* The Blood * 
* Functions of Blood :
1-  transport O2 & CO2

2- Homeostasis 

3- Protection against infections (by antibodies & WBC)

4- Prevent blood Loss (by clot)

* Blood composition :

1- cellularcomponent : RBC-WBC-Platelets

2- plasma --- %98 is water and contains ions and proteins (albumin-globulin-fibrinogen)

* Blood volume : 

 5 liter in adults   
- %45 Packed cell volume (PVC)





- %55 plasma 

* Blood cell formation : 

- Erythropoiesis ( red blood cell formation 

- Leucopoiesis ( white blood cell formation 

- Thrombopoiesis ( thrombocytes formation (platelets)

* Red Blood cells (RBC) :

- functions : 
- transport O2 and CO2

 



       CO2 + H2O ( HCO3 + H 




- Buffer (Hb)


- Shape & Size : 
- flat biconcave discs






- non-nucleated 





- flexible 






- Male have higher numbers than 







Female






- Hb is ranged from 14-16 in the 







Blood 

* Production of RBC :

- Embryo :



- early few weeks of pregnancy RBC are formed 




In the yolk sac



- middle trimester ( in the liver and spleen and




Lymph nodes 



- last month ( in bone marrow of all bones  

- Baby child :  in bone marrow of all bones 

- Adult : 
- bone marrow of flat bones 



- shaft of long bones stop to produce RBC at 




Puberty while epiphysis continues 

* Genesis of RBD :

- all blood cells are formed from pluripotential hemopoietic stem cells ( committed to form RBC & WBC

- cells committed to RBC ( colony-forming unit-erythrocytes (CFU-E)

- cells committed to WBC ( colony-forming unit-granulocytes and monocytes (CFU-GM)

- growth of different stem cells is controlled by growth factor

* Stages of differentiation of RBC :
Committed stem cells ( proerythroblast ( ---- ( reticulocytes ( erythrocytes 

- rapid production of RBC ( will increase reticulocytes in the circulation 

* Development of RBC : 

- decrease in size 


- disappearance of nucleus


- appearance of Hb

* Regulation of RBC production : (control) 

- Erythropoiensis ( stimulated by erythropoietin hormone produced by kidney in response of Hypoxia (Low O2 in the blood )

- Hypoxia caused by : Anemia – Hemorrhage – high altitude – prolong heart failure – lung disease 

* Erythropoietine :

- glycoprotein 

  
- %90 renal cortex and %10 from Liver 

- stimulate the growth of early stem cells 


- does not effect maturation process 


- can be measured in urine & plasma 


- high level of erythropoietine is cause by :



- anemia 



- heart failure 



- high altitude 

* Requirments for RBC formation & maturation : 

1- Amino acids : 


- Globin (Hb)


- RBC .. high priority to take amino acids


- sever protein deficiency ( effect Hb synthesis 


e.g Kwashkior ( Hypoplastic Anemia 

2- Iron : 


- formation of Hb 


- Deficiency lead to small cell anemia (microcytic) or hypochromic anemia 

3- Vitamins : 


a- Vit.B12 & Folic acid : 



- synthesis of nucleoprotein 



- deficiency ( Megaloplastic anemia (large cell)


b- Vit.B6 :



- Haem , nucleoprotein synthesis 



- deficiency ( microcytic anemia 


c- Vit.C : 



- Iron absorption



- deficiency ( (microcytic –normocytic-

                                   macrocytic anemia )    

 
d- Vit.E : 


- RBC membrane integrity 



- deficiency ( Hemolytic anemia 


e- Riboflavin (B2) , nicotinic acid (B3) , biotin , 



Thiamine (B1) 



- essential for iron formation 



- deficiency ( normocytic anemia 

4- Essential elements : copper , cobalt , manganese , zinc 

5- Hormones : Androgens , Thyroid , Cortisol , Growth 




Hormone


- deficiency ( normocytic anemia 
* Vitamin B12 & Folic acid :

 
- Important for cell decision & m aturation & DNA 




synthesis 


- Dietary source : milk, meet, liver, fat, green vegetable


- Deficiency leads to : 




- abnormal large oval shape RBC 




- failure of nuclear maturation & devision 




- short life span 




- reduce RBC count and Hb 




- Macrocytic (megaloblastic) anemia 

- Causes of deficiency : 




