
Topic 1: Human Body & Cells 1

Topic 1: Human Body & Cells
Column

Module Code BIO1OOS
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Week Week 1

The Human Body

Anatomy vs Physiology

Anatomy

Focuses on understanding the size, shape and location of the different structures 
within the human body

Examines the structures of the human body

1. Gross (Macroscopic)

The examination of the human body part using unaided eyesight

Regional anatomy — studies all of the structure, muscles, bones, blood vessels 
in a particular region of the body (e.g. arms, legs)

Systemic anatomy — studies the body structures by system (e.g. in the 
cardiovascular system, examine heart and blood vessels)

Surface anatomy — studies the internal structures of the body as they relate to the 
overlying skin surface

2. Microscopic

Deals with structures too small to be seen with the naked eye

Subdivisions of microscopic anatomy — cytology (considers the cells of the body), 
histology (the study of tissues)

Physiology

Focuses on how the chemicals, cells, organs and organ systems work and the 
functions of the human body

Examines how the structures of the human body function

It is important to understand how the body carries out its life sustaining functions

Examples of topics studied in physiology:

The role of neurotransmitters in neurotransmission

The production and storage of energy in cells
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Allows waste products that are produced during normal cellular function to readily leave the 
cells while keeping in necessary substances

Substances can enter or leave a cell by passing through the cell membrane or by moving 
through pores or protein molecules embedded in the membrane

1. Passive transport

Substances cross the membrane without any energy input from the cell

Requires no energy

Occurs through diffusion and osmosis

Diffusion — substances move from an area of high concentration to an area of low 
concentration down, or along their concentration gradient

Movement continues until the substance is evenly distributed

Osmosis — occurs when the molecule or solute cannot pass through the membrane

The movement of water through a selectively permeable membrane to evenly 
distribute the solute

The passive movement of fluid across the membrane from an area of low solute 
concentration (more fluid) into an area of high solute concentration (less fluid) 
until the particle/solute is evenly distributed

2. Active transport

Cell provides the metabolic energy (ATP) needed to move the substance across the 
membrane

Requires energy

Moves a substance across the cell membrane against the concentration gradient from 
an area of low concentration to an area of high concentration

The energy required for a solute to move against the concentration gradient comes 
from ATP

Requires a carrier protein that combine with specifically and reversibly to the 
transported substance

Active transporters/Solute pumps move the solute against the concentration gradient 
by using energy from the hydrolysis of ATP

Hydrolysis of ATP into ADP results in phosphorylation of the transport protein

The transport protein then changes shape within the membrane and releases the 
particles on the other side of the membrane

Hydrogen, sodium and calcium uses active transport to create an uneven distribution 
of molecules either side of the cell

Endocytosis vs Exocytosis
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Responsible to sensing stimuli and transmitting nerve impulses to and from 
different parts of the body

2. Neuroglial cells

Specialised cells

Serve to support the nerve cells

Have various functions in support of the nerve cells

Do not transmit nerve impulses themselves

1. Neurons

Consists of 2 major parts:

1. Cell body — contains the neuron's nucleus, associated cytoplasm and other 
organelles

2. Nerve processes — finger-like projections that extend from the cell body that are 
able to conduct or transmit signals

2 types of nerve processes:

1. Axons — usually one per nerve, carries signals away from the cell body

2. Dendrites — usually several of these, much shorter and more branched, typically 
carry signals towards the cell body

2. Glial cells

Sometimes called neuroglial cells

Do not conduct nerve impulses but perform a number of support functions for nervous 
tissue

Their functions within the nervous system depends on the specific type of neuroglial

Some glial cells known as astrocytes are found in the brain and spinal cord, and form 
the blood brain barrier
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The cross bridge attachments formed will form and break several times during a 
contraction

It is like a ratcheting action that takes the thin filament towards the centre of the 
sarcomere

This event occurs simultaneously in sarcomeres throughout the cell

It causes shortening of the muscle fibres but not in a change of length of the actual 
filament

The Cross Bridge Cycle

The cross bridge cycle is a series of events where the myosin heads pull the thin 
filaments towards the centre of the sarcomere, which in effect is contraction

The contraction of a skeletal muscle generates the force necessary to move the 
skeleton

It is a contraction triggered by a series of molecular events

In a skeletal muscle fibre, the functional unit of contraction is the sarcomere

A sarcomere shortens when myosin heads in thick myofilaments form cross 
bridges with actin molecules in thin myofilaments

The formation of a cross bridge is initiated when calcium ions (released from the 
sarcoplasmic reticulum) bind to troponin

This binding causes troponin to change shape

Tropomyosin moves away from the myosin binding sites on actin, allowing the 
myosin head to bind actin and form a cross bridge

The myosin head must be activated before a cross bridge cycle can begin

This occurs when ATP binds to the myosin head and it hydrolyses to ADP and 
inorganic phosphate
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b. Degradation — enzymes located in the synaptic cleft break down the neurotransmitter into 
a substance which has no effect on the receptor channel

c. Diffuse — they simply diffuse away from the synapse

Postsynaptic Potentials / Graded Potentials

Postsynaptic membrane

Many receptors on postsynaptic membranes at the chemical synapse are specialised to 
open ion channels, converting a chemical signal into an electrical signal

These chemically gated ion channels are not sensitive to changes in membrane potential

Channel opening at postsynaptic membranes cannot become amplifying or self-generating
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These spinal nerves are named according to what section of the vertebral column they 
come from

Regions: Cervical in the neck, thoracic around the chest, lumbar (abdominal region), 
sacral (pelvic region), coccyx (tailbone)

