of concentrated urine. g cnough R Yo
.>mm3§.3».am_< 99% of the water filiered throngh the glomeruli of the kidneys is reabsorbed
This reabsorprion oceurs through the walls of the kidney tubules along their entire Fn. th e
However, the reabsorption occurring at the proxinal convoluted tubule and loop of Emzmm
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{nephron loop) is by osmosis, while reabsorption at the distal convoluted tubule and collecting
rubule is 2ctive reabsorption. The level of active reabsorption is contolled by 2 hormone known as

ADH is produced by the hypothalamus and released from the posterior lobe of the pituitary
{see page 26). The permeability of the walls of the distal convolited tubule and collecting duce
is controlled by ADH, When the concentration of ADH in the blood plasma is high, the ubules
are very pecmeable to water, and thus water is able to leave the wbule and enter the surounding
capillary network. This ourward flow of water from the fluid within the tubules reduces its volume
and hence increases the concentration of the materials remaining. On the ather hand, when the
concentration of ADH in the plasma is low, the wbules are not very permeable to water, and Jittle
water is reabsorbed into the plasma of the blood, In this situation, the fluid within the tubules
remains fairly dilute, as its volume is not reduced to any significant extent.

“I'he action of ADH in controlling water balance is another example of a feedback process
maintaining the interna environment of the body, The mechanism for the process is described
below and illustrated in Figure 7.12.

.——— =

5ilicreased smaunl's
2 reabsorbi

Figure 7.12 The reguiation of water output by antidiuretic hormone [the numbers refer to the points
listed in the text]

If a decreased amovnt of water Is in the blood, such as would result from increased Joss of water

through sweat, the water concenuration of the blood plasma would decrease, This means the

osmotic pressure of the blood is raised.

Osmoreceptors in the hypothatamus detect the increased osmotc pressure of the blood.

The hypothalamus stirmslates the posterior lobe of the pituitary gland to release ADH into the

bloadstream.

4 ADH is carried all over the body by the blood but it affects its target organs, which are the

nephron tubules in the kidney. The permeability to water of the distal convoluted tubules and

the collecting ducts is ingreased.

More water is then reabsorbed into the blood plasma from the mbules and ducts.

6 The reabsorption of water increases the water concentration in the plasma and so the osmotic
pressure of the blood is decreased.

7 The response is decreased osmotic pressure of the blood. “This has eliminated or reduced the original -

stimulus that was increasing osmotic pressure of the plasma. Nepative feedback has occurred.
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PROTEIN / AMINE HORMONE

' MODE OF ACTION ~ T MODE OF ACTION:
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Once released, a hormone s carried in the blood to affect specific
target cells, Water soluble hormones are carried free in the blood,
whilst stercid and thyroid hormones are carried bound to plasma
proteins, Target cells have receptors to bind the hormone, initlating a
cascade of reactions which results in a specific target cell response
(e.g. protein synthesis, change in membrane permeability, enzyme

Activation By Second Messengear

Peptlde hormone
int bloodstream Ls
{first messenger)

Hormone binds to

recaptor activating
adenylate cyclase

Mambrane recapior
- P

Adenylate
cyclase

Cyeclic AMP (cAMP) is
synthesized from ATP: a
process thatl requires the
enzyme adenyiate cyclase.

cAMP goes on to activate
profein kinase A, beginning a
signal cascade which brings
aboul a celliar response.

Activated
protein kinase

Hormone praducing cell

Plasma membrane of target cells
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activation, or secretion). Peptide hormones operate by interacting
with tfransmembrane receptors and activating a second messenger
systam (e.g. cyclic AMP). Steroid hormones enter the cell o interact
directly with intracellular cytoplasmic receptors. Orice the target cell
responds, the response is recognized by the hormone-producing cell
through a feedback signal and the hormone is degraded.

Gene Activation by Steroids

Sterold
hormane in =
bloodstream

Lipid-soluble steroid
hormone diffuses easily
Ihrough the plasma
membrane

~-— Hormone-recepior
complex

Activation of
genes on DNA

i
Cyclic AMP is a second messenger linking the hormone to the cellular  Steroid horriénes allar cellular function through direct astivation of
response. Gellular concentration of cAMP increases markedly once & genes. Once inside the target cell, steroids bind ta intracellular receptor
hormone binds and the cascade of enzyme-driven reactions is initiated.  sites, creating hormene-receptor complexes that activate specific genes.