- intestinal disease (sprue)




- inadequate intake 

* Perincious Anemia (malabsorption of Vit. B12) : 

- absorption of Vit.B12 needs intrinsic factor secreted 

   Bye parietal cell of the stomach 


- Vit.B12 and the factors are absorbed in the terminal 


    ileum of the intestine 

- deficiency : 




- inadequate intake 




- deficiency of intrinsic factors 

* Hemoglobin : 

- synthesis in proerythroblast and continues till 


     Reticulocytes 


- Hb molecules are globular and consists of 4 chains 



   Each formed of ( Heme + Polypeptide chain (globin)


- Heme ( prophyrin ring + iron 

* Types of Hb :


- Hb A : &98 of adults ( 2    & 2   polypeptide chain


- Hb A2 : %2.5 of adults ( 2     & 2


- Hb F : %80-90 of fetal Hb at birth ( 2     & 2   


- abnormal Hb (hemogolbinopathies) ( e.g sikle cell ,










Thalassemia 

* Functions on Hb :


- carriage of O2 and CO2 :



- Hb bind with O2 ( oxyhemoglobin (affected by 






PH , H+ , temperature)



- Hb bind with CO2 ( carboxyhemoglobin 



- Buffer 

* Iron Metabolism : 

 
- needed for synthesis of : Hb , myoglobin cytochrom 
  oxsidase , proxidase catalase 


- total iron in the body : 4-5 grams 


- %65 Hb 
 
%1 plasma 
%4 myoglobin 


- %15-30 stored in : liver , spleen, bone marrow in the 



Form of  "Ferritin" 

* Iron absorption : 


- iron in food Ferrie (Fe +3) ( oxidized 


- better absorbed in reduce form Ferriouse (Fe+2)


- iron is reduced in the stomach by Vit.C and gastric 





Acid 


- protein ( apotransferrin combine with iron in the



   Lumen of the intestine then it's absorbed and it 


   Enters the blood and is transported and combine to 

   A plasma apotransfirrine to form transfirrine


- maximum iron absorption occurs in the duodenum 

* Regulation of iron absorption : 


- rate of iron absorbed is slow and depends on the iron



Iron stored in the liver 


- enough iron ( less apotransfirrin ( less absorption


- less iron –stored ( more apotransfirrin ( more 










Absorption 

* Transport and storage of iron : 


- stored : 
-Ferritin (apotransfirrin + iron)




- Hemosidrin (insoluble complex) 


- iron transported in the form of Transfirrin


- aged RBC are destroyed in the liver and spleen but 


   It's iron is stored as Ferritin to be used 


- Loss of iron in Female is more than Male 

* Destruction of RBC : 


- RBC ( 120 days then it dies 


- Hb ( taked by microphage in liver and spleen and 




Bone marrow 


- Hb is broken into : 




- Polypeptide chain ( amino acid is stored 






In Protein storages 




- Heme : - iron ( stored as Ferritin





       - Prophyrin ring ( transferred 






Into bilirubin (bile) 

* Anemia : decrease of RBC & Hb 
* Symptoms : tiredness, fatigue, shortness of breath, heart 




Failure 

* Causes of Anemia : 


1- Blood loss : 
- acute ( accident 





- chronic ( microcytic anemia (worm,







ulcer)


2- Decrease RBC production : 



- Nutritional cause ( low iron -microcytic anemia







  Low Vit.B12 & Folic acid – 








Megaloblastin anemia 



- Bone marrow destruction : Aplastic anemia 



   Caused by : cancer, drugs, radiation 


3- Haemolytic ( excessive destruction 



- abnormal Hb or cell – e.g sikle cell +








Spherocytosis 



- incompatible blood transfusion 



- erythroblastosis fetalis 

* Types of Anemia : 


1- Microcytic anemia (hypochromic) 


2- Macrocytic anemia (megaloplastic)


3- normocytic anemia 

* Polycythemia :  increase number of RBC 


- Types : 



1- Primary (Polycythemia Rubra Vera)



2- Secondary to hypoxia : 





- high altitude cause of low O2





- chronic respiratory or cardiac disease   

* White Blood Cells 
· formed in the bone marrow

· protests against infections by : -phagocytosis

        - secretion on antibodies

* Types of WBC :

1- Granular (polymorphnucleur cell) PMN

   

