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< Important MCQs:

1. Which of the following processes together form cellular
respiration?

(a) Glycolysis, Krebs cycle, Electron transport chain [/4
(b) Photosynthesis, Glycolysis, Krebs cycle

(c) Digestion, Absorption, Assimilation

(d) Glycolysis, Fermentation, Photosynthesis

2. External respiration mainly involves:

(a) Production of oxygen in lungs

(b) Exchange of gases between blood and environment
(c) Digestion of food molecules

(d) Transport of oxygen in blood

3. Which condition would most seriously reduce gas diffusion across
a respiratory surface?

(a) Increased moisture
(b) Increased blood supply
(c) Increased thickness of surface [4

(d) Internal location of surface



4. Why are respiratory surfaces kept moist?

(a) To produce oxygen

(b) To dissolve gases for diffusion [/4

(c) To increase blood pressure

(d) To store carbon dioxide

5. Which property of respiratory surface prevents it from collapsing?
(a) Moisture

(b) Blood supply

(c) Structural support

(d) Thin membrane

6. The branched tubular structure of respiratory tract mainly helps to:
(a) Produce oxygen

(b) Saturate incoming air with water vapour [4

(c) Increase blood pressure

(d) Reduce oxygen concentration

7. If the respiratory surface loses moisture, the rate of gas exchange
will:

(a) Increase



(b) Decrease ['4

(c) Remain unchanged

(d) Stop permanently

8. The upper respiratory tract mainly functions to:
(a) Exchange gases

(b) Filter, warm and humidify air

(c) Produce blood cells

(d) Control breathing

9. Which of the following structures does not participate directly in
gas exchange?

(a) Alveoli

(b) Capillaries

(c) Nasal cavity (4

(d) Respiratory surface

10. The nasal septum divides the nasal cavity into:
(a) Three chambers

(b) Two chambers [4

(c) Four chambers



(d) Five chambers

11. Which structure traps dust particles entering the respiratory tract?
(a) Larynx

(b) Trachea

(c) Nasal hairs and mucus [4

(d) Bronchioles

12. Chemoreceptors in the nasal cavity help in:
(a) Breathing control

(b) Smell detection

(c) Gas exchange

(d) Blood circulation

13. Why are respiratory surfaces usually located internally in
humans?

(a) To increase oxygen production

(b) To prevent drying and water loss [4
(c) To increase blood pressure

(d) To increase carbon dioxide levels

14. Which factor is most important for rapid diffusion of gases?



(a) Thick respiratory surface

(b) Large surface area [4

(c) Reduced blood supply

(d) Dry membrane

15. Carbon dioxide diffuses from blood to air because:
(a) Blood pressure is higher

(b) Concentration gradient exists

(c) Oxygen pushes it out

(d) Active transport occurs

16. Which system works closely with the respiratory system to
transport gases?

(a) Digestive system

(b) Circulatory system [4
(c) Excretory system

(d) Nervous system

17. If the nasal cavity fails to warm air properly, the air entering lungs
will be:

(a) Hot



(b) Cold and dry ("4

(c) Moist and warm

(d) Saturated with oxygen

18. The primary function of lungs in the respiratory system is to:
(a) Filter blood

(b) Provide respiratory surface for gas exchange (/4

(c) Produce hormones

(d) Store oxygen permanently

19. Which of the following best describes ventilation?

(a) Exchange of gases in blood

(b) Movement of air in and out of lungs

(c) Transport of oxygen in blood

(d) Production of carbon dioxide

20. The respiratory tract ensures that air reaching lungs is:
(a) Dry and cold

(b) Warm, moist and clean [4

(c) Hot and dusty



(d) Pure oxygen
21. The pharynx connects the nasal cavity to the:

(a) Stomach

(b) Larynx ['4
(c) Bronchi
(d) Lungs

22. The pharynx is part of which two systems?
(a) Circulatory and digestive

(b) Respiratory and digestive [ 4

(c) Nervous and respiratory

(d) Excretory and digestive

23. The larynx connects the pharynx to the:

(a) Bronchi

(b) Trachea [4

(c) Lungs

(d) Oesophagus

24. The larynx is commonly called the:



(a) Windpipe

(b) Voice box ['4

(c) Air sac

(d) Breathing tube

25. Sound is produced in the larynx due to vibration of:
(a) Cartilage rings

(b) Vocal cords [4

(c) Bronchioles

(d) Alveoli

26. The cartilaginous flap that prevents food from entering the larynx
is:

(a) Glottis
(b) Epiglottis [4

(c) Bronchus

(d) Pleura

27. The opening of the larynx is called:

(a) Bronchus

(b) Glottis [4



(c) Alveolus

(d) Pharynx

28. The lower respiratory tract includes:
(a) Nasal cavity and pharynx

(b) Trachea, bronchi, bronchioles and lungs [4
(c) Nose and mouth

(d) Pharynx and larynx

29. The trachea is also known as the:

(a) Bronchus

(b) Windpipe {4

(c) Voice box

(d) Air sac

30. The trachea is supported by:

(a) Muscles

(b) Bones

(c) C-shaped cartilage rings ['4

(d) Ligaments



31. The main function of cilia in the trachea is to:

(a) Produce oxygen

(b) Trap dust particles

(c) Push mucus and foreign particles towards pharynx [/4
(d) Absorb oxygen

32. The trachea divides into:

(a) Two bronchi [74

(b) Three bronchi

(c) Four bronchi

(d) Five bronchi

33. The functional units of lungs where gas exchange occurs are:
(a) Bronchi

(b) Bronchioles

(c) Alveoli [4

(d) Pleura

34. The membrane that covers the lungs directly is called:

(a) Parietal pleura
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(b) Visceral pleura ['4
(c) Pericardium

(d) Diaphragm

35. The right lung contains how many lobes?

(@) One

(b) Two

(c) Three [4

(d) Four

36. The movement of air into and out of the body is called:
(a) Circulation

(b) Ventilation / Breathing

(c) Digestion

(d) Diffusion

37. Lungs move air in and out mainly by creating:

(a) Chemical reactions

(b) Negative and positive pressures [/4

(c) Electrical impulses
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(d) Blood pressure

38. The dome-shaped muscle that separates thoracic cavity from

abdomen is:

(a) Intercostal muscle

(b) Diaphragm (74

(c) Bronchus

(d) Pleura

39. Intercostal muscles are located:
(a) Between the ribs

(b) Inside the lungs

(c) In the abdomen

(d) Around the heart

40. During inspiration, the diaphragm:

(a) Relaxes and moves upward
(b) Contracts and flattens [74
(c) Stops moving

(d) Becomes smaller

12
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41. During inspiration, contraction of intercostal muscles causes the
ribs to:

(a) Move downward

(b) Move inward

(c) Move upward and outward [4
(d) Stop moving

42. Expansion of lungs during inspiration causes the air pressure
inside lungs to:

(a) Increase

(b) Decrease

(c) Remain constant

(d) Become equal to blood pressure

43. Expiration occurs when the diaphragm and intercostal muscles:
(a) Contract strongly

(b) Relax [4

(c) Stop functioning permanently

(d) Expand

44. The respiratory centre that controls breathing is located in the:



(a) Cerebrum

(b) Cerebellum

(c) Medulla oblongata [74
(d) Spinal cord

45. Nerve impulses from the respiratory centre stimulate which
muscles for breathing?

(a) Arm muscles

(b) Diaphragm and intercostal muscles

(c) Leg muscles

(d) Neck muscles

46. Gas transport in the human body involves the transport of:
(a) Oxygen only

(b) Carbon dioxide only

(c) Oxygen and carbon dioxide [4

(d) Nitrogen only

47. Oxygen is transported from the lungs to the:
(a) Heart

(b) Brain
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(c) Tissues of the body |4

(d) Kidneys
48. Most oxygen in the blood is transported by:

(a) Blood plasma

(b) White blood cells

(c) Haemoglobin in RBCs [
(d) Platelets
49. Blood plasma can dissolve approximately how much oxygen per litre?

(a) 3mL ['4

(b) 30 mL

(c) 100 mL

(d) 200 mL

50. When haemoglobin combines with oxygen it forms:
(a) Deoxyhaemoglobin

(b) Carboxyhaemoglobin

(c) Oxyhaemoglobin [
(d) Carbaminohaemoglobin

51. Oxyhaemoglobin has which colour?
(a) Dark red

(b) Bright red [4

(c) Blue

(d) Yellow

15
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52. When oxyhaemoglobin releases oxygen in tissues, it becomes:
(a) Carboxyhaemoglobin

(b) Deoxyhaemoglobin [74

(c) Oxyhaemoglobin

(d) Carbonic acid

53. The effect of pH on haemoglobin's affinity for oxygen is called:
(a) Chloride shift

(b) Bohr effect ['4

(c) Diffusion effect

(d) Osmosis effect

54. During exercise, haemoglobin releases more oxygen because:
(a) Blood pressure increases

(b) Temperature increases and pH decreases [/4

(c) Oxygen concentration increases

(d) Carbon dioxide decreases

55. Carbon dioxide is transported from tissues to lungs mainly as:

(a) Carbonic acid
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(b) Bicarbonate ions [74
(c) Oxygen
(d) Nitrogen

56. Approximately what percentage of CO: is transported as
bicarbonate ions?

(a) 50%

(b) 60%

(c) 72% ['4

(d) 90%

57. The enzyme that helps convert CO: and water into carbonic acid is:
(a) Amylase

(b) Carbonic anhydrase |4

(c) Pepsin

(d) Catalase

58. The exchange of chloride ions with bicarbonate ions in RBCs is
called:

(a) Bohr effect

(b) Chloride shift [74



(c) Diffusion process
(d) Active transport

59. About what percentage of CO: is transported as
carboxyhaemoglobin?

(a) 8%

(b) 20% [4

(c) 50%

d) 72%

60. A small amount of CO: is transported in blood:
(a) Bound to oxygen

(b) Dissolved in plasma

(c) In white blood cells

(d) As glucose

61. Respiratory pigments are mainly responsible for:
(a) Digestion of food

(b) Transport of oxygen in the body ['4

(c) Production of hormones

(d) Circulation of blood

18
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62. The two well-known respiratory pigments are:
(a) Haemoglobin and insulin

(b) Haemoglobin and myoglobin [4

(c) Myoglobin and melanin

(d) Chlorophyll and haemoglobin

63. Haemoglobin is present in:

(a) White blood cells

(b) Red blood cells (RBCs)

(c) Platelets

(d) Plasma

64. A haemoglobin molecule contains how many polypeptide chains?
(a) One

(b) Two

(c) Three

(d) Four (74

65. Haemoglobin consists of:

(a) Two globin chains and two haem groups



(b) Four globin chains and four haem groups (4
(c) One globin chain and one haem group
(d) Two haem groups only

66. One haemoglobin molecule can bind with how many oxygen
molecules?

(a) One

(b) Two

(c) Three

(d) Four ['4

67. The haem group of haemoglobin contains:
(a) Calcium ion

(b) Iron ion [4

(c) Sodium ion

(d) Magnesium ion

68. Myoglobin is mainly found in:
(a) Blood plasma

(b) Muscle cells ['4

(c) Nerve cells

20



(d) Skin cells

69. Myoglobin is composed of:

(a) Four polypeptide chains

(b) Two polypeptide chains

(c) A single polypeptide chain [4

(d) Five polypeptide chains

70. Myoglobin can bind with how many oxygen molecules?
(a) One ['4

(b) Two

(c) Three

(d) Four

71. The main function of myoglobin is to:
(a) Transport oxygen in blood

(b) Store oxygen in muscles [4

(c) Transport carbon dioxide

(d) Produce energy

72. Upper respiratory tract infections (URIs) mainly affect the:
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(a) Lungs

(b) Nose, throat, sinuses and larynx [4
(c) Heart

(d) Kidneys

73. Sinusitis is the inflammation of the:
(a) Lungs

(b) Sinuses around nasal cavity

(c) Bronchi

(d) Trachea

74. Most cases of sinusitis are caused by:
(a) Bacteria

(b) Viruses ['4

(c) Parasites

(d) Worms

75. Otitis media is the inflammation of the:

(a) Outer ear

(b) Middle ear ['4
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(c) Inner ear

(d) Nose

76. Lower respiratory tract infections include:
(a) Sinusitis

(b) Otitis media

(c) Pneumonia and bronchitis

(d) Tonsillitis

77. Pneumonia is mainly an infection of the:
(a) Bronchi

(b) Trachea

(c) Alveoli of lungs {4

(d) Nasal cavity

78. In pneumonia, the alveoli become filled with:
(a) Air only

(b) Blood only

(c) Pus and fluid [4

(d) Oxygen
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79. Pneumonia is most commonly caused by:
(a) Bacteria and viruses [4

(b) Worms

(c) Parasites

(d) Algae

80. A common bacterial cause of pneumonia is:
(a) Streptococcus pneumoniae

(b) Escherichia coli

(c) Vibrio cholerae

(d) Salmonella typhi

81. Which of the following is a symptom of pneumonia?
(a) Cough with phlegm

(b) Chest pain

(c) Fever

(d) All of these [74

82. Pneumonia can be prevented partly by:

(a) Surgery

24



(b) Vaccination [4

(c) Chemotherapy

(d) Dialysis

83. Tuberculosis (TB) is caused by the bacterium:
(a) Mycobacterium tuberculosis [/

(b) Streptococcus pneumoniae

(c) Bacillus anthracis

(d) Vibrio cholerae

84. Tuberculosis of the lungs is called:
(a) Bronchitis

(b) Pulmonary tuberculosis

(c) Sinusitis

(d) Pneumonia

85. TB spreads mainly through:

(a) Food

(b) Water

(c) Coughing and sneezing [4
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(d) Insect bites