1. Describe the two mechanisms by which a hormene can bring about a cellular response:

(a)

(b)

2. State in what way these two mechanisms are alike:

3. Explain how a very small amount of hormone is able to exert a disproportionately large effect on a target cell:

ISBN: 978-1-B77462-26-9
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Related activities: Hormonal Regulatory Systems, Cell Signaling
Web links: Signal Transduction, Peptide Hormane Action
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The hypothalamus is located below the thalamus, just above  Ong of the most important functions of the hypothalamus is to fink
the brain stern and the pituitary gland, with which it has a close  the nervous system to the endocrine system (via the pituitary).
structural and functional relationship. Information comes to  The hypothalamus contains neurosecretory cefls. These are
the hypothalamus through sensory pathways from sensory  specialized secretory neurons, which are both nerve cells and
receptors. On the basis of this information, the hypothalamus  endocrine cells. They produce hormones (usually peptides) in the
controls and integrates many basic physiological activities  cell body, which are packaged into droplets and transported along
{e.g. temperature regulation, food and fluid intake, and sleep),  the axon, At the axon terminal, the neurohormene is released into
including the reflex activity of the autonomic nervous system.  the blood in response to nerve impulses.

The Role of the Hypothalamus Neurosecretory Cells

o

Neurosectetory celis inthe
hypothalamus secrete
neurohormaones into
capilaries. These releasing
hormones control the
release of hormones from

Neurosecretory cells Region ofs N\

enlargement %,

the anterior pituitary. Neurons from Cell bod
the CNS enhosy

Hypothalamus i

monitors hormone

levels and indirectly o

regulates many Axon

functions, including
body temperature,
hunger, and sleep.

asndu enten

Portal vein links two

capillary networks (CN). Neurosecretory

axons

Mitechondrion

Posterior pituitary

Antericor pitultary is truly s neural in origin
r.

glandular and secrates
hormones in response to the

hypothalamic hormones. CJ:SL;;?::cretory Membrane receptor
/
% >} Capillary
Releases at least seven Stores and releases
peptida hormones, including oxytocin and ADH produced
GH, TSH, and ACTH by the hypothalamus

1. (a) Explain how the anterior and posterior pituitary differ with respect to their refationship to the hypothalamus:

(b) Explain how these differences relate to the nature of the hormonal secretions for each region:

2. Describe the role of the neurchormones released by the hypothalamus:

3. Explain why the adrenal and thyroid glands atrophy if the pituitary gland ceases to function;

4. Although the anterior pituitary is often called the master gland, the hypothalamus could also claim that title, Explain:
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Oxytocin

Mammary
gland




The pituitary gland (or hypophysis} is a tiny endoctine gland,
about the size of a pea, hanging from the inferior surface of the
hypothalamus. It has two regions or lcbes, each with different
structure and origin. The posterior pituitary is neural (nervous)
irn origin and is essentially an extension of the hypothalamus, its
neurosecretory cells have their cell bodies in the hypothalamus,

¥ and
I

Thyroid Stimulating Hormone
Inceases synthesis and secretion of
thyroid hormones (Ty and thyroxine)
from the thyroid gtand.

Growth Hormone
Stimulates prelein synthesis and
growth in most tissues; one of the

nes of the Pituitar

main regulators of metabolism.

Profaciin
Stimutates growth of the mammary
glands and synthesis of milk protein.

Adrenocoiticotrophic Hormone
Usually abbreviated to ACTH, this
hormone increases synthesis and
secretion of hormones (zldosterone
and corlisol} from the adrenal cortex.

Follicie Stimulating Hormone
In females: Stimulates maturation of
the ovarian folficles.

In males: Increases the production
of sperm in the seminiferous tubules,

Luteinizing Hormone
in females: Stimulates secretion of
ovarian hormones, ovulation, and
formation of the corpus luteumn.

In males: Stimulates synihesis and
seoretion of testosterone .

i
Melanophore Stimulating Hormone
Increases melanin synthesis and
dispersal in the skin's melanocytes.

