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Objectives
1. Discuss structures of the respiratory system.

2. Describe pulmonary ventilation.

3. Explore lung volumes and capacities.

4. Discuss exchange of oxygen and carbon dioxide as well 
as transport of both.

5. Describe control of breathing.
(Pages 856- 876 of the reference)

 هروتكدلا وضرب كيه يلا و



THE RESPIRATORY SYSTEM

The respiratory system contributes to homeostasis by:

- Providing for gas exchange: intake of O2 for delivery to body 
cells and removal of CO2 produced by body cells.

- Helping in regulating blood pH of body fluids.

- Contains receptors for sense of smell, filters inspired 
air produces vocal sounds (phonation), and 
excretes small amounts of water and heat. 



STRUCTURES OF THE RESPIRATORY SYSTEM

The upper respiratory 
system includes the 
nose, nasal cavity, 
pharynx, and associated 
structures; the lower 
respiratory system 
includes the larynx, 
trachea, bronchi, and 
lungs.

Nasopharynx

Oropharynx
Laryngopharynx

 Lower Respiratory( يلفسلا يسفنتلا زاهجلا
System(: ةرجنحلا نم نوكتي )Larynx(، ةيئاوهلا ةبصقلا 

)Trachea(، ةيئاوهلا بعشلا )Bronchi(، تئرلاوA 
)Lungs(.









PULMONARY VENTILATION

The process of gas exchange in the body, called respiration, has three basic 
steps:

1. Pulmonary ventilation or breathing, is the inhalation (inflow) and 
exhalation (outflow) of air and involves the exchange of air between the atmosphere and the 
alveoli of the lungs.

2. External (pulmonary) respiration, is the exchange of gases between the 
alveoli of the lungs and the blood in pulmonary capillaries across the respiratory 
membrane. In this process, pulmonary capillary blood gains O2 and loses CO2.

3. Internal (tissue) respiration, is the exchange of gases between blood in systemic 
capillaries and tissue cells. In this step the blood loses O2 and gains CO2. Within cells, the 
metabolic reactions that consume O2 and give off CO2 during the production of ATP are 
termed cellular respiration.



.tissues ىوتسم ىلعو internal respiration اندنع
قيرط نع لصويب دسكؤLا مدلا ونإ انيكح Hه

arterial capillaries.

Aب ام Aجسكأ لدابت اندنع ريصب Hه
arterial capillaries و interstitial fluid.

يف دسكؤLا مدلا اذه مدختستب ةّيلخلا
cellular processes،

.دسكؤم ريغ مد ةيناثلا ةهجلا نم علطيبف

nutrients ـلاو Aجسك`ا ةّيلخلا مدختست ام دعب
،cellular processes ـلاب
CO₂ ـل لدابت اندنع ريصب
تايلمعلاه نم جتن يللا
.venous capillaries و A interstitial fluidب ام

،exchange اندنع راص نوه
،gas exchange هيمسنب اذهو
tissues ىوتسم ىلع راص هنو̀
.tissue respiration وأ internal هيمسنب

gas exchange نم ريخ`ا عونلا اندنع لضب Hه
.pulmonary respiration وأ external وهو
.lungs ىوتسم ىلع ريصب اذه

انع يف bronchioles ةياهنب
alveoli ( ةيئاوه تHصيوح ).

،ايHخ اهتاوج تHصيوحلا ياه
.Aجسكوأ اهدب ايHخلا ياهو

Aجسكأ لدابت اندنع ريصب كيه ناشع
A pulmonary capillariesب ام

A lungsب امو A atmosphereب ام يكحب مع طقف شم انأف
exhalation و inhalation ةيلمع يف
،breathing وأ pulmonary ventilation ـك
q، نع يكحأ انأ نكمم pulmonary respiration
.tissue respiration نع يكحأ نكممو

ةيلمع انع ريصتب فيك ،هعامج اي Hه
inhalation و exhalation؟

.يعم اوزكّر

ءاملعلا ءامسأ هنإ اقًبسم تيكح انأ
،ةفرعمك مهوفرعت ينمهتب يّأ
.فشتكا شيإ طبضلاب ملاعلا اذه كل يكحب يجآب ام سب
،conceptلا فراع نوكت مهLا
.هفراع نوكت كيلع رّم اذإو

نوناق لوأ وأ ملاع لوأ اندنع
.Boyle’s law وه يللا

؟نوناقلا اذه علطب وش
.همسرلاه ىلع يل اوعلطا

)قيهشلا( inhalation ةيلمع انع يف Hه
.)ريفزلا( exhalation ةيلمعو

؟قيهشلا ةيلمع انع ريصب فيك
اهيمسنب زلسم انع يف

diaphragmatic muscles
،)زجاحلا باجحلا تHضع(
انع يفو

external intercostal muscles.

؟هعامج اي لوذه اولمعيب وش
inhalation ةيلمع لHخ
.contraction مهيلع ريصب



Lريصي ا contraction
؟size of the lung ـب ريصب وش
.ربكيب ،ديزب

تحت نم هكسام يشإ لّيخت
،تحت نم هيلع طغضت معو
؟همجحب ريصي هدب وش قوف نم
.ديزي هدب

؟يكحب وش Boyle’s law اذه
size of the container داز ام لك
؟هتاوج pressure of the gas ـب ريصب وش

 لقي حر

طغضلاب قرف انع ريصي حر نوه يلاتلابو
.A atmosphereب امو A lungsب ام
pressure of the gas in the atmosphere ريصب
نم ىلعأ

pressure of the gas inside the lungs.

pressure gradient بسح يلاتلابو
،)طغضلا قرف(
لقتنت حار تازاغلا
،ضفخنLا طغضلا ىلإ يلاعلا طغضلا نم
.lungs ىلإ atmosphere نم يجيتف

.inhalation هيمسب اذهف
active يه inhalation ةيلمعو
.contraction ىلإ ةجاحب اهن`

،هعامج اي نكل
.passive اهيمسب exhalation ةيلمع
؟شيل
،inhalation ةيلمع يهتنت سب هن`
external intercostal muscles ـلا
diaphragmatic muscles و
،يعيبطلا مهعضول ةرشابم اوعجريب
.elasticity انع يف هن`

؟exhalation ةيلمعب ريصب وشف
،atmosphere ـلاب ةنراقم لقب size ـلا
يلاتلابو

pressure of the gas inside the lungs
.ديزي هدب

لقتنتب تازاغلاف
.atmosphere ىلإ lungs نم

:لاؤس مكلأسأ يدب Hه
ديزتب resistance اوعقوتت له
inhalation ةيلمع لHخ
؟exhalation ةيلمع لHخ qو

Exhalation 

لHخ هنإ هايإ مكل يكحأ يدب يللا Hه بيط
forceful inhalations،

هنإ forceful inhalations ىنعم
exhalation و normal inhalation لمعتب تنإو تنإ
،هنع انيكح انحإ يللا
exercise لمعت اHً Lثم تارم سب
،ةنّيعم ةضاير وأ
accessory muscles ـل ةجاحب نوكتب
،lungs ىلع extra workload ـب موقت كنإ كدعاست
extra inhalation لمعت ينعي
.extra exhalation و

ةلاحلاهب تنإ يلاتلابو
extra muscles ىلإ ةجاحب
muscles contraction ياه لمعت هنإ
لمعت ردقت ناشع

forceful inhalation
.exercise ةيلمع لHخ ريصب يللا يز

،مكل تيكح ام يز كيه ناشعو
normal inhalation نع يكحب انأ ءاوس
،forceful inhalation نع يكحب وأ

both اوجاتحي  muscle contraction،
inhalation ةيلمع يلاتلابو
.active اهانيمّس

exhalation ةيلمع لHخ نكل
،passive اهانيمّس
؟شيل
اندنع نوكيب ام هن`

muscle contraction،
يعيبطلا اهعضول عجرتب زلسLا هنو̀
ةيصاخ ببسب

elasticity.

⸻

،Hه بيط
ىلع رثأت نكمم يللا لماوعلا شيإ

pulmonary ventilation؟

:لماوع ثHث اندنع

 Surface tension
 Compliance

 Airway resistance

⸻

qً: Surface tensionوأ
؟surface tension ينعي وش
كاكتحا نع يكحنب هنأك يز
ةيلمع نوكت ونإ عنميب

inhalation و exhalation ةلهس .

