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Physiology of blood





Practical class 1. Functions and composition of blood. Red blood cells





The questions for self-study


Functions of blood.


Composition of blood. Quantity of in human organism, its relative constancy. Viscosity of blood. Osmotic pressure.


Plasma, its quantity, composition.


Plasma proteins, its physiological role.


Origin plasma proteins.


Hypoproteinemia.


Red blood cells.


Morphology.


Composition.


Function.


Erythropoiesis. Stages of development. Importance of erythropoiesis. Applied physiology.


Red cells fragility. Hemolysis. Types of hemolysis.


Erythrocyty sedimentation rate (ESR).


Hemoglobin.


Functions, concentrations. Chemical structure of Hb.


Hemoglobin chemistry and synthesis. Catabolism of Hb.


Factors required for synthesis of Hb.


Reaction of Hb.


Hemoglobin in the fetus.


Abnormalities of Hb production.





Functions of blood.


In our body, the blood performs the following functions:


1.	Respiratory. The hemoglobin of RBC picks up oxygen in the lungs, the oxyhemoglobin now circulates and discharges the oxygen into the tissues which need it. For this purpose, as it will be shown, the RBC and Hb are ideally designed. Further, the CO2 produced in the tissues are discharged into the blood, it is partly carried by the plasma and partly by the Hb; the CO2 is ultimately disgorged into the lungs from where it is breathed out.


	Excretory. Various waste products of the body are carried by the blood and ultimately removed from the body via the kidneys.


	Nutritional. End products of digestion are absorbed from the gastrointestinal tract and transported by the blood to the liver for further processing and then to the tissues who need them.


	Role of blood in various homeostatic processes. This is a mechanism, by which the various parameters of our body, like the internal temperature, pH, the concentrations of various substances (for example, glucose, sodium, potassium etc.) in our body fluids remain within a narrow range.


(a)	Body temperature and blood. The volume of blood is large (around 5 liters in an adult man) and the 'specific heat' of blood is high. Therefore, a good deal amount of heat (calories) can be absorbed or lost by the blood without a great rise or fall in the temperature. It is to be noted that the enzymes in our body operate satisfactorily only in a narrow range of temperature. So either an abnormal rise or an abnormal fall of temperature, damages the enzymes and ultimately stops all biological activities. In this regard blood acts as a part of our body water content.


Moreover, blood has a high conductivity. If an organ becomes hot (e.g. liver, due to vigorous metabolic activities) the heat from the organ is taken out by blood and distributed throughout the body.


(b)	pH and blood. The enzymes of our body act only with in a narrow range of pH. Again, large amount of acids are produced daily, by our body, as a result of metabolism. The blood contains various buffers, which prevent the rise of H+ concentration. Circulation of blood also contributes to the removal of the H+.


5.	Role of blood in various defence mechanism. The white blood cells of blood act against invading bacteria and virus. The lymphocytes are intimately connected with the immunity of the body. The plasma carries antibodies. These are some examples to show the importance of blood in connection with the defence.


6.	Transport of other substances. Blood also transports various drugs, hormones, etc. to the various tissues.





Composition of blood. Quantity of in human organism, its relative constancy. Viscosity of blood. Osmotic pressure.





Composition of blood.


Blood contains plasma and formed elements. If blood is collected from an individual and its coagulation prevented by adding anticoagulants to it and then centrifuged sufficiently, the blood is separated into two layers, an upper clear (i.e. free from formed elements) layer, called the plasma and a lower layer, where the formed elements are packed up.


On the other hand, if blood is collected without anticoagulant and is allowed to clot and some further time be allowed so that the clot is allowed to shrink, a fluid separates out. The fluid can be centrifuged further and the clear supernatant part can be collected. This is serum. Basically, serum is plasma minus fibrin.


Formed elements are so called because under microscope they have definite forms. Formed elements are (i) red blood corpuscles (RBC) or erythrocytes, (ii) white blood corpuscles (WBC) or leukocytes (also spelt as leukocytes), (iii) platelets or thrombocytes.


Viscosity of blood. Osmotic pressure.


In a capillary, there are two ends, viz. the arterial and the venous end. Usually in a normal person, the blood pressure at the arterial end is 32 mm Hg. This pressure tries to drive the fluid of the capillary to outside.