86. In advanced TB, damage to alveoli may lead to:

(a) Heart failure

(b) Respiratory failure [74

(c) Kidney failure

(d) Liver failure

87. A common symptom of pulmonary tuberculosis is:
(a) Cough with blood

(b) Hair loss

(c) Skin rash

(d) Tooth pain

88. Treatment of TB usually requires antibiotics for about:
(a) 1 week

(b) 1 month

(c) 3 months

(d) About 9 months [4

89. COPD stands for:
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(a) Chronic Obstructive Pulmonary Disease ['4
(b) Chronic Oxygen Pulmonary Disorder

(c) Continuous Obstructive Pulmonary Disease
(d) Chronic Oxygen Pressure Disease

90. The most common cause of COPD is:

(a) Drinking contaminated water

(b) Tobacco smoking [/

(c) Lack of exercise

(d) Eating unhealthy food

91. Which of the following is a symptom of COPD?
(a) Persistent cough with mucus

(b) Shortness of breath

(c) Wheezing

(d) All of these ['4

92. COPD is generally considered:

(a) Completely curable

(b) Easily preventable
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(c) Incurable but manageable {4
(d) Temporary disease

93. Emphysema mainly damages the:
(a) Bronchi

(b) Trachea

(c) Alveoli walls ['4

(d) Nasal cavity

94. In emphysema, the rupture of alveoli leads to:

(a) Increased surface area

(b) Reduced surface area for gas exchange
(c) Increased oxygen production

(d) Faster breathing

95. The primary cause of emphysema is:
(a) Virus infection

(b) Smoking {4

(c) Poor diet

(d) Lack of sleep
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96. Long-term exposure to air pollution may cause:

(a) Pneumonia

(b) Emphysema ['4

(c) Sinusitis

(d) Otitis media

97. A genetic deficiency linked with emphysema involves:
(a) Insulin

(b) Alpha-1 antitrypsin protein

(c) Haemoglobin

(d) Myoglobin

98. One important step in managing emphysema is:

(a) Eating more food

(b) Quitting smoking ['4

(c) Drinking more water

(d) Sleeping more

99. Which therapy may be used in severe lung diseases?

(a) Oxygen therapy [4
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(b) Radiation therapy

(c) Chemotherapy

(d) Dialysis

100. In severe COPD cases, doctors may recommend:
(a) Heart transplant

(b) Lung transplantation [/4

(c) Kidney transplant

(d) Liver transplant

Exercise

SECTION 1: MULTIPLE CHOICE QUESTIONS
1. During inhalation, diaphragm:

(a) Contracts and moves upward

(b) Contracts and moves downward | 4
(c) Relaxes and moves upward

(d) Relaxes and moves downward

2. Which part of the respiratory system acts as the respiratory
surface?
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(a) Larynx
(b) Trachea
(c) Bronchi
(d) Alveoli ['4

3. How many oxygen molecules can attach with a haemoglobin
molecule?

(a)1

(b) 2

()3

(d)4 4

4. What is TRUE about respiratory pigments?

(a) Transport oxygen from lungs to tissues [4

(b) Transport oxygen and carbon dioxide in equal amounts
(c) Transport less oxygen and more carbon dioxide

(d) Regulate the pH of blood

5. Which respiratory pigment is found in muscle tissue?
(a) Haemoglobin

(b) Melanin
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(c) Myoglobin [4
(d) Chlorophyll

6. What is the maximum amount of air that can be inhaled or exhaled
during a respiratory cycle?

(a) Tidal volume

(b) Vital capacity [4

(c) Inspiratory reserve volume
(d) Expiratory reserve volume

7. In what form is carbon dioxide primarily transported in the
bloodstream?

(a) Dissolved in plasma

(b) Bound to haemoglobin

(c) Converted to bicarbonate ions [/4
(d) None of the above

8. Which of the following treatments is commonly used to manage
pulmonary TB?

(a) Antibiotics [4

(b) Cough syrup
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(c) Surgery

(d) Chemotherapy

9. Which of the following is a common cause of pneumonia?
(a) Bacterial infection

(b) Viral infection

(c) Fungal infection

(d) All of these [4

10. Emphysema is characterized by:

(a) Inflammation of airways

(b) Narrowing of airways

(c) Destruction of the alveoli in lungs 4

(d) Fluid build-up in lungs

SECTION 2: SHORT QUESTIONS

1. Define respiratory surface and list its properties.
Answer:

Respiratory surface: The area where gas exchange occurs between the environment
and the blood. Oxygen enters the blood, and carbon dioxide leaves the blood here.

Properties:

1. Moist and permeable — allows gases to pass easily.

2. Thin — minimizes the distance for diffusion.

3. Good blood supply — enables gases to diffuse in and out of blood.
4. Structural support — prevents collapse.
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5. Located internally — prevents water loss.

6. Air ventilates over it — air continuously moves in and out.

7. Air reaches after branching — becomes saturated with water
vapor before reaching the surface.

2. How does the nasal cavity function in filtering inhaled air?

Answer:

e Nose hairs trap large particles.

e Mucus produced by the mucous membrane traps dust, microbes,
and pollen.

e Blood vessels warm and humidify the incoming air.

e Contains chemoreceptors for the sense of smell and contributes
to taste.

3. Trace the path of air through different parts of the respiratory
system.

Answer:
Path of air:

Nostrils — Nasal cavity — Pharynx — Larynx — Trachea — Bronchi —
Bronchioles — Alveolar ducts — Alveoli

4. Describe the structure and function of alveoli.

Answer:
Structure:

e Tiny sac-like structures at the end of bronchioles.
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e Lined with moist epithelium, 0.1 micrometer thick.
e Surrounded by capillaries.
e Each lung contains millions of alveoli.

Function:

e Provides a large surface area for gas exchange.
e Oxygen diffuses into the blood; carbon dioxide diffuses out.

5. What is the role of diaphragm during inhalation and exhalation?

Answer:

Inhalation: Diaphragm contracts and moves downward, enlarging
thoracic cavity — air enters the lungs.

Exhalation: Diaphragm relaxes and moves upward — thoracic cavity
shrinks — air leaves the lungs.

6. What are the three ways carbon dioxide is transported in blood?

Answer:

1. Asbicarbonate ions (HCO:): About 72%, formed via carbonic acid
in RBCs.

2. As carboxyhaemoglobin: About 20%, bound to the globin part of
hemoglobin.

3. Dissolved in plasma: About 8%, directly in blood plasma.

7. What are the advantages of having millions of alveoli rather than a
pair of simple balloon-like lungs?

Answer:
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e Provides a huge surface area for gas exchange.

e Allows more efficient diffusion of oxygen and carbon dioxide.
e Ensures enough oxygen supply during rest and exercise.

e Maintains an oxygen reserve in blood.

8. Differentiate between:
Answer:
Internal and External Respiration:

e Internal respiration occurs between blood and body tissues;
oxygen leaves blood and carbon dioxide enters it.

e External respiration occurs between alveoli and blood; oxygen
enters blood and carbon dioxide leaves blood to alveoli.

Upper and Lower Respiratory Tract:

e Upper tract includes nasal cavity, pharynx, and larynx; filters,
warms, and humidifies air, no gas exchange.

e Lower tract includes trachea, bronchi, bronchioles, and lungs;
conducts air and facilitates gas exchange.

Bronchi and Bronchioles:

e Bronchi are larger, cartilaginous tubes conducting air into lungs.
e Bronchioles are smaller, non-cartilaginous tubes that lead to
alveoli.

Haemoglobin and Myoglobin:
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e Haemoglobin is in RBCs, carries up to four O. molecules, and
transports oxygen to tissues.

e Myoglobin is in muscles, carries one O: molecule, and stores
oxygen for muscle use during low oxygen conditions.

Section 3: LONG QUESTIONS
Q 1: Describe the mechanism of inhalation and exhalation.
< Answer:

Breathing, also called ventilation, is the movement of air in and out of
the lungs. Humans do not actively pull in or push out air using the
lungs themselves. Instead, breathing occurs by creating pressure
differences inside the thoracic cavity, which causes air to flow in and
out. This process involves the diaphragm and intercostal muscles.

1. Inhalation (Inspiration)

Inhalation is the process of taking air into the lungs. It occurs as
follows:

1. Diaphragm contraction: The diaphragm, a dome-shaped skeletal
muscle separating the thoracic cavity from the abdominal cavity,
contracts and moves downward, flattening its shape.

2. Intercostal muscle contraction: The external intercostal muscles
between the ribs contract, pulling the ribs upward and outward.

3. Expansion of thoracic cavity: The contraction of these muscles
increases the volume of the thoracic cavity.
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4. Decrease in lung pressure: Because the lungs are attached to the
thoracic wall via pleural membranes (visceral and parietal
pleura), the expansion of the thoracic cavity expands the lungs,
which reduces the air pressure inside the lungs below
atmospheric pressure.

5. Air inflow: Due to this pressure difference, air from the
atmosphere moves into the lungs through the nose or mouth,
pharynx, larynx, trachea, bronchi, and bronchioles until it
reaches the alveoli.

Summary: Inhalation occurs due to contraction of the diaphragm and
intercostal muscles, expansion of thoracic cavity, lowering of lung
pressure, and movement of air into the lungs.

2. Exhalation (Expiration)

Exhalation is the process of removing air from the lungs. It occurs as
follows:

1. Relaxation of diaphragm: The diaphragm relaxes and moves
upward into its dome shape.

2. Relaxation of intercostal muscles: The external intercostal
muscles relax, allowing the ribs to move downward and inward.

3. Reduction of thoracic cavity volume: The relaxation of muscles
decreases the volume of the thoracic cavity, causing the lungs to
recoil due to their elasticity.

4. Increase in lung pressure: The decrease in lung volume raises
the pressure inside the lungs above atmospheric pressure.

5. Air outflow: Air is pushed out of the lungs through the same
respiratory passages (alveoli — bronchioles — bronchi — trachea
—s larynx — pharynx — nasal cavity/mouth).



39

Summary: Exhalation occurs due to relaxation of the diaphragm and
intercostal muscles, decrease in thoracic volume, increase in lung
pressure, and movement of air out of the lungs.

Key Points to Remember:

e Breathing is passive during normal exhalation but can be active
during exercise or forced breathing.

e Pleural membranes and pleural fluid allow lungs to expand and
recoil smoothly.

e Pressure changes in the lungs relative to atmospheric pressure
drive air movement.

Brain control: The medulla oblongata controls rhythmic contraction of
diaphragm and intercostal muscles.

Q2: Describe the transport of oxygen through blood.
+ Answer:

The transport of oxygen in the blood is an essential part of respiration.
Oxygen moves from the lungs to all tissues of the body, providing cells
with the energy they need for metabolic activities. The process
involves diffusion into the blood, binding with haemoglobin, and
delivery to tissues.

1. Diffusion into Blood: Oxygen enters the blood from the alveoli in the
lungs. The partial pressure of oxygen in the alveoli is about 105 mm Hg
at sea level. This partial pressure is higher than the oxygen pressure in
the blood of pulmonary capillaries, so oxygen diffuses across the thin
walls of the alveoli into the blood.
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e Only a small amount of oxygen (about 3 mL per litre of blood)
dissolves directly in the plasma.

e This amount alone is insufficient to meet the body’s oxygen
needs.

2. Oxygen Binding to Haemoglobin

The majority of oxygen is carried by haemoglobin (Hb) inside red blood
cells (RBCs).

e A haemoglobin molecule has four polypeptide chains, each with
a heme group containing an iron ion (Fe?’).

e Each iron ion can bind one oxygen molecule (O:), so a
haemoglobin molecule can carry up to four oxygen molecules.

e When oxygen binds to haemoglobin in the lungs, it forms
oxyhaemoglobin, which has a bright red color.

3. Transport to Tissues
As blood flows through systemic capillaries:

e Oxygen is released from oxyhaemoglobin due to lower oxygen
partial pressure in the tissues (around 40 mm Hg).

e About 22% of oxygen carried by haemoglobin at rest is released to
tissues. The remaining oxygen stays bound as a reserve.

e During exercise, tissues use more oxygen, lowering venous
oxygen pressure to 20 mm Hg, causing haemoglobin to release up
to 62% of its oxygen, meeting the higher demand.

4. Factors Affecting Oxygen Transport

Several factors influence how easily haemoglobin releases oxygen:
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pH (Bohr effect): Increased CO: production in tissues lowers blood pH.
This decreases haemoglobin’s affinity for oxygen, making it release
oxygen more readily.

Temperature: Higher temperatures, as produced by active muscles,
reduce haemoglobin’s oxygen affinity, increasing oxygen delivery to
tissues.

Key Points to Remember

e Oxygen transport depends on diffusion, haemoglobin binding,
and tissue demand.

e Haemoglobin acts as a buffer and reserve, ensuring sufficient
oxygen during rest and activity.

e Plasma oxygen alone cannot meet the body’s requirements;
haemoglobin is essential.

