Respiration
(The goal of respiration is to provide O2and to remove CO2
Respiration can be divided into :

External respiration (gas exchange at the alveolar level)

Internal respiration (gas exchange at the tissue level )

External respiration can be divided into 4 major functional events :

1- pulmonary ventilation :which means the inflow and outflow of air between the atmosphere and the lung alveoli .
2- diffusion of O2and CO2 between the alveoli and blood.
3- transport of O2and CO2 in the blood and body fluids to and from the body's tissue cells .
4- regulation of ventilation and other facets of respiration .
The respiratory system is formed of
-respiratory passage (airways)

-respiratory muscles

-respiratory center

Respiratory passage can be divide into :
1- conduction part (mainly trachea and bronchi) :

This portion of the passage brings fresh air to the deeper part of the lung : function , warming ,conducting ,filtration ,humidification( conduct gases till the end of the terminal bronchi )
2- respiratory part :

In which gas exchange occurs starts after terminal bronchi
" O2 diffuses through the alveolar wall then passes through the pulmonary capillary to be transported to the blood and then to the tissue where the O2will be consumed and CO2 will be produced "

◙ notes : 
1- trachea and bronchi contain smooth muscle and cartilage (for airway resistance, 

2- terminal bronchioles contain no cartilage but smooth muscle , 

3-respiratory bronchioles contain no cartilage and no smooth muscle , 

4-bronchial asthma : smooth muscle always contracted and this will ↑ air way resistance .
The upper respiratory tract:

●nose, larynx, pharynx 
●lined by the vascular membrane
●contains the olfactory respiratory epithelium and conducts the sound during speech 
The lower respiratory tract:

Begins from the area below the cricoids

Diffusion part or gas exchanging: 

●acini or primary lobule ( respiratory unit )

●the respiratory bronchioles onward are working in gas exchange 

●total surface area of the lung is 70 – 90 square meter 
●there is about 300 million alveoli in both lung 
lining cells of the alveoli (respiratory part ):

1- macrophage "are called dust cell which engulf the foreign body "
2- type I alveolar cells ( type I pneumocyte ) 
(simple sq. epth.

(share in the pulmonary membrane .
(gas exchange take place through it .
3- type II alveolar cells ( type II pneumocyte ) (secrete surfactant .
innervations of lung and bronchi is by autonomic nerve 

(sympathetic dilator of the bronchioles 

(parasympathetic constrictor of the bronchioles 

(local secretary factors often cause bronchiolar constriction ( histamine ,mast cell, allergy, slow reactive substance of anaphylaxis SRSA )

●mucus lining of the respiratory passage way and action of cilia to clean the passage way. 
" locally produce substances play important role in causing airway obstruction that occurs in allergic asthma .this means increasing in contraction of smooth muscle  around the bronchiole which leads in increasing airway resistance"  
◙ notes : 
lung is covered visceral pleura ,between visceral and parietal pleura there is the pleural cavity . plural cavity is a potential space ,very small ,has small amount of fluid for lubrication purpose so the lung will move easily in the chest .
function of lungs :
1- respiratory function 
● ventilation (move of air in and out )

●diffusion of O2and CO2
●perfusion of the lungs which means pulmonary capillary blood flow which is equal to the right sided COP 

2- non-respiratory function 
non-respiratory and metabolic function of the lungs

1- protection of the respiratory tract :
♠ act as a filter to foreign particle and with help of the mucociliary mechanism these particles are cleaned out with cough.
♠immunoglobulin A( IgA).
♠the macrophage phagocytose smaller particles.
2- angiotensin I is converted to angiotensin II with the help of converting enzyme formed by the lungs. 

