CHAPTER 7    RESPIRATION
THE RESPIRATORY PROCESS
1) All organisms require energy to carry out all living processes such as growth, reproduction, response, movement, breathing, digestion and excretion.

2) Energy is required for:

a) cell division for growth (movement of chromosomes)

b) formation of gamete for reproduction

c) excretion of waste product

d) transmission of nerve impulses

e) active transport – energy is used to move molecules and ions across the plasma membrane.
f) Maintaining the body temperature ( in the warmed-blood animals)

g) Synthesis of lipids, hormones, proteins and enzymes.

h) Muscles contraction which enables locomotion.

i) Absorption of food through active transport.

j) Secretion – enzymes and mucus secreted, packaged and transported.

3) Energy is stored in the form of chemical energy in organic substances such as carbohydrates, lipids and proteins. It need to be converted into a form of energy which can be readily used by cells.
4) Respiration is the breaking down of food to produce energy.

5) The main substrate for respiration is glucose.
6) Glucose is obtained from the following:

a) the digestion of carbohydrates in humans and animals

b) the process of photosynthesis in plants

7) The process of respiration occurs in the mitochondria and in the cytoplasm of cells.
8) Respiration can be divided into two stages:

a) external respiration / breathing

b) internal respiration / cellular respiration / tissue respiration
9) External respiration is a mechanical process of inhalation and exhalation of air through the respiratory system. 
10) Internal respiration is the oxidation of organic molecules (glucose) to release the chemical energy stored within these molecules. It involves a series of reactions controlled by enzymes.

11) There are two types of respiration in the cell:

a) Aerobic respiration

b) Anaerobic respiration

Aerobic Respiration
1) Aerobic respiration is the breaking down / oxidation of glucose in the presence of oxygen to release chemical energy. It takes place in all living cells of plants, animals, and in certain moicroorganisms.
2) The glucose is completely oxidized which releases energy, carbon dioxide and water.

3) Aerobic respiration can be summarized by the following chemical equation:
C6H12O6     +   6O2  



6 CO2  + 6 H2O  +  2898 kJ /mole(38ATP)

Glucose      +  oxygen 



carbon dioxide + water  + energy

The oxygen comes from inhaled air while the CO2 and water is removedduring exhalation.

4) Aerobic respiration occurs in the mitochondria and cytoplasm of cells. The reaction occurs slowly and in stages controlled by enzymes.

5) The energy is released in stages and in small amounts.

6) Respirations differ from burning. Burning releases a large amount of energy quickly. This will kill the cells.

7) Only a small portion of the energy is lost in maintaining the body temperature. A larger portion of energy is used to synthesise adenosine triphosphate (ATP) from adenosine diphosphate (ADP) and inorganic phosphate.
ADP + P + energy 



ATP

8) When body cells need energy, ATP molecules will be hydrolysed to yield energy, a molecule of ADP an an inorganic phosphate.

ATP 



ADP + P + energy

9) The energy from ATP can be used to carried out biological processes such as muscle contraction, active transport of ions and molecules across the membrane and the synthesis of biomolecules.

10) Organisms that respire aerobically are called aerobic organisms.

Anaerobic Respiration
1) Anaerobic is a process that breaks down glucose in the absence of oxygen to release energy.
2) Glucose is not completely broken down. Not all the energy in glucose is released.

3) Some of the energy is stored in the product of anaerobic respiration. Only a small amount of energy ( 2 molecules of ATP) is released.

4) It occurs in the cytoplasm.

5) Organisms that respire anaerobically are known as anaerobes.
6) Microorganisms such as yeast can respire anaerobically.
7) Skeletal muscles of vertebrates respire anaerobically during vigorous contractions.

8) Roots of the plants in waterlogged soil can respire anaerobically for a short period of time.

Anaerobic Respiration in Human Muscles
1) During vigorous exercise such as a 100m sprint, human muscle cells contract repeatedly and rapidly.
2) The breathing rate and heart rate are increased to supply more oxygen quickly to the muscles.

3) However, the supply of oxygen is still insufficient and the muscles have to carry out aerobic respiration to provide for sudden energy demand.
4) Glucose is broken down to produce energy (150kJ) which is used to synthesise two molecules of ATP. Lactic acid is produced as by-product. This process is called lactic acid fermentation.
C6H12O6    

 2C3H6O3 + 150 kJ/mole
or 2 ATP

Glucose 



lactic acid + energy 

5) Lactic acid accumulates in the muscle causing muscular fatigue, pain and cramps because it is toxic.
6) An oxygen debt incurred because the maximum  rate of oxygen used is less than the oxygen supplied.

7) The amount of oxygen needed to break down the lactic acid is called oxygen debt. 

8) For a trained athlete, the highest amount of lactic acid which can be tolerated is about 127 g and the biggest oxygen debt which can be tolerated is about 16 litres.

9) Oxygen is required to pay off the oxygen debt. Fast, deep breathing supplies extra oxygen to break down the lactic acid to carbon dioxide, water and energy.
Lactic acid 


carbon dioxide + water + energy

10)  Some lactic acid is converted into glycogen and stored in the muscle cell and liver.

11) For every 10 g of lactic acid accumulated in the body, 1.7 litres of oxygen have to be inhaled to remove it.

Anaerobic Respiration in Yeast

1) Yeast carries out aerobic respiration if oxygen is present and anaerobic respiration if oxygen is absent.

2) Anaerobic respiration in yeast is called alcoholic fermentation.

3) During fermentation, yeast secretes the enzyme zymase which hydrolyses glucose in the absence of oxygen to form ethanol, carbon dioxide and energy.
zymase

Glucose  


ethanol  +  carbon dioxide   +  energy

C6H12O6    


2C2H5OH   +  2 CO2  + 210 kJ/mole(2ATP)

4) The zymase speed up the fermentation process.

5) In this process, only a small amount of energy is released. A large amount of energy is still stored in the ethanol as chemical energy because glucose is not completely broken down.

6) The products of fermentation such as carbon dioxide is used as a raising agent in baking bread. Ethanol evaporates during baking.The ethanol is used to produce alcoholic drinks such as wine and beer.