Surface tension دوجو نع جتان
fluid لاوحA  alveoli.

ةبّطرم ةدام هيف نوكي ضورفLا fluid اذه
.surfactant اهمسا

ىلع يوتحتب surfactant ـلا
phospholipids و lipoproteins.

ريصي اL هنإ اهتفيظو
inhalation اهدعبو  exhalation،

لهس exhalation يلخت
.ضعبب قزلت alveoli يلخت امو

دنع نكل
premature infants

،)عباسلا رهشلاب اودلونيب يللا لافط`ا(
مهدنع ريصي نكمم

Respiratory Distress Syndrome.

؟شيل
surfactant ةيمك هن`
،ةيفاك نوكتب ام
relaxation ريصي تقوف
ضعبب قزلتب alveoli ـلا
ريصيبو

alveolar collapse.

ريبك دهج هدب لفطلا يلاتلابو
لمعي عجري ىتح

inhalation و exhalation.

surface tension داز ام لكف
ىلع lungs ةردق

pulmonary ventilation لقتب .
surfactant تداز ام لكو
.ديزتب ventilation ىلع lungs ةردق

⸻

Compliance :اًيناث
lungs ةردق ينعي
.inhalation لمعتو ددمتت اهنإ

Compliance لماعب رثأتتبA :
• Elasticity

• Surface tension

ةيلاع elasticity تناك ام لك
→ compliance ةيلاع نوكتب .

ةيلاع surface tension تناك اذإ
→ compliance لقتب .

:compliance للقتب يللا ءايش`ا نم
• Tuberculosis

)lungs يف cells وأ tissues توم(
• Pulmonary edema

)lungs يف لئاوس عمجت(

Lيف لئاوسلا عمجتت ا lungs،
diffusion distance ديزتب تازاغلل ،

،بعصأ تازاغلا لاقتنا ريصبف
.بعصأ ريصتب ventilation يلاتلابو

:نامكو
• Surfactant deficiency

• Paralysis of intercostal muscles

،inhalation نع ةلوؤسLا تHضعلاب للش راص اذإ
،effective لكشب inhalation ريصت حار ام
.لقتب compliance of the lungs يلاتلابو

⸻

Airway resistance :اًثلاث

:فرعت كدب
)exhalation وأ inhalation( ديزتب ىتم•
bronchioles ـلاب تحتل انلزن ام لك هنإ•

resistance ديزتب
• larger diameter airways

resistance لقأ اهيف

:نامكو



:نامكو
airway resistance خ ديزتبHل

exhalation.

sympathetic activation لHخو
autonomic nervous system ـلل
bronchodilation ريصب
؟اهيف ريصب وش resistance ـلاف

 لقتب 

⸻

parasympathetic activation لHخو
،bronchoconstriction ريصب
؟resistance ـلاب ريصب وش

.ديزت اهدب 

هعامج اي conditions يف Hه
يجولويسفوثابلاب مهذخان حر ãا ءاش نإ
resistance ـلا اهيف انع ديزتب يللا
asthma يز
.COPD (Chronic Obstructive Pulmonary Disease) و

ضارم`ا نم Aعون لوذه
ونإ اهيف ريصب يللا

airways اهيف ريصب :
• bronchoconstriction

mucus عمجتو•

روصـحمو trapped ريصب ءاوهلاف
.يشمي لاجم يف ام هن`

ـب ريصب وش يلاتلابو
compliance of the lungs

؟exhalation و inhalation لمعت اهنإ

 لقت 
.لقأ ريصتبو

لماوعلا نم ياهو
ىلع رثأتب يللا

pulmonary ventilation.

⸻

،lung volumes انع يف Hه
.مكيلع Aلهس اونوكب ãا ءاش نإ
تاهيبش لوذه
كايدراكلاب هاندخأ يللا
Lانيكح ا:

Cardiac output = stroke volume × heart rate

،ةركفلا سفن نوه
همسا يشإ انع يف

Minute ventilation.

Minute ventilation
يلكلا ءاوهلا ةيمك وه
هلمعنب يللا

inhalation و exhalation
.ةدحاو ةقيقد لHخ

:يواسي
Volume of air per breath × respiratory rate

:ينعي
mL 500 ≈ دحاولا سفنلا مجح•

breath/min 12 ـب هانبرض اذإ
انعم علطب →

minute ventilation.

؟هعامج اي هحضاو
.يكوأ

⸻

زاهج انع يف Hه
،lung volumes and capacities سيقب
:همسا

Spirometer / Respirometer.

انع علطب يللا مسرلاو
هومّسب

Spirogram.

:spirogram ـلا يف
• Upward deflection → inhalation

• Downward deflection → exhalation

⸻

:Hه
Tidal volume

:نع ربعب
• normal inhalation
• normal exhalation

يعيبطلا مجحلا وه اذه
هعلطتو هدخاتب يللا
.ةدحو breath لكب

⸻

:تارم نكل
forceful inhalation لمعتب
.forceful exhalation وأ

Lلمعت ا forceful inhalation:
مدختست كدب

accessory muscles.

يفاضإ مجح كدنع علطيب نوه
:هيمسنب

Inspiratory reserve volume (IRV)
يفاضåا مجحلا وهو
lungs هلمحتت نكمم يللا
.tidal volume ـلا قوف

:تعمج اذإ
• Tidal volume

• • Inspiratory reserve volume

:كيطعب
Inspiratory capacity

.)لماكلا قيهشلا ىلع ةردقلا(

⸻

forceful inhalation دعب ضورفLا Hه
.forceful exhalation لمعت

:نكل
لخد يللا ءاوهلا لك له
؟لماكلاب علطي حر

q.

:ليلدب
ةضايرلا دعب كنإ

.ءاوهلا علطت لواحت لضت

:يللا مجحلاف
 forceful لHخ هعلطتب•

exhalation
هيمسنب →

Expiratory reserve volume (ERV)

:لضب نكل
lungsلاب دوجوم ءاوه مجح
.علطيب ام

:هيمسنب اذه
Residual volume (RV).

⸻

:ماجح`ا صخّلم
• Tidal volume: سفنلا  

يعيبطلا
• Inspiratory reserve 

volume: قيهشلا ةدايز
• Expiratory reserve 

volume: ريفزلا ةدايز
• Residual volume: ءاوه  

لاب ىقبي lungs

⸻

:capacities ـلا
• Functional residual 

capacity
= ERV + RV

• Vital capacity
= IRV + TV + ERV

• Total lung capacity
= IRV + TV + ERV + RV

⸻

:ةمولعملل سب Hه
Lung volumes فلتختب :

صخشل صخش نم•
 تاقوأب صخشلا سفنب ىتحو•

ةفلتخم

:نوكتبو
males ـلاب ربكأ•
لاوطلاب ربكأ•
young adults ـلاب ربكأ•

:رغصأو
females ـلاب•
راصقلاب•
elderly people ـلاب•

⸻

:ةمهم ةلغش Hه
COPD ـلاب
:ونإ فوشن حر

Forced expiratory volume in 1 
second (FEV₁)

.ادًج ضفخنم نوكب

هيكحن عجرن حر اذهو
.يجولويسفوثابلاب ليصفتلاب

⸻

لمكن Hه
 exchange of oxygen and ىلع

carbon dioxide.



نع انيكح يشإ لوأ  .ةولح هتامولعمو لهس ãا ءاش نإ ياج يللا .exchange of oxygen and carbon dioxide ىلع
Boyle’s law:

داز ام لك
size of the container

ـب ريصب وش
pressure of the gas؟

 لقب 
؟partial pressure of gas بسحن اندب فيك ،Hه

 total علطيب → هيف دوجوم زاغ لكل partial pressure عمجت كدب → رنيتنوكلا لكل total pressure بسحت كدب اذإ ،ةعامج اي container كدنع•
pressure ا تازاغلا لكلLرنيتنوكلاب ةدوجو.