3- alpha 1 antitrypsin in lung secretion which protects lungs from the action of trypsin proteases and elastase.
4- humidification: prevent dehydration of the epithelium regulates body temperature , regulates H2O balances by converting H2O in the form of vapor in expired air.
5- regulating acid-base states of the body by washing out extra CO2 from the blood.
cough reflex :

any irritation to trachea , bronchi , larynx , carina initiate impulses that ascend in vagus nerve mainly to medulla initiating a cough reflex 

(2.5 L of air are rapidly inspired

sneeze reflex :

like the cough reflex ,but is applied to nasal passage and irritation in the nasal passage ways

A)  machanics of pulmonary ventilation (pressure change , muscle action ):
●inspiration is an active process .
●resting expiration is a passive process due to the recoil tendency of the lungs.  
►respiratory muscles:
inspiratory muscles = resting inspiration  ( external intercostals and the diaphragm)
                                   forced inspiration ( sternocleidomastoid , anterior serrate,and                                                                                               scalene )

expiratory muscles = forced expiration abdominal muscles ,and internal intercostals


►pressure change in the lungs during breathing:
1-intrapleural(in the pleural cavity ) pressure (IPP)
♠ is negative with respect to atmospheric pressure of the end of normal expiration (in between breathes )

♠the lung's elastic tissue causes it to retract while that of chest wall causes it to expand, because of these two opposing forces the pressure in the pleural cavity become negative .
♠IPP is more negative at the apex than the base during quiet breathing . 

♠value of IPP (-5 cm H2O) during position ( between breathes) , and it becomes more  negative (-7.5 cm H2O) during inspiration 

	Expiration 
	inspiration
	

	1 cm H2O
	-5 to -7 cm H2O
	Quiet ventilation 

	30 cm H2O
	-20 cm H2O
	Forced ventilation 


"absence of the negativity will cause air (neumothorax ) and fluid ( pleural effusion) to be present in the lung so pressure will be zero finally the lung will collapse "

2- intra-alveolar (intrapulmonary) pressure (IAP)
♠is the pressure inside the lungs alveoli .between breathes , it equals to atmospheric pressure = 760 mmHg at sea level , we usually call it zero pressure.

during inspiration = -1 mmHg (volume ↑, pressure ↓) 

during expiration = +1 mmHg (volume ↓ ,pressure ↑)
♠according to pressure gradient air will flow out of the lungs .at the end of the inspiration (between breathes ) zero

3- transpulmonary pressure (TPP) 
♠ it is the difference between the IPP and the intra-alveolar pressure . it is a measure of the elastic forces in the lung that tend to collapse the lungs called the recoil pressure 

◙ note : the transpulmonary pressure is opposite to the recoil pressure e.g: TPP=5 the recoil pressure = -5
the mechanism of pulmonary ventilation :

inspiration : 

diaphragm ─ ↑ the longitudinal diameter of the lung by decreasing the dome shaped of the diaphragm 

external intercostals muscle ─ ↑ the transverse diameter of the lung 

►during resting inspiration ( the nerve impulses cause the muscle to contract, IAP ↓ , and the volume of the chest ↑ , inspiration occurs , 500 ml (tidal volume TV) of air will enter the lung.
►during forced inspiration ( the IAP ↓ , and the volume of the chest ↑ , and because the person will inhale the TV+ IRV , there will be the accessory muscles : scalani is responsible for elevating the 1st two ribs ,whereas sternocleidomastoid is responsible for elevating the sternum 

●under the effect of the accessory muscles and the muscles used in resting inspiration, the anterior posterior diameter of the chest cavity will be elevated and the forced inspiration occur , as a result the TV + IRV (3000) =3500 ml of air will enter the lung.

expiration :
► during resting expiration( inhibition of the signals carried by nerves ,so the muscles will relax ,this will cause automatic recoil for lungs and the chest wall ,so the volume will ↓ and IAP will ↑ causing TV to expelled 

►during forced expiration ( abdominal muscles ↓ the longitudinal diameter , internal intercostals ↓ the transverse diameter 

●contraction of the previous muscles occur and this exert a force on the abdominal viscera, so the abdominal viscera will be elevated pushing the diaphragm up as a result the chest cavity, the longitudinal diameter , the transverse diameter and the volume will decrease , but IAP will ↑.
the compliance of the lungs :
►the compliance of the lungs : the extent to which the lungs expand for each unit (increase in TPP ) .
►the compliance is defined as the ratio of change in the lung volume produce by per unit change in distending pressure ( TPP).