On the other hand, the osmotic tension of plasma proteins is 25 mm Hg. Osmotic tension can be, theoretically speaking, exerted by both the crystalloids (e.g., glucose, urea or Na+ etc. of plasma) as well as by the colloids (e.g., plasma proteins). However, the capillary wall is absolutely permeable to the crystalloids, therefore the concentrations of the crystalloids are same on both sides of the capillary wall, but colloids (proteins) of plasma, because of their big diameters, cannot pass easily through the pores of capillaries and cross the capillary wall barrier to join the tissue fluid. So the effective osmotic tension of the plasma is purely due to colloid; crystalloids need not be considered for this purpose. The magnitude of this colloidal osmotic tension in healthy adults is 25 mm Hg and tries to draw fluid from the tissues into the blood. Recall, the extravascular fluid contains only very little of the colloids.


In the arterial end, therefore, the two forces, viz. the capillary BP (value, 32 mm Hg) and colloidal osmotic tension (value 25 mm Hg) are opposing each other and the resultant is 7 mm Hg and is directed to the exterior, that is, water from blood crosses the capillary wall and join the tissue fluid. But at the venous end, the capillary BP has fallen to values, say, to about 19 mm Hg but the colloidal osmotic tension remains the same 25 mm Hg and the resultant, 6 mm Hg is now directed to the interior, which means tissue fluid enters the capillaries at the venous end. It is in this way the fluids carrying water soluble nutrients leave the capillary to feed the tissues, and from the tissues, water soluble waste products etc. are returned to the venous blood. The whole principle was grasped by the great British Physiologist EM Starling in the early part of the 20th century and is called 'Starling's hypothesis'.


[The students should note some other points too : (i) the tissue fluid contains some (although small) amount of proteins which exert a colloidal osmotic tension. This tension tries to draw the fluid out of the capillaries or opposes the return of the tissue fluid to the capillaries and thus adds to the effect of capillary blood pressure. This effect, although not great, is not altogether negligible either; however, to avoid complication, (ii) some tissue fluid may fail to return to the venous end of the capillary due to rather higher capillary blood pressure at the venous end; in such instances too, the tissue fluid does not accumulate, as the extra fluid is returned by the lymphatic channels].


Now, osmotic tension depends chiefly on the number of particles in the solution. Again, normally the albumin has the maximum number among the plasma protein molecules. Therefore, osmotic tension due to plasma protein is mostly due to the plasma albumin. In fact about 80% of the colloidal osmotic tension of blood is due to albumin. The word 'colloidal' owes its origin to the fact that the proteins of plasma are colloids.





Plasma, its quantity, composition.


Plasma proteins, its physiological role.


Origin plasma proteins.


Albumin. The plasma albumin, molecular weight about 68000, is a homogenous protein. Its two major functions are, to (i) maintain the colloidal osmotic tension of blood, which in turn governs the amount of fluid in the extravascular tissues, return of tissue fluid to the venous end of the capillaries etc. and (ii) transport such physiological agents like bilirubin or extraneous agents like barbiturates or sulfonamides.


Albumin of plasma binds with various substances like, bilirubin, thyroxine etc. (which normally occur in the body) or drugs like antibiotics, sulfonamides, salicylates etc. In this way, such substances are carried via the blood.


Globulins. As already indicated, the plasma globulins are not homogeneous group. In plasma globulins, there are normally many different kinds of proteins. These different kinds of globulins have different origins, names, functions and molecular weight. Some common types are described below:


(a) Lipoproteins. Lipids are insoluble in water. They become however, soluble in water, when converted into lipoproteins. Lipoproteins are combinations of lipids and proteins. Lipids are transported via the blood as lipoproteins. Lipids free of protein is not present in normal blood.


The lipids mentioned include triglycerides, cholesterol, phospholipids and free fatty acids. The lipoproteins are classified in several ways, based upon their method of separation. When separated by paper electrophoretic method, the lipoproteins fall into three classes, viz, (i) α lipoprotein, (ii) β lipoprotein and (iii) chylomicrons. Or, if they are separated by Goffman's technic that is, ultracentrifugation, the different classes will be on the basis of their densities as follows :


(i) High density lipoproteins (HDL), (ii) Low density lipoproteins (LDL), (iii) Very low density lipoproteins (VLDL), (iv) Chylomicrons.


A correlation between the paper electrophoretic bands and the classes based on their densities will be as follows:


High density lipoproteins are the a lipoprotein. Low and very low density lipoproteins are β lipoproteins the VLDL having slightly faster movement, whereas chylomicrons have the least mobility; on the electrophoresis paper, they (the chylomicrons) thus remain almost at the site of application of the plasma at the end of the experiment.