Comparison between Aerobic Respiration and Anaerobic Respiration

Similarities

1. Both are cellular respiration.

2. Glucose is the main substrate

3. Energy is produced.

Differences:
	Aerobic Respiration
	Anaerobic Respiration

	1. Occurs in the presence of oxygen
	Occurs in the absence of oxygen

	2.Releases large amount of energy

( 38 molecules of ATP or 2898 kJ/mole)
	Releases less energy ( 2 ATP)

( 150 kJ in muscles cells and 210 kJ in yeast)

	3. Produces carbon dioxide and water
	Produces lactic acid (human muscles) or ethanol (yeast)

	4. Glucose is completely broken down
	Glucose is not completely broken down.

	5. Occurs in the mitochondria and cytoplasm
	Occurs in the cytoplasm only.


RESPIRATORY STRUCTURES AND BREATHING MECHANISMS IN HUMANS AND ANIMALS
Respiratory Structures and Adaptations
1) Breathing is the exchange of gases between the organism and the environment. It is the mechanical process of taking oxygen into the lungs (inhalation) and removing carbon dioxide from the lungs (exhalation)
2) Gaseous exchange involves the intake of oxygen from the environment and the discharge of carbon dioxide to the environment. Gaseous exhange occurs in the respiratory structures.
3) Each organism has its own respiratory structure for breathing.

	Organism
	Respiratory structure

	Human
	Lungs 

	Protozoa 
	Plasma membrane

	Insects 
	Tracheal system

	Fish 
	Gills 

	Amphibians 
	Skin and lungs


4) On the surface of respiratory structures, gaseous exchange by diffusion occurs.

5) The respiratory surfaces (respiratory membrane) are adapted for maximum gaseous exchange by increasing the total surface area.

6) The larger the surface area of the respiratory surfaces, the higher the rate of diffusion for gaseous exchange.

7) The surface area : volume ratio of an organism is the surface area available for gaseous exchange per unit volume of an organism’s body.
	Length, x

(cm)
	Total Surface Area , TSA (cm2)
	Volume, V

(cm3)
	TSA / V

(cm-1)

	1
	6
	1
	6

	2
	24
	8
	3

	3
	54
	27
	2

	4
	96
	64
	1.5

	5
	150
	125
	1.2

	6
	216
	216
	1


8) When the size of an organism increases, the value of surface area : volume ratio decrease rapidly.
9) Small organisms like protozoa ( amoeba and paramecium) and planarias have high surface : volume ratios.

10) This means that the respiratory surface area of a small organism is large enough for oxygen to diffuse in, and CO2 to diffuse out of its body.
11) All animals share four common characteristics of the respiratory surface which are having a:

a) large surface area to maximize the exchange of gases.

b) Moist respiratory surface for gases to dissolve in first before diffusing across the respiratory surface.

c) Thin respiratory surface (usually one cell thick) for effective diffusion of gases.

d) Network of blood capillaries beneath the respiratory surface (except for protozoa and insects)

Respiratory Structures in Animals

Protozoa
1) The protozoa is a unicellular aquatic microorganism. Two common protozoa are amoeba and paramecium.
2) As it is very small in size, the total surface area-volume ratio is large (about 60 000 : 1 )
3) Hence, gaseous exchange by simple diffusion occurs rapidly across the thin plasma membrane which is fully permeable to the gases.

4) Oxygen diffuse into the cell and CO2 diffuses out of the cell through the plasma membrane down the concentration gradient.

5) No special respiratory structure is required by the protozoa for gaseous exchange.

6) No breathing mechanism is necessary for amoeba.

Fish
1) The bony fish is a multicellular aquatic animal.

2) The fish, which is much larger than the protozoa, has a small surface area : volume ratio.
3) The skin of the bony fish is covered by impermeable scales and gas exchange occurs through a specialized respiratory structures called gills.

4) A fish has four pairs of gills ( two pairs on each side) which are covered/protected by the operculum (gill cover).
5) Each gill has a bony arch (gill arch, a small rod of bone) that supports the gill.
6) The inner edge of the gill has numerous small spines called gill rakers to strain food particles which might pass through the gill slits and damage the gill filaments.

7) Each gill has two rows of thin filaments, which arranged in a V-shape.

8) The filaments consists of numerous plate-like projections and thin-walled lamella to increase surface area. (plural : lamellae )
9) The gill lamella are richly supplied with a network blood capillaries for gaseous exchange.
10) Gaseous exchange occurs at the gill filaments.

11) The gill filaments are adapted for gaseous exchange are as follows:

a) Many plate-like projection (lamella) at gill filaments to increase the surface area-volume ratio for absorption of dissolved oxygen in the water.
b) Thin epithelial walls of the gill filaments allow oxygen to diffuse easily into the blood capillaries of the gill filaments.

c) A network of blood capillaries in the gill filaments to increase the rate of gaseous exchange by diffusion.

12) The efficiency of gaseous exchange is made better with the counter current exchange mechanism. This mechanism ensures that as deoxygenated blood flows through the blood capillaries in the lamellae, it will encounter water with a higher oxygen content that flows from the opposite direction. Gills can extract more than 80% of the oxygen dissolved in the water flowing over the respiratory surface. 
13)  The breathing mechanism of fish:
	Inhalation
	Exhalation

	The mouth opens, the operculum closes against the body and the floor of the mouth lowers down.
	The mouth closes and the floor of the mouth rises upwards.

	These action icrease the mouth cavity (buccal cavity) which decrease its pressure
	These action decrease the mouth cavity which increase its pressure

	The water forced into the mouth.
	The water forces open the operculum, and the water flows out.


Insects
1) The body of an insect is protected by the exoskeleton which is impervious to the gases.

2) Insects are active animals, they need a lot of oxygen. Gases are not transported by blood.

      They don’t have a network of blood capillaries.

3) The respiratory structure of the insects is called a tracheal system.
4) The tracheal system consists of a network of air tubes called tracheae (singular : trachea).
5) Air enters the tracheae through a series of openings along the sides of the body called spiracles.
6) On the thorax and abdomen of an insect are ten pairs of spiracle. Most adult insects have two pairs of spiracles in the thorax and eight pairs in the abdomen.

7) Each spiracle is protected by valves which also control the opening and closing of the spiracle.
8) Each trachea is kept open and supported by stiff rings of chitin. The chitin prevent the air tubes froms from collapsing or become deflated.
9) The trachea branch in a tree-like network of smaller tracheoles (singular : tracheal) which end in the fluid around the cell.

10) Tracheoles do not have rings of chitin and ends at the body cells.