 علطت حر → total pressure × زاغلا اذه نم ةدوجوLا ةبسنلا/ةيوئLا ةبسنلا برضتب → ةدح ىلع زاغ لكل partial pressure دخات كدب اذإ•
partial pressure زاغلا اذهل.

:ةعامج اي انيكح ام يز
.عرسأ diffusion rate نوكي حار → ربكأ fusionلا يز pressure difference ناك ام لك•
.عرسأ diffusion rate نوكي حار → ربكأ pressure gradient ناك ام لك•

.عرسأ نجويفلا → ربكأ pressure gradient → ربكأ pressure difference ناك ام لك ،ةعامج اي يشلا سفن نوه

⸻

:لاقو Henry لخد انه
 بسح رشتني حر زاغ لكو partial pressure of different gases يدنع ونإ يكحب مع انأ ،size of the container اذه ونإ يكحنب انحا•

pressure gradient.
.رنيتنوكلا اذهب زاغلل partial pressure فرعأ مزq ينعي•
.)body ـلاب( رنيتنوكلا فHتخاب فلتخت تازاغلل solubility ونإ Henry دجوو•
.ةرم 25–20 رادقمب O₂ ةيبئاذ نع ديزت lungsلاب CO₂ ةيبئاذ Hًثم دجو•
.lungsلاب O₂ ةيبئاذ نم ربكأ مسجلا عبت tissuesلاب O₂ ةيبئاذو•
.ربكأ tissuesلاب O₂ ةيبئاذو ،ربكأ lungsلاب CO₂ ةيبئاذ ،CO₂ نم لقأ O₂ عبت molar weight ونإ نم مغرلاب•

Henry لاق :
.diffusion rate ديزي → رنيتنوكلا لخاد solubility of gas تداز ام لك•
.diffusion ديزي → pressure gradient ىلع effect ديزي → diffusion rate داز ام لك•

⸻

:ةيفاضإ همولعم
.دسكؤم نوكيب left side of the heart نم علطيب يللا مدلا•
؟interstitial fluid و A arterial capillariesب O₂ لدابت ريصب فيك•
؟venous capillaries و A interstitial fluidب CO₂ لدابت ريصب فيكو•

:هبعشلاب اهتيكح ام ةمولعم
 ربع مدلل transit time → ديزي respiratory rate → ديزي heart contraction → ةضاير لمعي صخشلا اvigorous exercise، L لHخ•

pulmonary capillaries لقي → gas exchange إ لاعف نوكي امq عفترا اذإ respiratory rate لدابت متي ناشع O₂ وCO₂ ةعرسب.

⸻

:لماوع ةدع ىلع دمتعي rate ـلل ةبسنلاب Hه

:لاؤس
؟أطبأ وأ عرسأ inhalation ةيلمع → )pressure( طغضلا داز ام لك•
.عرسأ :باوجلا•
؟أطبأ وأ عرسأ surface area for gas exchange → concentration exchange تداز ام لك•
.عرسأ :باوجلا•
.يلاع alveoliلل surface area ون` لاعف gas exchange ربتعي•
.ديزي systemic gas exchange و diffusion distance → pulmonary تلق ام لك•
.أطبأ pulmonary gas exchange → ربكأ lungs( → diffusion distanceلاب لئاوس عمجت( A pulmonary edemaباصLا صاخش`ا دنع•

⸻

Molecular weight & solubility:
 pulmonary & systemic gas ديزي → pressure gradient ديزي → diffusion rate ديزي → رنيتنوكلا لخاد solubility of gas تداز ام لك•

exchange.
.ىلعأ lungs يف CO₂ ةيبئاذو ،lungs نم ىلعأ tissues يف O₂ ةيبئاذ•



:اهمهفن مزq يشلا سفن ،لماوع ةدع ىلع دمتعب rate ـلل هبسنلاب Hه

.عرسأ diffusion → عرسأ inhalation ةيلمع تناك ام لك → pressure difference داز ام لك 
.عرسأ concentration exchange تناك ام لك → surface area for gas exchange تداز ام لك 
.ديزي diffusion distance → pulmonary & systemic gas exchange تلق ام لك 
.diffusion rate ديزي → رنيتنوكلا لخاد solubility of the gas تداز ام لك 

.diffusion عرسأ → لقأ ناك ام لك )molecular weight( زاغلل يئيزجلا نزولا 

⸻

:)A )O₂جسكêل ةبسنلاب Hه
• O₂ عم طبترم %99 :طقف دحاو لكشب دجاوتي  hemoglobin → oxyhemoglobin.

.CO₂ دوجو اهمهأ ،لماوع ةدعب رثأتي طابترqا اذه•
.hemoglobin عم طبتري CO₂ لاكشأ دحأ•
.hemoglobin عم O₂ طابترا لقي → hemoglobin عم CO₂ طابترا داز ام لك•
.hemoglobin عم CO₂ طابترا لقي → hemoglobin عم O₂ طابترا داز ام لكو•
.Haldane effect هيمسنب يشلا اذه•
.hemoglobin → fully saturated عم ةطبترم O₂ تائيزج لك اذإ•
.partially saturated → ةطبترم O₂ نم %50 اذإ•

⸻

:O₂ عم Hb طابترا ىلع رثأتب يللا لماوعلا
1. Acidity (pH):

.hemoglobin نم release of O₂ ديزي → ⁺H داز ام لك•
2. Partial pressure of CO₂ (pCO₂):

.hemoglobin نم release of O₂ ديزي → pCO₂ داز ام لك•
3. Temperature:

.hemoglobin نم release of O₂ ديزي → ةرارحلا ةجرد تداز ام لك•

.Hb عم O₂ طابترا لقي → temperature → hyperthermia ديزي موي :اهيمسنسب وش ةعامج اي يه ً،اعبط•
.Hb عم O₂ طابترا ديزي → hypothermia اندنع نوكي موي•

⸻

:CO₂لل ةبسنلاب
:لاكشأ ثHث ىلع دجاوتي•

 Dissolved بلاب هلاحبH7 هتبسن → امز %

%23 هتبسن → carbaminohemoglobin يطعي → hemoglobin → carbamino compound عم طبترم 

%70 هتبسن → bicarbonate ions (HCO₃⁻) لكش ىلع 
• CO₂ + H₂O → H₂CO₃ → للحتي  → H⁺ + HCO₃⁻

• RBCs ىلع ظافحلل  electrical gradient: تدقف اذإ  HCO₃⁻ → ـب ضوّعت  Cl⁻ → هيمسنب اذه  chloride shift.

⸻

:Haldane effect نع انركذ امك•
Hb عم O₂ طابترا لقي → Hb عم CO₂ طابترا داز ام لك•
Hb عم CO₂ طابترا لقي → Hb عم O₂ طابترا داز ام لك•

⸻

Control of breathing ( ءزج رخآ ):
• Respiratory centers لاب ةدوجوم brain:

 Medullary respiratory center → ابLوديq بوأHاتن
 Pontine respiratory group → زنوبلاب

:Aبتكم هيف رتنس يروتاريبسير رqوديLا•
• Dorsal respiratory group (DRG) → respiratory area
• Ventral respiratory group (VRG) → expiratory area



PRESSURE CHANGES DURING PULMONARY 
VENTILATION

 Air moves into the lungs when the air pressure inside the lungs is less than the 
air pressure in the atmosphere. Air moves out of the lungs when the air 
pressure inside the lungs is greater than the air pressure in the atmosphere.

 Inhalation:

➢ Breathing in is called inhalation (inspiration).

➢ For air to flow into the lungs, the pressure inside the alveoli must become lower 
than the atmospheric pressure. This condition is achieved by increasing the 
size of the lungs.

➢The pressure of a gas in a closed container is inversely 
proportional to the volume of the container. This inverse relationship 
between volume and pressure, called Boyle’s law.



PRESSURE CHANGES DURING PULMONARY 
VENTILATION

➢Differences in pressure caused by changes in lung 
volume force air into our lungs when we inhale and out 
when we exhale.

➢For inhalation to occur, the lungs must expand, 
which increases lung volume and thus decreases 
the pressure in the lungs to below atmospheric 
pressure.