The a lipoproteins (or HDL) contain about 50% protein. The fat in it is mostly phospholipid. The β lipoproteins (LDL and VLDL) have higher proportions of fat, mostly in the form of cholesterol or triglycerides, whereas the percentage of protein in the chylomicron is only about 2, the rest is made up by fat, chiefly the triglyceride. In healthy young people, the proportion of HDL is high but in persons suffering from coronary heart disease and some other forms of disorders of lipid metabolism, the proportion of β lipoprotein may be higher than normal.


Haptoglobin. Haptoglobins can combine with hemoglobin. Normally, as stated earlier, aged erythrocytes are destroyed in the spleen and the macrophages of the reticuloendothelial system engulf the released Hb. The haptoglobins cannot combine with this Hb.


But when there is severe hemolysis due to some abnormality, the released Hb combine with haptoglobin. The resultant complex cannot pass through the kidney filter, whereas the free Hb (unbound with haptoglobin) can. Thus the haptoglobins save the body from undue loss of Hb in conditions of hemolysis as well as prevent blocking of the renal tubules by Hb. The teleological explanation is obvious.


Transferrin. This carries iron and has been described in connection with iron metabolism.


Ceruloplasmin. Carries copper.


Fetuin. This type of globulin is found in the fetus and is required for the cell proliferation and growth of the fetus.


The globulins contain many other fractions, viz, the immunoglobulins blood clotting factors, colony stimulating factor, erythropoietin etc. Therefore, in addition to the maintenance of colloidal osmotic tension, transport of drugs, hormones, lipids, iron and copper etc. as described above, the plasma globulins have many other very important functions like effecting coagulation, providing humoral antibodies, stimulating leucopoiesis and erythropoiesis, influencing ESR.


Some proteins of plasma have protease inhibiting actions. Important examples of such proteins being α1 antitrypsin (which inhibits elastase) and α2 macroglobulin. Acute phase proteins (eg. interleukin 1, C reactive protein, vWF) develop during inflammation and have many roles.





Red blood cells.


Morphology.


Composition.


Morphology of RBC. Human RBC (erythrocyte) is a circular, biconcave cell without a nucleus and with a diameter of about 7.5 μ, (now-a-days written as μm). It may be considered as a kind of a living bag containing hemoglobin.


A healthy RBC is very plastic; it can squeeze itself to pass through capillaries whose diameters are very narrow and after coming out of such a capillary it again regains its shape. Compared to its volume (about 80 μ3) it has a very big surface area (135 μ2).


The biconcavity of RBC has some advantages as mentioned below:


(i) Because of the biconcavity, the thickness of an RBC, in its central part, is not great (about only 1 μm), so that oxygen does not have to travel a great distance for the diffusion, (ii) the presence of biconcavity increases the surface area of the RBC, so that oxygen gets a bigger area for diffusion, (iii) because of the biconcavity, the erythrocyte can squeeze itself through a capillary more easily.


Therefore, in diseases where the biconcavity is lost ('spherocytosis') many of the advantages of the erythrocytes are lost.


The RBC is devoid of a nucleus, yet it is alive. It does not contain mitochondria (therefore the tricarboxylic acid cycle of Krebs does not operate within it). It is full of hemoglobin (Hb), but if an RBC is cut, the Hb is not extruded. This is because the Hb is interwoven in the stroma of RBC.


The RBC is also devoid of such structures like ribosomes, endoplasmic reticulum and centriole. Therefore, it does not divide and does not have any nucleic acid in it. Absence of all these things make it rather a very simple cell. The cell membrane (unit membrane) essentially has the same structure as that of other cell membranes, although some special chemical substances, like blood group antigens, are associated with the RBC cell membrane.


The diameter of an "average" RBC (MCD) is 7.5 μm and the thickness (mean corpuscular average thickness, MCAT) at the periphery is 2 μm, and at the center it is 1 μm.


About 95% of the dry weight of the RBC is due to Hb. The part of the RBC, which is not Hb, is the erythrocyte cell proper and as already stated it is a very simple cell. It contains no nucleus (therefore, it is unable to divide), no ribosome (therefore, unable to synthesise new protein) and no mitochondria (therefore, Krebs cycle cannot operate within the RBC. The ATP generating machine in the erythrocyte, therefore, is weak).


The cell membrane of the erythrocyte contains the usual materials, lipids and protein. There are channels in the cell membrane, which permits the movements of different ions. Some special features of the cell membrane of an RBC, now may be noted:


The cell membrane contains some protein materials. Some such proteins, e.g. the glycophorin (which extends through and through the membrane) contain the blood group antigens, whereas other proteins like spectrin as well as actin are applied only to the inner side of the cell membrane. Spectrin is contractile and because of this, the RBC membrane is not flat and the red cell as a whole has a biconcave appearance. At this stage the student is advised to read again the portion dealing with the proteins of cell membrane.