® Bivzone Internationat 2009
Related activities: The Endocrine System, The Hypothalamus and Pituitary,

Photocopying Prohibited

and release oxytocin and ADH directly into the bloodstream in
respense 1o nerve impulses. The amterior pituitary is connected
to the hypothatamus by blood vessels and receives releasing and
inhibiting hormones (factors) from the hypothfamus via a capiliary
network. These releasing hormones regulate the secretion of the
anterior pituitary's hormones.

Hormones from the posterior pituitary
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Oxytocin
Acts an the mammary glands to
stimulate milk ejection (let down)...

Antidiuretic Hormone
Acts an the kidney to increase waler
reabsorption from the filtrate (urine).

Oxytocin
... also acts on the uterus 1o stimulate
contraction during labor.

The Siress Response

WalsAg eugxocpug ayl
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Hormones in the Pituitary Gland

Hormone |Posterior/Anterior|Target Organ |Effect

G
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QUESTIONS: ENDOCRINE SYSTEM, WEEK 1

1. Define homeostasis.

2. What is meant by a feedback system? Quiline the difference between ¢ negative and
postlive feedback

3. Fxplain the difference belween endocrine and exocrine glands and give 3 examples
of each.

4. Define hormone.

5. What is o target organ?

4. Hormones and nerve impuise are simitar in that they carry ‘'messages’. Outline a
difference/s between hormones and nerves

7. Hormones are specific. Whai does this mean and how is specificity achieved?

8. What is the difference between a hormone and a paracrine?

9. There are iwo main types of hormones, which enter the cellin difterent ways. Using the
two diagrams below: {recap cell membrane structure)

Q) Identify which hormone is shown and state whether it is lipid or water soluble fhow are
you going fo remember which is which?}

b) Label all components {some may require you to explain what is occurring).

¢) Explain how it specifically affects the functioning of the cell once inside.

DIAGRAM A

DIAGRAMB

10. Give an example of a hormone that is lipid soluble and water soluble.

11. Explain how hormones change the functioning of cells

12. Describe enzyme ampiification,

13. Explain why the addition of more and more hormone does not continue fo increase
the intensity or rate of the response.

14. Once a hormene has brought about a response, what happens to the hormone?
15. What is a synthetic hormone?

14. Although a patient may be on hormone replacement therapy to improve their
deficiency/symptoms Am.@. in post-menopausal women), synthetic hormones can also

cause neggative impacts on the body. Describe two impacts.
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The endocrine glands are distributed throughout the body,
frequently associated with the organs of other body systems. Under
appropriate stimulation they secrete hormones, which are carried
in the blood to exert a specific metabolic effect on target cells. After
exerting their effect, hormones are broken down and excreted from
the body. Although & hormone circulates in the blood, only the
targets respond. Hormones may be amino acids, peptides, proteins

Hypothalamus

Coordinates nervous and endogrine
systems. Secretes releasing hormones,
which regulate the hormones of the —_
anterior pituitary. Produces exytocin
and ADH, which are released from the
posterior pituitary.

Pineal
This small giand in the brain secretes
melatonin, which regulates the sleep-
wake cycle, Melatonin secretion follows
a circadian rhythm and coordinates
repreductive hormones too.

Thyrold glane
Secretes thyroxine, an iodine
containing hormone neaded
for normal growth and
development, Thyroxine
stimulates metabolism and
growth via protein synthesis.

Pancreatic islets
Specialized o and B
endocrine ceils in the
pancreas produce glucagon
and insulin, Together, these
control blood sugar levels.

Ovaries (in females)
The ovaries produce estrogen
and progesterone.

These hormones control and
maintain female characteristics,
stimulate the menstrual cycle,
maintain pregnancy, and
prepare the mammary glands
for lactation.

1. Explain how a hormone is different from a neurotransmitter:

¢ Endocrine System

(often modified), fatty acids, or steroids. Some basic features of the
human endocrine system are explained below. The hypothalamus,
although part of the brain and not strictly an endocrine gland,
contains neurcsecretory cells, and links the nervous and endocrine
systems. The hypothalamus, together with the pituitary, adrenal,
and thyroid glands, form a central axis of endocrine control that
regulates much of the body's metabolic activity.

Pituitary gland

The pituitary is located betow
the hypothalamus. It secretes
at least nine hormones that
regulate the activities of other
andocrine glands.