-Neutrophill %62 – purple cytoplasmic granules 


-Eosinophill %2.3 – red granules 



- Basophill %0.4 – rarely segmented nucleus , nucleus hidden by large round bluish granules 
2- A granular

-Monocytes %5.3 – kidney shaped nucleus 
-lymphocytes %30 – round nucleus 
* Geneses of WBC : two major lineage of WBC are formed 

1- Myelocytic : granular , monocytes 

2- Lymphocytic : lymphocytes 

* WBC Formaiotn :

· sites of formation :  -Granular( bone marrow

       - lymphocytes ( thymus & bone

                  marrow & lymphoid tissue 
       -monocytes ( bone marrow 

* Granulocytes formation : 

1- Neutrophills : myeloblast ( promyeloblast ( Neutrophil
2- Eosinophills : Meyloblast ( promyeloblast ( Eosinophil 
3- Basophill : Meyloblast ( promyeloblast ( Basophil

* Monocytes & platelets formation :

· Megakarycytes : myeloblast ( promyelocytes ( megakarycytes ( platelets 
· Monocytes : myeloblast ( monocytes 

· WBC formed in bone marrow is stored until needed 

· Stored WBC is three times circulating 

· Megakarycytes remains in marrow and small pieces of it's cytoplasm detatch to form platelets

* Life span of WBC : 

· granulocytes : 4-5 days in tissue , infection life span only few hours because they die after engulfing bacteria .

· monocytes : 10-20 hours , leave blood to tissue and transform into macrophage ( long lived cells (months) defending tissues against infections 

· Lymphocytes : weeks to month enter blood by lymphatics then continue to circulate between blood and tissue .

* WBC functions : 

· defence against infections 

· Neutrophil + macrophage has the ability to engulf bacteria/organism by phagocytosis 

· They are attracted to site of inflammation by CHEMOTAXIS 

* Chemotacic substances are : 

· Bacterial toxin 

· Degenerative products of inflamed tissue 

· Complement system 

· Reation product of plasma clotting 

* Diapedesis : 

· direct movement towards infection site 

· Neutrophill marginated and squeeze itself through capillary wall (endothelial holes) to the tissues .

· Travel through the tissue by amoeboid motion .

· Reaching site of infection to engulf infection organism .
* Phagocytosis : 

· selective process 

· criteria of substances to be taken up neutrophils

1- rough surface 

2- no protective protein coat (coat prevent phagocytosis) 

3- certain substance secreted by the body will attach to the foreign molecule to be marked for killing (opsonization)    e.g C3 , antibodies 
* steps of phagocytosis :
· Neutrophills encircles the bacteria with pseudopodia and take it into (engulf) a vacuole (phagosome) 

· Neutrophils can engulf 3-20 bacteria and once they do they die immediately.

· Macrophages are a powerful phagocytic cell 

  

- can engulf up to 100 bacteria 


- can take larger particles (like RBC)



- it can get rid of waste and still survive 

* Microbial killing : 

· it's the digestion of foreign particles inside the cells 

· fusion of intracellular lysosomes with phagosome vacuoles 

· -as : myeloperoxidase & catalase, into the vacuoles , killing and digesting the engulfed bacteria .

· release of bactericidal such as superoxide , hudrogen peroxide to kill the bacteria 

* Eosinophills :  (related to allergy)

· function ( phagocytosis 

· high Eosinophil count : 

- parasitic ( hook worm , ascarsis , bilharzias )

- Allergic ( asthma , rhinitis , drug reations )

    - Eosinophil attach themselves to parasites and release substancese (hudrolytic enzyme , superoxide) to kill it 

    - Eosinophil accumulate at the site of inflammation to neutralizes allergic substances released by mast cells.

* Basophills :   (it's not a phagocytic cell)

· similar to mast cells

· both secretes heparin , histamine , bracly kining , serotinir 

· the release of these substances in the tissues causes local and vascular reactions .

* Monocytes : 

· blood macrophage 

· stem cell ( monoblast ( promonocyte ( mature monocyte ( blood ( tissue ( transfer into larg tissue macrophages 

· function : Anti-inflammatory 

- directly : phagocytosis of bacteria , dead cells 

- indirectly : cooperating with lymphocytes .