CL = volume change /TPP change 
●for both lung in adult = 200 ml of air /cm H2O of the lungs and thorax together = 110 ml /cm H2O is reduced in pulmonary fibrosis , pulmonary edema , disease of the chest wall ( kiphosis , scoliosis ) "elastic fibers become abnormal ( weekness of elastic fibers )"
compliance diagram of the lung :
↑TPP (↓ volume 
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 Diagrammatic representation of pressure and volume changes during quiet inspiration (line AXB) and expiration (line BZA). Line AYB is the compliance line.

the elastic forces of the lungs , this is divided into two parts: 

1- elastic forces of the lung tissue itself (caused by collagen and elastin fibers)( ⅓ of the total elastic forces of the lung .
2- the elastic force caused by the surface tension of the fluid lining the alveoli( ⅔ of the total elastic forces of the lungs.
surfactant ,surface tension ,and collapse of the alveoli 

surfactant: is a surface active agent that greatly reduces the surface tension of the H2O
►secreted by type II alveolar 
►is complex mixture of phospholipids dipalmitoylphosphatidylcholine , apoproteins and Ca+² ions 

►secreted at week 35 of intrauterine life 

function of the surfactant :

1- reduce the work of breathing
" when air come in contact with water , there will be attraction forces .alveoli lined with water , so normally the diameter of the alveoli will be smaller ( surfactant covers the water ( reduce the surface tension of water " 
2- prevent alveolar collapse 

3- keeps the alveoli dry
" keeping the alveoli dry (this will prevent  the accumulation of fluid from the capillary ( because the alveoli have absorption forces, so surfactant prevent this force as a result the alveoli are dry " 

● surfactant deficiency in premature babies caused respiratory distress syndrome of the new born (RDS)

● smoking in adult can develop RDS.
working of breathing 

during normal quiet respiration almost all respiratory muscles contraction occurs during inspiration ,whereas expiration is passive process caused by relaxation of respiratory muscles and elastic recoil of chest and lung 

the work of inspiration can be divided into 3 parts:

1- compliance work or elastic work (
expand the lung against the lung and chest elastic forces 

2- tissue resistance work ( 

to overcome the viscosity of the lung and chest wall structure 
3- airway resistance work (
required to overcome airway resistance during the movement of air in the lung 

bronchial asthma :
"resistance α 1 / diameter "

people who have increased airway resistance because of bronchoconstriction (histamine ,bradychinin , parasympathetic ,SRSA ) (↑ airway resistance ( ↑work 
forced breathing during resting situation .
energy required for respiration 

►3-5% of total energy expanded by the body 

►↑ 50 folds during heavy exercise 

►during pulmonary disease all the 3 types of work are increased 

pulmonary  volume and capacities :
●measured by spirometry  "spirometry can't measure the RV"
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Lung volumes and some measurements related to the mechanics of breathing. The diagram at the upper right represents the excursions of a spirometer plotted against time.
►air in lung is divided into 4 volumes :
1-tidal volume (TV) = 500 ml (TV: volume of air that move in or out the lung during the normal breathing )

2-inspiratory reserve volume (IRV) = 3000 ml (IRV: forced inspiration )

3-expiratory reserve volume (ERV) = 1100 ml (ERV: forced expiration )

4-residual volume (RV) = 1200 ml (RV: remaining in lung at the end of forced expiration )

●at the end of the normal resting expiration we have 2 volumes : ERV and RV
●at the end of forced expiration : RV

pulmonary capacities :
●two or more lung volumes are described as pulmonary capacities 

1- inspiratory capacity (IC) : air that person inspired during forced inspiration 
IC=TV+ IRV =500 + 3000=3500 ml
2- functional residual capacity (FRC) : is the amount of air that remains in the lung after normal tidal expiration (i.e resting expiration )acts as a buffer against extreme change in alveolar gas levels with each breath 