MUSCLES OF INHALATION AND EXHALATION

During normal, quiet 
inhalation, the diaphragm 
and external intercostals 
contract, the lungs expand, 
and air moves into the lungs; 
during normal, quiet 
exhalation, the diaphragm 
and external intercostals 
relax and the lungs recoil, 
forcing air out of the lungs.





PRESSURE CHANGES IN 
PULMONARY VENTILATION

During inhalation, the 
diaphragm contracts, the chest 
expands, the lungs are pulled 
outward, and alveolar 
(intrapulmonic) pressure 
decreases. 

During exhalation, the 
diaphragm relaxes, the lungs 
recoil inward, and alveolar 
pressure increases, forcing air 
out of the lungs.

external 
intercostals 

contract



MUSCLES OF INHALATION AND EXHALATION
➢ Because air always flows from a region of higher pressure to a region of lower 

pressure, inhalation takes place. Air continues to flow into the lungs as long as a 
pressure difference exists. 

➢During deep, forceful inhalations, accessory muscles of inspiration 
also participate in increasing the size of the thoracic cavity.

➢ The muscles are so named because they make little, if any, contribution during normal 
quiet inhalation, but during exercise or forced ventilation they may contract 
vigorously. The accessory muscles of inhalation include the 
sternocleidomastoid muscles. 

➢Because both normal quiet inhalation and inhalation during 
exercise or forced ventilation involve muscular contraction, the 
process of inhalation is said to be active.

.طغضلا يف قرف دجوُ اLاط Aتئرلا ىلإ ءاوهلا قفدت رمتسي



EXHALATION

➢ Breathing out, called exhalation (expiration), is also due to a pressure 
gradient, but in this case the gradient is in the opposite direction: The pressure 
in the lungs is greater than the pressure of the atmosphere. Normal 
exhalation during quiet breathing, unlike inhalation, is a passive 
process because no muscular contractions are involved.

➢ Instead, exhalation results from elastic recoil of the chest wall and 
lungs, both of which have a natural tendency to spring back after 
they have been stretched.

➢ Exhalation starts when the inspiratory muscles relax. As the diaphragm 
relaxes, its dome moves superiorly owing to its elasticity.

؟ءاوهلا علطي فيك …تHضع يف ام اذإ بيط

ددمتت وأ دشنت ام دعب يعيبطلا اهعضول اًيئاقلت عجرت



OTHER FACTORS AFFECTING 
PULMONARY VENTILATION

As you have just learned, air pressure differences drive 
airflow during inhalation and exhalation. However, three 
other factors affect the rate of airflow and the ease 
of pulmonary ventilation: surface tension of the 
alveolar fluid, compliance of the lungs, and airway 
resistance.



SURFACE TENSION OF ALVEOLAR 
FLUID

➢A thin layer of alveolar fluid coats the luminal surface of alveoli 
and exerts a force known as surface tension. 

➢ During breathing, surface tension must be overcome to expand the lungs during 
each inhalation. Surface tension also accounts for two-thirds of lung elastic recoil, 
which decreases the size of alveoli during exhalation.

➢The surfactant (a mixture of phospholipids and lipoproteins) 
present in alveolar fluid reduces its surface tension.

➢ A deficiency of surfactant in premature infants causes respiratory distress 
syndrome, in which the surface tension of alveolar fluid is greatly increased, so that 
many alveoli collapse at the end of each exhalation. Great effort is then needed at the 
next inhalation to reopen the collapsed alveoli. Surfactant ↓ surface tension → easy breathing

No surfactant → alveoli collapse → hard breathing

 ام مهتقو لبق اودلوني يللا لافط`ا
ةيافك تناتكافريس مهدنع نوكي



✓ Compliance refers to how much effort is required to stretch the lungs and chest wall. 

✓ High compliance means that the lungs and chest wall expand easily.

✓ Low compliance means that they resist expansion.

✓ In the lungs, compliance is related to two principal factors: elasticity and surface tension. 

✓ The lungs normally have high compliance and expand easily because elastic fibers in lung tissue are 
easily stretched and surfactant in alveolar fluid reduces surface tension.

✓ Decreased compliance is a common feature in pulmonary conditions that (1) scarlung tissue 
(for example, tuberculosis), (2) cause lung tissue to become filled with fluid (pulmonary edema), (3) 
produce a deficiency in surfactant, or (4) impede lung expansion in any way (for example, paralysis of 
the intercostal muscles). 

COMPLIANCE OF THE LUNGS

؟ةلوهسب حتفنت ةئرلا له
؟ددمتت ناشع ريبك دهج جاتحت qو

ددمتت ام ةئرلا → عسوتي ام ردصلا → لغتشت ام تHضعلا اذإ

 صقن
 → تناتكافريسلا
 يحطس رتوت
 ةبوعص → يلاع
سفنت

 يلخي لئاسلا
 ةليقث ةئرلا
ددمتت بعصو

 ةئرلا يلخي بدّنتلا
 ددمتت امو ةيساق
ةلوهسب

هيلع طغضن اL ”ددّمتي وأ لكّشتيِ“ ةلوهسب يشلا شيدّق
:ينعي
؟ةلوهسب حتفت ةئرلا له
؟دهج جاتحتو دناعت qو
 ديدج نولاب :1 لاثم
ةلوهسب حتفي → هيف يخفنت•

)ةيلاع ةعواطم( High compliance اذه 
 ميدق يساق نولاب :2 لاثم
ةوقب يخفنت كدب•

)ةليلق ةعواطم( Low compliance اذه 



❖ Like the flow of blood through blood vessels, the rate of airflow through the airways 
depends on both the pressure difference and the resistance.

❖Airflow equals the pressure difference between the alveoli and the 
atmosphere divided by the resistance. 

❖The walls of the airways, especially the bronchioles, offer some 
resistance to the normal flow of air into and out of the lungs.

❖As the lungs expand during inhalation, the bronchioles enlarge because 
their walls are pulled outward in all directions. 

❖Larger-diameter airways have decreased resistance.

AIRWAY RESISTANCE

ضفخنم طغض → يلاع طغض ناكم نم كرحتي ءاوهلا•
رورLا هيلع بعصي ءاوهلا → ىلعأ ةمواقLا تناك ام لك•



❖Airway resistance then increases during exhalation as the diameter of 
bronchioles decreases. Airway diameter is also regulated by the degree of 
contraction or relaxation of smooth muscle in the walls of the airways. 

❖ Signals from the sympathetic division of the autonomic nervous 
system cause relaxation of this smooth muscle, which results in bronchodilation 
and decreased resistance.

❖Any condition that narrows or obstructs the airways increases 
resistance, so that more pressure is required to maintain the same airflow (i.e. 
asthma or chronic obstructive pulmonary disease (COPD)). 

AIRWAY RESISTANCE

 ءاسلLا تHضعلا
 بعشلا لوح
 مكحتت ةيئاوهلا
 بعشلا ةحتفب

 → ةيئاوهلا بعشلا قيضت يللا ضارم`ا•
بعصأ ريفزلاو قيهشلا → رورLا بعصي ءاوهلا



✓ While at rest, a healthy adult averages 12 breaths a minute, with each inhalation and exhalation 
moving about 500 mL of air into and out of the lungs.

✓ The volume of one breath is called the tidal volume (VT). 

✓The minute ventilation (MV)—the total volume of air inhaled and exhaled each minute—
is respiratory rate multiplied by tidal volume:

✓ Lower-than-normal minute ventilation usually is a sign of pulmonary malfunction. 

✓ The apparatus commonly used to measure the volume of air exchanged during breathing and 
the respiratory rate is a spirometer or respirometer.

✓ The record is called a spirogram. Inhalation is recorded as an upward deflection, and exhalation 
is recorded as a downward deflection.

LUNG VOLUMES AND CAPACITIES





LUNG VOLUMES AND CAPACITIES

✓ Tidal volume varies considerably from one person to another and in the same 
person at different times. 

✓ The alveolar ventilation rate is the volume of air per minute that actually reaches 
the respiratory zone.

✓ Several other lung volumes are defined relative to forceful breathing. In general, 
these volumes are larger in males, taller individuals, and younger adults, and smaller 
in females, shorter individuals, and the elderly. Various disorders also may be 
diagnosed by comparison of actual and predicted normal values for a patient’s 
gender, height, and age.

