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What is the role of oxygen & C02

� Oxygen is a major e- acceptor – indispensable 
for ATP production. 

� CO2 (and water as well) is a major byproduct of 
energy metabolism 

� Gas transport is continuous interchange of CO2
and O2 between lungs and tissues. 



� Pressure gradient:  lower at high altitudes
� Temperature: constant in warm blooded humans
� Solubility  (solute & solvent): O2 or CO2 in water

Solubility of Gases



Overview of gas exchange



Overview of gas exchange
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Oxygen Exchange in the Lungs 
and Tissues

� Diffusion through alveolar thin cells
� Down diffusion gradient

– Higher in alveoli
– Lower in blood

� Diffusion from blood to tissues
– Also down gradient
– First to ECF
– Next to tissue cells (convert O2 to CO2)



Oxygen diffusion

the Lungs

Tissues



� 2% in plasma
� 98% in hemoglobin 

(Hb)

Oxygen transport in blood



Oxygen transport in blood



� 98% saturated arterial blood contains 
20 ml oxygen per 100 ml blood (20 vol %)

� As arterial blood flows through capillaries, 
only 5 ml oxygen are released

� Blood holds O2 reserve

Influence of PO2 on Hemoglobin 
Saturation



Structure of Hemoglobin



Hemoglobin and its forms

� 4 peptide subunits (2� + 2� ) - globin
combine with 4 molecules of hem with Fe ++

� HbA (2� 2� ):  90% of Hb in adult

� HbA2 (2� 2� ): 2-3% of Hb in adult

� HbAIC: glycated Hb – important marker of long-term diabetes 
compensation

� HbF (2� 2� ): 0,5% of Hb in adults - fetal Hb, high affinity to O2

� Hemoglobinopathies: rare monogenic diseases (sicle-cell 
anemia).



� Each Hb molecule binds four oxygen molecules (402) in 
a rapid and reversible process

� The hemoglobin-oxygen complex is called oxyhemoglobin
(HbO2)

� Hemoglobin that has released oxygen is called reduced 
hemoglobin (Hb)

Role of hemoglobin in oxygen
transport

Hb +  O2

Lungs
Tissues

HbO2  +  H+

oxyhemoglobin



Hemoglobin derivates unable to transport 
CO2

� Methemoglobin: contains  Fe 3+ instead of Fe
2+  (e.g. nitrate/nitrite containing food or water)

� Carboxyhemoglobin – CO poisoning, smokers 
(cherry red colour) 

� Sulfhemoglobin – green 



� Saturated hemoglobin – when all four hemes 
of the molecule are bound to oxygen (O2)

98% saturated in alveolar arteries
� Partially saturated hemoglobin – when one to 

three hemes are bound to oxygen

Saturation of hemoglobin (Hb)



Hemoglobin � � � � � � � � � � � � � � curve
dependency  of Hb saturation on pO2

Working cell

PO2 (mmHg)� �

1g of Hb contains 1.39 ml O21g of Hb contains 1.00 ml  O21g of Hb contains 1.00 ml  O2



� Hemoglobin is almost completely saturated at a PO2 of 70 
mm Hg (if you increase O2 to more than the 104mm Hg 
that it is normally it won’t do much b/c it’s already saturated)

� Further increases in PO2 produce only small increases in 
oxygen binding

� Oxygen loading and delivery to tissue is adequate when 
PO2 is below normal levels

� At normal activity & atmospher air pressure - Hb saturation
is about 75% 

� This is the main reserve of oxygen in our body



� The rate that hemoglobin binds and releases oxygen is 
regulated by:

– temperature, 
– blood pH, 
– pCO2 level, 
– pO2 level to a lesser degree (there’s more than enough O2 

in most cases, exception is if you are at high altitude), 

– BPG (biphosphoglycerate)

� BPG modify the structure of hemoglobin, alter its affinity for 
oxygen and enhances unloading, helps get rid of O2 when it 
gets to the tissues

The factors influencing hemoglobin
saturation

� �



2,3-Bisphosphoglycerate

� Is very important for long-term regulation of 
Hb affinity to O2

� 2,3 BPG shunt is a pathway derived from
glycolysis. 

� Competition with oxygen for binding site on 
ß-subunits og globin

� Hypoxy stimulates 2,3 BPG synthesis, i.e. 
improve O2 release.