"4 In short:

Oxygen enters the blood through diffusion in the lungs, binds to
haemoglobin to form oxyhaemoglobin, and is delivered to tissues
where it is released depending on partial pressure, pH, and
temperature.

Q3: Describe the transport of carbon dioxide through blood.
< Answer:

Carbon dioxide (CO.) is a waste product of cellular respiration. It is
transported from the tissues, where it is produced, to the lungs, where
it 1s expelled from the body. CO: is transported in the blood in three
main ways.
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1. As Bicarbonate Ions (HCO:)
This is the primary method, carrying about 72% of CO: in the blood:

1. CO:diffuses from tissues into red blood cells (RBCs).

2. Inside RBCs, CO. combines with water in the presence of the
enzyme carbonic anhydrase to form carbonic acid (H.CO:).

3. Carbonic acid then dissociates into hydrogen ions (H") and
bicarbonate ions (HCO:s).

4. Hydrogen ions bind to haemoglobin, which helps release oxygen
to the tissues.

5. Bicarbonate ions move out of RBCs into plasma in exchange for
chloride ions (chloride shift / Hamburger phenomenon),
maintaining electrical balance.

This system efficiently transports large amounts of CO: in a soluble
and safe form.

2. As Carbaminohaemoglobin (CO: + Hb)
About 20% of CO: is transported by binding to haemoglobin:

e CO:binds to the globin portion (protein part) of haemoglobin to
form carbaminohaemoglobin.

e This does not compete with oxygen, which binds to the iron in
haemoglobin.

e CO:is released from haemoglobin when blood reaches the lungs,
where the partial pressure of CO: is lower than in the blood.

3. Dissolved in Plasma
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A small amount, about 8% of CO., is transported dissolved directly in
blood plasma.

e This CO: contributes to the partial pressure of CO: in the blood,
which drives its diffusion from tissues into blood and from blood
into alveoli in the lungs.

4. Release of CO: in Lungs

e In the lungs, the partial pressure of CO: in alveoli is lower than in
the blood, causing CO: to diffuse from blood into alveoli.

e Bicarbonate ions in plasma are converted back into CO: and
water:

HCOs; + H — H.CO; — CO: + H.0

e (O:is then expelled during exhalation, completing the
respiratory cycle.

Key Points to Remember:

e CO:istransported mainly as bicarbonate ions, but also as
carbaminohaemoglobin and dissolved gas.

e The chloride shift ensures ionic balance during bicarbonate
transport.

e The partial pressure difference drives CO. from tissues to blood
and from blood to alveoli.

"4 In short:
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CO: produced in tissues enters the blood and is carried mostly as
bicarbonate ions, partly bound to haemoglobin, and a small fraction
dissolved in plasma. In the lungs, these forms are converted back into
CO., which is exhaled.

Q4: Describe the structure and function of haemoglobin.
% Answer:

Haemoglobin is a specialized protein found in red blood cells (RBCs)
that plays a critical role in transporting oxygen from the lungs to
tissues and assisting in carbon dioxide transport from tissues to the
lungs.

1. Structure of Haemoglobin

Haemoglobin is a globular protein composed of four polypeptide
chains:

o Two alpha (a) chains
o Two beta (B) chains
e Each chain is folded to form a pocket that holds a heme group.
e Each heme group contains an iron (Fe?") ion at its center, held
within a porphyrin ring.
e The iron ion can bind one oxygen molecule (O:).
e Therefore, one haemoglobin molecule can carry up to four
oxygen molecules simultaneously.
e The chains are held together by hydrogen bonds, salt bridges, and
hydrophobic interactions, giving haemoglobin stability and
proper function.
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2. Function of Haemoglobin
a) Oxygen Transport:

e In the lungs, where oxygen concentration is high, oxygen binds
to the iron ions in haemoglobin, forming oxyhaemoglobin.

e Oxyhaemoglobin has a bright red color and carries oxygen to the
tissues.

e In tissues, where oxygen concentration is low, haemoglobin
releases oxygen, forming deoxyhaemoglobin, which has a dark
red color.

b) Carbon Dioxide Transport:

e Haemoglobin also binds a portion of carbon dioxide from tissues,
forming carbaminohaemoglobin, which is transported to the
lungs.

e [t does not compete with oxygen because CO: binds to the protein
part of haemoglobin, whereas oxygen binds to the heme iron.

c) pH Buffering:

e Haemoglobin helps maintain blood pH by binding to hydrogen
ions (H’), which are produced during CO. transport as
bicarbonate.

d) Oxygen Reserve:

e Haemoglobin stores a reserve of oxygen in blood, ensuring that
tissues receive sufficient oxygen even during exercise or low
oxygen conditions.
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Key Points to Remember:

e Haemoglobin is a tetrameric protein with four heme groups.

e Each heme binds one oxygen molecule, allowing transport of four
molecules per haemoglobin.

e It plays roles in oxygen delivery, CO: transport, and pH regulation.

e Haemoglobin's ability to bind and release oxygen efficiently is
influenced by pH, temperature, and partial pressures of gases
(Bohr effect).

"4 In short:

Haemoglobin is a four-chain protein in RBCs that carries oxygen from
lungs to tissues, assists in CO: transport, acts as a pH buffer, and
maintains oxygen reserves for body tissues.

Q5: Describe the causes, symptoms, and treatment of sinusitis.
+ Answer:

Sinusitis is the inflammation of the lining of the sinuses, which are the
four paired air-filled spaces surrounding the nasal cavity. These
sinuses are located:

e Under the eyes (maxillary)

e Above the eyes (frontal)

e Between the eyes (ethmoidal)
e Behind the eyes (sphenoidal)

Sinusitis can be acute (lasting 7—-10 days) or chronic (lasting more than
12 weeks).
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1. Causes of Sinusitis:
1. Viral Infections:

e Most cases of sinusitis are caused by viruses, such as the
common cold.

2. Bacterial Infections:

e Sometimes, bacteria infect the sinuses after a viral infection or
due to other factors.

3. Fungal Infections (Rare):

e In rare cases, fungi can cause sinus inflammation, especially in
individuals with weakened immune systems.

4. Other Factors:

e Allergies, nasal polyps, or a deviated nasal septum can block
sinus drainage and lead to infection.

2. Symptoms of Sinusitis:

e Fever and general malaise

e Plugged or congested nose

e Nasal discharge that may be pus-like

e Loss of smell (anosmia)

e Facial pain or pressure, especially under or above the eyes
e Headache, often worsened by bending forward

e Post-nasal drip (phlegm falling into the throat)
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3. Treatment of Sinusitis:
a) Viral Sinusitis:

e Most cases caused by viruses resolve without antibiotics.
e Supportive treatment includes rest, fluids, and decongestants.

b) Bacterial Sinusitis:

e Antibiotics are prescribed if bacterial infection is confirmed.
e Sulfa drugs may also be used in some cases.
e Nebulization helps reduce inflammation and clear mucus.

c) Chronic or Recurring Sinusitis:

e Nasal surgery may be needed to remove blockages, pathogens,
and mucus.
e Managing underlying causes such as allergies is important.

Key Points to Remember:

e Sinusitis affects the upper respiratory tract, especially the
sinuses around the nose.

e Early detection and treatment can prevent complications.

e Most cases are self-limiting, but bacterial or chronic infections
require medical intervention.

"4 In short:
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Sinusitis is inflammation of the sinuses caused mainly by viruses,
sometimes bacteria or fungi. Symptoms include nasal congestion,
facial pain, fever, and headache. Treatment depends on the cause and
may include antibiotics, decongestants, nebulization, or surgery for
chronic cases.

Q6: Describe the causes, symptoms, and treatment of pneumonia
and pulmonary tuberculosis.

< Answer:
A. Pneumonia
Definition:

Pneumonia is an acute infection of the lungs, where the alveoli
become inflamed and fill with pus and fluid. This reduces oxygen
intake and makes breathing difficult.

1. Causes of Pneumonia:

e Bacterial infection: Most commonly caused by Streptococcus
pneumoniae.

e Viral infection: Viruses like human rhinovirus can also lead to
pneumonia.

e Fungal infection (less common): Some fungi can infect lungs,
especially in immunocompromised individuals.

2. Symptoms of Pneumonia:

e Cough with phlegm (sputum)
e Shortness of breath
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e Chest pain, worsened by breathing or coughing
e Fever and chills

e Bluish skin color due to lack of oxygen

e Loss of appetite and fatigue

e Rapid heartbeat

3. Treatment of Pneumonia:

e Bacterial pneumonia: Treated with specific antibiotics

e Symptom relief: Analgesics for fever and pain

e Prevention: Vaccination against certain bacterial and viral
pneumonias

B. Pulmonary Tuberculosis (TB)
Definition:

Pulmonary tuberculosis is a chronic infectious disease of the lungs
caused by the bacterium Mycobacterium tuberculosis. It is highly
contagious and spreads through coughs or sneezes. TB damages the
alveoli, forming small cavities in the lung tissue, which can reduce
lung function.

1. Causes of Pulmonary Tuberculosis:

e Infection with Mycobacterium tuberculosis
e Transmission through airborne droplets from an infected person

2. Symptoms of Pulmonary Tuberculosis:

e Persistent cough with blood (hemoptysis)
e Intermittent fever, usually in the evening
e Night sweats
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Weight loss and loss of appetite (anorexia)

Fatigue and weakness

Chest pain due to inflammation of the pleura
e Dry cough

3. Treatment of Pulmonary Tuberculosis:

e Long-term multi-drug antibiotic therapy for 9 months
e Regular monitoring to ensure adherence to treatment
e Avoid close contact with others during the contagious period

Key Differences to Remember:

e Pneumonia is acute, TB is chronic

e Pneumonia can be viral, bacterial, or fungal, while TB is strictly
bacterial

e Both diseases affect alveoli, reducing oxygen exchange

e Early diagnosis and treatment are essential to prevent
complications

4+ Summary:

Pneumonia is an acute lung infection caused by bacteria, viruses, or
fungi, with cough, fever, chest pain, and difficulty breathing.
Pulmonary tuberculosis is a chronic bacterial infection caused by
Mycobacterium tuberculosis, with chronic cough, night sweats, and
weight loss. Treatment for pneumonia involves antibiotics and
symptom management, while TB requires long-term multi-drug
antibiotic therapy.

Q7: Describe the causes, symptoms, and treatment of emphysema.
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< Definition:

Emphysema is a chronic lung disease in which the inner walls of the
alveoli (air sacs) are damaged, leading to the formation of larger air
spaces instead of many small ones. This reduces the surface area
available for gas exchange, making it difficult for oxygen to enter the
blood and carbon dioxide to leave. Emphysema is considered a type of
Chronic Obstructive Pulmonary Disease (COPD).

1. Causes of Emphysema:

e Smoking: The primary cause; chemicals in tobacco smoke
damage alveoli and lung tissue.

e Air pollution and chemical exposure: Long-term inhalation of
dust, fumes, or harmful pollutants can contribute to alveolar
damage.

e Genetic factors: Deficiency of a protective protein called alpha-1
antitrypsin can cause emphysema, even in people who do not
smoke.

e Chronic respiratory infections: Repeated infections may worsen
alveolar destruction.

2. Symptoms of Emphysema:

e Shortness of breath: Initially during physical activity, later even
at rest.

e Chronic cough: Often with little or no sputum.

e Wheezing: A high-pitched whistling sound when breathing.

e Chest tightness and discomfort.

e Fatigue and weakness due to reduced oxygen supply.
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e Barrel-shaped chest: In advanced cases, the lungs expand,
pushing the chest outward.

3. Treatment of Emphysema:
a) Lifestyle Changes:

e Quitting smoking: The most important step to prevent further
damage.
e Avoiding pollutants: Reduces additional harm to lungs.

b) Medications:

e Bronchodilators: Help open the airways and make breathing
easler.
e Inhaled corticosteroids: Reduce inflammation in the airways.

c) Oxygen Therapy:

e For patients with low blood oxygen levels, supplemental oxygen
improves breathing.

d) Pulmonary Rehabilitation:

e Exercise and breathing techniques strengthen respiratory
muscles and improve lung efficiency.

e) Surgery (in severe cases):

e Lung volume reduction surgery removes damaged lung tissue.
e Lung transplantation may be considered for very advanced
disease.
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Key Points to Remember:

e Emphysema reduces surface area for gas exchange, leading to
oxygen deficiency.

e Smoking is the major preventable cause.

e Symptoms develop gradually and worsen over time.

e Treatment cannot reverse damage but can slow progression and
improve quality of life.

4+ Summary:

Emphysema is a chronic lung disease caused mainly by smoking,
pollutants, or genetic factors. It damages alveoli, reducing oxygen
absorption. Symptoms include shortness of breath, chronic cough,
wheezing, and chest tightness. Treatments include quitting smoking,
medications, oxygen therapy, pulmonary rehabilitation, and in severe
cases, surgery.

INQUISITIVE QUESTIONS

Ql: How does the structure of the alveoli optimize the exchange of
gases like oxygen and carbon dioxide?

< Answer:

The alveoli are tiny, sac-like structures located at the end of
bronchioles in the lungs. They are the functional units of the lungs,
where oxygen enters the blood and carbon dioxide leaves the blood.
The structure of alveoli is specially adapted to maximize the efficiency
of this gas exchange.
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1. Thin Walls:

e Alveoli walls are made of a single layer of epithelial cells,
approximately 0.1 micrometer thick.

e This short diffusion distance allows oxygen and carbon dioxide
to move rapidly between air and blood.