11) Gaseous exchange occurs between the tracheoles and the body cells (muscle cells) by diffusion.

12) Oxygen diffuses from the tracheoles into the body cells and the CO2 diffuses out from the body cells into the tracheoles to be removed from the body.

13) The adaptations of tracheoles for gaseous exhange:

a) Numerous and very fine tracheoles provide a large surface area for diffusion of gases.

b) Moist tracheoles walls enable the oxygen to dissolve in the moisture before it diffuses into the body cells. 

c) Thin epithelial walls of tracheoles facilitate diffusion and increase rate of diffusion.

14)  The muscles in the abdomen contract and relax to change the volume and pressure in the abdomen. This causes rhythmic movements of the body and hence, the movement of air through the spiracles.
15)  The breathing mechanism:

	Inhalation
	Exhalation

	The abdominal muscles relax and the valves of spiracles open.
	The abdominal muscles contract

	The pressure in the tracheae decreases
	The pressure in the tracheae increases

	Air is forced into the body through the spiracles
	Air is forced out through the spiracles


16) Certain insects like grasshopper have air sacs connected to trachea that can pump the air throughout the tracheal system.
Amphibians
1) Amphibians such as frogs can live on land and in water.
2) They respire through four different organs – the gills, lungs, skin and the mouth.

3) The tadpoles breathe through the skin and gills.

4) The adult frog breathes through the lungs (when it is active), skin (when it is inactive and remains under water for a long time) and mucous lining of the mouth but gaseous exchange occurs mainly through the skin and the lungs.
5) The lungs of the frog consist of a pair of thin-walled air sacs in the thoracic cavity.
6) The air sacs connected to the mouth through an opening, called the glottis.
7) The frog swallows air into its lungs by using the muscles on the floor of its mouth rather than breathing in because a frog has no diaphragm.
8) Adaptation of skin for gaseous exchange:

a) its thin skin allows gases to diffuse easily.

b) Its moist skin dissolve gases and allow the exchange of gases occur readily. Its skin has mucous glands which keep the skin moist.
c) Supplied with many blood capillaries to increase the rate of diffusion and transportation of oxygen and CO2.

9) Adaptations of mouth for gaseous exchange:

a) The floor of the mouth cavity always moves up and down to enable the air to enter into the mouth through the nostrils.
b) The lining of the mouth cavity with many blood capillaries increases the rate of diffusion of oxygen and CO2 in the mouth cavity.

10) Adaptations of lungs  for gaseous exchange:

a) the inner walls of the lungs are folded to increase the surface area and hence, increase the rate of diffusion of gases.

b) Thin walls of the lungs allow the gases to diffuse readily.
c) A layer of moisture on the walls of the lungs enable the oxygen to dissolve in it before diffusing across the wall.

d) A network of blood capillaries on the walls of the lungs to increase rate of diffusion and transportation of O2 and CO2.

11)  The breathing mechanism through the lungs:

	Inhalation
	Exhalation

	Filling the buccal cavity with air

- the glottis closes, the floor of the mouth lowers, and its nostrils (nares) open to suck air into the buccal cavity
	When the lung muscles contract, air is expelled from the lungs.

The frog opens its nostrils and glottis, air flows out of its lungs and mouth.

Some of the air flows out of its nostrils and some mixes with the air in the buccal cavity.

	Forcing air into the lungs

- the nostrils close, the glottis open, and the floor of the mouth rises to force air into the lungs
	


Human
1) The human respiratory system consists of these main structure:
· Nasal cavity

· Pharynx (throat)
· Trachea

· Bronchi (singular: bronchus)

· Bronchioles

· Lungs

2) Air enters through the nostrils, and passes through the pharynx, trachea, bronchi, bronchioles and finally ends in a cluster of air sacs called alveoli singular: alveolus)
3) The lungs are the large sacs-like organs, which are made up of mainly the bronchioles, alveoli and a network of blood capillaries. They are located in the thoracic cavity and are protected by the rib cage
4) The left lung has two lobes while the right lung has three lobes.

5) A double membrane called the pleura surrounds each lung. The outer pleural membrane is attached to the chest wall while the inner pleural membrane is attached to the lungs. The space between the membranes contains a lubricating fluid called the pleural fluid.
6) Each lungs is packed with 1.5 million to 2.5 million of alveoli.

	Part
	Structure
	Function

	Nasal cavity
	The inner wall is lined with a ciliated epithelium and mucous secreting cells.
	1) Dust and m/o are trapped by mucous and are carried towards the throat by the beating cilia.

2) The air from the atmosphere is warmed and moistened before it enters the lungs.



	Trachea

(windpipe)
	· A large tube that is supported by C-shaped cartilage rings

· The inner wall is lined with a ciliated epithelium cells and mucous secreting cells (goblet cells).

· The trachea branches into two bronchi, each bronchus goes to one lung.
	1) The cartilage rings keep the trachea opened permanently and prevent the trachea collapse during inhalation when the atmospheric pressure outside is higher than the pressure inside the trachea.

2) Dust and m/o are trapped by mucous and are carried towards the throat by the beating cilia.

3) Carries the inspired / inhaled air to the bronchi.


	Bronchi
	· Two tubes which branches from the trachea
· Circular rings of the cartilages support the tubes
	1) Dust and m/o are trapped by mucous and are carried towards the throat by the beating cilia.

2) Carries the inspired / inhaled air to the bronchioles.



	Bronchioles
	· Very small air tubes in the lungs
· The tubes are lined with mucous

· They are lack of cartilages.
	1) Dust and m/o are trapped by mucous
2) Carries the inspired air to the alveoli.

	Alveoli
(air sacs)
	Small, moist, thin-walled air sacs ( 0.2 mm in diameter )
	The walls of alveoli are respiratory surfaces. Gaseous exchange between the blood and the lungs by simple diffusion. 


7) Adaptation of the alveoli for gaseous exchange:
a) A large surface area

The total surface area of the alveoli in the lungs is about 75 m2. This is 80 times the total skin surface area of an adult human.

b) Very thin walls

The alveolar wall is only one-cell thick so that diffusion of oxygen and CO​2 can occur readily.