Function.


Practically all the functions of the RBCs are due to its content i.e. due to Hb. RBCs pick up, carry and disgorge oxygen as well as CO2.


However, the fact that Hb is encased within the RBC, is of great importance. Otherwise, there would have been free Hb in our blood causing a great rise in viscosity as well as osmotic tension of the blood. To keep the viscosity or osmotic tension within physiological limits, the volume of the blood would have been great (almost 50 liters or so) and consequently, size of our body would have been unmanageable.





Erythropoiesis. Stages of development. Importance of erythropoiesis. Applied physiology.


As in our body, normally, loss of huge quantity of RBC occurs daily, to keep the RBC count and Hb% normal, sufficient number of RBCs must be produced daily. This generation of erythrocytes is called 'erythropoiesis', and starts in the 3rd week of intrauterine life and continues as long as the person remains alive.


Blood forming tissues, that'is, tissues which produce the RBCs, WBCs and platelets, are usually divided into two great classes, viz. (i) Myeloid tissue, and (ii) Lymphoid tissue.


Myeloid tissue means the red bone marrow. It produces the RBCs, the granulocytes (= neutrophils, eosinophils and basophils), monocytes and the platelets. In the fetal life, it also produces the precursors of the lymphocytes.


Lymphoid tissue includes the lymph nodes, the thymus and the spleen. They produce the lymphocytes (for further clarification, see chap.4, sec.II, "origin of lymphocytes').


Site:


(a) In the intrauterine life :


Formation of blood starts in the 3rd week of intrauterine life.


(i) Between 3rd week to 3rd month of intrauterine life, erythropoiesis occurs in the mesoderm of the yolk sac. This is the only stage, in the entire life span of an individual, when erythropoiesis occurs within the blood vessels (intravascular erythropoiesis). In all other phases described below, that is, in all phases that occur after the 3rd month, the erythropoiesis occurs extravascularly. From a clinical point of view, this phase is not important.


(ii) Between the 3rd month to the 5th month of intrauterine life, erythropoiesis occurs in the liver and spleen. This phase is called, the 'hepatic phase '.


(iii) From the 5th month onwards, the hepatic phase begins to stop and erythropoiesis starts in the red bone marrow. This phase is thus called, the myeloid phase. By the time, when the baby is born, all erythropoiesis occurs in the red bone marrow.


(b) Post natal erythropoiesis :


As stated already, this occurs, normally, in the red bone marrow.


Distribution of the red bone marrow


Bone marrow is of two types, (i) red (because it has a red color), and (ii) yellow (as it looks yellowish). Blood formation, including erythropoiesis occurs in the red bone marrow (RBM).


At birth, all marrows are RBM. As age advances, some of the RBMs are changed into yellow bone marrow. At around 18 to 20 years, the adult pattern becomes fully established. In an adult, over the age of 20 years, RBM can be found only in the (i) flat bones (cranial bones, ribs, sternum, vertebre, pelvic bones) and (ii) in the upper end of the long bones (humerus and femur).


The shafts of the long bones, in fully grown adults, contain only yellow bone marrow (which does not produce blood cells).


Nevertheless, when there is a necessity of increased erythropoiesis, the yellow bone marrow is converted into RBM. If the necessity is still more intense, even the liver and spleen start erythropoiesis in the adult (for some unknown reasons, the thymus never forms blood cells, whatever may be the intensity of the demand). These are instances of "extramedullary hemopoiesis' (medulla = bone marrow) and may be seen in some diseases.


Stages of development.


Excepting in the first 3 months of fetal life, all erythroid developments are extravascular. When the erythroid cell is almost completely mature, it enters the sinusoids from the extravascular space.


1. The most primitive cell is called the 'pluripotent stem cell'. This cell divides and differentiates; whereas the pluripotent stem cell can give rise to erythrocyte/ granulocyte/monocyte/lymphocyte and platelets (that is why it is called pluripotent; pluripotent = capable of pro-clucing many or different), the daughter cells of the pluripotent are not capable of producing all the types of cells; they can produce either myeloid series or lymphocyte series and so on. More they advance in the lineage, more they become restricted in the plurality of their potency.


2.	The pluripotent stem cells give rise to the 'committed stem cells'. One type of committed stem cell gives rise to myeloid series (granulocytes/ monocytes/platelets and of course the RBCs) but not the lymphocytes where as the other type of committed stem cell gives rise to the lymphocytes (both the T and the B varieties) only.


