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Factors affecting oxygen dissociation curve 

As you know, hemoglobin contains 4 heme molecules that bind 4 oxygen molecules (8 atoms). 

These 4 heme molecules, however, do not bind oxygen all at the same time. Consequently, the 

binding of oxygen molecules occurs one by one. The binding of the first oxygen molecule 

facilitates the binding of the second, the binding of the second facilitates the binding of the 

third and so on. Last time we’ve seen the oxygen-hemoglobin dissociation curve under 

physiological conditions. Now, we’re going to discuss the changes that occur in the graph 

(shifting to the right or left) under physiological or pathological (abnormal) conditions. 

 Curve shifted to right  Curve shifted to left  
The curve  

  

The result of 
shifting  

1) The affinity of hemoglobin toward 
oxygen decreases. 

2) P50 increases (here, it is slightly 
more than 30 mm Hg. The normal 
value= 26 mm Hg) because the 
binding of hemoglobin to oxygen is 
more difficult. 

3) Oxygen release from hemoglobin  
increases (due to decreased affinity 
for oxygen) 

4) This means that the body needs 
more oxygen (as during exercise or 
hemorrhagic loss ...Etc.)  

 

1) The affinity of hemoglobin toward 
oxygen increases.  

2) P50 decreases ( here it is less than 
16 mm Hg instead of 26 mm Hg) 

3) Oxygen release decreases because 
the hemoglobin doesn’t release the 
oxygen easily  

4) This  means the body doesn’t need 
too much oxygen or there is 
abnormality such as the increase in 
fetal hemoglobin concentration (in 
physiological or pathological 
conditions) 

 

The factors 
that causing 
the shifting  

1) increase partial pressure of CO2 
(pCO2)  

2) decrease  pH (high acidity) 
3) increase  temperature  
4) increase the  concentration of 2,3-

BPG (physiologic or pathologic) 

1) decrease  partial pressure of CO2 
2) increase  pH (low acidity)  
3) decrease  temperature  
4) decrease  concentration of 2,3-

BPG 
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**what the different between oxygenation and oxidation? 

Oxidation: binding of oxygen and not releasing it  

Oxygenation: binding of oxygen and releasing it (that's what happens in case of 

hemoglobin)   

 

 

  

 

 As presented in the figure, the fetal hemoglobin 

curve is on the left of the one for maternal 

hemoglobin indicating that fetal hemoglobin has 

a higher affinity for oxygen. So, fetal hemoglobin 

doesn’t release oxygen easily unless the pO2 is 

low. Hence, when the mother’s blood enters the 

placenta, it transfers oxygen to the blood of the 

fetus.  

  

 

 

 

 

 

 

  

As you can see, the dissociation curve of myoglobin 

(muscle hemoglobin) is far to the left of that for 

adult hemoglobin and has a hyperbolic shape. Thus, 

hemoglobin transfers oxygen readily to myoglobin. 

Myoglobin stores this oxygen until the oxygen 

pressure drops as in exercise. Then myoglobin 

releases oxygen to be used in cellular respiration.  

Muscle doesn't release oxygen easily unless its pO2 

is very low (sometimes 6 or below 6) 

 

5:35-15:35 
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The effects of 2,3-Bisphosphoglycerate (or DPG) on oxygen dissociation 

from hemoglobin: 

 

The formation of extra DPG by red blood 

cells, as occurs in high altitudes, shifts the 

dissociation curve to the right. In other 

words, DPG promotes the release of oxygen 

from hemoglobin. This makes sense as in 

high altitudes (hypoxia) we need higher 

oxygen supply. 

 

 

The effect of Temperature and ph  

 

 

High ph→ the curve shifted to left 

 

Low ph→ the curve shifted to right  

 

 

 

 

High temperature→ the curve 

shifted to the right 

 

Low temperature→ the curve 

shifted to the left  
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Effects of different species of mammalian on oxygen-hemoglobin dissociation 

curve: 

 

 

It is based on Activity  

Elephants are slow while Cats and 

mice run fast. 