2. Large Surface Area:

e Each lung contains millions of alveoli, creating a huge total
surface area (~70 m?).

e This large area allows more gas to be exchanged at the same
time, meeting the oxygen demands of the body.

3. Moist Inner Surface:

e The alveoli are coated with a thin layer of fluid and surfactant.
e Moisture helps dissolve gases, enabling diffusion. Surfactant
reduces surface tension, preventing alveolar collapse.

4. Rich Capillary Network:

e Alveoli are surrounded by a dense network of blood capillaries.
e This ensures continuous supply of blood for oxygen uptake and
carbon dioxide removal.

The short distance between air and blood speeds up gas exchange.
5. Elasticity:

e Alveoli are elastic, allowing them to expand during inhalation
and recoil during exhalation.
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e This helps fresh air enter alveoli and stale air leave, maintaining
constant gas exchange.

6. Concentration Gradient Maintenance:

e Oxygen is always at higher concentration in alveoli than in
blood, and carbon dioxide is higher in blood than in alveoli.
e This steep gradient drives rapid diffusion of gases.

4+ Summary:

Alveoli are perfectly designed for efficient gas exchange because they
have thin walls, a large surface area, a moist lining, rich blood supply,
elasticity, and maintain a high concentration gradient. Together, these
features ensure that oxygen quickly enters the blood and carbon
dioxide is effectively removed, supporting the body’s metabolic needs.

Q2: How do diseases like chronic obstructive pulmonary disease
(COPD) affect gaseous exchange efficiency?

< Answer:

Chronic Obstructive Pulmonary Disease (COPD) is a group of chronic
inflammatory lung disorders that obstruct airflow and reduce lung
function. The two most common forms are chronic bronchitis and
emphysema. These diseases severely affect the efficiency of gas
exchange in the lungs.

1. Structural Changes in Lungs:

e In emphysema, the walls of the alveoli are damaged and rupture,
forming larger air spaces instead of many small alveoli.
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e This reduces the total surface area available for gas exchange,
meaning less oxygen enters the blood and less carbon dioxide is
removed.

e In chronic bronchitis, the airways are inflamed and filled with
mucus, narrowing the bronchi and bronchioles.

e Narrowed airways make it harder for air to reach the alveoli,
reducing oxygen supply and slowing carbon dioxide removal.

2. Reduced Elasticity of Lungs:

e Healthy alveoli expand and recoil during breathing.

e In COPD, the elasticity is lost, so lungs cannot fully expand or
recoil.

e This causes air to remain trapped in the lungs, leading to stale air
accumulation, lowering oxygen concentration in the alveoli.

3. Impaired Ventilation and Perfusion Balance:

e COPD disturbs the normal airflow and blood flow balance in the
lungs.

e Some alveoli may be ventilated poorly but still receive blood, or
well-ventilated alveoli may not have sufficient blood supply.

e This mismatch reduces the efficiency of oxygen uptake and
carbon dioxide removal.

4. Symptoms That Affect Gas Exchange:

e Persistent shortness of breath, wheezing, and fatigue are direct
consequences of reduced oxygen delivery to tissues.

e Low oxygen levels (hypoxia) and high carbon dioxide levels
(hypercapnia) in the blood can occur.
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5. Treatment and Management:

e COPD cannot be completely cured, but its progression can be
slowed by quitting smoking, avoiding pollutants, and using
medications.

e Bronchodilators relax airways, improving airflow to alveoli.

e Inhaled steroids reduce inflammation.

e Oxygen therapy helps maintain blood oxygen levels.

e Pulmonary rehabilitation improves lung efficiency through
exercise and breathing techniques.

4+ Summary:

COPD affects gas exchange by damaging alveoli, narrowing airways,
and reducing lung elasticity, which decreases oxygen uptake and
carbon dioxide removal. Treatments like bronchodilators, inhaled
steroids, oxygen therapy, and lifestyle changes can help improve gas
exchange efficiency and slow disease progression.

Q3: Explain the process of external respiration versus internal
respiration in the context of gaseous exchange.

< Answer:

Respiration is the process by which organisms obtain oxygen and
release carbon dioxide. In humans, gaseous exchange occurs in two
main stages: external respiration and internal respiration. Both
processes are crucial for supplying oxygen to tissues and removing
carbon dioxide.

1. External Respiration:
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Definition:

e External respiration is the exchange of gases between the air in
the alveoli of the lungs and the blood in the pulmonary
capillaries.

Process:

e Oxygen Movement: Oxygen in the alveolar air has a higher
partial pressure than in the blood of the pulmonary capillaries.
Due to this concentration gradient, oxygen diffuses from the
alveoli into the blood.

e Carbon Dioxide Movement: Carbon dioxide in the blood has a
higher partial pressure than in the alveolj, so it diffuses from
blood into the alveoli.

This process is mainly driven by diffusion and occurs in the alveols,
which are thin, moist, and richly supplied with blood capillaries to
maximize efficiency.

Key Points:

e Occurs in the lungs.
e Involves oxygen uptake and carbon dioxide release.
e Dependent on partial pressure differences.

2. Internal Respiration:
Definition:

e Internal respiration is the exchange of gases between the blood
in systemic capillaries and the body tissues.
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Process:

e Oxygen Delivery: Oxygen-rich blood from the lungs reaches the
body tissues. Oxygen has a higher partial pressure in blood than
in tissue cells, so it diffuses from the blood into the tissues.

e Carbon Dioxide Removal: Carbon dioxide is produced by cells
during metabolism and has a higher partial pressure in tissues
than in the blood. It diffuses from tissues into the blood.

Oxygen binds to hemoglobin for transport in red blood cells, while
carbon dioxide is carried as bicarbonate ions, dissolved in plasma, and
bound to hemoglobin.

Key Points:

e Occurs in tissues throughout the body.
e Provides oxygen for cellular respiration.
e Removes metabolic waste (carbon dioxide).

Comparison:

e Location: External respiration occurs in the lungs; internal
respiration occurs in body tissues.

e Function: External respiration exchanges gases between air and
blood; internal respiration exchanges gases between blood and
tissues.

e Driving Force: Both are driven by partial pressure gradients, but
external focuses on alveoli vs. blood, while internal focuses on
blood vs. tissue cells.

4+ Summary:
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External respiration is the movement of oxygen from alveoli into blood
and carbon dioxide from blood into alveoli, whereas internal
respiration is the movement of oxygen from blood into tissues and
carbon dioxide from tissues into blood. Together, these processes
ensure oxygen delivery for cellular metabolism and removal of carbon
dioxide from the body.

Q4: How does the transport of oxygen in the bloodstream support
cellular respiration?

< Answer:

Cellular respiration is the process by which cells produce energy (ATP)
by breaking down glucose in the presence of oxygen. For this process
to occur efficiently, oxygen must be delivered from the lungs to every
cell in the body. This is where oxygen transport in the bloodstream
becomes essential.

1. Transport of Oxygen in the Blood:
Oxygen is carried in two ways:

a. Bound to hemoglobin in red blood cells (=97% of oxygen).
Hemoglobin binds oxygen in the lungs to form oxyhemoglobin.

b. Dissolved in plasma (=3% of oxygen). Although small, this portion
contributes to the oxygen gradient needed for diffusion into
tissues.

Oxygen transport is facilitated by the high affinity of hemoglobin for
oxygen in the lungs and its lower affinity in tissues, allowing oxygen
to be released where it is needed.
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2. Delivery to Tissues:

e Oxygen-rich blood travels through arteries to tissues.

e In tissues, partial pressure of oxygen is lower than in blood, so
oxygen diffuses from the blood into cells.

e This ensures a continuous supply of oxygen for cellular
processes.

3. Role in Cellular Respiration:

e In cells, oxygen is used in mitochondria during aerobic
respiration.

e Oxygen acts as the final electron acceptor in the electron
transport chain, a crucial step in ATP production.

e Without sufficient oxygen, cells cannot efficiently produce ATP,
leading to fatigue and energy deficit.

4. Importance of Oxygen Transport Efficiency:

e The high oxygen-carrying capacity of blood ensures that even
during exercise or high energy demand, tissues receive enough
oxygen.

e Hemoglobin's ability to release oxygen in response to low pH or
high CO: levels (Bohr effect) optimizes oxygen delivery to actively
respiring cells.

4+ Summary:
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The transport of oxygen in the bloodstream supports cellular
respiration by delivering oxygen from the lungs to tissues. Oxygen
binds to hemoglobin in red blood cells, is carried to cells, and diffuses
into mitochondria, where it acts as the final electron acceptor in ATP
production. Efficient oxygen transport ensures that cells can
continuously produce energy for survival and activity.

Q5: What are the environmental factors that can influence gaseous
exchange in humans?

< Answer:

Gaseous exchange in humans is the process of oxygen uptake from the
environment into the blood and carbon dioxide removal from the blood
into the environment. This process primarily occurs in the alveoli of
the lungs through diffusion. Environmental factors can greatly affect
the efficiency and rate of gas exchange.

1. Oxygen Concentration in the Environment:

e Higher oxygen levels in the air increase the diffusion rate into the
blood.

e Lower oxygen levels (hypoxia), such as at high altitudes, reduce
oxygen diffusion, leading to low blood oxygen (hypoxemia).

e The partial pressure difference between alveolar air and blood
drives oxygen movement; a smaller difference slows the process.

2. Carbon Dioxide Levels in the Environment:

e High levels of carbon dioxide in the air reduce the gradient for
CO: diffusion from blood into the lungs.
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e This can lead to CO: retention (hypercapnia), affecting blood pH
and respiratory function.

3. Air Pollution and Particulates:

e Smoke, dust, chemical fumes, and other pollutants can damage
the respiratory surfaces and alveolar epithelium, reducing
surface area for gas exchange.

e Pollutants can cause inflammation, mucus buildup, and
obstruction in airways, impairing oxygen uptake.

4. Temperature:

e Higher temperatures can increase metabolic rate, leading to
higher oxygen demand and faster gas exchange.

e Extreme cold can constrict airways and slow blood flow,
reducing efficiency.

5. Humidity:

e Moisture in the inhaled air helps maintain the alveolar
membrane.

e Very dry air can dry out the respiratory surfaces, making
diffusion of gases less effective.

6. Pressure (Altitude and Atmospheric Pressure):

e At high altitudes, atmospheric pressure decreases, lowering
oxygen partial pressure, which slows oxygen diffusion into the
blood.

e Conversely, hyperbaric oxygen environments increase oxygen
diffusion.
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7. Physical Activity and Exercise (Indirect Environmental Influence):

e Exercise increases oxygen demand and carbon dioxide
production, which indirectly enhances the diffusion gradient and
rate of gas exchange.

e Environmental conditions during exercise (heat, humidity,
altitude) can amplify or reduce efficiency.

4+ Summary:

Environmental factors such as oxygen concentration, carbon dioxide
levels, air pollution, temperature, humidity, and atmospheric pressure
significantly influence gaseous exchange in humans. These factors
affect the diffusion gradient, respiratory surface condition, and rate of
oxygen uptake and carbon dioxide removal, directly impacting the
body’s ability to maintain proper cellular respiration and homeostasis.
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	❖ Important MCQs: 
	1. Which of the following processes together form cellular respiration? 
	(a) Glycolysis, Krebs cycle, Electron transport chain ✅ 
	(b) Photosynthesis, Glycolysis, Krebs cycle 
	(c) Digestion, Absorption, Assimilation 
	(d) Glycolysis, Fermentation, Photosynthesis 
	2. External respiration mainly involves: 
	(a) Production of oxygen in lungs 
	(b) Exchange of gases between blood and environment ✅ 
	(c) Digestion of food molecules 
	(d) Transport of oxygen in blood 
	3. Which condition would most seriously reduce gas diffusion across a respiratory surface? 
	(a) Increased moisture 
	(b) Increased blood supply 
	(c) Increased thickness of surface ✅ 
	(d) Internal location of surface 
	4. Why are respiratory surfaces kept moist? 
	(a) To produce oxygen 
	(b) To dissolve gases for diffusion ✅ 
	(c) To increase blood pressure 
	(d) To store carbon dioxide 
	5. Which property of respiratory surface prevents it from collapsing? 
	(a) Moisture 
	(b) Blood supply 
	(c) Structural support ✅ 
	(d) Thin membrane 
	6. The branched tubular structure of respiratory tract mainly helps to: 
	(a) Produce oxygen 
	(b) Saturate incoming air with water vapour ✅ 
	(c) Increase blood pressure 
	(d) Reduce oxygen concentration 
	7. If the respiratory surface loses moisture, the rate of gas exchange will: 
	(a) Increase 
	(b) Decrease ✅ 
	(c) Remain unchanged 
	(d) Stop permanently 
	8. The upper respiratory tract mainly functions to: 
	(a) Exchange gases 
	(b) Filter, warm and humidify air ✅ 
	(c) Produce blood cells 
	(d) Control breathing 
	9. Which of the following structures does not participate directly in gas exchange? 
	(a) Alveoli 
	(b) Capillaries 
	(c) Nasal cavity ✅ 
	(d) Respiratory surface 
	10. The nasal septum divides the nasal cavity into: 
	(a) Three chambers 
	(b) Two chambers ✅ 
	(c) Four chambers 
	(d) Five chambers 
	11. Which structure traps dust particles entering the respiratory tract? 
	(a) Larynx 
	(b) Trachea 
	(c) Nasal hairs and mucus ✅ 
	(d) Bronchioles 
	12. Chemoreceptors in the nasal cavity help in: 
	(a) Breathing control 
	(b) Smell detection ✅ 
	(c) Gas exchange 
	(d) Blood circulation 
	13. Why are respiratory surfaces usually located internally in humans? 
	(a) To increase oxygen production 
	(b) To prevent drying and water loss ✅ 
	(c) To increase blood pressure 
	(d) To increase carbon dioxide levels 
	14. Which factor is most important for rapid diffusion of gases? 
	(a) Thick respiratory surface 
	(b) Large surface area ✅ 
	(c) Reduced blood supply 
	(d) Dry membrane 
	15. Carbon dioxide diffuses from blood to air because: 
	(a) Blood pressure is higher 
	(b) Concentration gradient exists ✅ 
	(c) Oxygen pushes it out 
	(d) Active transport occurs 
	16. Which system works closely with the respiratory system to transport gases? 
	(a) Digestive system 
	(b) Circulatory system ✅ 
	(c) Excretory system 
	(d) Nervous system 
	17. If the nasal cavity fails to warm air properly, the air entering lungs will be: 
	(a) Hot 
	(b) Cold and dry ✅ 
	(c) Moist and warm 
	(d) Saturated with oxygen 
	18. The primary function of lungs in the respiratory system is to: 
	(a) Filter blood 
	(b) Provide respiratory surface for gas exchange ✅ 
	(c) Produce hormones 
	(d) Store oxygen permanently 
	19. Which of the following best describes ventilation? 
	(a) Exchange of gases in blood 
	(b) Movement of air in and out of lungs ✅ 
	(c) Transport of oxygen in blood 
	(d) Production of carbon dioxide 
	20. The respiratory tract ensures that air reaching lungs is: 
	(a) Dry and cold 
	(b) Warm, moist and clean ✅ 
	(c) Hot and dusty 
	(d) Pure oxygen 
	21. The pharynx connects the nasal cavity to the: 
	(a) Stomach 
	(b) Larynx ✅ 
	(c) Bronchi 
	(d) Lungs 
	22. The pharynx is part of which two systems? 
	(a) Circulatory and digestive 
	(b) Respiratory and digestive ✅ 
	(c) Nervous and respiratory 
	(d) Excretory and digestive 
	23. The larynx connects the pharynx to the: 
	(a) Bronchi 
	(b) Trachea ✅ 
	(c) Lungs 
	(d) Oesophagus 
	24. The larynx is commonly called the: 
	(a) Windpipe 
	(b) Voice box ✅ 
	(c) Air sac 
	(d) Breathing tube 
	25. Sound is produced in the larynx due to vibration of: 
	(a) Cartilage rings 
	(b) Vocal cords ✅ 
	(c) Bronchioles 
	(d) Alveoli 
	26. The cartilaginous flap that prevents food from entering the larynx is: 
	(a) Glottis 
	(b) Epiglottis ✅ 
	(c) Bronchus 
	(d) Pleura 
	27. The opening of the larynx is called: 
	(a) Bronchus 
	(b) Glottis ✅ 
	(c) Alveolus 
	(d) Pharynx 
	28. The lower respiratory tract includes: 
	(a) Nasal cavity and pharynx 
	(b) Trachea, bronchi, bronchioles and lungs ✅ 
	(c) Nose and mouth 
	(d) Pharynx and larynx 
	29. The trachea is also known as the: 
	(a) Bronchus 
	(b) Windpipe ✅ 
	(c) Voice box 
	(d) Air sac 
	30. The trachea is supported by: 
	(a) Muscles 
	(b) Bones 
	(c) C-shaped cartilage rings ✅ 
	(d) Ligaments 
	31. The main function of cilia in the trachea is to: 
	(a) Produce oxygen 
	(b) Trap dust particles 
	(c) Push mucus and foreign particles towards pharynx ✅ 
	(d) Absorb oxygen 
	32. The trachea divides into: 
	(a) Two bronchi ✅ 
	(b) Three bronchi 
	(c) Four bronchi 
	(d) Five bronchi 
	33. The functional units of lungs where gas exchange occurs are: 
	(a) Bronchi 
	(b) Bronchioles 
	(c) Alveoli ✅ 
	(d) Pleura 
	34. The membrane that covers the lungs directly is called: 
	(a) Parietal pleura 
	(b) Visceral pleura ✅ 
	(c) Pericardium 
	(d) Diaphragm 
	35. The right lung contains how many lobes? 
	(a) One 
	(b) Two 
	(c) Three ✅ 
	(d) Four 
	36. The movement of air into and out of the body is called: 
	(a) Circulation 
	(b) Ventilation / Breathing ✅ 
	(c) Digestion 
	(d) Diffusion 
	37. Lungs move air in and out mainly by creating: 
	(a) Chemical reactions 
	(b) Negative and positive pressures ✅ 
	(c) Electrical impulses 
	(d) Blood pressure 
	38. The dome-shaped muscle that separates thoracic cavity from abdomen is: 
	(a) Intercostal muscle 
	(b) Diaphragm ✅ 
	(c) Bronchus 
	(d) Pleura 
	39. Intercostal muscles are located: 
	(a) Between the ribs ✅ 
	(b) Inside the lungs 
	(c) In the abdomen 
	(d) Around the heart 
	40. During inspiration, the diaphragm: 
	(a) Relaxes and moves upward 
	(b) Contracts and flattens ✅ 
	(c) Stops moving 
	(d) Becomes smaller 
	41. During inspiration, contraction of intercostal muscles causes the ribs to: 
	(a) Move downward 
	(b) Move inward 
	(c) Move upward and outward ✅ 
	(d) Stop moving 
	42. Expansion of lungs during inspiration causes the air pressure inside lungs to: 
	(a) Increase 
	(b) Decrease ✅ 
	(c) Remain constant 
	(d) Become equal to blood pressure 
	43. Expiration occurs when the diaphragm and intercostal muscles: 
	(a) Contract strongly 
	(b) Relax ✅ 
	(c) Stop functioning permanently 
	(d) Expand 
	44. The respiratory centre that controls breathing is located in the: 
	(a) Cerebrum 
	(b) Cerebellum 
	(c) Medulla oblongata ✅ 
	(d) Spinal cord 
	45. Nerve impulses from the respiratory centre stimulate which muscles for breathing? 
	(a) Arm muscles 
	(b) Diaphragm and intercostal muscles ✅ 
	(c) Leg muscles 
	(d) Neck muscles 
	46. Gas transport in the human body involves the transport of: 
	(a) Oxygen only 
	(b) Carbon dioxide only 
	(c) Oxygen and carbon dioxide ✅ 
	(d) Nitrogen only 
	47. Oxygen is transported from the lungs to the: 
	(a) Heart 
	(b) Brain 
	(c) Tissues of the body ✅ 
	(d) Kidneys 
	52. When oxyhaemoglobin releases oxygen in tissues, it becomes: 
	(a) Carboxyhaemoglobin 
	(b) Deoxyhaemoglobin ✅ 
	(c) Oxyhaemoglobin 
	(d) Carbonic acid 
	53. The effect of pH on haemoglobin’s affinity for oxygen is called: 
	(a) Chloride shift 
	(b) Bohr effect ✅ 
	(c) Diffusion effect 
	(d) Osmosis effect 
	54. During exercise, haemoglobin releases more oxygen because: 
	(a) Blood pressure increases 
	(b) Temperature increases and pH decreases ✅ 
	(c) Oxygen concentration increases 
	(d) Carbon dioxide decreases 
	55. Carbon dioxide is transported from tissues to lungs mainly as: 
	(a) Carbonic acid 
	(b) Bicarbonate ions ✅ 
	(c) Oxygen 
	(d) Nitrogen 
	56. Approximately what percentage of CO₂ is transported as bicarbonate ions? 
	(a) 50% 
	(b) 60% 
	(c) 72% ✅ 
	(d) 90% 
	57. The enzyme that helps convert CO₂ and water into carbonic acid is: 
	(a) Amylase 
	(b) Carbonic anhydrase ✅ 
	(c) Pepsin 
	(d) Catalase 
	58. The exchange of chloride ions with bicarbonate ions in RBCs is called: 
	(a) Bohr effect 
	(b) Chloride shift ✅ 
	(c) Diffusion process 
	(d) Active transport 
	59. About what percentage of CO₂ is transported as carboxyhaemoglobin? 
	(a) 8% 
	(b) 20% ✅ 
	(c) 50% 
	(d) 72% 
	60. A small amount of CO₂ is transported in blood: 
	(a) Bound to oxygen 
	(b) Dissolved in plasma ✅ 
	(c) In white blood cells 
	(d) As glucose 
	61. Respiratory pigments are mainly responsible for: 
	(a) Digestion of food 
	(b) Transport of oxygen in the body ✅ 
	(c) Production of hormones 
	(d) Circulation of blood 
	62. The two well-known respiratory pigments are: 
	(a) Haemoglobin and insulin 
	(b) Haemoglobin and myoglobin ✅ 
	(c) Myoglobin and melanin 
	(d) Chlorophyll and haemoglobin 
	63. Haemoglobin is present in: 
	(a) White blood cells 
	(b) Red blood cells (RBCs) ✅ 
	(c) Platelets 
	(d) Plasma 
	64. A haemoglobin molecule contains how many polypeptide chains? 
	(a) One 
	(b) Two 
	(c) Three 
	(d) Four ✅ 
	65. Haemoglobin consists of: 
	(a) Two globin chains and two haem groups 
	(b) Four globin chains and four haem groups ✅ 
	(c) One globin chain and one haem group 
	(d) Two haem groups only 
	66. One haemoglobin molecule can bind with how many oxygen molecules? 
	(a) One 
	(b) Two 
	(c) Three 
	(d) Four ✅ 
	67. The haem group of haemoglobin contains: 
	(a) Calcium ion 
	(b) Iron ion ✅ 
	(c) Sodium ion 
	(d) Magnesium ion 
	68. Myoglobin is mainly found in: 
	(a) Blood plasma 
	(b) Muscle cells ✅ 
	(c) Nerve cells 
	(d) Skin cells 
	69. Myoglobin is composed of: 
	(a) Four polypeptide chains 
	(b) Two polypeptide chains 
	(c) A single polypeptide chain ✅ 
	(d) Five polypeptide chains 
	70. Myoglobin can bind with how many oxygen molecules? 
	(a) One ✅ 
	(b) Two 
	(c) Three 
	(d) Four 
	71. The main function of myoglobin is to: 
	(a) Transport oxygen in blood 
	(b) Store oxygen in muscles ✅ 
	(c) Transport carbon dioxide 
	(d) Produce energy 
	72. Upper respiratory tract infections (URIs) mainly affect the: 
	(a) Lungs 
	(b) Nose, throat, sinuses and larynx ✅ 
	(c) Heart 
	(d) Kidneys 
	73. Sinusitis is the inflammation of the: 
	(a) Lungs 
	(b) Sinuses around nasal cavity ✅ 
	(c) Bronchi 
	(d) Trachea 
	74. Most cases of sinusitis are caused by: 
	(a) Bacteria 
	(b) Viruses ✅ 
	(c) Parasites 
	(d) Worms 
	75. Otitis media is the inflammation of the: 
	(a) Outer ear 
	(b) Middle ear ✅ 
	(c) Inner ear 
	(d) Nose 
	76. Lower respiratory tract infections include: 
	(a) Sinusitis 
	(b) Otitis media 
	(c) Pneumonia and bronchitis ✅ 
	(d) Tonsillitis 
	77. Pneumonia is mainly an infection of the: 
	(a) Bronchi 
	(b) Trachea 
	(c) Alveoli of lungs ✅ 
	(d) Nasal cavity 
	78. In pneumonia, the alveoli become filled with: 
	(a) Air only 
	(b) Blood only 
	(c) Pus and fluid ✅ 
	(d) Oxygen 
	79. Pneumonia is most commonly caused by: 
	(a) Bacteria and viruses ✅ 
	(b) Worms 
	(c) Parasites 
	(d) Algae 
	80. A common bacterial cause of pneumonia is: 
	(a) Streptococcus pneumoniae ✅ 
	(b) Escherichia coli 
	(c) Vibrio cholerae 
	(d) Salmonella typhi 
	81. Which of the following is a symptom of pneumonia? 
	(a) Cough with phlegm 
	(b) Chest pain 
	(c) Fever 
	(d) All of these ✅ 
	82. Pneumonia can be prevented partly by: 
	(a) Surgery 
	(b) Vaccination ✅ 
	(c) Chemotherapy 
	(d) Dialysis 
	83. Tuberculosis (TB) is caused by the bacterium: 
	(a) Mycobacterium tuberculosis ✅ 
	(b) Streptococcus pneumoniae 
	(c) Bacillus anthracis 
	(d) Vibrio cholerae 
	84. Tuberculosis of the lungs is called: 
	(a) Bronchitis 
	(b) Pulmonary tuberculosis ✅ 
	(c) Sinusitis 
	(d) Pneumonia 
	85. TB spreads mainly through: 
	(a) Food 
	(b) Water 
	(c) Coughing and sneezing ✅ 
	(d) Insect bites 
	86. In advanced TB, damage to alveoli may lead to: 
	(a) Heart failure 
	(b) Respiratory failure ✅ 
	(c) Kidney failure 
	(d) Liver failure 
	87. A common symptom of pulmonary tuberculosis is: 
	(a) Cough with blood ✅ 
	(b) Hair loss 
	(c) Skin rash 
	(d) Tooth pain 
	88. Treatment of TB usually requires antibiotics for about: 
	(a) 1 week 
	(b) 1 month 
	(c) 3 months 
	(d) About 9 months ✅ 
	89. COPD stands for: 
	(a) Chronic Obstructive Pulmonary Disease ✅ 
	(b) Chronic Oxygen Pulmonary Disorder 
	(c) Continuous Obstructive Pulmonary Disease 
	(d) Chronic Oxygen Pressure Disease 
	90. The most common cause of COPD is: 
	(a) Drinking contaminated water 
	(b) Tobacco smoking ✅ 
	(c) Lack of exercise 
	(d) Eating unhealthy food 
	91. Which of the following is a symptom of COPD? 
	(a) Persistent cough with mucus 
	(b) Shortness of breath 
	(c) Wheezing 
	(d) All of these ✅ 
	92. COPD is generally considered: 
	(a) Completely curable 
	(b) Easily preventable 
	(c) Incurable but manageable ✅ 
	(d) Temporary disease 
	93. Emphysema mainly damages the: 
	(a) Bronchi 
	(b) Trachea 
	(c) Alveoli walls ✅ 
	(d) Nasal cavity 
	94. In emphysema, the rupture of alveoli leads to: 
	(a) Increased surface area 
	(b) Reduced surface area for gas exchange ✅ 
	(c) Increased oxygen production 
	(d) Faster breathing 
	95. The primary cause of emphysema is: 
	(a) Virus infection 
	(b) Smoking ✅ 
	(c) Poor diet 
	(d) Lack of sleep 
	96. Long-term exposure to air pollution may cause: 
	(a) Pneumonia 
	(b) Emphysema ✅ 
	(c) Sinusitis 
	(d) Otitis media 
	97. A genetic deficiency linked with emphysema involves: 
	(a) Insulin 
	(b) Alpha-1 antitrypsin protein ✅ 
	(c) Haemoglobin 
	(d) Myoglobin 
	98. One important step in managing emphysema is: 
	(a) Eating more food 
	(b) Quitting smoking ✅ 
	(c) Drinking more water 
	(d) Sleeping more 
	99. Which therapy may be used in severe lung diseases? 
	(a) Oxygen therapy ✅ 
	(b) Radiation therapy 
	(c) Chemotherapy 
	(d) Dialysis 
	100. In severe COPD cases, doctors may recommend: 
	(a) Heart transplant 
	(b) Lung transplantation ✅ 
	(c) Kidney transplant 
	(d) Liver transplant 
	📘 Exercise  
	SECTION 1: MULTIPLE CHOICE QUESTIONS  