Since the walls of blood capillaries are also one-cell thick, this means the combined thickness of the walls separating air and blood is only two cells thick (~ 0.005mm)

c) A moist surface

The inner surfaces of the alveoli are covered with a thin layer of fluid. Gases have to dissolve in this fluid before they can diffuse across the alveolar wall.

d) A rich supply of blood

80% of the alveolar walls are covered with the blood capillaries. They provide a rich blood supply to transport gases to and from the alveoli.

8) The pair of lungs in the thorax does not have any muscles. The expansion and contraction of the lungs are caused by the movements of the rib cage and the diaphragm.
9) Between the ribs are two sets of intercostals muscles, which are the internal intercostals muscles and the external intercostals muscles. The actions of both muscles are antagonistic to each other.

10) External intercostals muscles are running down toward the sternum. They pull the ribs together, raising the rib cage during inspiration.

11) Internal intercostals are running at right angle to the external intercostals muscles. They lower the rib cage during expiration.
12) Below the lungs is a layer of dome-shaped diaphragm muscles which separates the thorax from the abdomen.

13) The breathing mechanism:
	Inhalation / Inspiration
	Exhalation / Expiration

	1. The external intercostals muscles contract while the internal intercostals muscles relax. As a result, the ribs and the sternum move upwards and outwards
	The internal intercostals muscles contract while the external intercostals muscles relax. As a result, the ribs and the sternum move downwards and inwards

	2. The diaphragm muscles contract and the diaphragm flattens
	The diaphragm muscles relax and the diaphragm arches upwards

	3. The volume of the thoracic cavity increase
	The volume of the thoracic cavity decrease

	3. The pressure inside the thoracic cavity decrease until it is less than the atmospheric pressure
	The pressure inside the thoracic cavity increase until it is greater than the atmospheric pressure

	4. Air is drawn into the lungs
	 Air is forced out of the lungs


A man’s lungs can hold 6 litres of air while a woman’s lungs can hold about 4.2 litres of air.
Comparison between the Human Respiratory System with that of Other Organism

Similarities

All the organisms receive oxygen through a thin membrane, a moist surface and large surface area.

Differences

	Characteristic
	Protozoa
	Insects
	Fish
	Amphibians
	Humans

	Respiratory organs
	None
	Tracheae
	Gills
	Skin and lungs 
	Lungs 

	Respiratory structures
	Plasma membrane
	Tracheoles
	Filaments  and lamellae
	Skin and lungs
	Alveoli 

	Respiratory opening
	None
	Spiracles
	Mouth 
	Nostrils 
	Nostrils 

	Network of capillaries
	None
	None 
	Filaments are richly supplied with blood capillaries
	The skin and lungs are richly supplied with blood capillaries
	The alveoli are richly supplied with blood capillaries

	Air passages
	None
	Spiracles 
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Gaseous Exchange across the Respiratory Surfaces and Transport of Gases in Humans

Partial Pressure

1) A given volume of dry air consists of about 78% nitrogen, 21% oxygen, 0.04% CO2, and 0.96% other gases.

2) Each gas exerts only part of the total pressure exerted by the whole mixture of gases in the atmosphere.
3) The partial pressure of a gas is the pressure exerted by that particular gas and is higher if its concentration is higher.

4) Atmospheric pressure = 760 mm Hg

5) For example:

	Gas
	% Composition in atmosphere
	Partial Pressure (mmHg)

	nitrogen
	78%
	0.78 x 760 mmHg = 

	Oxygen
	21%
	

	Carbon dioxide
	0.04%
	

	Other gases
	0.96%
	


6) Gases diffuse down their respective partial pressure gradients (for solid, we use concentration gradient) .A gas diffuses from a place of higher partial pressure (higher concentration) to a place of low partial pressure.

Process of Gaseous Exchange at the Alveolus
1) Inhaled air in the alveolus contains more oxygen and less carbon dioxide compared to the quantities in the blood capillaries of the lungs.
2) Hence the partial pressure of oxygen is higher in the air of the alveolus compared to the partial pressure of oxygen in the blood capillaries.
3) Hence, the oxygen dissolve in the layer of moisture on the wall of alveolus and diffuse out of the alveolus into the blood capillaries.

4) During respiration, CO2 is produced. The blood capillaries in the blood capillaries in the body transport the CO2 to the alveolus.

5) Hence, the partial pressure of CO2 in the blood capillaries entering the alveolus is higher than the partial pressure of CO2 in the alveolus.

6) As a result, the CO2 in the blood capillaries diffuses out of the blood capillaries into the alveolus and is expelled during exhalation.

	Respiratory gas
	Partial pressure
	Effect 

	
	Air of alveolus
	Blood capillaries 

on alveolus
	

	Oxygen
	High
	Low
	Oxygen in the alveolus diffuses into the blood capillaries

	CO2
	Low 
	high
	CO2 in the blood capillaries diffuses into the alveolus


Transport of Respiratory Gases

Oxygen

1) The oxygen which diffuses out of the alveolus into the blood capillaries has to be transported to the body cells that need it.

2) Humans rely on red blood cells in the blood to transport oxygen because of the low solubility of oxygen in water.

3) Oxygen is transported from the lungs in two ways:

a) about 99% of the oxygen is transported away as oxyhaemoglobin in the red blood cells (erythrocytes)
b) About 1% of the oxygen is transported away as dissolved gas molecules in the plasma.

4) Oxygen that diffuses into the capillary will combine with the haemoglobin to form oxyhaemoglobin.
Hb

+
4O2


Hb (O2)4
Haemoglobin
oxygen

oxyhaemoglobin 
5) Oxyhaemoglobin is not stable. In the midst of the cells which lack oxygen, the oxyhaemoglobin breaks down and releases the oxygen to diffuse into the cells.

Hb (O2)4



Hb
+    4O2
Carbon Dioxide

1) Respiring body cells produced CO2.
2) CO2 diffuses into the blood and is carried to the lungs in three ways:

a) 85 % CO2 is carried as bicarbonate ions (HCO3 –  ) dissolved in the blood plasma.

CO2  + H2O 


H2CO3 

 HCO3 –  + H+



      Carbonic acid

bicarbonate ions
b) 10% CO2 combines with the amino groups of the haemoglobin in red blood cells to form carbamino-haemoglobin.

Hb

+
CO2


Hb CO3
c) 5% of the CO2 dissolves in the blood plasma and is transported as dissolved gas molecules.