✓ Lung capacities are combinations of various lung volumes.

تHصيوحلل لصي هقشنتسن يللا ءاوهلا لك شم•
Alveolar ventilation ىمسي → تHصيوحلل لصي يذلا ءاوهلا طقف•



o By taking a very deep breath, you can inhale a good deal more than 500 mL. This additional 
inhaled air, called the inspiratory reserve volume, is about 3100 mL in an average 
adult male and 1900 mL in an average adult female.

o Even more air can be inhaled if inhalation follows forced exhalation. If you inhale normally 
and then exhale as forcibly as possible, you should be able to push out considerably more 
air in addition to the 500 mL of tidal volume. The extra 1200 mL in males and 700 mL in 
females is called the expiratory reserve volume. 

o The forced expiratory volume in 1 second, (FEV1.0) is the volume of air that can be 
exhaled from the lungs in 1 second with maximal effort following a maximal inhalation. 
Typically, chronic obstructive pulmonary disease (COPD) greatly reduces FEV1.0 because 
COPD increases airway resistance.

LUNG VOLUMES AND CAPACITIES

•Inspiratory reserve volume = ا ءاوهلاåيداعلا قيهشلا دعب هقاشنتسا نكمي يذلا يفاض

�

•Expiratory reserve volume = ا ءاوهلاåيرسقلا ريفزلا دنع هعفد نكمي يذلا يفاض

:ةمجرتلا
.لماك قيهش دعب دهج ىصقأب ةدحاو ةيناث يف ةئرلا نم هرفز نكمي يذلا ءاوهلا مجح وه )FEV1.0( ةدحاو ةيناث يف يرسقلا يريفزلا مجحلا
:حرشلا

FEV1.0 → ا ضارمأ مييقتل مهم رشؤمqيوئرلا دادسن
:ةمجرتلا
.ةيئاوهلا تارمLا ةمواقم ديزي COPD ن` FEV1.0 نم ريبك لكشب للقي )COPD( نمزLا يوئرلا دادسنqا ضرم ً،ةداع
:حرشلا
↓ ةدحاو ةيناث يف يرسقلا ريفزلا مجح → ↑ ةيئاوهلا بعشلا يف ةمواقLا اذإ•



o Even after the expiratory reserve volume is exhaled, considerable air remains in 
the lungs, is called the residual volume and amounts to about 1200 mL in males 
and 1100 mL in females.

o Inspiratory capacity is the sum of tidal volume and inspiratory reserve volume 
(500 mL + 3100 mL = 3600 mL in males and 500 mL + 1900 mL = 2400 mL in 
females).

o Functional residual capacity is the sum of residual volume and expiratory 
reserve volume (1200 mL + 1200 mL = 2400 mL in males and 1100 mL + 700 mL = 
1800 mL in females).

LUNG VOLUMES AND CAPACITIES

يعيبطلا ريفزلا دعب ةئرلا يف ةيقبتLا ءاوهلا ةيمك•



o Vital capacity is the sum of inspiratory reserve volume, tidal 
volume, and expiratory reserve volume (4800 mL in males and 3100 
mL in females).

o Finally, total lung capacity is the sum of vital capacity and residual 
volume (4800 mL + 1200 mL = 6000 mL in males and 3100 mL + 1100 
mL = 4200 mL in females).

LUNG VOLUMES AND CAPACITIES

لماك قيهش دعب اهجارخإ نكمي ءاوه ةيمك ربكأ

:ءام نازخ اهنأك ةئرلا يليخت نكمم
•TV = يموي سفن

•IRV = يوق قيهش
•ERV = يوق ريفز

•RV = اLادًبأ علطي ام يللا ءا
•VC = ا لكLهكرحتت ردقت يللا ءا

•TLC = ا لكLنازخلا لخاد ءا



o The exchange of oxygen and carbon dioxide between alveolar 
air and pulmonary blood occurs via passive diffusion, which is 
governed by the behavior of gases by two gas laws, Dalton’s law and 
Henry’s law.

o Dalton’s law is important for understanding how gases move 
down their pressure gradients by diffusion, and Henry’s law 
helps explain how the solubility of a gas relates to its diffusion.

EXCHANGE OF OXYGEN AND CARBON DIOXIDE

Passive Diffusion = اqلقأ طغض ةقطنم → ىلعأ طغض ةقطنم نم تازاغلل يعيبطلا لاقتن



GAS LAWS: DALTON’S LAW AND HENRY’S LAW

✓ According to Dalton’s law, each gas in a mixture of gases exerts its own 
pressure as if no other gases were present. 

✓The pressure of a specific gas in a mixture is called its partial 
pressure (Px). 

✓The total pressure of the mixture is calculated simply by adding 
all of the partial pressures.

✓ Atmospheric air is a mixture of gases—nitrogen (N2), oxygen (O2), argon 
(Ar), carbon dioxide (CO2), variable amounts of water vapor (H2O), plus other 
gases present in small quantities.



o We can determine the partial pressure exerted by each 
component in the mixture by multiplying the percentage of the 
gas in the mixture by the total pressure of the mixture. Atmospheric 
air is 78.6% nitrogen, 20.9% oxygen, 0.093% argon, 0.04% carbon dioxide, and 0.06% 
other gases; a variable amount of water vapor is also present.

o These partial pressures determine the movement of O2 and CO2 between the 
atmosphere and lungs, between the lungs and blood, and between the blood and 
body cells. Each gas diffuses across a permeable membrane from the area where its 
partial pressure is greater to the area where its partial pressure is less. The greater 
the difference in partial pressure, the faster the rate of diffusion.

GAS LAWS: DALTON’S LAW AND HENRY’S LAW

تازاغلل يسيئرلا كرحLا = طغضلا قرف•
عرسأ رشتني زاغلا → ريبك قرف•



o Compared with inhaled air, alveolar air has less O2 and more CO2 while exhaled 
air contains more O2 than alveolar air and less CO2. 

o Henry’s law states that the quantity of a gas that will dissolve in a liquid is 
proportional to the partial pressure of the gas and its solubility. In body 
fluids, the ability of a gas to stay in solution is greater when its partial pressure is 
higher and when it has a high solubility in water. The higher the partial pressure 
of a gas over a liquid and the higher the solubility, the more gas will stay in 
solution. In comparison to oxygen, much more CO2 is dissolved in blood plasma 
because the solubility of CO2 is 24 times greater than that of O2. Even though the air 
we breathe contains mostly N2, this gas has no known effect on bodily functions, 
and at sea level pressure very little of it dissolves in blood plasma because its 
solubility is very low.

GAS LAWS: DALTON’S LAW AND HENRY’S LAW

مدلا يف ةباذLا زاغلا ةيمك ↑ → زاغلا نابوذ ↑ وأ يئزجلا طغضلا ↑ املك•

 زاغلا ةردق ،مسجلا لئاوس يف
 امدنع دادزت اًباذم ءاقبلا ىلع
 ىلعأ يئزجلا هطغض نوكي
 نابوذلل هتيلباق نوكت امدنعو
ةيلاع ءاLا يف

ىلعأو عرسأ )Diffusion( راشتنqا لدعم ناك → ربكأ )Difference in partial pressure( يئزجلا طغضلا يف قرفلا ناك ام لك



o Pulmonary gas exchange is the diffusion of O2 from air in the 
alveoli of the lungs to blood in pulmonary capillaries and the 
diffusion of CO2 in the opposite direction.

o Respiration in the lungs converts deoxygenated blood (depleted 
of some O2) coming from the right side of the heart into 
oxygenated blood (saturated with O2) that returns to the left side 
of the heart.

EXTERNAL AND INTERNAL RESPIRATION



❑ The number of capillaries near alveoli in the lungs is very large, and blood 
flows slowly enough through these capillaries that it picks up a maximal 
amount of O2. 

❑ During vigorous exercise, when cardiac output is increased, blood flows more 
rapidly through both the systemic and pulmonary circulations. As a result, 
blood’s transit time in the pulmonary capillaries is shorter.

❑ In diseases that decrease the rate of gas diffusion, however, the blood may not 
come into full equilibrium with alveolar air, especially during exercise. When 
this happens, the PO2 declines and PCO2 rises in systemic arterial blood.