	1. During inhalation, diaphragm: 
	(a) Contracts and moves upward 
	(b) Contracts and moves downward ✅ 
	(c) Relaxes and moves upward 
	(d) Relaxes and moves downward 
	2. Which part of the respiratory system acts as the respiratory surface? 
	(a) Larynx 
	(b) Trachea 
	(c) Bronchi 
	(d) Alveoli ✅ 
	3. How many oxygen molecules can attach with a haemoglobin molecule? 
	(a) 1 
	(b) 2 
	(c) 3 
	(d) 4 ✅ 
	4. What is TRUE about respiratory pigments? 
	(a) Transport oxygen from lungs to tissues ✅ 
	(b) Transport oxygen and carbon dioxide in equal amounts 
	(c) Transport less oxygen and more carbon dioxide 
	(d) Regulate the pH of blood 
	5. Which respiratory pigment is found in muscle tissue? 
	(a) Haemoglobin 
	(b) Melanin 
	(c) Myoglobin ✅ 
	(d) Chlorophyll 
	6. What is the maximum amount of air that can be inhaled or exhaled during a respiratory cycle? 
	(a) Tidal volume 
	(b) Vital capacity ✅ 
	(c) Inspiratory reserve volume 
	(d) Expiratory reserve volume 
	7. In what form is carbon dioxide primarily transported in the bloodstream? 
	(a) Dissolved in plasma 
	(b) Bound to haemoglobin 
	(c) Converted to bicarbonate ions ✅ 
	(d) None of the above 
	8. Which of the following treatments is commonly used to manage pulmonary TB? 
	(a) Antibiotics ✅ 
	(b) Cough syrup 
	(c) Surgery 
	(d) Chemotherapy 
	5.​Located internally – prevents water loss. 
	6.​Air ventilates over it – air continuously moves in and out. 
	7.​Air reaches after branching – becomes saturated with water vapor before reaching the surface. 
	2. How does the nasal cavity function in filtering inhaled air? 
	Answer: 

	●​Nose hairs trap large particles. 
	●​Mucus produced by the mucous membrane traps dust, microbes, and pollen. 
	●​Blood vessels warm and humidify the incoming air. 
	●​Contains chemoreceptors for the sense of smell and contributes to taste. 
	3. Trace the path of air through different parts of the respiratory system. 
	Answer: 

	Path of air: 
	Nostrils ⟶ Nasal cavity ⟶ Pharynx ⟶ Larynx ⟶ Trachea ⟶ Bronchi ⟶ Bronchioles ⟶ Alveolar ducts ⟶ Alveoli 
	4. Describe the structure and function of alveoli. 
	Answer: 

	Structure: 
	●​Tiny sac-like structures at the end of bronchioles. 
	●​Lined with moist epithelium, 0.1 micrometer thick. 
	●​Surrounded by capillaries. 
	●​Each lung contains millions of alveoli. 
	Function: 
	●​Provides a large surface area for gas exchange. 
	●​Oxygen diffuses into the blood; carbon dioxide diffuses out. 
	5. What is the role of diaphragm during inhalation and exhalation? 
	Answer: 

	Inhalation: Diaphragm contracts and moves downward, enlarging thoracic cavity ⟶ air enters the lungs. 
	Exhalation: Diaphragm relaxes and moves upward ⟶ thoracic cavity shrinks ⟶ air leaves the lungs. 
	6. What are the three ways carbon dioxide is transported in blood? 
	Answer: 

	1.​As bicarbonate ions (HCO₃⁻): About 72%, formed via carbonic acid in RBCs. 
	2.​As carboxyhaemoglobin: About 20%, bound to the globin part of hemoglobin. 
	3.​Dissolved in plasma: About 8%, directly in blood plasma. 
	7. What are the advantages of having millions of alveoli rather than a pair of simple balloon-like lungs? 
	Answer: 

	●​Provides a huge surface area for gas exchange. 
	●​Allows more efficient diffusion of oxygen and carbon dioxide. 
	●​Ensures enough oxygen supply during rest and exercise. 
	●​Maintains an oxygen reserve in blood. 
	8. Differentiate between: 
	Answer: 