FRC = ERV+RV = 1100+1200 = 2300 ml

" functions of FRC : 

1-to maintain the alveoli open (not collapsed )

2-to maintain gas exchange between breathes "
3-the vital capacity (VC) : is the volume of air that could be expired by forced expiration after deep (or forced ) inspiration 
VC = TV+IRV+ERV = 500 +3000+1100 = 4600 ml 

4- the total lung capacity (TLC) : volume of air present in the lung at the end of forced inspiration provided from resting expiration 

►all lung volumes and capacities are 20 -25 %

►less in women than in men 

►they are greater in large athletic people than aesthetic people 

determination of FRC, RV , TLC :
●by closed circuit helium dilution method 

FRC = ( Ci He /Cf He  -1) × Vi

[ Ci: initial  concentration of helium , Cf: final concentration of helium ,Vi: initial volume of spirometry ]
forced vital capacity (FVC) and (FEV1) :
the person is asked to inspire as deeply as possible and then to breath out as hard and as fast as he can . the expiration is continued until he expired all the air out and thus forced vital capacity is obtained during this process the volume of air expired in the 1st second is collected that is known as FEV1

                          FEV1/FVC
►normally it's about  80% 
►this ratio differentiate between obstructive and restrictive lung disease 
►is normal in restrictive lung disease (pulmonary fibrosis ) " in restrictive more than 80% , patient took less volume of air and expel the same of normal person "
►it's decrease in obstructive (bronchial asthma , emphysema ) " in obstructive less than 80% , took the same volume of air and needed much more time than the normal person to expel it again "
minute respiratory volume : is the total amount of new air that moved into respiratory passage each minute 

MRV = RR × TV = 12 × 500 = 6L/min

[RR : respiratory rate ] 
● it could rise to 200 L/min or more than 30 times normal if RR =40 , TV = 4600 ml in young adults man 

alveolar ventilation : is the rate at which new air reach the respiratory unit and share in gas exchange 

rate of alveolar ventilation per minute : is the total volume of new air entering the alveoli and adjacent gas exchange area each min 

AV = ( TV- dead space ) ×RR = ( 500 -150 ) × 12 = 350 ×12 = 4200 ml/ min (4.2 L/min)
dead space and its effect on alveolar ventilation :
►dead space = 150 ml ( the volume of air present in the conducting part of the respiratory passage which is not share in gas exchange ) 

● anatomical versus physiological dead space 

● on occasion some of the alveoli are none functioning or partially functioning due to absent or poor blood flow so when the alveolar dead space is included it will called physiological dead space " normally we don’t have it " 
B)  diffusion of O2 and CO2 
►after ventilation of the alveoli with fresh air the next step is the process called diffusion of O2and CO2
► all the important gases in respiratory system are simple molecule moving with diffusion 

► the energy required for diffusion is provided from kinetic motion of the molecules themselves 

► gas pressure is a mixture of gases ( partial pressure of individual gases )

► pressure caused by the constant impact of kinetically moving molecule against the surface 

► in respiratory physiology we are dealing with a mixture of gases of O2, N2 and CO2 

►the rate of diffusion of each of these gases is directly proportional to the pressure caused by this gas alone which is called the partial pressure of the gas 

►for air 79% is N2 , 21% is O2, 0.04% is CO2 , 0.5% is H2O . the total pressure is 760 mmHg of each gas contribute to this pressure in direct proportion to its concentration 
► the partial pressure of individual gas is called PO2 , PN2 ,P CO2 

PO2 =160 mmHg , PN2 = 600 mmHg , total =760 mmHg 

◙ notes : the more the gas is H2O- soluble the more diffusion "
pressure of gases in H2O and tissue :
gases dissolved in H2O or tissue also exert pressure because the molecule are moving randomly and have kinetic energy 

the vapor pressure of H2O :
at complete humidification of the inspired air with water vapor the partial pressure of H2O in this air is 47mmHg ( PH2O = 47mmHg)

 pressure difference for diffusion :
diffusion occur from high pressure area to low pressure area
►the net rate of diffusion in fluid ( factors that affect the rate of gas diffusion through the respiratory membrane )