EXTERNAL AND INTERNAL RESPIRATION



❖ The left ventricle pumps oxygenated blood into the aorta and 
through the systemic arteries to systemic capillaries. The 
exchange of O2 and CO2 between systemic capillaries and tissue 
cells is called internal respiration or systemic gas exchange.

❖ As O2 leaves the bloodstream, oxygenated blood is converted into 
deoxygenated blood.

❖  Unlike external respiration, which occurs only in the lungs, 
internal respiration occurs in tissues throughout the body. 

EXTERNAL AND INTERNAL RESPIRATION

Lجسك`ا اA خلا لخديو مدلا نم علطيHاي
:نم لوحتي مدلا•

•Oxygenated → Deoxygenated



• The PO2 of blood pumped into systemic capillaries is higher (100 mmHg) 
than the PO2 in tissue cells (40 mmHg at rest) because the cells constantly 
use O2 to produce ATP.

• While O2 diffuses from the systemic capillaries into tissue cells, CO2 diffuses 
in the opposite direction. Because tissue cells are constantly producing CO2, 
the PCO2 of cells (45 mmHg at rest) is higher than that of systemic capillary 
blood (40 mmHg).

• The deoxygenated blood then returns to the heart and is pumped to the 
lungs for another cycle of external respiration.

EXTERNAL AND INTERNAL RESPIRATION



❑ Partial pressure difference of the gases. Alveolar PO2 must be higher 
than blood PO2 for oxygen to diffuse from alveolar air into the blood. The 
differences between PO2 and PCO2 in alveolar air versus pulmonary blood 
increase during exercise. 

❑ Surface area available for gas exchange. The surface area of the 
alveoli is huge. In addition, many capillaries surround each alveolus, so 
many that as much as 900 mL of blood is able to participate in gas exchange 
at any instant.

THE RATE OF PULMONARY AND SYSTEMIC GAS 
EXCHANGE DEPENDS ON SEVERAL FACTORS:

تازاغلل يئزجلا طغضلا قرف

رثكأ O₂ كلهتست ايHخلا•
رثكأ CO₂ جتنت•
عرسأ ريصي لدابتلا → ربكي قرفلا• :ىلع دمتعت تازاغلا لدابت ةعرس

طغضلا قرف 
ةحاسLا 
ةفاسLا 
نزولاو نابوذلا 



❑ Diffusion distance. The respiratory membrane is very thin, so diffusion 
occurs quickly. Buildup of interstitial fluid between alveoli, as occurs in 
pulmonary edema,  slows the rate of gas exchange because it increases 
diffusion distance.

❑ Molecular weight and solubility of the gases. Because O2 has a 
lower molecular weight than CO2, it could be expected to diffuse across the 
respiratory membrane about 1.2 times faster. However, the solubility of CO2 
in the fluid portions of the respiratory membrane is about 24 times greater 
than that of O2. Taking both of these factors into account, net outward CO2 
diffusion occurs 20 times more rapidly than net inward O2 diffusion.

THE RATE OF PULMONARY AND SYSTEMIC GAS 
EXCHANGE DEPENDS ON SEVERAL FACTORS:



• Oxygen does not dissolve easily in water, so only about 1.5% of 
inhaled O2 is dissolved in blood plasma.

❖ About 98.5% of blood O2 is bound to hemoglobin in red blood 
cells (the amount dissolved in the plasma is 0.3 mL and the 
amount bound to hemoglobin is 19.7 mL.).

TRANSPORT OF OXYGEN AND CARBON DIOXIDE:
OXYGEN TRANSPORT

O₂ لقن ةليسو = Aبولغوميهلا•
Aجسك`ا نم ةيفاك ةيمك لقنن ردقنب ام → Aبولغوميهلا نودب•
دلا يف رّح شم Hb ىلع بكار O₂ بلغأ•



❖The most important factor that determines how much O2 binds to 
hemoglobin is the PO2; the higher the PO2, the more O2 combines with 
Hb. 

❖When reduced hemoglobin (Hb) is completely converted to 
oxyhemoglobin (Hb–O2), the hemoglobin is said to be fully saturated; 
when hemoglobin consists of a mixture of Hb and Hb–O2, it is 
partially saturated. The percent saturation of hemoglobin expresses the 
average saturation of hemoglobin with oxygen. For instance, if each 
hemoglobin molecule has bound two O2 molecules, then the 
hemoglobin is 50% saturated because each Hb can bind a maximum of 
four O2.

THE RELATIONSHIP BETWEEN HEMOGLOBIN
AND OXYGEN PARTIAL PRESSURE

•PO₂ تئرلا لثم( يلاعA(  → Hb كسمي  O₂
•PO₂ ةجسن`ا لثم( يطاو(  → Hb كرتي  O₂

 يكذ Aبولغوميهلا ينعي 

•Hb نكامأ 4 هدنع
A → 50%لوغشم 2•
A → 100%لوغشم 4•



❖1. Acidity (pH): As acidity increases (pH decreases), the affinity of 
hemoglobin for O2 decreases, and O2 dissociates more readily from 
hemoglobin. The Bohr effect works both ways: An increase in 
hydrogen ion in blood causes O2 to unload from hemoglobin, and 
the binding of O2 to hemoglobin causes unloading of hydrogen ion 
from hemoglobin (hemoglobin can act as a buffer for hydrogen ions).

OTHER FACTORS AFFECTING THE AFFINITY OF 
HEMOGLOBIN FOR OXYGEN



❖2. Partial pressure of carbon dioxide: PCO2 and pH are related 
factors because low blood pH (acidity) results from high PCO2. As 
CO2 enters the blood, much of it is temporarily converted to carbonic 
acid (H2CO3). The carbonic acid thus formed in red blood cells 
dissociates into hydrogen ions and bicarbonate ions. As the hydrogen 
ions concentration increases, pH decreases. Thus, an increased PCO2 
produces a more acidic environment, which helps release O2 from 
hemoglobin.

OTHER FACTORS AFFECTING THE AFFINITY OF 
HEMOGLOBIN FOR OXYGEN

:ظفحلل ةيبهذلا ةلمجلا �

↑ CO₂ → ↑ H⁺ → ↓ Hb affinity → O₂ released

CO₂ ↑ → H⁺ ↑ → Hb كرتي  O₂



❖3. Temperature: Within limits, as temperature increases, so does 
the amount of O2 released from hemoglobin. During hypothermia 
(lowered body temperature) cellular metabolism slows, the need for O2 
is reduced, and more O2 remains bound to hemoglobin.

OTHER FACTORS AFFECTING THE AFFINITY OF 
HEMOGLOBIN FOR OXYGEN



Under normal resting conditions, each 100 mL of deoxygenated blood contains 
the equivalent of 53 mL of gaseous CO2, which is transported in 
the blood in three main forms: 

1. Dissolved CO2. The smallest percentage—about 7%—is dissolved in blood 
plasma. On reaching the lungs, it diffuses into alveolar air and is exhaled.

2. Carbamino compounds. somewhat higher percentage, about 23%, combines with 
the amino groups of amino acids and proteins in blood to form carbamino 
compounds. Because the most prevalent protein in blood is hemoglobin (inside 
red blood cells), most of the CO2 transported in this manner is bound to 
hemoglobin.

CARBON DIOXIDE TRANSPORT



The formation of carbaminohemoglobin is greatly influenced by PCO2. For 
example, in tissue capillaries PCO2 is relatively high, which promotes 
formation of carbaminohemoglobin. But in pulmonary capillaries, PCO2 is 
relatively low, and the CO2 readily splits apart from globin and enters the 
alveoli by diffusion.