	Internal and External Respiration: 
	●​Internal respiration occurs between blood and body tissues; oxygen leaves blood and carbon dioxide enters it. 
	●​External respiration occurs between alveoli and blood; oxygen enters blood and carbon dioxide leaves blood to alveoli. 
	Upper and Lower Respiratory Tract: 
	●​Upper tract includes nasal cavity, pharynx, and larynx; filters, warms, and humidifies air, no gas exchange. 
	●​Lower tract includes trachea, bronchi, bronchioles, and lungs; conducts air and facilitates gas exchange. 
	Bronchi and Bronchioles: 
	●​Bronchi are larger, cartilaginous tubes conducting air into lungs. 
	●​Bronchioles are smaller, non-cartilaginous tubes that lead to alveoli. 
	Haemoglobin and Myoglobin: 
	●​Haemoglobin is in RBCs, carries up to four O₂ molecules, and transports oxygen to tissues. 
	●​Myoglobin is in muscles, carries one O₂ molecule, and stores oxygen for muscle use during low oxygen conditions. 
	Section 3: LONG QUESTIONS 
	🌟 Q 1: Describe the mechanism of inhalation and exhalation. 
	❖ Answer: 
	Breathing, also called ventilation, is the movement of air in and out of the lungs. Humans do not actively pull in or push out air using the lungs themselves. Instead, breathing occurs by creating pressure differences inside the thoracic cavity, which causes air to flow in and out. This process involves the diaphragm and intercostal muscles. 
	1. Inhalation (Inspiration) 
	Inhalation is the process of taking air into the lungs. It occurs as follows: 
	1.​Diaphragm contraction: The diaphragm, a dome-shaped skeletal muscle separating the thoracic cavity from the abdominal cavity, contracts and moves downward, flattening its shape. 
	2.​Intercostal muscle contraction: The external intercostal muscles between the ribs contract, pulling the ribs upward and outward. 
	3.​Expansion of thoracic cavity: The contraction of these muscles increases the volume of the thoracic cavity. 
	4.​Decrease in lung pressure: Because the lungs are attached to the thoracic wall via pleural membranes (visceral and parietal pleura), the expansion of the thoracic cavity expands the lungs, which reduces the air pressure inside the lungs below atmospheric pressure. 
	5.​Air inflow: Due to this pressure difference, air from the atmosphere moves into the lungs through the nose or mouth, pharynx, larynx, trachea, bronchi, and bronchioles until it reaches the alveoli. 
	Summary: Inhalation occurs due to contraction of the diaphragm and intercostal muscles, expansion of thoracic cavity, lowering of lung pressure, and movement of air into the lungs. 
	2. Exhalation (Expiration) 
	Exhalation is the process of removing air from the lungs. It occurs as follows: 
	1.​Relaxation of diaphragm: The diaphragm relaxes and moves upward into its dome shape. 
	2.​Relaxation of intercostal muscles: The external intercostal muscles relax, allowing the ribs to move downward and inward. 
	3.​Reduction of thoracic cavity volume: The relaxation of muscles decreases the volume of the thoracic cavity, causing the lungs to recoil due to their elasticity. 
	4.​Increase in lung pressure: The decrease in lung volume raises the pressure inside the lungs above atmospheric pressure. 
	5.​Air outflow: Air is pushed out of the lungs through the same respiratory passages (alveoli ⟶ bronchioles ⟶ bronchi ⟶ trachea ⟶ larynx ⟶ pharynx  ⟶ nasal cavity/mouth). 
	Summary: Exhalation occurs due to relaxation of the diaphragm and intercostal muscles, decrease in thoracic volume, increase in lung pressure, and movement of air out of the lungs. 
	Key Points to Remember: 
	●​Breathing is passive during normal exhalation but can be active during exercise or forced breathing. 
	●​Pleural membranes and pleural fluid allow lungs to expand and recoil smoothly. 
	●​Pressure changes in the lungs relative to atmospheric pressure drive air movement. 
	Brain control: The medulla oblongata controls rhythmic contraction of diaphragm and intercostal muscles. 
	🌟Q2: Describe the transport of oxygen through blood. 
	❖ Answer: 
	The transport of oxygen in the blood is an essential part of respiration. Oxygen moves from the lungs to all tissues of the body, providing cells with the energy they need for metabolic activities. The process involves diffusion into the blood, binding with haemoglobin, and delivery to tissues. 
	1. Diffusion into Blood: Oxygen enters the blood from the alveoli in the lungs. The partial pressure of oxygen in the alveoli is about 105 mm Hg at sea level. This partial pressure is higher than the oxygen pressure in the blood of pulmonary capillaries, so oxygen diffuses across the thin walls of the alveoli into the blood. 
	●​Only a small amount of oxygen (about 3 mL per litre of blood) dissolves directly in the plasma. 
	●​This amount alone is insufficient to meet the body’s oxygen needs. 
	2. Oxygen Binding to Haemoglobin 
	The majority of oxygen is carried by haemoglobin (Hb) inside red blood cells (RBCs). 
	●​A haemoglobin molecule has four polypeptide chains, each with a heme group containing an iron ion (Fe²⁺). 
	●​Each iron ion can bind one oxygen molecule (O₂), so a haemoglobin molecule can carry up to four oxygen molecules. 
	●​When oxygen binds to haemoglobin in the lungs, it forms oxyhaemoglobin, which has a bright red color. 
	3. Transport to Tissues 
	As blood flows through systemic capillaries: 
	●​Oxygen is released from oxyhaemoglobin due to lower oxygen partial pressure in the tissues (around 40 mm Hg). 
	●​About 22% of oxygen carried by haemoglobin at rest is released to tissues. The remaining oxygen stays bound as a reserve. 
	●​During exercise, tissues use more oxygen, lowering venous oxygen pressure to 20 mm Hg, causing haemoglobin to release up to 62% of its oxygen, meeting the higher demand. 
	4. Factors Affecting Oxygen Transport 
	Several factors influence how easily haemoglobin releases oxygen: 
	pH (Bohr effect): Increased CO₂ production in tissues lowers blood pH. This decreases haemoglobin’s affinity for oxygen, making it release oxygen more readily. 
	Temperature: Higher temperatures, as produced by active muscles, reduce haemoglobin’s oxygen affinity, increasing oxygen delivery to tissues. 
	Key Points to Remember 
	●​Oxygen transport depends on diffusion, haemoglobin binding, and tissue demand. 
	●​Haemoglobin acts as a buffer and reserve, ensuring sufficient oxygen during rest and activity. 
	●​Plasma oxygen alone cannot meet the body’s requirements; haemoglobin is essential. 
	✅ In short: 
	Oxygen enters the blood through diffusion in the lungs, binds to haemoglobin to form oxyhaemoglobin, and is delivered to tissues where it is released depending on partial pressure, pH, and temperature. 
	🌟 Q3: Describe the transport of carbon dioxide through blood. 
	❖ Answer: 
	Carbon dioxide (CO₂) is a waste product of cellular respiration. It is transported from the tissues, where it is produced, to the lungs, where it is expelled from the body. CO₂ is transported in the blood in three main ways. 
	1. As Bicarbonate Ions (HCO₃⁻) 
	This is the primary method, carrying about 72% of CO₂ in the blood: 
	1.​CO₂ diffuses from tissues into red blood cells (RBCs). 
	2.​Inside RBCs, CO₂ combines with water in the presence of the enzyme carbonic anhydrase to form carbonic acid (H₂CO₃). 
	3.​Carbonic acid then dissociates into hydrogen ions (H⁺) and bicarbonate ions (HCO₃⁻). 
	4.​Hydrogen ions bind to haemoglobin, which helps release oxygen to the tissues. 
	5.​Bicarbonate ions move out of RBCs into plasma in exchange for chloride ions (chloride shift / Hamburger phenomenon), maintaining electrical balance. 
	This system efficiently transports large amounts of CO₂ in a soluble and safe form. 
	2. As Carbaminohaemoglobin (CO₂ + Hb) 
	About 20% of CO₂ is transported by binding to haemoglobin: 
	●​CO₂ binds to the globin portion (protein part) of haemoglobin to form carbaminohaemoglobin. 
	●​This does not compete with oxygen, which binds to the iron in haemoglobin. 
	●​CO₂ is released from haemoglobin when blood reaches the lungs, where the partial pressure of CO₂ is lower than in the blood. 
	3. Dissolved in Plasma 
	A small amount, about 8% of CO₂, is transported dissolved directly in blood plasma. 
	●​This CO₂ contributes to the partial pressure of CO₂ in the blood, which drives its diffusion from tissues into blood and from blood into alveoli in the lungs. 
	4. Release of CO₂ in Lungs 
	●​In the lungs, the partial pressure of CO₂ in alveoli is lower than in the blood, causing CO₂ to diffuse from blood into alveoli. 
	●​Bicarbonate ions in plasma are converted back into CO₂ and water: 
	HCO₃⁻ + H⁺ ⟶ H₂CO₃ ⟶ CO₂ + H₂O 
	●​CO₂ is then expelled during exhalation, completing the respiratory cycle. 
	Key Points to Remember: 
	●​CO₂ is transported mainly as bicarbonate ions, but also as carbaminohaemoglobin and dissolved gas. 
	●​The chloride shift ensures ionic balance during bicarbonate transport. 
	●​The partial pressure difference drives CO₂ from tissues to blood and from blood to alveoli. 
	✅ In short: 
	CO₂ produced in tissues enters the blood and is carried mostly as bicarbonate ions, partly bound to haemoglobin, and a small fraction dissolved in plasma. In the lungs, these forms are converted back into CO₂, which is exhaled. 
	🌟 Q4: Describe the structure and function of haemoglobin. 
	❖ Answer: 
	Haemoglobin is a specialized protein found in red blood cells (RBCs) that plays a critical role in transporting oxygen from the lungs to tissues and assisting in carbon dioxide transport from tissues to the lungs. 
	1. Structure of Haemoglobin 
	Haemoglobin is a globular protein composed of four polypeptide chains: 
	○​Two alpha (α) chains 
	○​Two beta (β) chains 
	●​Each chain is folded to form a pocket that holds a heme group. 
	●​Each heme group contains an iron (Fe²⁺) ion at its center, held within a porphyrin ring. 
	●​The iron ion can bind one oxygen molecule (O₂). 
	●​Therefore, one haemoglobin molecule can carry up to four oxygen molecules simultaneously. 
	●​The chains are held together by hydrogen bonds, salt bridges, and hydrophobic interactions, giving haemoglobin stability and proper function. 
	2. Function of Haemoglobin 
	a) Oxygen Transport: 
	●​In the lungs, where oxygen concentration is high, oxygen binds to the iron ions in haemoglobin, forming oxyhaemoglobin. 
	●​Oxyhaemoglobin has a bright red color and carries oxygen to the tissues. 
	●​In tissues, where oxygen concentration is low, haemoglobin releases oxygen, forming deoxyhaemoglobin, which has a dark red color. 
	b) Carbon Dioxide Transport: 
	●​Haemoglobin also binds a portion of carbon dioxide from tissues, forming carbaminohaemoglobin, which is transported to the lungs. 
	●​It does not compete with oxygen because CO₂ binds to the protein part of haemoglobin, whereas oxygen binds to the heme iron. 
	c) pH Buffering: 
	●​Haemoglobin helps maintain blood pH by binding to hydrogen ions (H⁺), which are produced during CO₂ transport as bicarbonate. 
	d) Oxygen Reserve: 
	●​Haemoglobin stores a reserve of oxygen in blood, ensuring that tissues receive sufficient oxygen even during exercise or low oxygen conditions. 
	Key Points to Remember: 
	●​Haemoglobin is a tetrameric protein with four heme groups. 
	●​Each heme binds one oxygen molecule, allowing transport of four molecules per haemoglobin. 
	●​It plays roles in oxygen delivery, CO₂ transport, and pH regulation. 
	●​Haemoglobin’s ability to bind and release oxygen efficiently is influenced by pH, temperature, and partial pressures of gases (Bohr effect). 
	✅ In short: 
	Haemoglobin is a four-chain protein in RBCs that carries oxygen from lungs to tissues, assists in CO₂ transport, acts as a pH buffer, and maintains oxygen reserves for body tissues. 
	🌟 Q5: Describe the causes, symptoms, and treatment of sinusitis. 
	❖ Answer: 
	Sinusitis is the inflammation of the lining of the sinuses, which are the four paired air-filled spaces surrounding the nasal cavity. These sinuses are located: 
	●​Under the eyes (maxillary) 
	●​Above the eyes (frontal) 
	●​Between the eyes (ethmoidal) 
	●​Behind the eyes (sphenoidal) 
	Sinusitis can be acute (lasting 7–10 days) or chronic (lasting more than 12 weeks). 
	1. Causes of Sinusitis: 
	1. Viral Infections: 
	●​Most cases of sinusitis are caused by viruses, such as the common cold. 
	2. Bacterial Infections: 
	●​Sometimes, bacteria infect the sinuses after a viral infection or due to other factors. 
	3. Fungal Infections (Rare): 
	●​In rare cases, fungi can cause sinus inflammation, especially in individuals with weakened immune systems. 
	4. Other Factors: 
	●​Allergies, nasal polyps, or a deviated nasal septum can block sinus drainage and lead to infection. 
	2. Symptoms of Sinusitis: 
	●​Fever and general malaise 
	●​Plugged or congested nose 
	●​Nasal discharge that may be pus-like 
	●​Loss of smell (anosmia) 
	●​Facial pain or pressure, especially under or above the eyes 
	●​Headache, often worsened by bending forward 
	●​Post-nasal drip (phlegm falling into the throat) 
	3. Treatment of Sinusitis: 
	a) Viral Sinusitis: 
	●​Most cases caused by viruses resolve without antibiotics. 
	●​Supportive treatment includes rest, fluids, and decongestants. 
	b) Bacterial Sinusitis: 
	●​Antibiotics are prescribed if bacterial infection is confirmed. 
	●​Sulfa drugs may also be used in some cases. 
	●​Nebulization helps reduce inflammation and clear mucus. 
	c) Chronic or Recurring Sinusitis: 
	●​Nasal surgery may be needed to remove blockages, pathogens, and mucus. 
	●​Managing underlying causes such as allergies is important. 
	Key Points to Remember: 
	●​Sinusitis affects the upper respiratory tract, especially the sinuses around the nose. 
	●​Early detection and treatment can prevent complications. 
	●​Most cases are self-limiting, but bacterial or chronic infections require medical intervention. 
	✅ In short: 
	Sinusitis is inflammation of the sinuses caused mainly by viruses, sometimes bacteria or fungi. Symptoms include nasal congestion, facial pain, fever, and headache. Treatment depends on the cause and may include antibiotics, decongestants, nebulization, or surgery for chronic cases. 
	🌟 Q6: Describe the causes, symptoms, and treatment of pneumonia and pulmonary tuberculosis. 
	❖ Answer: 
	A. Pneumonia 
	Definition: 
	Pneumonia is an acute infection of the lungs, where the alveoli become inflamed and fill with pus and fluid. This reduces oxygen intake and makes breathing difficult. 
	1. Causes of Pneumonia: 
	●​Bacterial infection: Most commonly caused by Streptococcus pneumoniae. 
	●​Viral infection: Viruses like human rhinovirus can also lead to pneumonia. 
	●​Fungal infection (less common): Some fungi can infect lungs, especially in immunocompromised individuals. 
	2. Symptoms of Pneumonia: 
	●​Cough with phlegm (sputum) 
	●​Shortness of breath 
	●​Chest pain, worsened by breathing or coughing 
	●​Fever and chills 
	●​Bluish skin color due to lack of oxygen 
	●​Loss of appetite and fatigue 
	●​Rapid heartbeat 
	3. Treatment of Pneumonia: 
	●​Bacterial pneumonia: Treated with specific antibiotics 
	●​Symptom relief: Analgesics for fever and pain 
	●​Prevention: Vaccination against certain bacterial and viral pneumonias 
	B. Pulmonary Tuberculosis (TB) 
	Definition: 
	Pulmonary tuberculosis is a chronic infectious disease of the lungs caused by the bacterium Mycobacterium tuberculosis. It is highly contagious and spreads through coughs or sneezes. TB damages the alveoli, forming small cavities in the lung tissue, which can reduce lung function. 
	1. Causes of Pulmonary Tuberculosis: 
	●​Infection with Mycobacterium tuberculosis 
	●​Transmission through airborne droplets from an infected person 
	2. Symptoms of Pulmonary Tuberculosis: 
	●​Persistent cough with blood (hemoptysis) 
	●​Intermittent fever, usually in the evening 
	●​Night sweats 
	●​Weight loss and loss of appetite (anorexia) 
	●​Fatigue and weakness 
	●​Chest pain due to inflammation of the pleura 
	●​Dry cough 
	3. Treatment of Pulmonary Tuberculosis: 
	●​Long-term multi-drug antibiotic therapy for 9 months 
	●​Regular monitoring to ensure adherence to treatment 
