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Blood 

• 4-6 L 

• Hematopoetic system 

 

• Formed blood elements: 
• Erythrocytes 

• Leukocytes 

• Thrombocytes (platelets) 

 

• pH 7.35-7.45  



Plasma vs. Serum 
• Blood clot  

– Blood  cells + fibrin  

– yellow liquid = serum  

 

• Anticoagulants: 

– heparin 

– citrate  

– EDTA 

K3EDTA Li Heparin  



Plasma 

Albumin 

 

Globulins 

• alpha globulins 

• beta globulins 

• gamma globulins  

 

Fibrinogen 



• Hematocrit (Hct) 

• ♀:39±4%  

• ♂:44±5% 

 



Functions of the blood 

• Transport of various substances: 
– gases: O2, CO2 

– nutrients 

– metabolic products 

– vitamins 

– hormones 

• Termoregulation 

• Immune response 

• Hemostasis 



Regulation of hematopoiesis 
• hormone-like growth factors = cytokines  

 

• production:   

• bone marrow stromal cells 

• liver and kidney 

 

Hematopoietic growth factors  (colony-stimulating factors: CSF) 

1. Erythropoietin 

2. Granulocyte-monocyte colony-stimulating factor 

3. Granulocyte colony-stimulating factor 

4. Macrophage colony-stimulating factor 

5. Thrombopoietin 





Hemoglobin (Hb) 
 
•an oxygen-carrying protein 
 
•tetramer:  
-2 types of subunits (α + β) - heme - Fe2+ atom 
 
•oxygen-binding capacity: 1.34 mL O2/g Hb 
 
Hemoglobin A1: 2α and 2β subunits (α2β2) – 97%.  
Hemoglobin A2: 2α and 2δ (α2δ2) – 3%  
Hemoglobin F: α2 and γ2 (α2γ2) – 1% 
 
Concentration in blood: 130 – 160 g/l 
 
 



• a ↓ in the total amount of RBCs or Hb in the blood, or both 
• lowered ability of the blood to carry O2 

 
• ♂: Hb < 130-140g/L 
• ♀: Hb < 120-130 g/L 

 
 

Anemic syndrome 
• Pallor 
• Fatigue 
• Dyspnoe 
• Tachycardia and palpitations 
• Headache, faintness, dim vision 

 

Anemia 



Causes of anemia 

1. loss of blood (RBCs) 

2. increased red blood cell breakdown 

3. decreased RBC production 

 

Classification according to the size of RBCs and 
amount of Hb: 



1. Blood loss anemia 

 

• Acute (rapid):  

• trauma or surgery  

• GIT bleeding – peptic ulcers 

• (normocytic, normochromic) 

 

• Chronic (slow): 

• Gynecologic disturbances (menstruation, fibroids) 

• (microcytic, hypochromic) 

 



2. Increased red blood cell breakdown 
Hemolytic anemia 

• Premature destruction of RBC 
• ↑ erythropoiesis 
• ↑ reticulocytes in the circulation 
• Mild jaundice 
• Mostly normocytic & normochromic 

 
• Hemolysis: 
o Intravascular (transfusion, mechanic injury, toxins) 
o Extravascular (spleen phagocytosis of abnormal RBS) 

 



Types of hemolytic anemia 
• Hereditary (inherited): 

a) Defects of RBCs membrane 

b) Enzyme defects 

c) Defects in hemoglobin production  
(hemoglobinopathies) 

 

• Acquired: 

• drugs, bacterial or other toxins, antibodies, trauma 

 

 

 



a) Inherited: Defects of RBCs membrane 

HEREDITARY SPHEROCYTOSIS 

• Deficiency of membrane proteins: 
– ankyrin and spectrin 

 

• Treatment: splenectomy 



b) Inherited: Enzyme defects 

• Glucose-6-phosphate dehydrogenase (G6PD) 
deficiency 

 