So mice need oxygen more than 

elephants. 

 

 

 

Again,   Factors that regulate erythropoiesis    

1) Oxygen supply  

2) Vitamins  

3) Iron  

4) Proteins  

5) Trace element (copper, cobalt) 

6) Healthy bone marrow 

7) Liver  

8) Hormones (androgen, erythropoietin,  thyroid hormones , growth hormones, 

and  steroid hormones) 

 

 

Blood parameters (erythrocytes) 
 

By now, you know some of these blood parameters including  

1) RCC (RBC count): 5 million  

2) HCT (hematocrit): 45% of blood, less in females 

3) Hemoglobin concentration: in males: 16g, in females: 14g   (~15g/100ml). 

4) MCV (Mean Corpuscular Volume): 80-90 micron cubic or pg* 

However, there are other blood parameters you should be familiar with, 

including their calculations: 

 
*Note pg: pictogram (1 g = 10^12 pg)  



6 | P a g e 
 

1. MCH {The mean corpuscular (cell) hemoglobin} 

MCH = weight of hemoglobin in 1μl of blood  =     Hemoglobin  X   10                 

Number of RBCs in 1μl of blood                RBC count in million 

 

- MCH indicates the average (mean) weight of hemoglobin in the red blood 

cell, but without taking the volume of the RBC into consideration. 

- Normal value for the MCH = 27-30 pg. 

- Always correlate with the MCV and MCHC to know if the hemoglobin 

concentration in the RBCs is normal or not. 

- An MCH lower than 27 pg is found in microcytic anemia, and also in 

hypochromic, normocytic red blood cells. 

- Elevation of MCH occurs in macrocytic anemias and in some cases of 

spherocytosis in which hyperchromia occurs. 

 

 2. MCHC {The mean corpuscular hemoglobin concentration} 

 MCHC = hemoglobin in g/dl   *100% = [Hb/HCT] *100% 

                  Hematocrit /dl  

- MCHC is an expression of the average concentration of hemoglobin in the 

rod blood cells. It gives the ratio of the weight of hemoglobin to the volume 

of the red blood cell. (We relate hemoglobin weight to MCV). 

- Normal value of MCHC = 32-36% of MCV.  

- An MCHC below 32% indicates hypochromia. 

- An MCHC above 36% indicates hyperchromia. 

- Red blood cells with normal MCHC are termed normochromic. 

3. MCV {Mean corpuscular volume} 

  MCV= volume of RBCs in fl/μl of blood  =     Hematocrit X  10                  

RBCs/μl of blood                            RBC count in million 

 

- The normal value of MCV is around 80-90 µm3 (or femtoliter) (normocytic) 

- Below 80 is considered microcytic like in iron deficiency anemia, sediroblastic 

anemia and thalassemia.  

- If above ~97: macrocytic anemia (vitamin B12 deficiency and folic acid 

deficiency anemia [pernicious anemia]). 
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** All these parameters give us an idea about the type of anemia  

  

• We look for MCH and MCHC to determine whether it is hypochromia, 

hyperchromia or normochromia.  

• We look for MCV to determine whether it is microcytosis, 

macrocytosis or normocytosis 

 

Note: We can't just use MCH to determine whether the cells are hypochromic, 

normochromic, or hyperchromic. We also look at MCHC. 

The doctor said that it is similar to the relation between a person's height and 

weight. We don't look at the weight without the height to determine whether the 

person is normal, under or over weighted. And here in RBCs we use MCHC because 

it's the relation between hemoglobin weight and cell volume. 

To make it simpler, some cells have lower weight of hemoglobin and lower volume, 

so the MCHC will be normal. Look at the second example in the table below; the 

MCH is lower than normal but MCHC so normal, so we said these cells are 

normochromic. 