3.	Cells committed to produce the myeloid series now divide and differentiate further to produce daughter cells called 'progenitor cells'. Several types of progenitor cells (PC) develop. One type of PC gives rise to cells of erythroid series, another granulocyte-monocyte and so on. However, the PC that is destined to produce RBC can produce RBCs but not any other type of cell, and so


Progenitor cells are usually called 'colony forming unit', CFU and designated as CFU-E (also written as CFUe), CFU - GM (or CFUgm) and so forth, standing for colony forming unit — erythrocyte, colony forming unit — granulocyte -monocyte and so on.


For RBC, there are two progenitor cells, (i) the first progenitor is called the BFU-E (or BFUe which is "burst forming unit erythrocyte).


From the progenitor CFU - E, the pronormoblast cell, which is the first in the series (lineage) of the morphologically recognizable cell in erythroid series, develops. 


From pronormoblast, 'early normoblast' develops. Early normoblast is also called 'large basophilic normoblast'. Early normoblast, in turn, gives rise to 'intermediate normoblast' (or 'polychromatophilic normoblast'). From intermediate normoblast develops the 'late normoblast' (or 'orthochromatic normoblast').


7. From late normoblast develops the 'recticulocyte'. The reticulocyte, in turn, gives rise to the matured RBC. Normally, the reticulocyte matures for one or two days in the bone marrow and then enters the peripheral blood. When the cell enters the peripheral blood it is still not a fully matured RBC, but a reticulocyte in somewhat advanced stage of maturation.


Importance of erythropoiesis.


The life span of an RBC is about 120 days in healthy  persons. This means, a portion of the total RBC mass in our body is daily dying. Calculation shows the number of RBCs thus dying daily is about 3.0 x 109/per kg body weight of the person (or some 9 billion of RBCs per hour in an average sized man). Unless erythropoiesis occurs, all erythrocytes will thus disappear from our body (death due to anemia will of course occur long before this state develops).


Applied Physiology.


Increased erythropoiesis occurs in hypoxic condition which in turn, may be due to (a) high altitude sickness, (b) following an acute blood loss, (c) advance cardiorespirato ry disease and so on.


Erythropoiesis is diminished in advanced destruction of the kidneys and repeated blood transfusion.


Erythropoiesis is also depressed if there is exposure of the bone to X-rays (marrow destruction), treatment by methotrexate. Abnormal erythropoiesis as well as suppression of erythropoiesis occurs in vit B12 and folate deficiency.


In aplastic anemia, erythropoiesis is depressed.


The intensity of erythropoiesis can be judged by count ing the percentage of reticulocyte in peripheral blood. High reticulocyte count (eg. count > 3 per 100) indicates in creased erythropoiesis and count less than 0.5% , less than normal erythropoiesis.


Red Cell Indices : In healthy adults, the following are the red blood cell indices :


(i) RBC count. Normal values, for adult men, 5.5 million per cmm and for women, 4.8 million/cmm.


(ii) Hemoglobin concentration. Normal value, about 15 gms per 100 ml of blood.


(iii) Packed cell volume (PCV). Normal value, about 45 ml/100 ml (45%).


(iv) Mean corpuscular volume (MCV). Normal value, 80-90 μ3.


(v) Mean corpuscular hemoglobin (MCH). Normal value, 30 pg.


(vi) Mean corpuscular hemoglobin concentration (MCHC). Normal value, 33 gms/100 ml of packed cells.





Red cells fragility. Hemolysis.


Fragility of RBC. If erythrocytes are suspended in an isotonic saline solution (0.85% or 0.9% NaCl solution) the erythrocytes neither swell nor shrink. If, however, the erythrocytes are suspended in a very dilute saline solution or plain distilled water, they swell by taking up extracellular water and eventually burst, a phenomenon called hemolysis.


If the fragility of RBCs are increased due to disease, they burst more readily than normal erythrocyte.


If normal erythrocytes are suspended in NaCl solutions of various strengths, it will be seen that hemolysis starts when the strength of the saline solution is about 0.5% and is complete1 when it is about 0.3%. In conditions, where the erythrocyte fragility is increased (eg., spherocytosis) the hemolysis starts earlier than 0.5% saline solutions, and completes before the strength 0.3% is reached. This is because, the increased fragility makes the RBC more susceptible to lysis.





Erythrocyty sedimentation rate (ESR).


If blood is mixed suitably with an anticoagulant (3.8% sodium citrate in the popular Westergren method) and allowed to stand vertically in a special tube (e.g. Westergren tube), the erythrocytes, because they have a higher specific gravity than plasma, begin to settle down, leaving a clear supernatant plasma above.