3) When blood carrying CO2 reaches the lungs:
a) hydrogen carbonate ions (HCO3 –  ) convert back to CO2 molecules which diffuse into alveolar air:

HCO3 –  + H+



H2CO3



 CO2  + H2O

b) Carbamino-haemoglobin breaks down to release CO2 molecules which diffuse into alveolar air:
Hb CO3


Hb

+
CO2
c) Dissolved CO2 in blood plasma simply diffuses from the capillaries into alveolar air, down the partil pressure diffusion gradient of CO2.
Gaseous Exchange at Body Cells

1) Gaseous exchange also occurs between the blood capillaries and body cells.

2) In the body cells which lack oxygen, the high partial pressure of oxygen in the blood caused the oxygen to diffuse out of the blood capillary into the body cells.
3) The body cells contain a high concentration of CO2, a product of cellular respiration.

4) Hence the  PCO2  of CO2 in the body cells is higher than the PCO2 in the blood capillaries.

5) CO2 diffuses out of the body cells into the blood capillary.

Composition of Inhaled and Exhaled Air

1) Inhaled air is atmospheric air and it contains more oxygen and less CO2 than exhaled air (air expelled from the alveolus)

2) Respiration in the cells caused the composition of the inhaled and exhaled air to be different.

	Components of air
	Inhaled air
	Exhaled air
	Explanation

	Oxygen 
	21%
	16%
	Oxygen is used in cellular respiration

	Carbon dioxide
	0.03%
	4%
	CO2 is produced in cellular respiration.

	Nitrogen
	78%
	78%
	Nitrogen is neither used nor produced in cellular respiration

	Water vapour
	Varies (depends on the humidity of air)
	More (usually saturated )
	Water is a product of cellular respiration. Evaporation from the lungs during exhalation.

	Dust particles
	varies
	Usually none
	Dust particles have been filtered by the hairs in the nostrils and trapped by the mucous in the respiratory tract.

	Temperature (heat)
	Varies (follows atmospheric temperature)
	Body temperature
	Air has been warmed by body temperature


THE REGULATORY MECHANISM IN RESPIRATION
1) At rest, the breathing rate is 18 – 20  times a minute while the heartbeat rate is between 60 – 70 beats per minute.

2) At work or during vigorous activities, the rate of breathing increases. More oxygen is needed to supply enough energy for the vigorous activities. At the same time, more CO2 is produced from cell respiratory in the muscles as rate of respiration increases.

3) The increased concentration of CO2 in the blood triggers the regulatory mechanism and cause  s the rate of breathing to increase. Hence, oxygen is supplied quickly to the body cells for respiration and CO2 is also removed rapidly from the lungs.

4) An athlete has a slower breathing rate and heartbeat rate than normal. During exercise, a greater volume of blood is pumped by increasing the strength of a beat rather than by increasing its rate. An athlete breaths more slowly and deeply to increase the amount of air breathed rather than increasing the rate. Hence, an athlete recovers faster than the average person after excersing.
Regulatory Mechanism of Oxygen and Carbon Dioxide Content in the Body

1) The breathing/respiratory centre of humans is located in the medulla oblongata (or medulla or hindbrain ) of the brain. The breathing centre consists of a special groups of cells called central chemoreceptors.
2) Chemoeceptors are sensory receptors in the body that responds to chemical stimuli.

3) There are two sets of chemoreceptors:
a) Central Chemoreceptor

· They are located in the medulla oblongata

· They detect the increase of CO2 in blood indirectly through the formation of hydrogen ions (H+), which enters the cerebrospinal fluid (a fluid flowing around the brain and the spinal cord and protecting the brain and spinal cord))

b) Peripheral Chemoreceptors

· They consists of the carotid bodies on the carotid arteries, and the aortic bodies on the aorta.

· They are sensitive to pH level, and to greatly reduced amounts of oxygen

4) The respiratory centre regulates the rhythm of breathing by controlling the intensity and the frequency of contractions of the:

a) intercostals muscles

b) diaphragm (muscles)

5) Two important factors (stimuli) monitored by the chemoreceptors are the concentrations of:

a) carbon dioxide (the most important factor)

b) oxygen (of secondary factor)

Regulations of Respiration by the Central Chemoreceptors

1) During vigorous activity such as swimming and aerobic exercises, the concentration of CO2 in the blood increases because of the increased rate of the respiration in the cells.

2) This will lower the pH value because CO2 dissolves in blood plasma to form carbonic acid, which subsequently dissociates into bicarbonate ions (HCO3 –  ) and hydrogen ions (H+)

CO2  + H2O 


H2CO3 

 HCO3 –       +              H+



      Carbonic acid

bicarbonate ions.
3) The H+ ions in blood plasma enter into the cerebrospinal fluid 
4) When the central chemoreceptors detect the increase of H+ ions in the cerebrospinal, they send nerve impulses to the respiratory centre.
5) The respiratory centre then sends nerve impulses to the intercostals muscles and the diaphragms.

6) The intercostals muscles and the diaphragms muscles contract rapidly causing the rate of breathing (a breath is one inhalation and one exhalation) and the rate of ventilation to increase until the carbon dioxide levels return to normal.

7) The rate of ventilation is the volume of air breathed per minute and signifies the depth of breathing. It is the rate of gaseous exchange between the air in the alveolus and the blood in the capillaries. During strenuous exercise, the ventilation rate is 50 – 60 dm3 per minute, compared to the ventilation rate of 5 dm3 per minute when a person is resting or relaxing.
Regulation of Respiration by the Peripheral Chemoreceptors

1) Peripheral Chemoreceptors are sensitive to the level of oxygen in the blood.
2) But, they are only activated when oxygen levels drop real low, and this can happen at high attitudes where atmospheric oxygen is very thin.

3) Therefore, oxygen levels are secondary stimuli at best, normally not important in triggering increased respiration.

4) For healthy people the levels of oxygen would rarely decrease to the point of stimulating respiration.

Human Respiration in Different Situation

Vigorous Activities

1) During vigorous activities such as swimming, aerobic exercises, mountain climbing and playing badminton, more glucose is oxidized to release more energy for rapid muscles contraction.
2) The rate of respiration increases ( 30 breaths per minute) and causes an increase in carbon dioxide levels in blood.

3) This reduce the pH level of the blood and stimulates the breathing centre in the medulla oblongata of the brain.