   By recognizing foreign bodies ( take in foreign body then process it and present it to lymphocytes
* Reticuloendotheliaia system RES ( monocytes-macrophage system) : 

· consist of : - monocytes 

     


 - mobile and fixed macrophages




 - endothelial cells (bone marro , spleen ,






Lymph nodes) 
· located ( all tissues especially skin (histocytes) , lymph nodes , lungs , liver (kupffer) , spleen , bone marrow .

Functions of RES : 1- phagocytosis : bacteria , dead cells, 






Foreign particles 




      2- break down of Hb 




      3- immune function : processing antigen






And antibody production 




      4- storage of iron 

* Lymphocytes : 

· Functions : immunity 

· Types :

- thymus dependent (T Lymphocytes)

- Thymus independent (B Lymphocytes) 

· Lymphopoieses : stem cells (thymus , lymphoid tissue, bone marrow) ( lymphoblast ( intermediate pyronophilic blast cell ( lymphocytes 
* T-Lymphocytes : 

- formed in bone marrow or lymphoid tissue , migrates to thymus 

- life span 100-130

- circulate between blob, tissues , lymph. 

- types of T-lymphocytes : 

 
- T—helper (reach the site of infection and then call to

The immune cells to come)  
-attacked by aids-

- T—cytotoxic ( kill specific organisms)


- Natural killer—( kill organisms blindly) 

- Function : 

1- cellular immunity (graft rejection , delayed 

Hypersensitivity)

2- Role in antibody secretion 
* B- Lymphocytes : 

- bird bursa 

- bone marrow , germinal layer oh lymph nodes , red pulp of the spleen 

- life span 2-7 days 

- stimulated by antigen ( converted to large plasma cells (which produce antibodies)
- Functions :  humoral immunity ( producing antibodies)    
* Leucocytosis : 


- increase WBC 


- physiological : 



- Diurnal ( it's LOW in the morning and






HIGH in the evening 



- after physical exercise



- stress or adrenaline injection 


- Disease : 



- Bacterial infection (tonsillitis , appendicitis)



- worm infection 

* Leucopenia : it's decrease in WBC 


- malnutrition 


- Typhoid fever



- Depressed bone marrow 


- Deficient Vit.B12 or Folic acid 

* Leukemia : 

* Immunity : it is the ability of human body to resist invading organisms or transplanted tissues or organs 

* Types of immunity : 

1- Innate (natural) ( 



- non-specific ingestion of invading organism



- no memory cells 



- phagocytic cell (Neutrophil, macrophage) , 



 Acid in stomach , skin as barrier 

2- Acquired : 
- specific and powerful 




- T & B lymphocytes 




- memory cells 




-  e.g ( vaccination 
* Types of acquired immunity : 

1- humoral immunity (B-lymphocytes) ( formation 

of antibodies 

2- Cell mediated immunity (T-lymphocytes) ( large
Number of activated T-lymphocytes 

* Antigen : 

· is part of bacterial (protein, polysaccharides, nucleic acids) transplanted or foreign tissue cells  

· substances which stimulate immune cells (lymphocytes) and causes and causes and immune response

· needed to start both types of immunity 

· recognized either directly by lymphocytes or after being processed by macrophages 
* Antibodies : 
· is a gamma globulin produced by plasma cells (B-lymphocytes)

· subdivided into 5 classes : IgG , IgM, IgD, IgE, IgA

· Binds specific to the antigen to which they have been produced 
* Humoral immunity (acquired) : 
· B-lymphocytes surface receptors interact with antigen 

· Proliferate to plasma cells that secrete specific antibody to destroy the antigen 

· Some of the stimulated cells do not proliferate but they stay dorments as memory cells 

· Action of antibody ( how it kills antigens) 

- agglutination 

- precipitation 


- Neutralization (for toxics)

- Lyses (of the antigen) 

* Immune response in Humoral : 

When exposed to antigen : 

1- Primary ( 

- first exposure to antige 

- antibodies formed after a period of  1 week

(time needed for multiplication and maturation of lymphocytes ) 
2- Secondary (      

 


- second exposure to the same antigen 



- immediate production of high titer 




 Antibodies 




- Due to memory lymphocytes (from the 1st 




  Exposure to the same antigen) 

* Cellular immunity : 

· T-cell react with antigen by its receptors ( proliferate to give either : 