Cross Section of Spinal Cord

Grey material in a butterfly shape in the middle of a white surround

Grey butterfly region — grey matter

Surrounding white material — white matter
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Topic 6: Respiratory System 6

The respiratory system can be divided into the conducting and respiratory zones

The conducting zone, includes everything from the nose to the terminal bronchioles, 
moves air into and out of the lungs

The respiratory zone, includes the respiratory bronchioles and alveoli, moves the 
respiratory gases oxygen and carbon dioxide in and out of the blood
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Control of Digestive Activity

1. Neural Regulation

To ensure food breakdown and absorption occurs as effectively as possible, the GI tract 
has its own enteric nervous system — gut brain

2 kinds of reflexes occur:

a. Intrinsic (Short reflexes)

Mediated entirely by the local enteric or gut plexuses in response to stimuli 
arising in the GI tract

b. Extrinsic (Long reflexes)

Initiated by stimuli arising inside or outside the GI tract

Involves the CNS centres and extrinsic autonomic nerves

If the stimuli arise from outside the GI system (e.g. sight, smell, taste, or thought of 
food), long reflexes are activated

The intricate nervous system sends information to the CNS via the autonomic 
nervous system

The extrinsic nerves come from both branches of the autonomic nervous system 
(sympathetic and parasympathetic) and alter the activity of the intrinsic reflexes, 
hormone secretion, or by directly stimulating or inhibiting smooth muscles and 
glands

The extrinsic inputs from the 2 branches of the autonomic nervous system have 
different effects on the digestive system

Sympathetic stimuli tends to be inhibitory, there will be a decrease in secretions 
and muscles movements, and construction of sphincters

Parasympathetic activity tends to be excitatory, there will be an increase in 
secretions and muscle movements, and relaxation of sphincters
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Sinoatrial Node (SA node)

Located in the right atrium near the entrance of the superior vena cava

Natural pacemaker of the heart

Initiates all heartbeat and determines heart rate

Electrical impulses from the SA node spread throughout both atria and stimulate them to 
contract

Atrioventricular Node (AV node)

Located on the other side of the right atrium near the tricuspid valve

Serves as the electrical gateway to the ventricles

Delays the passage of electrical impulses to the ventricles

The delay is to ensure the atria has ejected all the blood into the ventricles before the 
ventricles contract

AV node and Bundle Branches

It receives signals from the SA node and passes them onto the atrioventricular bundle 
(AV bundle / bundle of His)

The bundle is then divided into left and right bundle branches which conduct the 
impulses towards the apex of the heart
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Epididymis

Its head joins the efferent ductules and caps the superior aspect of the testis, hugs 
one side of the testis

It is the storage area for newly developed sperm that lie in wait until an ejaculatory 
event occurs

Sperm can be stored in the epididymis for several months

If held longer, they are eventually phagocytosed by epithelial cells

During ejaculation, the smooth muscle of the epididymis contracts and forces the 
sperm into the ductus (vas) deferens

Ductus (Vas) Deferens

Runs upward from the epididymis through the inguinal canal, into the pelvic cavity

At its end, it expands and joins the duct from the seminal vesicle to form the ejaculatory 
duct

Main function is to propel sperm from the storage site (epididymis) into the urethra

Men opting to take control of birth control can undergo a vasectomy

This minor procedure involves cutting and ligating (tying off) the ductus deferens

Nearly 100% effective form of birth control
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Ureters

The paired ureters are responsible for transporting the urine to the bladder

As the kidneys produce the urine, the ureters distend or swell which stimulates the smooth 
muscle layer (muscularis) to contract and propel the urine into the bladder

This process is called peristalsis

The strength and frequency of the peristatic ways is adjusted to the rate of urine 
formation

Bladder

The bladder stores urine that is fed in from the ureters

It is a balloon-like chamber that can expand and contract depending on the amount of 
urine that it is holding 
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The buffer system depends on the equilibrium between carbonic acid, hydrogen ions 
and bicarbonate ions

The arrows in this reaction show that it is reversible, meaning that the equation can move 
in both directions being left to right and right to left

The most important things to remember are that this is a quick fix for the body

It cannot eliminate hydrogen ions, it can only bind them until balance is restored

If excess of H+ — bicarbonate (HCO3-) will bind with excess H+

If shortage of H+ — carbonic acid will dissociate to form H+ and HCO3-

Respiratory Regulation

The lungs are able to act within a few minutes to pH changes

Unlike the protein buffers, the lungs can regulate the amount of acid or base in the body

This is a second line of defence against acid-base disturbances

The lungs can eliminate carbon dioxide, which is an acid, while replenishing the blood 
with oxygen

It is a far more efficient system than the chemical buffering system of the body

Carbon dioxide reacts with water to form carbonic acid, which then dissociates to form 
hydrogen ions and bicarbonate ions

This reaction is in equilibrium, as the higher the concentration of carbon dioxide, the 
greater amount of carbonic acid that is formed

The carbonic acid then dissociates to form hydrogen ions and bicarbonate ions which 
decrease the blood pH

If carbon dioxide levels fall, the reaction shifts in the opposite direction so that many 
hydrogen ions and bicarbonate ions combine to form carbonic acid, which then forms 
carbon dioxide and water

Hydrogen ions and bicarbonate ions decrease in the solution, which will increase blood 
pH

There is also an enzyme carbonic anhydrase, which is found on the surface of capillary 
epithelial cells that catalyse the reaction between carbon dioxide and water
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