	●​Avoid close contact with others during the contagious period 
	Key Differences to Remember: 
	●​Pneumonia is acute, TB is chronic 
	●​Pneumonia can be viral, bacterial, or fungal, while TB is strictly bacterial 
	●​Both diseases affect alveoli, reducing oxygen exchange 
	●​Early diagnosis and treatment are essential to prevent complications 
	✦ Summary: 
	Pneumonia is an acute lung infection caused by bacteria, viruses, or fungi, with cough, fever, chest pain, and difficulty breathing. Pulmonary tuberculosis is a chronic bacterial infection caused by Mycobacterium tuberculosis, with chronic cough, night sweats, and weight loss. Treatment for pneumonia involves antibiotics and symptom management, while TB requires long-term multi-drug antibiotic therapy. 
	🌟 Q7: Describe the causes, symptoms, and treatment of emphysema. 
	❖ Definition: 
	Emphysema is a chronic lung disease in which the inner walls of the alveoli (air sacs) are damaged, leading to the formation of larger air spaces instead of many small ones. This reduces the surface area available for gas exchange, making it difficult for oxygen to enter the blood and carbon dioxide to leave. Emphysema is considered a type of Chronic Obstructive Pulmonary Disease (COPD). 
	1. Causes of Emphysema: 
	●​Smoking: The primary cause; chemicals in tobacco smoke damage alveoli and lung tissue. 
	●​Air pollution and chemical exposure: Long-term inhalation of dust, fumes, or harmful pollutants can contribute to alveolar damage. 
	●​Genetic factors: Deficiency of a protective protein called alpha-1 antitrypsin can cause emphysema, even in people who do not smoke. 
	●​Chronic respiratory infections: Repeated infections may worsen alveolar destruction. 
	2. Symptoms of Emphysema: 
	●​Shortness of breath: Initially during physical activity, later even at rest. 
	●​Chronic cough: Often with little or no sputum. 
	●​Wheezing: A high-pitched whistling sound when breathing. 
	●​Chest tightness and discomfort. 
	●​Fatigue and weakness due to reduced oxygen supply. 
	●​Barrel-shaped chest: In advanced cases, the lungs expand, pushing the chest outward. 
	3. Treatment of Emphysema: 
	a) Lifestyle Changes: 
	●​Quitting smoking: The most important step to prevent further damage. 
	●​Avoiding pollutants: Reduces additional harm to lungs. 
	b) Medications: 
	●​Bronchodilators: Help open the airways and make breathing easier. 
	●​Inhaled corticosteroids: Reduce inflammation in the airways. 
	c) Oxygen Therapy: 
	●​For patients with low blood oxygen levels, supplemental oxygen improves breathing. 
	d) Pulmonary Rehabilitation: 
	●​Exercise and breathing techniques strengthen respiratory muscles and improve lung efficiency. 
	e) Surgery (in severe cases): 
	●​Lung volume reduction surgery removes damaged lung tissue. 
	●​Lung transplantation may be considered for very advanced disease. 
	Key Points to Remember: 
	●​Emphysema reduces surface area for gas exchange, leading to oxygen deficiency. 
	●​Smoking is the major preventable cause. 
	●​Symptoms develop gradually and worsen over time. 
	●​Treatment cannot reverse damage but can slow progression and improve quality of life. 
	✦ Summary: 
	Emphysema is a chronic lung disease caused mainly by smoking, pollutants, or genetic factors. It damages alveoli, reducing oxygen absorption. Symptoms include shortness of breath, chronic cough, wheezing, and chest tightness. Treatments include quitting smoking, medications, oxygen therapy, pulmonary rehabilitation, and in severe cases, surgery. 
	INQUISITIVE QUESTIONS 
	🌟 Q1: How does the structure of the alveoli optimize the exchange of gases like oxygen and carbon dioxide? 
	❖ Answer: 
	The alveoli are tiny, sac-like structures located at the end of bronchioles in the lungs. They are the functional units of the lungs, where oxygen enters the blood and carbon dioxide leaves the blood. The structure of alveoli is specially adapted to maximize the efficiency of this gas exchange. 
	1. Thin Walls: 
	●​Alveoli walls are made of a single layer of epithelial cells, approximately 0.1 micrometer thick. 
	●​This short diffusion distance allows oxygen and carbon dioxide to move rapidly between air and blood. 
	2. Large Surface Area: 
	●​Each lung contains millions of alveoli, creating a huge total surface area (~70 m²). 
	●​This large area allows more gas to be exchanged at the same time, meeting the oxygen demands of the body. 
	3. Moist Inner Surface: 
	●​The alveoli are coated with a thin layer of fluid and surfactant. 
	●​Moisture helps dissolve gases, enabling diffusion. Surfactant reduces surface tension, preventing alveolar collapse. 
	4. Rich Capillary Network: 
	●​Alveoli are surrounded by a dense network of blood capillaries. 
	●​This ensures continuous supply of blood for oxygen uptake and carbon dioxide removal. 
	The short distance between air and blood speeds up gas exchange. 
	5. Elasticity: 
	●​Alveoli are elastic, allowing them to expand during inhalation and recoil during exhalation. 
	●​This helps fresh air enter alveoli and stale air leave, maintaining constant gas exchange. 
	6. Concentration Gradient Maintenance: 
	●​Oxygen is always at higher concentration in alveoli than in blood, and carbon dioxide is higher in blood than in alveoli. 
	●​This steep gradient drives rapid diffusion of gases. 
	✦ Summary: 
	Alveoli are perfectly designed for efficient gas exchange because they have thin walls, a large surface area, a moist lining, rich blood supply, elasticity, and maintain a high concentration gradient. Together, these features ensure that oxygen quickly enters the blood and carbon dioxide is effectively removed, supporting the body’s metabolic needs. 
	🌟 Q2: How do diseases like chronic obstructive pulmonary disease (COPD) affect gaseous exchange efficiency? 
	❖ Answer: 
	Chronic Obstructive Pulmonary Disease (COPD) is a group of chronic inflammatory lung disorders that obstruct airflow and reduce lung function. The two most common forms are chronic bronchitis and emphysema. These diseases severely affect the efficiency of gas exchange in the lungs. 
	1. Structural Changes in Lungs: 
	●​In emphysema, the walls of the alveoli are damaged and rupture, forming larger air spaces instead of many small alveoli. 
	●​This reduces the total surface area available for gas exchange, meaning less oxygen enters the blood and less carbon dioxide is removed. 
	●​In chronic bronchitis, the airways are inflamed and filled with mucus, narrowing the bronchi and bronchioles. 
	●​Narrowed airways make it harder for air to reach the alveoli, reducing oxygen supply and slowing carbon dioxide removal. 
	2. Reduced Elasticity of Lungs: 
	●​Healthy alveoli expand and recoil during breathing. 
	●​In COPD, the elasticity is lost, so lungs cannot fully expand or recoil. 
	●​This causes air to remain trapped in the lungs, leading to stale air accumulation, lowering oxygen concentration in the alveoli. 
	3. Impaired Ventilation and Perfusion Balance: 
	●​COPD disturbs the normal airflow and blood flow balance in the lungs. 
	●​Some alveoli may be ventilated poorly but still receive blood, or well-ventilated alveoli may not have sufficient blood supply. 
	●​This mismatch reduces the efficiency of oxygen uptake and carbon dioxide removal. 
	4. Symptoms That Affect Gas Exchange: 
	●​Persistent shortness of breath, wheezing, and fatigue are direct consequences of reduced oxygen delivery to tissues. 
	●​Low oxygen levels (hypoxia) and high carbon dioxide levels (hypercapnia) in the blood can occur. 
	5. Treatment and Management: 
	●​COPD cannot be completely cured, but its progression can be slowed by quitting smoking, avoiding pollutants, and using medications. 
	●​Bronchodilators relax airways, improving airflow to alveoli. 
	●​Inhaled steroids reduce inflammation. 
	●​Oxygen therapy helps maintain blood oxygen levels. 
	●​Pulmonary rehabilitation improves lung efficiency through exercise and breathing techniques. 
	✦ Summary: 
	COPD affects gas exchange by damaging alveoli, narrowing airways, and reducing lung elasticity, which decreases oxygen uptake and carbon dioxide removal. Treatments like bronchodilators, inhaled steroids, oxygen therapy, and lifestyle changes can help improve gas exchange efficiency and slow disease progression. 
	🌟 Q3: Explain the process of external respiration versus internal respiration in the context of gaseous exchange. 
	❖ Answer: 
	Respiration is the process by which organisms obtain oxygen and release carbon dioxide. In humans, gaseous exchange occurs in two main stages: external respiration and internal respiration. Both processes are crucial for supplying oxygen to tissues and removing carbon dioxide. 
	1. External Respiration: 
	Definition: 
	●​External respiration is the exchange of gases between the air in the alveoli of the lungs and the blood in the pulmonary capillaries. 
	Process: 
	●​Oxygen Movement: Oxygen in the alveolar air has a higher partial pressure than in the blood of the pulmonary capillaries. Due to this concentration gradient, oxygen diffuses from the alveoli into the blood. 
	●​Carbon Dioxide Movement: Carbon dioxide in the blood has a higher partial pressure than in the alveoli, so it diffuses from blood into the alveoli. 
	This process is mainly driven by diffusion and occurs in the alveoli, which are thin, moist, and richly supplied with blood capillaries to maximize efficiency. 
	Key Points: 
	●​Occurs in the lungs. 
	●​Involves oxygen uptake and carbon dioxide release. 
	●​Dependent on partial pressure differences. 
	2. Internal Respiration: 
	Definition: 
	●​Internal respiration is the exchange of gases between the blood in systemic capillaries and the body tissues. 
	Process: 
	●​Oxygen Delivery: Oxygen-rich blood from the lungs reaches the body tissues. Oxygen has a higher partial pressure in blood than in tissue cells, so it diffuses from the blood into the tissues. 
	●​Carbon Dioxide Removal: Carbon dioxide is produced by cells during metabolism and has a higher partial pressure in tissues than in the blood. It diffuses from tissues into the blood. 
	Oxygen binds to hemoglobin for transport in red blood cells, while carbon dioxide is carried as bicarbonate ions, dissolved in plasma, and bound to hemoglobin. 
	Key Points: 
	●​Occurs in tissues throughout the body. 
	●​Provides oxygen for cellular respiration. 
	●​Removes metabolic waste (carbon dioxide). 
	Comparison: 
	●​Location: External respiration occurs in the lungs; internal respiration occurs in body tissues. 
	●​Function: External respiration exchanges gases between air and blood; internal respiration exchanges gases between blood and tissues. 
	●​Driving Force: Both are driven by partial pressure gradients, but external focuses on alveoli vs. blood, while internal focuses on blood vs. tissue cells. 
	✦ Summary: 
	External respiration is the movement of oxygen from alveoli into blood and carbon dioxide from blood into alveoli, whereas internal respiration is the movement of oxygen from blood into tissues and carbon dioxide from tissues into blood. Together, these processes ensure oxygen delivery for cellular metabolism and removal of carbon dioxide from the body. 
	🌟 Q4: How does the transport of oxygen in the bloodstream support cellular respiration? 
	❖ Answer: 
	Cellular respiration is the process by which cells produce energy (ATP) by breaking down glucose in the presence of oxygen. For this process to occur efficiently, oxygen must be delivered from the lungs to every cell in the body. This is where oxygen transport in the bloodstream becomes essential. 
	1. Transport of Oxygen in the Blood: 
	Oxygen is carried in two ways: 
	a.​Bound to hemoglobin in red blood cells (≈97% of oxygen). Hemoglobin binds oxygen in the lungs to form oxyhemoglobin. 
	b.​Dissolved in plasma (≈3% of oxygen). Although small, this portion contributes to the oxygen gradient needed for diffusion into tissues. 
	Oxygen transport is facilitated by the high affinity of hemoglobin for oxygen in the lungs and its lower affinity in tissues, allowing oxygen to be released where it is needed. 
	2. Delivery to Tissues: 
	●​Oxygen-rich blood travels through arteries to tissues. 
	●​In tissues, partial pressure of oxygen is lower than in blood, so oxygen diffuses from the blood into cells. 
	●​This ensures a continuous supply of oxygen for cellular processes. 
	3. Role in Cellular Respiration: 
	●​In cells, oxygen is used in mitochondria during aerobic respiration. 
	●​Oxygen acts as the final electron acceptor in the electron transport chain, a crucial step in ATP production. 
	●​Without sufficient oxygen, cells cannot efficiently produce ATP, leading to fatigue and energy deficit. 
	4. Importance of Oxygen Transport Efficiency: 
	●​The high oxygen-carrying capacity of blood ensures that even during exercise or high energy demand, tissues receive enough oxygen. 
	●​Hemoglobin’s ability to release oxygen in response to low pH or high CO₂ levels (Bohr effect) optimizes oxygen delivery to actively respiring cells. 
	✦ Summary: 
	The transport of oxygen in the bloodstream supports cellular respiration by delivering oxygen from the lungs to tissues. Oxygen binds to hemoglobin in red blood cells, is carried to cells, and diffuses into mitochondria, where it acts as the final electron acceptor in ATP production. Efficient oxygen transport ensures that cells can continuously produce energy for survival and activity. 
	🌟 Q5: What are the environmental factors that can influence gaseous exchange in humans? 
	❖ Answer: 
	Gaseous exchange in humans is the process of oxygen uptake from the environment into the blood and carbon dioxide removal from the blood into the environment. This process primarily occurs in the alveoli of the lungs through diffusion. Environmental factors can greatly affect the efficiency and rate of gas exchange. 
	1. Oxygen Concentration in the Environment: 
	●​Higher oxygen levels in the air increase the diffusion rate into the blood. 
	●​Lower oxygen levels (hypoxia), such as at high altitudes, reduce oxygen diffusion, leading to low blood oxygen (hypoxemia). 
	●​The partial pressure difference between alveolar air and blood drives oxygen movement; a smaller difference slows the process. 
	2. Carbon Dioxide Levels in the Environment: 
	●​High levels of carbon dioxide in the air reduce the gradient for CO₂ diffusion from blood into the lungs. 
	●​This can lead to CO₂ retention (hypercapnia), affecting blood pH and respiratory function. 
	3. Air Pollution and Particulates: 
	●​Smoke, dust, chemical fumes, and other pollutants can damage the respiratory surfaces and alveolar epithelium, reducing surface area for gas exchange. 
	●​Pollutants can cause inflammation, mucus buildup, and obstruction in airways, impairing oxygen uptake. 
	4. Temperature: 
	●​Higher temperatures can increase metabolic rate, leading to higher oxygen demand and faster gas exchange. 
	●​Extreme cold can constrict airways and slow blood flow, reducing efficiency. 
	5. Humidity: 
	●​Moisture in the inhaled air helps maintain the alveolar membrane. 
	●​Very dry air can dry out the respiratory surfaces, making diffusion of gases less effective. 
	6. Pressure (Altitude and Atmospheric Pressure): 
	●​At high altitudes, atmospheric pressure decreases, lowering oxygen partial pressure, which slows oxygen diffusion into the blood. 
	●​Conversely, hyperbaric oxygen environments increase oxygen diffusion. 
	7. Physical Activity and Exercise (Indirect Environmental Influence): 
	●​Exercise increases oxygen demand and carbon dioxide production, which indirectly enhances the diffusion gradient and rate of gas exchange. 
	●​Environmental conditions during exercise (heat, humidity, altitude) can amplify or reduce efficiency. 
	✦ Summary: 
	Environmental factors such as oxygen concentration, carbon dioxide levels, air pollution, temperature, humidity, and atmospheric pressure significantly influence gaseous exchange in humans. These factors affect the diffusion gradient, respiratory surface condition, and rate of oxygen uptake and carbon dioxide removal, directly impacting the body’s ability to maintain proper cellular respiration and homeostasis. 