- Cytotoxic T cells CD8 (Tc) ( kill organisms 

- Helper T cell CD4 (Th)( call other cells to fight

- Suppressor T cells (Ts) ( suppress organisms 

* T- helper cells : 

· most numerous cells

· major regulation of immune system 

· secrete Lymphokines which acts on other cells of immune cells 

- stimulate growth of other T lymphocytes 

- stimulate B lymphocytes growth and maturation into plasma cells 

- activation of macrophage system

* Cytotoxic T cells : 

· T cell directly attack organism, foreign infected cells and destroy it 

· Bind to antigen by surface receptors making holes in it's membrane

· Functions :

- rejection of transplanted tissues (kidney)

- anti-tumor immunity 

- cooperation with B cells in Humoral immunity

* Blood Types : 

· The chief blood groups are : ABO – Rh (Rhesus)

· Blood groups are antigens (glycoprotein) on the surface of RBC

· The ABO system ( depends on wither the RBC contains one, both or neither of two blood antigen :

 A &B

· Four main ABO groups : A – B – AB – O 
	Group
	Antigen
	Antibody
	% in Europe

	A
	A
	Anti B
	% 41

	B
	B
	Anti A
	% 9

	AB
	A & B
	--
	% 3

	O
	--
	Anti A &B
	% 47


* Genetic determination of the agglutinogens : 

· Two genes are inherited from each parent

· Blood group genotype : 

A= AA, AO

B= BB, BO

AB= AB

O = OO

· Genotype of child in paternal dispute 

· Frequency of ABO had ethnic variation 

· Anti-A and Anti-B (agglutinin) are naturally occurring antibodies 

· Not present at birth , appears in 2-8 months (antigen in food)  

* Agglutination in transfusion reaction : 
· if a person of blood group A transfused with blood group B 

· the Anti-B in plasma agglutinates the transfused 

cells (B)

· the clumped cells plug small blood vessels 

· sometimes immediate hemolysis

* Blood transfusion (typing) : 

· Before transfusion, blood from donor & recipient should be typed to know it's group 

· A drop of blood is mixed with Anti-A & Anti-B * Ph then inspected for agglutination 

· Cross matching (donor cells + recipients serum –plasma-)  

	RBC
	Anti A
	Anti B

	O
	-
	-

	A
	+
	-

	B
	-
	+

	AB
	+
	+


* Rh Blood type : 

· Another blood group system presence of the Rhesus antigen D on the surface of RBC 

· Rhesus antigens are: C, D, E, c, d, e (most comment D)

· Presence of D (Rh +ve) , Absence of D (Rh –ve)

· %85 are Rh +ve in Europe , %100 Rh +ve in Africa 

* Rh immune response : 

· when a Rh –ve person in transfused by Rh +ve blood , he will develop anti-D agglutinin in circulation (not naturally present)

· suffer delay transfusion reaction , severer with subsequent transfusion 

· Anti-D antibodies can be acquired by : 

- transfusion of Rh –ve individual with Rh +ve blood 

- Rh –ve mothers with Rh +ve fetus due to blood mixing at delivery
* Hemolytic disease of the new born (erythroblastosis fetalis)
· Rh –ve mother pregnant with her 1st Rh+ve baby, the mother will develop anti-D at the time of delivery (1st child escape)  
· 2nd Rh+ve child , already formed anti-D (IgG) cross the placenta and destroy the baby's Rbc leading to hemolytic disease of new born (hemolytic anemia , erythroblastosis fetalis) 

· If the mother is transfused with Rh+ve blood befor , 1st child will be affected 

· This reaction could be prevented by giving the mother an injection of anti-D at delivery of 1st baby 

· Replace baby blood with Rh-ve several times 

* Complication of blood transfusion :

1. incompatible blood transfusion ( immediate or delayed reaction , hemolysis, allergic reaction, fever .
2. Transmission of disease ( malaraia, Syphilis, Viral Hepatitis, AIDS

3. Kidney failure ( tubules blocked by Hb 

* Haemostasis : 

· mechanism that prevent blood loss(
Vasoconstriction – Platelet plug – Blood clot

· vasoconstriction : 

-immediately after injury a localize constriction of blood vessels 

- Hormonal factors : local release of Thromboxane A2 by platelets , systemic release of adrenaline 