The length of the column of this clear supernatant plasma in mm after the end of first hour is the erythrocyte sedimentation rate (ESR). The tendency of the RBCs to settle down increases when they form rouleaux2. In rouleaux, RBCs pile one over another like a pile of coin.


Rouleaux formation increases when there is increase of plasma fibrinogen and γ globulin. Most infections, inflammations and destructive diseases cause increase of γ globulins (including fibrinogen). Therefore, ESR increases in most acute as well as in chronic infections, collagenous disease (eg. rheumatoid arthritis), tuberculosis etc. It also increases in cancers.


Normal values of ESR in male, by the Westergren method, is about 5 mm and in female about 10 mm in the 1st hour. A rise in ESR indicates the presence of infective/ inflammatory/destructive disease but does not help in specific diagnosis. However, ESR values are important for prognostication as well as for assessment of progress in a person under treatment.





Hemoglobin.


Functions, concentrations. Chemical structure of Hb.


Hemoglobin (also spelt, hemoglobin) is present inside the RBCs. It is required for (i) transport of oxygen as well as (ii) transport of carbon dioxide and (iii) if also behaves as a blood buffer.


The iron in the Hb is in ferrous state (Fe++) and even after the combination with oxygen it remains ferrous. The Hb, in health, after catching oxygen, is called oxyHb (HbO2). The combination of oxygen and Hb is loose and reversible so that in the capillaries, of the tissues, oxygen can leave the HbO2 and migrate to the tissues (where the O2 tension is low). Reduced hemoglobin can combine with oxygen very speedily and that is why, although the transit time of RBC through a pulmonary capillary may be very short, the uptake of the O2 by Hb is complete. In some diseased states, the iron of Hb is oxidized and converted into ferric (Fe+++) iron. The condition is called methemoglobinemia and oxygen cannot release itself from methemoglobin easily in the tissues. Normally, the presence of an enzyme, methemoglobin reductase keeps the iron in ferrous state.


Hb also normally carries CO2. It also acts as a blood buffer. Normal values for the concentration of Hb is around 15 gm per 100 ml, but the range is somewhat wide; for males it is between 14 to 17 gms/100 ml and for females between 12 to 16 gms/100 ml.


As a bedside method, Hb is commonly estimated by converting it into acid hematin by adding N/10 HC1 and diluting with water (Sahli's method) and matching with the standard. In clinical laboratories, cyanmethemoglobin method is very popular; in this method, Hb is converted into cyanmethemoglobin and the color developed is compared against a standard in a suitable colorimeter.


Hemoglobin chemistry and synthesis. A hemoglobin molecule contains two ingredients, viz. hem (also spelt as heme) and globin.


The hem is an iron containing compound belonging to the class of compounds called protoporphyrins. Globin belongs to the class of protein called globulins. Hemoglobin thus is a conjugated protein.


The globin molecule contains four polypeptide chains. Two of them have identical amino acid number and sequences and are designated as a chains (each containing 141 amino acids) whereas the other two, called β chains have 146 amino acids each and have identical amino acid sequence. The formula of globin of normal adult hemoglobin, that is HbA, is written as α2 β2.


With each polypeptide chain, one molecule of haem is attached. A Hb molecule, therefore, has four haem molecules. As the iron of each haem molecule can combine with one molecule (2 atoms) of oxygen, each Hb molecule can combine with four molecules of oxygen. The molecular weight of Hb is 67000 ( = 67 KD3).


Properties of Hb


1. Oxygen affinity. The affinity of Hb, for oxygen, is ideal, it is neither excessive nor too little. If the affinity were too little, the Hb within the RBC would have failed to extract O2 from the alveoli of the lung. Had it been excessive, in the peripheral tissues (eg. working muscles), where the oxyHb is supposed to release its O2, the Hb would have retained its O2. (Affinity for oxygen is expressed as P50).


Further, this type of affinity of Hb for O2 produces the sigmoid shape  of the O2 dissociation curve.


This affinity decreases in (a) hot and/or (b) acid environment. This is teleologically desirable. The working muscles are hot as well as their pH is low; in these conditions the affinity for O2 is low and the O2 is released vigorously. Another compound, 2, 3 DPG (2,3 diphosphoglycerate), which accumulates during metabolism, also causes loss of affinity. This results in rapid and easy release of O2 in exercising muscles.


2. Hem-hem interaction. In the initial phase (of oxygenation), the combination of hem and O2 is a bit slow, but once a little of O2 has combined with hem, further combinations are facilitated. This is called 'hem-hem interaction'. This explains the steeper part of the sigmoid shaped graph of O2 dissociation curve.


Structure of Hem.