CARBON DIOXIDE TRANSPORT

)يلاع PCO₂( ةجسن`ا يف 
.تايافن ةمحلك CO₂ جتنت → يولخلا سفنتلا لمعت ايHخلا•
.ةعرسب مدلا لخدي CO₂ اذه•
.تHصيوحلا عم ةنراقLاب اًيبسن عفترم نوكي مدلا يف CO₂ـل يئزجلا طغضلا :ةجيتنلا•
.carbaminohemoglobin نوّكيو ةلوهسب CO₂ صتمي مدلا كيه ناشع•

.هصتمي مدلا → يئزجلا طغضلا ديزي → CO₂ جتنت ةجسن`ا :راصتخاب 

⸻

)ضفخنم PCO₂( ةئرلا يف 
.ليلق اهيف CO₂ → قيهشلا دنع ديدج ءاوه ةنايلم تHصيوحلا•
•Lريبك يئزجلا طغضلا يف قرفلا ،ةئرلا لصوي مدلا ا: PCO₂ صيوحلا يف لقأو مدلا يف ىلعأHت.
.رفزي → ءاوهلل لقتني → Aبولغوميهلا نع لصفني CO₂ :ةجيتنلا•

لصحي ريفزلا → CO₂ غرفي مدلا → ليلق CO₂ اهيف ةئرلا :راصتخاب 



3. Bicarbonate ions. The greatest percentage of CO2—about 70%—is transported 
in blood plasma as bicarbonate ions. Thus, as blood picks up CO2, bicarbonate ion 
accumulates inside RBCs. Some bicarbonate ion moves out into the blood plasma, 
down its concentration gradient. In exchange, chloride ions move from plasma into 
the RBCs. This exchange of negative ions, which maintains the electrical balance between 
blood plasma and RBC cytosol, is known as the chloride shift. The net effect of these 
reactions is that CO2 is removed from tissue cells and transported in blood plasma 
as bicarbonate ion. As blood passes through pulmonary capillaries in the lungs, all 
of these reactions reverse and CO2 is exhaled.

CARBON DIOXIDE TRANSPORT

:ةجسن`ا يف
 CO₂ خ نم جتنيHةجسن`ا اي .

!

 CO₂ ىلإ لوحتيو ءارمحلا مدلا تايرك لخدي  HCO₃⁻ ( تانوبركيب ).

.)chloride shift( ةيئابرهكلا تانحشلا ضيوعتل ةيلخلا لخاد ىلإ كرحتت ⁻Cl تانويأ ،ةيلمعلا هذه ءانثأ 

"

 HCO₃⁻ ب ىلإ لقتنيHلمحي مدلا → مدلا امز  CO₂ ةئرلل تانوبركيب لكش ىلع .
:ةئرلا يف

#

 HCO₃⁻ ب نمHءارمحلا مدلا تايرك ىلإ دوعي مدلا امز .

.CO₂ ىلإ ىرخأ ةرم ⁻HCO₃ لوحتي 

$

 CO₂ صيوحلا ىلإ مدلا نم لقتنيHمسجلا جراخ رفزُي مث → ت .



❖The amount of CO2 that can be transported in the blood is 
influenced by the percent saturation of hemoglobin with oxygen. 
The lower the amount of oxyhemoglobin (Hb–O2), the higher the 
CO2-carrying capacity of the blood, a relationship known as the 
Haldane effect.

CARBON DIOXIDE TRANSPORT
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:Aبتكم يز هيف Respiratory center ـلا هنإ انيكح Hه
 medulla يف دوجوم ،Medullary respiratory center وه يللا بتكم اندنع•

oblongata.
.pons يف دوجوLا ،Pontine respiratory group اندنعو•

:يكحن انك ام يز ،زنوروينلا هنإ ريصب يللا Hه
• sensory neurons

• interneurons
• motor neurons

؟نيو نيدوجوم لوذه
.interneurons تاذلاب اندنع نوكيب نوهو ،brain ـلاب

⸻

Pontine respiratory group

:طقف هتفيظو pontine respiratory group ـلا
ربعمك نوكي•
قوف نم ةياجلا ةيبصعلا لئاسرلا لقني•
medullary center ىلع اهلصويو•

⸻

Medullary respiratory center

:Aبورج ىلع يوتحيب medullary respiratory center ـلا
• Dorsal respiratory group
• Ventral respiratory group

:ةمولعم مهأ
• Ventral respiratory group ريصب  active طقف Lجاتحن ا  forceful 

breathing.

Forceful vs Normal breathing

:حضون انيلخ
:normal inhalation لHخ•
.dorsal group ـلل activation يف نوكيب•
:forceful inhalation لHخ•
normal inhalation يش لوأ لمعب صخشلا•
forceful inhalation اهدعبو•
:activation ريصب ةلاحلاهب•
لاسرودلل•
لارتنفللو•
both systems active ينعي →

:normal exhalation لHخ•
contraction يف ام•
elasticity ببسب passive ةيلمعلا•
لارتنفلل activation يف ام•
:forceful exhalation لHخ•
لاسرودلل activation ريصب ام•
طقف لارتنفلل activation ريصب•

؟ةعامج اي ةمولعLا ةحضاو
.زاتمم .ةحضاو ،مامت ،هآ

Peripheral chemoreceptors:
:دنع ةدوجوم•

• aortic arch
• carotid bodies

:ـب رثأتت•
• partial pressure of O₂

• partial pressure of CO₂

Central chemoreceptors:
medulla oblongata يف ةدوجوم•

• sensitive يف ريغتلل :
• H⁺ concentration يف  cerebrospinal 

fluid
 يقاب نع لصفنم لكشب لغتشي غامدلا هن`•

مسجلا

⸻

Baroreceptors / Stretch receptors

:رلوكسافويدراكلاب انيكح ام يز
• baroreceptors يه  stretch receptors

:يسفنتلا زاهجلاب نوه
bronchioles و bronchi ـلاب ةدوجوم•
:ريغتب رثأتت•

• respiratory rate

⸻

 sensory receptors انع يف ،يكحن انك ام يز
:مهو ،متسيس رلوكسافويدراكلاب

• Baroreceptors
• Chemoreceptors

:يدنع يسفنتلا زاهجلاب نامك نوهو
• Chemoreceptors
• Baroreceptors

مهنيب Aمّهم Aقرف يف نكل



Inflation reflex
 بيجتسي مسجلا فيك وه inflation reflex ـلا
.Aتئرلا ددمتل

 )زروتبسيرورابلا يز( stretch receptors ـلا
 rest ةلاحب مسجلا اذإ active اهلضتب له
؟forceful inhalation لمعي مع شمو
q، حص.

 ينعي ؛inhibition وه يعيبطلا سكلفيرلاف
 وأ stretch receptors ـلل طيبثت اندنع ريصب

baroreceptors، فقوتب لكشلا اذهبو 
.ةباجتسqا

:نشيلهسكåا ةيلمع لHخ ءيشلا سفن
 ـلل contraction اندنع نشيلهسكåاب له

external intercostal muscles وأ 
diaphragmatic muscles؟

q.

؟ريصب وشف
 يأ يف امو ،نشيلاهنåا ةيلمع فقوتتب

contraction.
.inflation reflex هيمسنب ءيشلا اذهو

 يهو ،يعيبطلا اهعضول عجرتب Aتئرلا ينعي
ديدج contraction ي` اًيلاح ةجاحب شم

ةروتكد
يلضفت هأ –

 negative ـلاب لخد هلإ نوه
feedback system؟

اًيجيردت عجرب كيه ناشع ،طبضلاب –

.breathing ىلع رثأتب يللا )factors( لماوعلا وه هنع يكحن حر ءيش رخآ

.Limbic system stimulation وه لماع لوأ
.ةيجولويب ةعاس هنأك ههّبشنب انحإ ،هوفرعتب اوتنإ limbic system ـلا
 اًيئاقلت ريصب كمسج ،ةنّيعم ةعاس ىلع ىحصت دّوعتم موي لك تنإ اذإ :Hًثم
 limbic اهيمسنب يللا يه ةركفلا ياه .دوّعت هن` ،تقولا سفنب ىحصي

system.

 stimulation كدنع راص اذإ qإ activation هل ريصب ام limbic system ـلا
.emotional activity وأ
.exercise لمعت مع تنك وأ ،تلعز ،ترّتوت اذإ :Hًثم
.limbic systemلل activation ريصب نوه

؟ريصب وش بيط
.ديزي هدب breathing rate يلاتلابو ،depth of breathing ديزي حر ديكأ

)ةرارحلا( Temperature :يناث لماع
L؟غنيثيربلاب ريصب وش ،مسجلا ةرارح ديزت ا
ديزي →

)مل`ا( Pain :ثلاث لماع
؟rate غنيثيربلاب ريصب وش يلاتلابو ،stimulation لمعب نامك مل`ا
ديزي →