D α ΔP × A × S/ d × √Mw
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[D : diffusion rate , P : change in pressure , A : surface area " caused by 1) extraction of the whole lung or even some of its lobes 2) emphysema , S: solubility , d: distance (thickness of pulmonary membrane = 5 layers "(1)    A thin layer of fluid lining the alveolus, (2)    The alveolar epithelium comprised of simple squamous epithelium,(3)    The basement membrane of the alveolar epithelium, (4)    A thin in​terstitial space, (5)    The basement membrane of the capillary endothelium, and the capillary endo​thelium comprised of simple squamous epithelium." )" replacement of respiratory membrane with C.T = fibrosis , edema (accumulation of fluid in the interstitial space" , √Mw : √molecular weight]
►S/√Mw is called the diffusion coefficient of the gas 

►the relative rate at which different gases at the same pressure level will diffuse are proportional to their diffusion coefficient . O2= 1, CO2 = 20 " is the most diffused gas" ,N2 = 0.53 

diffusion of gases through tissue :

►note that CO2 diffuse 20 times as rapidly as O2
O2 and CO2 concentration is various portions of normal expired air :
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Partial pressures of gases (mm Hg) in various parts of the respiratory system and in the circulatory system.
*alveolar air does not have the same concentration of gases as does inspired air: this is because the alveolar air is only partially replaced by atmospheric air with each breath . 
► O2 is constantly being absorbed from the alveolar air 

►CO2 is diffusing from pulmonary blood into the alveoli 
►dry atmospheric air that enter the respiratory passage is humidified even before it reach the alveoli 
" O2in alveoli is 13 but in the expired air has larger number because when the air went out mixed with the O2of the conducting zone and it will be more than that of alveoli" 

the rate at which alveolar air is renewed by atmospheric air :     

FRC =  2300 ml

►new air with each breath entering the alveoli = 350 ml 

►thus at normal alveolar ventilation half the gas is exchanged in 17 sec 

►this slow replacement of the alveolar air is important to prevent sudden change in gaseous concentration in the blood 
O2 concentration and pressure in the alveoli is controlled by :  

1- the rate of absorption of O2 into the blood 

2- the rate of entering of new O2 into the lung by ventilation process
" factors affect the alveolar PO2  (104 mmHg ) : 1- rate of consumption (250 ml/min) 2- rate of supply (4.2 L/min)"

 notes : in hyperventilation can ↑ up to 104 but not more than 149 "◙
►at resting condition 250 ml of O2 enter pulmonary capillaries per minute of ventilation rate of the 4.2 L/min 

►during exercise 1000ml of O2 is absorbed by the pulmonary capillary per minute 

►the rate of alveolar ventilation must increase 4 times maintain the alveolar PO2 at the normal value of 104 mmHg 

CO2 concentration and pressure in the alveoli :
P CO2 in the alveoli = 40 mmHg 

► to maintain it we depend on :
1- CO2 production / min  ( 200ml /min 

2- rate of supply 
●diffusion capacity of respiratory membrane : is the volume of gas that diffuse through the membrane each minute for a pressure difference of 1 mmHg 

diffusion capacity of O2= 21 ml/min/mmHg 

●the mean O2 pressure difference across the respiratory membrane" between the blood and alveoli" is 11mmHg

    11 × 21 =230 ml/min (near 250 ml/min) (diffusing through the membrane each minute 

change in O2 diffusing capacity during exercise :
 ►= 65 ml/min/mmHg

 ►this is due to increased number of open pulmonary capillaries which was dormant, thereby increasing the surface area for gas exchange .in addition ,to increased alveolar ventilation. 
diffusing capacity for CO2  :
► it diffusion 20 times greater than O2 due to greater diffusion coefficient which is 20 times than that for O2
► diffusion capacity for CO2 = 400 ml/min/mmHg