•� temp, � pCO2 level and � blood pH, � BPG conct
Decrease hemoglobin’s affinity for oxygen
Enhance oxygen unloading from the blood

•� temp, � pCO2 level and � blood pH, � BPG conct
Increase hemoglobin’s affinity for oxygen
Enhance oxygen loading in the lungs

•� temp, � pCO2 level and � blood pH
are mostly in systemic capillaries where 

oxygen unloading is the goal
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30 
mmHg

50 mmHg



Factors influenced on Hb affinity to O2

� Right shift means higher ability of Hb to release
O2 , but lower ability to bind it. 

� It is useful in tissues (site of O2 release):
– higher temperature
– lower pH (Bohr effect)
– higher 2,3 BPG level 



� Only 20–25% of bound oxygen is unloaded 
during one systemic circulation (you can get 
rid of more O2 easily if you need to)

� If oxygen level in tissues drops:
– More oxygen dissociates from hemoglobin and is 

used by cells 
– Respiratory rate or cardiac output need not 

increase



Metabolic specialities of RBC

� No organellae – no mitochondria
� Anaerobic glycolysis (lactate formation) is the 

only one source of ATP!
� 2,3 BPG shunt is unique for RBC
� 20% of glucose is metabolised via pentosa 

phosphate pathway



Defense against oxygen radicals

� High tension of oxygen… 
� GSH as a defense against harmful oxygen radicals
� Inactivation of O• is coupled with GSH oxidation, 

back reduction need NADPH
NADPH + GSSG = NADP + GSH

� Pentose phosphate pathway is a source of NADPH
� Glc-6-P deficiency – haemolytic anemia 



Carbon Dioxide Exchange

the Lungs

Tissues



� Carbon dioxide is transported in blood in three 
forms:
– Mostly converted into bicarbonate ion and

transported in plasma – 70% as bicarbonates
(HCO3

–) 
– Dissolved in plasma – 7 to 10% 
– Chemically bound to hemoglobin – 20% is carried 

in RBCs as carbaminohemoglobin (reaction with 
amino groups of globin)

There are 3 ways
of a carbon dioxide transportation



Transport of Carbon Dioxide in 
the Blood

� CO2 released from the tissues is rarely (7%) dissolved in plasma.
� CO2 combines with H2O, then loses a H+ ion to form a bicarbonate 

ion (HCO3) and transports 70% of carbon dioxide back to the lungs.
– the lost H+ binds to hemoglobin which enhances oxygen 

unloading
– sodium bicarbonate as an ergogenic aid serves the same 

purpose as a buffer and neutralizer of H+ preventing blood 
acidification.

� CO2 can also bind with the amino acids of the hemoglobin to form
carbaminohemoglobin and is transported to the lungs. 



In Tissues
� After diffusion into blood CO2 is converted to bicarbonates 

due to carbonic anhydrate present in RBCs and forms 
proton

� Proton is bound to Hb, when O2 is released

In Lungs
� CO2 is formed from plasma bicarbonate and  proton 

released from Hb
� Diffusion out of blood down diffusion gradient into alveoli 
� Then expired



� Carbon dioxide diffuses into RBCs and combines with 
water to form carbonic acid (H2CO3), which quickly 
dissociates into hydrogen ions and bicarbonate ions

� In RBCs, carbonic anhydrase reversibly catalyzes the 
conversion of carbon dioxide and water to carbonic acid

Transport and Exchange of Carbon 
Dioxide

Bicarbonate 
ion

HCO3
–

Hydrogen 
ion

H+
«+ H2O

Water

«

Carbonic 
acid

Carbon 
dioxide

+H2CO3CO2



Creation of HCO3- in blood

pH of venous blood slightly decreases .  



Transport and Exchange of 
Carbon Dioxide in Tissues



Transport and Exchange of 
Carbon Dioxide in the Lungs



� The carbonic acid–bicarbonate buffer system 
resists blood pH changes

� If hydrogen ion concentrations in blood begin to 
rise, excess H+ is removed by combining with 
HCO3

–

� If hydrogen ion concentrations begin to drop, 
carbonic acid dissociates, releasing H+

Influence of Carbon Dioxide on 
Blood pH



decrease20Total Arterial O2 content
(ml O2/dl blood)

increase24-28 mM/literArterial HCO3
- content

decrease7.38 -7.4Arterial pH 

increase35-45Arterial PCO2 (mm Hg)

decrease75-100Arterial PO2 (mm Hg)

PredictionNormal ValuesParameter