- Nervous factors 

- myogenic contraction 

* Platelets : 
· are round disks formed in bone marrow 

· stem cells ( promegakaryocytes ( megakaryocytes ( breaking pieces and cytoplasm (platelets)

· platelet counts : 150 x 103 – 300 x 103 ml 

· life span : 8-12 days 

· active cells contain contractile proteins 

· contain high calcium storage and rich in ATP 

· coated by a glycoprotein layer which prevent it from sticking to normal endothelial cells 

* Functions of Platelets : 

· adhere to injured site of blood vessel to stop bleeding 
· secretes substances which are important for clot formation 

* Platelet (Plt)  info : 

· Plt come in contact with exposed collagen (injured endothelial ) , Plt swell in contract to release different substances C5HT , ADP, Thromboxane A2

· The released substances ( increase the stickiness of Plt ( increase aggregation and vasoconstriction ( plugging of the cut vessel 

* Platelet Plug : 

· Active Plt secrets : 

- 5HT ( vasoconstriction 

- ADP ( the stickiness of the Plt 

- Platelets phospholipids (PF3) ( clot formation 

- Thromboxanes A2 (TXA2) is a prostaglandin formed from Arachidonic acid ( vasoconstriction , aggregator, inhibited by Aspirin .

· For stronger clot formation other clot factors are needed E.g Thrombin 

* Blood coagulation (clot formation) : 
· A series of biochemical reaction leads to the formation of blood clot within few seconds after injury 

· This reaction leads to the activation of Thrombin enzyme from inactive form Prothrombin 

· Thrombin will change Fibrinogen to Fibrin (insoluble protein) 

· Fibrinogen is a plasma protein (M.W 340000) synthesized in the liver 
· Prothrombin (inactive Thrombin) is activated by a long intrinsic or short extrinsic pathway .

Intrinsic Pathway 



Extrinsic Pathway
Contract activation 



Tissue Factor 

↓
XII ( XIIa





↓
XI ( XIa






↓
VII,Ca
↓
IX( IXa

   ↓                 VIII,Ca,P

X ( Xa 





X ( Xa

Xa 





↓
V,Ca,P

Prothrombin (II) ( Thrombin (IIa) 

Fibrinogen (I) ( Fibrin (soluble) 





↓
XIII,Ca




Insoluble Fibrin
* Intrinsic Pathway : 

· The trigger is the activation of the factor XII by contact with foreign surface, injured blood vessel , and glass 
· Activate factor (XIIa) will activate XI

· XIa will activate IX

· IXa + VIII + Platelet phospholipids + Ca ( activate X

· Following this step the pathway is common for both 

* Extrinsic Pathway : (short tissue factor / activate factor X)
· Triggered by material released from damaged tissues (tissue thromboplastin) 
· Tissue thromboplastin + VII + Ca ( activate X 

· Common pathway : 

Xa + V +PF3 +Ca –(prothrombin activator) it is a proteolytic enzyme activate prothrombin ( Thrombin
· Thrombin act on Fibrinogen ( (insoluble thread like fibrin factor) XIII + Ca ( strong Fibrin (Strong clot)
* Clot formation (Coagulation) : 

· Both pathway are needed for normal haemostasis 

· Both pathways are activated when blood come in contact with tissues outside blood vessel 

· Thrombin is important factor in both pathways 

· Extrinsic is faster (15 seconds) while intrinsic may take up to 1-6 minutes 

· Thrombin beside Fibrin formation also stimulate platelets to release ADP & Thrombixan ( further platelets aggregation 
· Thrombin is essential in platelets morphological changes to form Plug 

· Activate factor V 

* Fibrinolysis : 
· Formed blood clot can either become Fibrous or Dissolve 

· Fibrinolysis (dissolving) : breakdown of Fibrin by naturally occurring enzyme plasmin ( prevent intravascular blocking 

· Balance : clotting & Fibrinolysis 

· Excessive clotting ( blocking of blood vessel 

· Excessive Fibrinolysis ( tendency for bleeding 

· Fibrenolysis :

- Plasmin is present in the blood in inactive form Plasminogen 

- Plasmin is activated by tissue Plasminogen activators (t-PA) in the blood 

- Plasmin digest intra & extra vascular deposit of Fibrin ( Fibrin degradation products (FDP)

- unwanted effect of Plasmin is the Digestion of clotting factors .  

***************************************************
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