►during exercise 1200 to 1300 ml/min/mmHg 
measurement of the diffusing capacity –the carbon monoxide method (DLCO ) :
● CO diffusion was found to be 17 ml/min/mmHg and the diffusing capacity for O2  is 1.23 times this or 21 ml/min/mmHg " there is no pressure difference between the alveolar and capillary PCO = 0mmHg "
ventilation – perfusion ratio (V/Q ) :
ventilation – perfusion ratio (V/Q ) : it is the ratio of alveolar ventilation to pulmonary blood flow per min.
►the alveolar ventilation at rest (4.2 L/min ) and is calculated as :

AV = RR × (TV- dead space air )

►the pulmonary blood flow is equal to right ventricular out put per min (COP) =5L

►hence the V/Q ratio = alveolar ventilation / cardiac out put (COP) = 4.2 /5 = 0.84

►this value is an average value across the lungs 

●at the apex V/Q ratio = 3

●at the base V/Q ratio = 0.5 

►so the apex is more ventilated than perfused and the base is more perfused than ventilated .
" perfusion : base more than apex , ventilation : apex more than base "
►during exercise the V/Q ratio become more homogenous among different part of the lung 

► the main function of this ratio is to determine the state of oxygenation in the body . any mismatch in the ratio can result in hypoxia .
 transport of O2 and CO2 in the blood and body fluid: 

►uptake of O2from the alveoli by the pulmonary blood ( absorption 

 (PO2 = 104"venous" , 40 "arterial blood" mmHg)

"if PO2 will ↑( blood flow will ↑ 
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function of Hb to transport O2in arterial blood :

1- O2 in dissolved form 3% " in plasma"
2- O2 in chemical combination with Hb 97%
3- O2 content = 20 ml O2/dl blood 

►each gram of Hb carry 1.34 ml of O2 ( 15 ×1.34 =20)

►but when the blood is only 97% saturated with O2 each 100 ml blood contain 19.4 O2. "when O2 attached to Hb ( saturated "
► amount of O2 released from the Hb in the tissue (5 ml O2 is give to the tissue per each 100 ml blood 19.4 – 5 = 14.4 ml )

● transport of O2during strenuous exercise :

during exercise the O2 uptake by the tissue increase 3 folds ,so 15 ml O2 is given per 100 ml blood ( 19.4 – 15 = 4.4 ml O2/100 ml blood)

O2– Hb dissociation curve :
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 ► O2content in each tonometer is measured 
the % saturation of Hb is calculated :
      % = (O2content / O2capacity ) × 100

●the relation between PO2 and Hb is not linear , the curve is S shaped or sigmoid .

● the pressure of one molecule of O2 on 1 heme group increase the affinity of the other O2 binding site to O2
analysis of the O2 – Hb dissociation curve  :
►the upper flat part is present from 80 – 100 mmHg of PO2 and at this level % HbO2 is 97.5 % further increase in PO2 produce a very small increase in the percentage saturation of Hb 

● this flat upper part ensure that the arterial O2 content remain high and relatively constant despite of sudden reduction in the O2 tension of the blood that might result from cardiopulmonary disorder or travel of high altitude .
► the middle part shows a sallow slope extending from 50 -80 mmHg of PO2 

● as the PO2 is reduced from arterial blood value ( 80 -100 mmHg ) to mixed venous values (about 40 mmHg ) the saturation is reduced from 97% to 75 % this allows the release of large quantities of O2 from Hb at lowered O2 tension in capillary blood to meet the metabolic needs of the tissue .
►the lower or initial part of the curve between 10 -50 mmHg is almost linear .
●this curve was done in normal states and in normal values of different partial pressure and other physical conditions, some factors shift normal curve to right and other factors shift it to the left 

factor that shift the O2- Hb dissociation curve :
►the position of the dissociation curve can be determined by measuring the P50.
►the P50 : the arterial O2 tension at which 50 % of the Hb is saturated with O2 normally P50 = 26.5 mmHg 
● decreased P50 means increased affinity of Hb to O2 or shift of the curve to left
● increased P50 means decreased affinity of Hb to O2 or shift the curve to right. 
the right and left shift :