4) More nerve impulses are sent to the intercostals muscles and diaphragm to increase the rate of breathing and ventilation to remove CO2 more rapidly.

5) An increase in the CO2 level in the blood and the decrease in oxygen level also causes an increase in the rate of heartbeat. .(120 beats per minute)

6) The heart pumps faster to increase the blood circulation
7) More oxygen and glucose are transported faster to the muscles for rapid cell respiration and the CO2 produced is rapidly removed from the muscles and out of the lungs.

At Rest

1) When at rest, the concentration of oxygen and CO2 are at optimum level for cell function.

2) Hence, the breathing rate, respiration rate and the heartbeat rate are at normal rates.

3) At rest, the breathing rate is 18 – 20  times a minute while the heartbeat rate is between 60 – 70 beats per minute.

At High Altitude

1) At 4000 m above sea level, there are roughly 40 % less oxygen available than at the sea level. A mountaineer may develop symptoms of hypoxia ( a shortage of oxygen).

2) He begins to experience mountain sickness (breathlessness, headache, nausea, vomiting and heart palpitations)

3) To cope with this situation, chemoreceptors in the carotid and the aortic bodies detect a drop in the PO2 in the blood.

4) These chemoreceptors send nerve impulses to the medulla oblongata and stimulate it to increase the rate of respiration and the rate of heartbeat.

5) Soon, the unpleasant symptoms wear off as the mountaineer becomes acclimatized.

6) People who live in the mountains develop large lungs to compensate the scarce of oxygen at the mountaintop.

Fear

1) When we perceive a fearful situation, the body gets itself ready for a “flight or fight” response.
2) The brain tells the adrenal glands (located on the top of kidneys) to release adrenalin into blood vessels.

3) The adrenalin is then carried through the body and reaches the lungs, heart and muscles to prepare the body to react:

a) the rate of breathing increases to increase the supply of oxygen

b) the rate of heartbeat increases to transport more oxygen to the muscles cells

c) the rate of cell respiration increases to produce sufficient energy for body to react.

THE IMPORTANCE OF MAINTAINING A HEALTHY RESPIRATORY SYSTEM
In order to maintain a healthy respiratory system, there are some good habits to practice, and some harmful habits and things to avoid.
Some Good Habits to Cultivate

1) Eat a healthy diet to maintain good general health.

2) Exercise daily to stay fit and strong, which will also contribute to a pair of healthy and strong lungs.

3) Breathe in through the nose so that most of the airborne particles are filtered off by hairs in the nose or are trapped in the mucus.

4) Practise breathing exercise – breathe from the diaphragm, and breathe in slowly and deeply.

Some Harmful Habits and Things to Avoid

1) Avoid breathing in polluted air:
a) polluted air has airborne particles that may cause lung problems

b) airborne particles consist of a combination of dust, pollens, moulds, dirt, soil, ashes and soot

c) fine airborne particles are easily inhaled deep into the lungs, where they are absorbed into the body

d) wear proper protective devices, such as facial masks, if you need to.

2) Do not smoke and breathing in secondary cigarette smoke, too.
Smoking

1) Smoking is the act of inhaling smoke from burning tobacco.

2) Cigarette smoke contains over 4000 different chemicals (include tar, nicotine, CO, acetone, benzene, formaldehyde). At least 43 are known carcinogens ( can cause cancer in humans)

3) The two main ingredients of cigarette smoke are tar and nicotine.

4) Tar in tobacco smoke

a) is a thick, sticky dark brown substance which collects in the lungs when tobacco smokes cools.

b)  Can cause lung cancer.

c) Damages the lungs tissues. It breaks down the alveoli. The walls of the alveoli become weakened, burst and fuse with other alveolar walls.  Thus decreasing the total surface area for gaseous exchange, a condition called emphysema.
d) Causes bronchitis and “smoker cough”.

5) Nicotine
a) is a highly addictive chemical that gets the smoker hooked.
b) Causes the blood platelets to become sticky which will eventually lead to clotting

c) Makes the heart beats faster and the blood vessels constrict. This mean the heart has to pump harder and blood pressure will increase.

6) Continuous smoking can damage the cilia and impede the removal of tar, dust and microorganisms trapped by the mucus. A smoker cough frequently to get rid of the mucus. 
7) However, continuous coughing can inflame the lining of the bonchi, causing bronchitis ( airways become inflamed due to an irritant or an infection)

8) Carbon monoxide is another compound found in cigarette smoke. It compete with oxygen to bind with haemoglobin and forms carboxyhaemoglobin. Since carboxyhaemoglobin is a stable compound ( combine irreversibly with Hb), it reduces the supply of oxygen to the cells and causes breathlessness.

9) Cigarette smoke also contains 3,4-benzo-(
[image: image13.wmf]a

)-pyrene, a carcinogenic chemical that can cause cancer.

10) Nitrogen oxide from cigarette smoke can dissolve in the mucus to form an acidic medium which erodes lung tissue.

11)  The heat in the smoke also dries up the walls of pharynx and the oesophagus.
12)  Smoking also cause pneumonia.
RESPIRATION IN PLANTS

Energy Requirement of Plants

1) Like animals, plants need energy for all their living processes.

2) Energy is required to carry out activities like photosynthesis, growth and development, active transport and reproduction.
3) Plants carry out cell respiration to produce energy.
4) Plants are less active than animals. The energy requirement for living processes of plants is lower than animals.

5) Animals require more energy because they want to:

a) move from one place to one place.

b) Keep their bodies warm, particularly for the homoiotherms (warm-blooded animals)

c) Maintain their high metabolic rate.

6) Respiration in plants involves the process of breaking down of glucose to produce energy, CO2 and water.
7) Some energy is lost to the atmosphere in the form of heat. For example, heat is released into the air during germinating seeds.

Gaseous Exchange in Plants

1) For green plants, simple diffusion throughout the general plant surface is impossible due to the presence of a thick cuticle ( wax) on the epidermis. 

2) The waxy cuticle on the epidermis is important to prevent plants from losing excessive water through evaporation.

3) Plants do not have specialized breathing mechanisms for gaseous exchange.

4) Gaseous exchange occurs mainly  through the
a) stomata ( are minute openings in the epidermis of leaves and young stems), where more than 90% of the total intake of oxygen and CO2 take place. Stomata are mostly found on the underside of a leaf. Each stoma is surrounded by two guard cells, which have chloroplasts in which photosynthesis takes place.
b) lenticels ( are minute openings on the surface of woody stem, old stem and old roots). The cells around the lenticels are arranged loosely to allow the diffusion of gases.
5) Exchange of gases occurs by simple diffusion.