• RBC more vulnerable to oxidants → direct 
oxidation of Hb to methemoglobin & denaturing 
of Hb → Heinz bodies 

 



c) Defects in Hb production (Hemoglobinopathies) 

THALASSSEMIA 

• Deficit in synthesis of α or β 
chains of Hb 

• β-thalassemia → HbA1 
deficiency 

• Minor vs major  

• α -thalassemia  

SICKLE CELL ANEMIA 

• Point mutation in the β-chain 
of Hb 

 

• Causes: hemolytic anemia & 
vessel occlusion 

 

• Treatment: BM transplantation 

 



Acquired Hemolytic anemias  

• nonhereditary acute or chronic anemia 
 
• external factors leading to hemolysis: 
 

 direct membrane destruction – drugs, chemicals,  
toxic materials from plant and animal forms 
(snake venoms), infections 

 
 



3. Anemias from deficient RBC production 

• Deficiency of nutrients for synthesis of Hb (iron) or DNA (folic acid, 
    cobalamin) → decreased production of erythrocytes by the BM 

 

o Iron deficiency anemia 
o Megaloblastic anemias 

 
 

 
 



Iron-deficiency anemia 

• Dietary deficiency 
• Loss of iron through bleeding   
 (Metrorrhagia, menorrhagia) 

 
 

• Iron – a component of heme – iron deficiency → ↓ hemoglobin 
synthesis → impaired O2 delivery 
 

• Iron-deficiency :  
• ↓ hemoglobin + Hct + iron stores 
• RBCs = microcytic & hypochromic 

 





Megaloblastic anemia 

Cobalamin (B12) deficiency anemia 
 
 
• Impaired DNA synthesis 
 
• Vitamin B12 – essential for DNA synthesis 
• Deficit of B12 – nuclear maturation and cell division fail to occur 

 
o dietary deficiency 
o IF deficiency 
o Ileal resection 
o Inflammation of the ileum 
o Defective transcobalamine II (TCII) 





Folic acid deficiency 

 
• impaired DNA synthesis 

 
 

• similar manifestation as in previous 
 
 

• malnutrition/dietary lack (elderly) 
• pregnancy (increased requirement) 

 

Megaloblastic anemia 



Animal models of anemia 
 
 
• Chronic posthemorrhagic anemia 

 

• Anemia of chronic inflammation  

 

• Erythropoietin-deficiency anemia 

–EpoKO/flox mice 
 

HOMEWORK   



Inflammation 

• Defense reaction of the organism  
 
• Aim: repair or at least limit the damage 
 
• Destroying, diluting or neutralizing the primary course 

 
• Damaged tissue is replaced by: 
• regeneration of parenchymal cells 
• filling in the residual defects with fibrous scar tissue 



Acute inflammation 

• short duration - few minutes to several days  

 

Chronic inflammation  

• longer duration – weeks to years 



Acute inflammation 

• Early response (few minutes – several days) 
• Nonspecific 

 
• Signs: 
 
 Rubor (reddening) 
 Calor (warmth) 
 Tumor (swelling) 
Dolor (pain) 
 Functio laesa  
 (loss of function) 



Acute Inflammation 

• Vascular stage 



Acute inflammation 

• Cellular stage 

Granulocytes + monocytes 
 
Mastocytes + macrophages - cytokines 



Chronic inflammation 

• Self – perpetuating (weeks, months ... years) 
 

• Result of a recurrent or progressive acute inflammatory response  
 
• Infiltration by mononuclear cells (macrophages) and lymphocytes 
 
• Proliferation of fibroblasts 
 
 
 
Causes:  
• silica, asbestos, surgical suture materials, viruses, certain bacteria,  
fungi 



Local manifestation of acute inflammation 

A) Exudate 
• Serous  
• Hemorrhagic  
• Fibrinous 
• Purulent  
 

B) Abscess 
 
C) Ulcer  
 
D) Edema 



Systemic manifestation of inflammation 

• inflammatory mediators are released to circulation 

• Acute phase response 
 hours or days after inflammation 

 
 IL-1, IL-6, TNF-α  

 
 