.لودجلا اذهب ةصخّلم لماوعلا ياه
 انع يفو ،breathing rate ديزتب يللا لماوعلا ضعب انع يف
.breathing rate للقتب يللا لماوعلا ضعب

:ةعامج اي اوعلطا
؟breathing rate ـلاب ريصي هدب وش مل`ا داز اذإ
ديزيح →

؟body temperature تداز اذإ
ديزيح نامك →

،breathing rate ديزي هدب ،CO₂ ـلل partial pressure ديزي موي
؟شيل
،O₂ ـلاب هدنع راص يللا صقنلا ضوّعي هدب هن`
؟حص ،O₂ عبت partial pressure صقني موي لثم
.breathing rate ديزي حار

 ديزي هدب ،)low blood pressure( طغضلا لّق هدنع دحاو اذإ
breathing rate، ؟حص

؟شيل
،ةيعيبطلا ةلاحلل عجري ناشع هن`
،O₂ ـلاب ناصقن هدنع مسجلاً Hصأ وه هن`
؟ريصي هدب وش زغنHلا ىلع هلغش نوهف
 Aجسكأ مسجلا ىلع لخديو رثكأو رثكأ O₂ بيجت ىتح ،ةدايز
.رثكأ

؟breathing rate ـلاب ريصي حار وش ،blood pressure لقي اميف
ديزي هدب →

 ـلاب ريصي هدب وش مل`ا داز ام لك ،prolonged pain ـلاب
breathing rate and depth؟

ديزي هدب →



.breathing rate and depth ديزت حار ،body temperature ديزت ام موي

؟breathing rate and depth ـلاب كدنع ريصب وش ،limbic system ـلل stimulation لمعت ام مويو
ديزي هدب →

:سكعلا
:Hًثم ،depth وأ breathing rate للقتب يللا ءايش`ا

limbic system ـلل activation لمعن ام موي•
CO₂ ـلل partial pressure لقي موي•
O₂ ـلل partial pressure ديزي موي•
proprioceptors ـلل activity لقي موي•

؟proprioceptors ـلا ةقHع وش
،skeletal muscles ـلاب ةقHع اهلإ proprioceptors ـلا
.breathing rate كدنع ديزي حار ام ،contraction ريثك لماع شم اذإ تنإف

؟حيحص
حيحص ،ها –

.severe pain هدنع ريصب دحاوو ،prolonged pain هدنع نوكب دحاو ،ولح
؟حص انيكح ،نوه قرفلا اوليخت
؟مهنيب فHتخqا وش ،severe pain :انيكح وش نوه
،breathing rate ـلا داز prolonged pain ـلا شيل
؟breathing rate ـلا لّق severe pain ـلا اذهو

.لوّطم وأ ليوط ملأ نوكب prolonged pain ـلا هن` نكمي
.ةدّحِلا سفنب سب ليوط ملا –

،severe pain ـلا امأ
.يلاع ريثك نوكيب –

؟هّبش نم شيإ اذه اوفرعتب
.بلقلا ةلضع اوليخت
contraction لمعت اهنإ ةرداق نوكت ضورفLا بلقلا ةلضع



❖At rest, about 200 mL of O2 is used each minute by body cells. During 
strenuous exercise, however, O2 use typically increases 15- to 20-fold in 
normal healthy adults. 

✓Respiratory Center: 

• The size of the thorax is altered by the action of the breathing muscles, 
which contract as a result of nerve impulses transmitted from centers in the 
brain and relax in the absence of nerve impulses.

CONTROL OF BREATHING



✓ Respiratory Center: 

• These nerve impulses are sent from clusters of neurons located bilaterally in 
the brain stem. This widely dispersed group of neurons, collectively called 
the respiratory center, can be divided into two principal areas on the basis of 
location and function: (1) the medullary respiratory center in the 
medulla oblongata and (2) the pontine respiratory group in the 
pons. 

CONTROL OF BREATHING



✓ The medullary respiratory center is made up of two collections of neurons 
called the dorsal respiratory group (DRG), formerly called the 
inspiratory area, and the ventral respiratory group (VRG), 
formerly called the expiratory area.

MEDULLARY RESPIRATORY CENTER



MEDULLARY RESPIRATORY CENTER



✓ The VRG becomes activated when forceful breathing is required, such as 
during exercise, when playing a wind instrument, or at high altitudes. 

✓ During forceful inhalation, nerve impulses from the DRG not only 
stimulate the diaphragm and external intercostal muscles to contract, they 
also activate neurons of the VRG involved in forceful inhalation to send 
impulses to the accessory muscles (i.e. sternocleidomastoid) of inhalation.

✓ During forceful exhalation, the DRG is inactive along with the neurons of 
the VRG that result in forceful inhalation, but neurons of the VRG involved 
in forceful exhalation send nerve impulses to the accessory muscles of 
exhalation (i.e. internal intercostals). 

MEDULLARY RESPIRATORY CENTER

Expiratory center:



✓ The pontine respiratory group (PRG), formerly called the pneumotaxic 
area, is a collection of neurons in the pons.

✓ The neurons in the PRG are active during inhalation and exhalation. 

✓ The PRG transmits nerve impulses to the DRG in the medulla. 

✓ The PRG may play a role in both inhalation and exhalation by modifying the 
basic rhythm of breathing generated by the VRG, as when exercising, 
speaking, or sleeping.

PONTINE RESPIRATORY GROUP



✓ Activity of the respiratory center can be modified in response to 
receptors in the peripheral nervous system, and other factors in 
order to maintain the homeostasis of breathing.

REGULATION OF THE RESPIRATORY CENTER



✓ Certain chemical stimuli modulate how quickly and how deeply we 
breathe. The respiratory system functions to maintain proper levels of CO2 
and O2 and is very responsive to changes in the levels of these gases in body 
fluids. 

✓ We introduced sensory neurons that are responsive to chemicals, 
called chemoreceptors. 

CHEMORECEPTOR REGULATION OF BREATHING



LOCATIONS OF PERIPHERAL 
CHEMORECEPTORS

✓ Chemoreceptors are sensory neurons that 
respond to changes in the levels of certain 
chemicals in the body. 

✓ Central chemoreceptors are located in or near 
the medulla oblongata in the central nervous 
system. They are sensitive to changes in 
hydrogen ions in the CSF.

✓ Peripheral chemoreceptors are located in the 
aortic bodies. They are clusters of 
chemoreceptors located in the wall of the arch 
of the aorta, and in the carotid bodies. They 
are sensitive to changes in PO2, hydrogen 
ions, and PCO2 in the blood.





✓ Similar to those in the blood vessels, stretch-sensitive receptors called 
baroreceptors or stretch receptors are located in the walls of bronchi and 
bronchioles.

✓ When these receptors become stretched during overinflation of the lungs, 
nerve impulses are sent along the vagus (X) nerves to the dorsal respiratory 
group (DRG) in the medullary respiratory center. In response, the DRG is 
inhibited and the diaphragm and external intercostals relax. As a result, 
further inhalation is stopped and exhalation begins.

THE INFLATION REFLEX



✓ As air leaves the lungs during exhalation, the lungs deflate and 
the stretch receptors are no longer stimulated. Thus, the DRG is 
no longer inhibited, and a new inhalation begins. This reflex is 
referred to as the inflation reflex.

THE INFLATION REFLEX

لغتشت تلّطب ددمتلا تHبقتسم ونإ امب•
DRG ـلل عنم ةراشإ يف داع ام•
لغتشي عجري DRG ـلاف•
ديدج قيهش أدبيو•



❑ Limbic system stimulation: Anticipation of activity or emotional 
anxiety may stimulate the limbic system, which then sends excitatory input 
to the DRG, increasing the rate and depth of breathing. 

❑ Temperature
❑ Pain
❑ Stretching the anal sphincter muscle
❑ Irritation of airways: Physical or chemical irritation of the pharynx or larynx 

brings about an immediate cessation of breathing followed by coughing or 
sneezing.

❑ Blood pressure

OTHER INFLUENCES ON BREATHING
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