In a hem molecule, there are four pyrrole structures.


The four pyrroles are linked up with one another by methine (= CH -) bridges, to form, what is known as porphyrin.


There are various types of porphyrins. The particular type of porphyrin found in hemoglobin is called protoporphyrin III and as it contains an iron in the central part of the molecule, it is called iron protoporphyrin.





Hemoglobin chemistry and synthesis. Catabolism of Hb.


Synthesis of Hb. Hb is synthesized by the cells of erythroid series in the red bone marrow. Hb is first seen at the stage of intermediate normoblast/


The essential steps are :


Succinyl CoA (4 'C') + glycine (2 'C') = α amino β ketoadipic acid (6 'C')


α amino β keto adipic acid	 → ALA + CO2


(ALA synthetase) (5 'C')


ALA + ALA → porphobilinogen (a pyrrole) [ALA = 8 amino levulinic acid]


Four molecules of prophobilinogen combine and after some further changes, eventually protoporphyrin is formed.


Protoporphyrin now incorporates an iron atom to become hem.


Four hem molecules are now joined with one globin molecule to form one molecule of hemoglobin.


Fate of Hemoglobin.


As stated previously, when the erythrocytes become old, they rupture, mostly in spleen (as well as in the liver and bone marrow). The Hb is liberated from the ruptured RBC and phagocytozed by the phagocytes of reticulo endothelial system.


Within the phagocytes, the tetrapyrrole ring is opened up, that is, the haem is converted into a compound where the four pyrrole rings lie side by side.


The iron is still attached with the tetrapyrrole straight chain compound and probably the globin also remains attached with it. Subsequently both globin and iron are removed. The tetrapyrrole straight chain compound thus formed (free from iron and globin) is called biliverdin. Bi-liverdin is oxidized to form bilirubin. All these changes occur within the phagocyte of the reticuloendothelial system.


Bilirubin now comes out of the phagocyte and in the plasma, combines with albumin and is transported in the plasma as bilirubin-albumin complex. This complex is frequently called "free bilirubin" by the clinicians and clinical biochemists (ie, biochemists working in the hospitals and other clinical biochemical laboratories).


The free bilirubin ultimately enters the liver and here the albumin is removed from the free bilirubin and the bilirubin is conjugated with glucuronic acid (a derivative of glucose), to form bilirubin glucuronides, which is water soluble. A small amount of bilirubin is conjugated with sulphate radicals to form bilirubin sulphate. The conjugated water soluble bilirubin is called "conjugated bilirubin".


The conjugated bilirubin is discharged into the biliary canaliculi and gets mixed up with bile. This is the main coloring matter of the bile.


Via the bile, the conjugated bilirubin ultimately enters the duodenum. In the intestine, when it comes in contact with the intestinal bacteria, bilirubin glucuronide is hydrolyzed by bacterial enzymes and non-conjugated, which also is, unfortunately, called free bilirubin, is formed (unfortunate, because the term 'free', can create a confusion; whether it means bilirubin albumin complex or it is bilirubin obtained by unconjugation of the glucuronides). This free bilirubin is reduced to form urobilinogens and stercobilinogens. Part of the urobilinogens and stercobilinogens are absored by blood which then circulate in the blood and is excreted via the urine. The rest (i.e. that part which was not absorbed from the gut) is excreted via stool. Golden yellow color of the stool is due to these pigments, and if the stool be kept exposed to the sun and air, the color becomes blackish because of oxidation of these pigments.


The conjugation of bilirubin in liver is catalyzed by the enzyme glucuronyl transferase. Many drugs, especially some steroids [for example, 'methandrostenolone' ('Dianabol'), a compound with androgenic activity, used clinically for its protein anabolic effects] compete with bilirubin for conjugating with glucuronides. Unless bilirubin conjugates with glucuronic acid it cannot be excreted via bile. So excessive use of these drugs often lead to accummu-lation of "free bilirubin" in the plasma (jaundice).


In the rare clinical condition known as "Crigler-Najjar disease" glucuronyl transferase is absent. As a result, the patients develop severe jaundice.


Glucuronyl transferase activity can be increased by the drug phenobarbitone. Hyperbilirubinemia and kernicterus in the neonates (in Rh incompatibility) can thus be successfully treated by phenobarbitone.


All conditions which produce excessive erythrocyte destruction, e.g., malaria, mismatched blood transfusion, erythroblastosis fetalis, bites by some types of poisonous snakes, thus lead to excessive "free bilirubin" (ie, biliru-bin-albumin complex) formation, and jaundice, clinically called, hemolytic jaundice, develops. But the urine does not contain free bilirubin in hemolytic jaundice, as the compound cannot pass the renal filter (owing to its big size). Instead, the urine contains excessive urobilinogen. The normal bilirubin concentration of plasma is between 0.5 to 1.0 mg/100 ml, which rises greatly in hemolytic jaundice. The clinical and related biochemical features of different types of jaundice have been discussed later.