When taking about MCHC it has to be exactly from 32-36% to be normal (not less 

than 32 or more than 36)  

Examples: 

MCV 91 65 64 115 90 

MCH 30 25 25 38 26 

MCHC 34 33 30 33 29 

Description 
of cell 

Normocytic 
normochromic 

 

Microcytic 
Normochromic 

 

Microcytic 
hypochromic 

Macrocytic 
Normochromic 

Normocytic 
Hypochromic 

 

Anemia (erythrocytopenia) 

Anemia is a general name given to a group of disorders that are characterized by a 

deficiency of the quantity or quality of circulating RBCs. The problem is either 

increased blood loss or decreased blood production. 

There are many classifications of anemia, but here we will focus on the etiology of 

anemia, which is either increased peripheral consumption (increased blood loss) or 

decreased blood production. 

15:35-29:15 

29:15-41:00 
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❖ Types of anemia: 
1. increased  blood loss,  could be caused by: 

a) Acute or chronic hemorrhage 

b) Hemolysis: hemolysis can be caused by: 

- A problem in the cell itself or its membrane. Like a deficiency of some 

enzymes such as G6PD (Glucose-6-phosphate dehydrogenase) or 

pyruvate kinase. 

- Extra corpuscular causes of hemolysis, i.e. outside the cells, in the 

plasma for example: which include blood group incompatibility, 

venoms, drugs, few penicillin, toxins and infections like malaria. 

 

2. Decreased blood production could be caused by: 

a) Inadequate dietary intake of some essential substances for 

erythropoiesis such as deficiency in vitamin B12, folic acid, 

pyridoxine(vitamin B6), ascorbic acid or proteins. 

b) Problem in the bone marrow (bone marrow failure), as the 

bone marrow is the place where the whole process takes 

place. 

 

Note: all vitamins are required for erythropoiesis; however, vitamin 

B12 and folic acid are the most important. 

 

❖ Effects of anemia on the circulation: 
 

1) Viscosity of the blood depends largely on the blood concentration of RBCs 

then the blood proteins (mainly fibrinogen). In cases of severe anemia, the 

RBCs' concentration is decreased >>> the blood viscosity may fall to as low 

as 1.5 times that of the water’s viscosity rather than the normal value of 

about 3. Therefore resistance to blood flow in peripheral blood vessels 

decreases >> more than normal amounts of blood flow through the tissues 

and return to the heart, increasing cardiac output. 

 

2) Moreover, Hypoxia leads to vasodilatation of peripheral tissue blood 

vessels>> causing further increase in the amount of blood returned to the 

heart and increasing the cardiac output. 

→Thus one of the major effects of anemia is increased cardiac output 

as well as increased pumping workload on the heart.  
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Polycythemia (erythrocytosis) 
 

Polycythemia is defined as an increase in the concentration of the RBCs in 

the circulation in which hemoglobin may reach up to 20mg/100 ml of 

blood. 

Patients with polycythemia, for unknown reason, are advised to donate 

blood routinely. 

 

❖ Classification of polycythemia or erythrocytosis: 
 

1. Relative polycythemia: 
Results from dehydration, in which the plasma decreases so the total 

volume of blood decreases, while the RBCs concentration is still the 

same >>>as a result the RBCs concentration increases RELATIVELY. 

2. True polycythemia: 

It is further divided into:  

a) With Increase erythropoietin: physiological due to high altitude 
or drugs. Some drugs cause an increase in the level of 
erythropoietin  

b) With low or normal erythropoietin: for example, cancer. 
   

❖ Effects of polycythemia on the circulation: 

Viscosity is greatly increased >>>the blood flow through the peripheral 

blood vessels is often very sluggish>>> the viscosity tends to decrease the 

rate of the venous return to the heart. 

On the other hand, the blood volume is greatly increased (from 7 liters up to 

9). So, whatever the amount of return is, it will be very high (because of 

increased volume). This causes an increase in the load on the heart. So in 

both cases, anemia and polycythemia, the heart work is increased and this 

may lead to heart failure.  

 

 

THE END 

BEST OF LUCK 

41:00-51:00 