 [c] plasma proteins,  
↑ ERY sedimentation rate 
 fever, lethargy 
↑ leukocytes 
 
 Acute phase proteins 
↑ CRP, fibrinogen   

CRP [mg/l] Meaning 

up to 6 normal 

6-35 Infection - virus 

35 – 50 Uncertain range 

nad 50 Infection - bacteria 



• SIRS = systemic inflammatory response syndrome - nonspecific 
 

• Multiple organ dysfunction 
 

SIRS: 
Temperature >38°C or <36°C 
Heart rate >90 beats per minute 
Respiratory rate >20 breaths per minute /or PaCO2 <32 mm Hg (pH 
<4.3)/ 
WBC >12,000 cells/mm3, <4000 cells/mm3 

Systemic manifestation of inflammation 



Tissue repair 
• Tissue regeneration (replacement by the same cells) 
• Replacement by connective tissue (scar/fibrosis) 
• Cell migration, proliferation, and differentiation as well as interaction 
 with the extracellular matrix 



Animal models 
• LPS, bacteria, fungi, viruses, chemicals 

 
• Locally – e.g. periodontitis 
 
• Systemically – sepsis  (LPS, bacteria) 



Alterations in the immune response 

• Immunodeficiency disorders 
 

• Hypersensitivity disorders 
 

• Autoimmune diseases 



Immunodeficiency disorders 

By affected component: 
 
1. Humoral immune deficiency (B cell deficiency) 
•hypogammaglobulinemia (decrease of one or more types of antibodies)  
•agammaglobulinemia (lack of all or most antibody production) 
 
2. T cell deficiency →acquired immune deficiency syndrome (AIDS) 
 
3. Granulocyte deficiency (granulocytopenia, agranulocytosis, 
 neutropenia)  
 
4. Asplenia 
 
5. Complement deficiency 
 
 



Primary immunodeficiences (congenital or inherited) 

• Genetic diseases 
• Either present at birth or become apparent shortly after birth 
• Many of these disorders (hereditary and autosomal recessive, or X-linked) 
 
 
 Antibody-mediated (X-linked agamaglobulinemia) – 50% 
 T-cell mediated (Di George syndrome) 
 Combined (SCID = severe combined immunodeficiency syndrome) 
 Complement (Hereditary angioedema)  
 Fagocytic (chronic granulomatosis) 

 
• Treatment: 

• depends on the nature of the defect 
• involve antibody infusions 
• long-term antibiotics 

 
 

 



Secondary immunodeficiences (acquired) 

• when the immunodeficiency 
is acquired later in life 

• more common than primary 
disorders of genetic origin 

• result from various 
immunosupressive agents 

 
• Infections 
• Malnutrition 
• Immunosuppressive therapy 

(HIV - AIDS) 
• Neoplasms 
• Mediacations (chemotherapy) 
• Environmetal toxins (mercury, 

heavy metals, pesticides)  
• Aging 
 

 



Animal models 

• Athymic nude mouse / Nu (T-cell deficient) 
 
• Nude Rat 

Nu/J Nude rat 



Hypersensitivity disorders 



Type I (Anaphylactic)  





• Local (atopic):  

– Allergic asthma and rhinitis (hay fever) 

 

• Systemic: Anaphylaxis 

– mild irritation to sudden death from anaphylactic 
shock 

 

• Treatment: 

– antihistamines, corticosteroids 

 



Type II (Ab mediated reaction) 



Type III (Immune complex-mediated) 



Type IV (Cytotoxic) 

CD8+ CTL 
cells 



Type V (Stimulation) 





Myasthenia Gravis 



Autoimmune diseases 

? •impaired ability of the immune 
system to differentiate between self 
and nonself antigens 
 

•can affect almost any cell or 
tissue in the body 
 
•continuous production 
autoantibodies or activation of T 
cells against endogenous antigens 
– damage to tissue or organs 
(autoimmune disease) 
 





Autoimmune diseases 
1. Myastenia gravis 

(Typ V) 
 
2. Systemic lupus 

erythematosus (Typ 
III) 

Antibodies against 
DNA, RBC etc. 