Gaseous Exchange in the Light

1) The stomata open in the day time and close at night.
2) When the stomata are open, they connect air spaces within the leaves with the atmosphere..

3) The air spaces are continuous with those of the stems and roots.

4) As the rate of photosynthesis exceeds the rate of respiration, more oxygen is produced than that can be used up by respiring plant cells.
5) Some of the oxygen diffuses from the chloroplasts into the mitochondria, and the rest diffuses into the intercellular air spaces and substomatal air spaces. Oxygen diffuses out from the substomatal air spaces into atmospheric air through the stomata.
6) The CO2 which is produced during aerobic respiration is used in photosynthesis.

7) CO2 diffuses from the atmosphere through the stomata into substomal air spaces and intercellular spaces. 

8) After dissolving in the film of moisture that 
     covers the surface of the mesophyll cells, 
     CO2 diffuses into the cells.

Gaseous Exchange in the Dark

1) In the dark, when respiration alone is taking place, there will be less oxygen present in the air spaces than the atmosphere.

2) As a result, oxygen will diffuse inward through lenticels. The stomata are normally closed at night.

3) Conversely, CO2, which is being produced in the plant, will diffuse outwards.

Aerobic Respiration in Plants
1) Plants, like animals, respire aerobically in the presence of oxygen.

2) Cell respiration takes place in the mitochondria of plant cells.

3) During aerobic respiration, glucose is oxidized to form carbon dioxide, water and energy.

C6H12O6     +   6O2  



6 CO2  + 6 H2O  +  2898 kJ /mole(38ATP)

Glucose      +  oxygen 



carbon dioxide + water  + energy

4) Some of the energy is produced in the form of heat energy. The rest of the energy is stored in adenosine triphosphate (ATP)

5) In the light, photosynthesis is faster than respiration. The carbon dioxide produced during respiration is quickly used up by photosynthesis.

6) Gaseous exchange of plant respiration can only be investigated in the dark.

Anaerobic Respiration in Plants

1) Plants, just like yeast, respire anaerobically when oxygen is absent. The process is called alcoholic fermentation.
2) The overall chemical equation for alcoholic fermentation

Glucose  


ethanol  +  carbon dioxide   +  energy

C6H12O6    

    2C2H5OH   +  2 CO2  + 210 kJ/mole (2ATP)

3) The glucose is partially broken down into ethanol and CO2. A lot of energy is stilled locked up in the ethanol molecule.

4) In certain situations like flooding, the plants are immersed in water and do not have enough oxygen. The roots of the plants have to carry out anaerobic respiration for a certain period of time (several days)
5) When anaerobic situation prolongs, the concentration of ethanol increases and poisons the plants.
6) Therefore plants, which are not adapted to prolonged flooding, finally die.

7) Rice plants are planted in the mud of flooded paddy field. In the waterlogged soil, the root cells respire anaerobically, producing ethanol. They can survive for weeks.
8) The ethanol is normally toxic/ poisonous to cells, but the root cells of rice have an unusually high tolerance to it.

9) Anaerobic respiration also occurs during the initial stages of germination when the embryo is completely enclosed within an airtight seed coat.

Respiration and Photosynthesis in Plants

1) Respiration is the reverse of photosynthesis. Respiration uses the products of photosynthesis while photosynthesis uses the products of respiration.
2) Relationship between respiration and photosynthesis

Glucose
respiration

Carbon
+    Water   +   Energy

     +




dioxide

oxygen
photosynthesis

Comparison Between Photosynthesis and Respiration

Similarities

1) Both processes involves a series of enzymes

2) Both processes occur in living cells

3) Both are necessary to sustain life.

4) Both are involved in maintaining the balance of carbon dioxide and oxygen in the air.

Differences
	Photosynthesis
	Respiration

	1) A process that synthesise glucose (anabolism)
	A process that breaks down glucose (catabolism)

	2) Occurs in the chloroplast
	Occurs in mitochondria

	3) Occurs in plant cells that contain chlorophyll
	Occurs in all living cells

	4) Uses CO2 and water to produce oxygen and glucose.
	Uses glucose and oxygen to produce CO2, water and energy.

	5) Occurs in the presence of sunlight.
	Occurs all the time (day and night)

	6) Light energy is absorbed and converted to chemical energy in the organic compound produced
	Chemical energy in the glucose is released, then converted and stored in ATP.


Light Intensity and the Compensation Point
1) Cell respiration in plants takes place all the time while photosynthesis takes place only in daylight
2) In daylight, the rate of photosynthesis increases from sunrise until noon, the quantity of CO2 produced decreases. 

3) The percentage composition of CO2 in the air reaches the lowest level at noon, where the photosynthesis rate is the highest ( the intensity of sunlight is the highest)

4) From noon until sunset, as photosynthesis rate gradually decreases, less and less CO2 is removed from the air.

5) The percentage composition of CO2 in the air peaks at around midnight, of which a large portion of the CO2 is contributed by cell respiration.

Compensation Point
1) When the light intensity increases as sunrise approaches, the rate of photosynthesis increases, and the releases of oxygen gradually increases, too.

2) Eventually, there will come to a point where all the released oxygen (by photosynthesis) for cell respiration is being used up. All the released CO2 (by cell respiration) is used up for photosynthesis.

3) At this point of light intensity where there is no net exchange of oxygen and CO2, is called compensation point. 

4) The compensation point is the light intensity at which the rate of CO2 production during respiration is equal to that of CO2 consumption during photosynthesis.

5) There is no net gain or net loss in the sugar produced also.

6) It occurs in dim light ( moderate light intensity )

7) If the photosynthesis rate and respiration rate remains at compensation point:

a) there would be no growth and development in green plants

b) the plants would not be able to stored any food, there would be no food available for the heterotrophs.

c) As the oxygen in the air is used up but not replenished by photosynthesis, all oxygen-breathing living organisms would die of suffocation.

8) If the light intensity is increased beyond the compensation point, the rate of photosynthesis exceeds the rate of respiration.

9) Plants must take in CO2 from the atmosphere and release the excess oxygen into the atmosphere.