►right shift means O2 is unloaded to the tissue from Hb , while left shift means loading or attachment of O2to Hb .
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►the effect of 2,3DPG and effect of temperature  ( if it ↑ cause shift to right 

►2,3DPG is synthesized in RBCs from the glycolytic pathway it bind tightly to reduced Hb .

●increased 2,3DPG facilitate the O2 release and shifts the dissociation curve to right 

●2,3DPG  increases in the RBCs in anemia and hypoxiemia and thus serves as important adaptive response in maintaining tissue oxygenation 
►fetal Hb = has a P50 of 20 mmHg in comparison to 27 mmHg of adult Hb
effect of CO2 and H2  ions on the curve ( Bohr effect ) :

↑  ( cause shift to right 
►shift of dissociation curve during exercise to the right " because tissue need O2 unloaded "
► tempreture , H+ , 2,3DPG ↑ ( shift to right 
► utilization coefficient = is the percentage of the blood that gives up its O2 as it passes through the tissue capillaries , and it equals to : 

                            O2 delivered to the tissue / O2 content of arterial blood
●normally at rest = 5 ml /20 ml = 25 % , 

●and during exercise it = 15 ml / 20 ml  =75 – 85%
 metabolic use of O2 by the cells :
►relationship between intracellular PO2 and rate of O2 usage for the metabolic processes inside the cell to be normal PO2 more than 1 mmHg is enough , so O2 availability is no longer a limiting factor is the concentration of ADP

►when level of ADP increases the rate of O2usage increase in direct proportion to it "because ATP breaks to ( ADP + P "
transport of O2 in the dissolved state :
►only 3% of O2 is transported in the dissolved state 

► at normal arterial PO2 of 95 mmHg about 0.29 ml of O2 is dissolved in each 100 ml of blood 

► when the PO2 at the blood falls to 40 mmHg in tissue capillaries only 0.12 of O2 remains dissolved ( i.e 0.17 ml of O2 is normally transport in the dissolved state to the tissue per each 100 ml of blood ) "↑ dissolved O2( ↑ P O2 "
combination of Hb with CO displacement of O2   
►CO combine with Hb at the same point on the Hb molecule as does O2
●it binds with Hb about 250 times as much as O2 ( affinity of Hb to CO is very high 250 times than to O2)
transport of CO2 in the blood :chemical forms in which CO2 transported 

1- dissolved CO2 7%
2- bicarbonate ions 70 % HCO3 

3- carbamino hemoglobin with Hb 23%
● each 100ml of blood carry 4 ml of CO2 from the tissue per min 

CO2 transport in the blood :
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Summary of changes that occur in a red cell upon addition of CO2 to blood. Note that for each CO2 molecule that enters the red cell, there is an additional HCO3- or Cl- ion in the cell.
the Haldane effect :

► when O2 binds with Hb , CO2 is released to increase CO2 transport "help CO2 transport "
► binding of Hb with O2 at the lung cause the Hb to become more a stronger acid and this in turn displace CO2 from the blood and into alveoli.

CO2 -- Hb dissociation curve :
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CO2 dissociation curves. The arterial point (a) and the venous point (v) indicate the total CO2 content found in arterial blood and venous blood of normal resting humans.
change in blood acidity during CO2 transport :
►arterial blood has a pH of 7.41 that of venous blood with higher PCO2 falls to 7.37 (i.e change of 0.04 unit takes place )

respiratory exchange ratio :
►R = rate of CO2 out put / rate of O2uptake

►normally it's 4/5 = 82 % 

●when carbohydrate diet is used R " rise to " = 1 
●when fats only is used R = 0.7 

●a person on normal diet R = 0.825 
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