Parathyreld glands

On the surface of the thyroid,
they secrete PTH (parathyroid
hormane), which regulates biood
cafcium levels and promotes the
release of calcium from bone.
High levels of caicium in the
nleod inhibit PTH secretion.

Adrenal glands
The adrenal medulia produces
epinephrine {adrenaline) and ™
norepinephrine
{noradrenaline) responsible
for the fight or flight response.
The adrenal cortex produces
various steroid hormaones,
including cortisol {response
to stress) and aldosterone
{sodium regulation).

Tesles (in males) -

“Tfig lgstes of males n;i;i‘di ce
tegiostajone, which’ g:bn!ro!s and
malatalns "maleness” {muscular
deve'lbp’?}gpnt and deeper voice),
and promoles sperm production.

2, Using ruled lines, connect each of the following endocrine glands with its correct role in the body

(a) Pituitary gland

(b) Ovaries

{c) Pineal gland

{d) Parathyroid glands

{e) Thyroid

The hormone from this gland regulates the levels of calcium in the blood

Master gland secreting at least nine hormones, including growth hormone and TSH
Produces hormones involved in the regulation of metabolic rate

Secretes melatonin to regulate slesp patterns and cycles of reproductive hormones

Produce estrogen and progesterone in response to hormones from the pituitary

3. Review the three types of stimuli for hormone release and describe a specific example of each:

(a) Hormonal stimuius:

(b) Humoral stimulus:

(¢) Neural stimuius:

Related activities: Hormonal Regulatory Systems, The Hypothalamus & Pitultary
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Representative

Gland Hormone Chemical Class  Actions Regulated By

Hormones released from the posterior pituitary and
hormones that regulate the anterior pituitary (see below)

Hypothalamus

Posterior pituitary Oxytocin Pepticle Stimulates contraction Nervous systerm
gland (releases of uterus and mammary
neurohorinones made gland cells
in hypothalamus)
Antidiuretic hormone Peptide Promotes retention of Water/salt bafance
{ADH) water by kidneys
Anterior pituitary Growth hormone (GH) Protein Stimulates growth (especially Hypothalamic
gland bones) and metabolic hormones
functions
Prolactin (PRL} Prolein Stimulates millk production Hypothalamic
and secration hormones
Follicle-stimulating Glycoprotein Stimulates production of Hypothalamic
hormone (FSH) ovaand sperm hormones
Luteinizing hormone Glycoprotein Stimulates ovaries and testes Hypathatamic
(LH} hormones
Thyroid-stimulating Glycoprotein Stimulates thyroid gland Hypothalamic
hormone (TSH) hormones
Adrenocorticotropic Peplicle Stimulates adrenal cortex to Hypothatamic
hormone (ACTH) secrete plucocorticoids hormones
Thyroid gland Triiodothyronine (T5) Amine Stimulate and maintain TSH
and thyroxine (T,) metabolic processes
Calcitonin Peptide Lowers blood calcium level Calcium in blood
Parathyroid glands Parathyroid hormone (PTH) Peptice Raises blood calciumn level Calcium in hlood
Pancreas Insulin Protein Lowers blood glucose level Glucose in blood
Glucagon Protein Raises blood glucose [evel Glucose in blood
Adrenal glands
Adrenal medulla Epinephrine and Amines Raise blood glucose level; Nervous system
norepinephrine increase metabolic activities;
constrict certain blood
vessels
Adrenal cortex Glucocorticoids Steroid Raise blood glucose level ACTH
Mineralocorticoids Steroid Promote reabsorption of K" in blood;
Na* and excretion of K" angiotengin 11
in kiclneys
Gonads
Testes Androgens Steroid Support sperm formation; FSHand LH
promote development and
maintenance of male secondary
sex characteristics
Ovaries C{;J) Estrogens Steroi Stimulate uterine lining growth; FSHand LH
) promote development and
maintenance of fermale
secondary sex characteristics
Progestins Steroid Promote uterine lining growth FSHand LH
Pineal gland Melatonin Amine Involved in binlogical rhythms Light/dark cyctes

1002 UNIT SEVEN

Animal Form and Function




Pineal gland ~Hypothalamus

PHluitary gland

Parathyroid giard —
e Thytodd gland

Thymus

Adronal gland
Kidney
Pancroas

— Ovary [in lemals)

Testis {in maig)-