10) For growth, reproduction and seed production to take place in plants, the rate of photosynthesis must exceed the respiration rate so that the excess sugar can be used for growth and living process.
11) At the same time, the excess oxygen is released into the atmosphere to sustain living organisms.

Chapter Review
Respiratory Process in Energy Production
8) All living processes require _______________.
9) _____________ is the main substrate for respiration.

10) ________________________ is a processes by which cells release energy from glucose.

11) _______________________ is the breakdown/oxidation  of food substances/glucose  in the presence of oxygens.

     The chemical equation:

12) A high-energy compound that stores energy in the cells is ____________________.

13) Energy released from the oxidation of glucose is used to synthesise ATP molecules from ______________________________ and __________________.

The equation:

14) The complete oxidation of one molecule of glucose produces ________ molecules of ATP.

15) ________________________ is the breakdown of glucose  in the absence of oxygen.

16) Anaerobic respiration of glucose in:

a) animal cells produces _________________ and ______________.

b) Yeast and plant cells produces_____________, ________________, and ______________.
17) Anaerobic respiration in yeast is called __________________________.
The chemical equation:

18) The anaerobic respiration of each molecules of glucose releases only sufficient energy to produces________________ ATP molecules.

19) Anaerobic respiration in animal cells is called _________________ fermentation.

The chemical equation:

20) ____________________ is the amount of oxygen required to oxidized the lactic acid formed in the muscles.

21) About 1 / 6 of the lactic acid is oxidized to produce energy while 5 / 6 of the remaining lactic acid is converted back to _________________ in the liver.

Respiratory Structures and Breathing Organism in Human and Other Organisms
1) The exchange of respiratory gases takes place at the _______________________.

2) The adaptations of the respiratory surface:

a) Large ______________________ 

b) mo______________________

c) one-______________________

d) in close contact with a n_________ c_____________ 

3) The main respiratory structures of livinf organisms are seen in the:

a) _______________, which has no specialized respiratory structures, but diffusion occurs throught its entire plasma membrane due to a large SA: V ratio

b) ____________________ of insects, which give them a large ________________.

c) _________ of a fish, which give them a large respiratory surface area

d) the _____________ of humans

4) The human respiratory system consists of the following structures:n_______________, p___________,t ______________, b_______________, b______________ and a____________.
5) The tracheal system of an insect consists of s______________, t_______________ and t________________.
6) The gills of a fish consists of rows of _____________, which are folded into gill plates to increase the overall surface area for gaseous exchange.

7) The exhange of gases in an adult frog occurs through the l________, the s________ and the m________ l _______ of the mouth.

8) Inspiration and expiration in the human lungs is controlled by the i____________________ and the d________________.

9) During inspiration, the e______________________ and the d______________ contract, and the diaphragm   f________ to expand the t__________ v_________, which draws outside air into the lungs.
10) During expiration, the i__________________________ contract, and the d____________ bulges upwards to reduce the ______________________, which forces out air out of the lungs.

11) The al_____________ is the respiratory surface of humans.

12) The adaptations of the alveolus for g___________ ex______________:

a) the total alveoli sur_________ is very l____________, about 70 – 80 m2.

b) The ep_________________ of the alveolus is ________ (one-cell thick)  and m______.

c) Surrounding the alveolus is an extensive  c_________  net____________.

The Concept of Gaseous Exchange and Transport of Gaseous in Humans

1) The __________________ of a gas is the pressure exerted by a particular gas, which is a measure of its concentration.
2) A gas diffuses from a place of a ________ partial pressure to a place of a _______ partial pressure.

3) Gaseous diffusion between the alveolus and blood capillaries:
a) PO2 of alveolar air__________ PO2 of capillaries, so oxygen diffuses from alveolus into capillaries.

b) PCO2 of capillaries __________ PCO2 of alveolar air, so CO2 diffuses from capillaries into alveolar air.

4) The transport of oxygen from lungs to body cells:

a) 99 % transported as ___________________

b) 1% transported as __________________________________ in the blood plasma.

5) The transported of CO2 from body cells to lungs:

a) 85 % transported as _____________________________ in the blood plasma.

b) 10% is transported as _____________________________________ in blood.

c) 5% transported in solution as ________________.

6) The composition of various gases in inhaled air:__________ oxygen; ___________ CO2; ___________ nitrogen; and variable_____________
7) The composition of various gases in exhaled air:__________ oxygen; ___________ CO2; ___________ nitrogen; and saturated _________________

8) When the blood contains low oxygen concentration, but high CO2 concentration, the body will:

a) i_______________ the rate of respiration

b) increase the rate of hea_________________

Regulatory Mechanism in Respiration
1) The respiratory centre in the _________________________ controls breathing.
2) The _______________________ regulates the rhythm of breathing by regulating the intensity and the frequency of muscular contractions of intercostals muscles and the diaphragm.

3) The ________________________________ detects the level of blood CO2 via the presence of __________ and sends nerve impulses to the respiratory centre.

4) The __________________________ (which are the carotid bodies and the aortic bodies ) are sensitive to pH levels and greatly reduced amounts of _________________.

5) When a person is doing vigorous activities or when in fear, the _________________ rates and __________________ rates go up.

6) When the body relaxes, the respiratory rates and the heart beat rates are reduced to about _____________ per minute, and ______________ betas per minute respectively.

The Importance of Maintaining a Healthy Respiratory System
1) E______________, do not s______________, and keep away from smokers in order to maintain a healthy respiratory system.

2) Tobacco contains ____________, ________ and ________________________.

3) Smoking causes br________________, em________________ and lung____________.

Respiration in Plants

1) The exchange of gases in plants occurs through the ______________ in both leaves and young stems, and through _________________ in the old stems.
2) Plants carry out __________________ in day time and at night.

3) In high light intensity, the rate of photosynthesis is ________ than the rate of respiration.
4) In low light intensity, the rate of photosynthesis is ________ than the rate of respiration

5) The net exchange of gases during the

a) daytime – more ___________________ absorbed and more ______________ released.

b) Night time – more __________________ absorbed and more ______________ released.

6) The root of rice plants can respire ________________ly.

7) The ____________________________ is the light intensity at which the rate of photosynthesis is exactly equal to the rate of respiration or where the net gaseous exhange is ___________.
PAGE  
22

_1226343005.unknown

_1226520073.unknown

_1226342977.unknown