Deposition of 
immune complexes 
(joints, kidneys) 

Redness of face, 
arthritis, nephritis 



3. Rheumatoid arthritis 
(Typ III) 

Depositions of immune 
complexes in joints 

 

4. Diabetes mellitus I (Typ 
IV) 

  Cytotoxic T lymphocytes 
destroy pancreatic β-cells 

 

5. Morbus Basedow (Typ V) 

 

Autoimmune diseases 



Leukemias 
• Malignant neoplasms of 

cells originally derived 
from hematopoietic cells 
 

• Diffuse replacement of 
bone marrow with 
unregulated, proliferating, 
immature neoplastic cells 
 

• Leukemic cells spill out to 
blood in large numbers 
 

• Solid organ infliltration 
 

• Lymphocytic vs 
myelogenic vs 
biphenotypic 
 

• Acute vs chronic 

Leukemias 



Leukemias 

• Acute lymphocytic leukemia (ALL) 

• Chronic lymphocytic leukemia (CLL) 

  immature lymphocytes and their progenitors from BM 

but infiltrate the spleen, lymph nodes and CNS and other tissues 

 

• Acute myelogenic leukemia (AML) 

• Chronic myelogenic leukemia (CML) 

  pluripotent myeloid stem cells in BM, interfere with the maturarion 
of all blood cells (granulocytes, ERY, thrombocytes) 

 



Etiology 

• Not fully understood 

• Antitumor drugs 

• Genetic predisposition 

• Smoking 

• Ionizing radiation 

• Previous chemotherapy 

 





Acute leukemias 

• Sudden onset 

• Acute lymphoblastic leukemia (immature precursors of T & B cells) 
– children  

• Acute myelogenous leukemia (heterogenous) – toxins – adults 

 

 ALL 



Acute leukemias - manifestations 

• Both ALL & AML have similar clinical features: 

 Fatigue 

 Pallor 

 Low grade fever 

 Night sweats 

 Weight loss (due to rapid proliferation and hypermetabolism of 
leucemic cells) 

 Repeated infections 

 Easy bruising (↓ thrombocytes) 

 Nosebleeds and other types of hemorrhage 

 Splenomegaly, hepatomegaly 

 Nausea, vomiting, occasional seizures and coma (CNS) 

 Leukostasis (100,000 cells/µL) 

 



Chronic leukemias  

• Chronic lymphocytic leukemia – age > 55  

 lymphoproliferative – lymphocytosis, lymphadenopathy & 
splenomegaly 

 95%  - malignant transformation of B-cells which are 
immunologically incompetent - hypogammaglobulinemia  

 

 

• Chronic myelogenous leukemia – age 30 – 50  

 myeloproliferative - malignant transformation of pluripotent 
hematopoietic stem cells 

 Philadelphia chromosome (95%) 

 



Chronic leukemias - manifestations 
• Chronic lymphocytic leukemia  

  slow and indolent course  

  progressive infiltration of neoplastic lymphocytes in BM 

 fatigue, lymphatic swelling, splenomegaly later 

 

• Chronic myelogenous leukemia 

 Triphasic course: a) chronic – variable length b) short accelerated 
phase c) terminal blast crisis 

 A) leukocytosis, fatigue, anemia, weakness, weight loss 

 B) splenomegaly and progressive symptoms, low-grade fever, night 
sweats, bone pain, weight loss, bleeding and bruising may occur 

 C) ↑ myeloid precursors mainly blast cells, splenomegaly, 
infiltration of lymph nodes 

 



Animal  
models 