Factors required for synthesis of Hb.


Factors required for synthesis of Hb.


For the synthesis of globin, amino acids are required. For the synthesis of hem, the raw or building materials required (like glycine, succinyl CoA etc.) are all available from the metabolic intermediaries. Iron, however, has to be supplied in the food.


Traces of copper and cobalt are necessary although clinically, their deficiency leading to failure of Hb synthesis is practically unknown. Pyridoxine deficiency also leads to depression of Hb synthesis.


Iron metabolism


Food iron. Iron is present in many foods. Milk, which however, is an otherwise complete food, is deficient in iron. People who live chiefly on milk diet, are therefore susceptible to iron deficiency anemia and clinically the condition is known as "milk injury". Of the food sources, egg is particularly rich in iron.


Food iron may come from either animal sources or from vegetable sources. Food iron is sometimes, from absorption point of view, divided into two types, hem iron and non-hem iron.


The absorption of non-hem iron is facilitated by ascorbic acid and retarded by phytic acid (present in the plants and therefore present in heavy amounts in the vegetable foods) and phosphates, whereas hem iron absorption does not depend upon their presence. For these reasons, commercial bread and powder milk are often fortified by small amounts of iron.


Although iron absorption does not occur in the stomach, presence of gastric juice containing HC1 facilitates iron absorption, because the acid renders the iron of the food soluble.


Most food iron is in ferric state, whereas iron absorption occurs when the iron is in ferrous state; ascorbic acid (vit C) being a strong reducing agent converts the ferric iron into ferrous iron, in the gastrointestinal tract.


The amount of iron present in a 24 hour sample of food, varies, depending upon the type of food, but ordinarily 10 -20 mg of iron is consumed per day by an average individual. However, from what has been stated, a strict vegetarian (according to one estimate, around 150 millions of Indians are strict vegetarians) may consume enough iron but most of the iron may not be absorbed.


Absorption. Iron is absorbed from the upper part of small intestine, including duodenum.


The total amount of iron that is absorbed daily, depends upon the need of the body. Thus, a person who has iron deficiency will absorb greater quantity of iron than a person who has no iron deficiency. This regulation according to the needs of the body, is done by intestinal mucosal epithelium. Consequently there is a term, "mucosal block" used by the physiologists, nutritionists and clinicians. In short, by operating mucosal block, the intestine regulates iron absorption.


Iron requirement. After destruction of the erythrocytes, the Hb is liberated and the iron is released from the Hb. This iron is not thrown out of the body but is utilised again (by the body) for such purposes like Hb synthesis etc4. Consequently the need of the iron in the food is small. However, intestinal epithelium, containing iron, is regularly desquamated and the iron is lost through the feces. This represents a major reason why iron should at all be taken through food by an adult healthy male.


Women of reproducing age (say, between 12 to 50 years of life) require greater quantity of iron, because they either menstruate, or carry fetus or lactate. During menstruation, some blood is lost. During pregnancy, although there is no menstruation, iron has to be supplied for development of Hb of the fetus; further the total RBC mass also increases in pregnancy. Lactating mothers lose iron through their breast milk, amount of which is around 0.5 mg per day.


The iron is deposited in the fetal body, particularly, in the last phase of intra uterine life. Consequently premature babies are specially susceptible to iron deficiency. After a hemorrhage, the iron requirement greatly rises because of the need to synthesize hemoglobin. Chronic blood loss, which may result from chronic peptic ulcer, bleeding piles or infestation by hookworm (which is very common in India) greatly increases the daily iron requirement.


With this background, it may be noted, that, the daily iron requirement in an adult healthy male may be as low as 1 mg but as indicated above, women in reproducing age require more.


Transport and distribution of iron. Iron, as stated above, is absorbed from the upper part of the intestine and is carried by the plasma. In the plasma, it combines with a plasma protein called 'transferrin', which is a member of the β globulins of plasma. Normally, between only 20 to 35% of the transferrin remains saturated by the iron, the rest (some 70%) remaining unsaturated. Or, stated in an other-way, normally, only some 30% of the "total iron binding capacity" (TIBC) of blood is utilized. Most of these irons reach the bone marrow, (to be utilized for Hb synthesis), the rest goes to the tissues for synthesis of such compounds like myoglobin oxidase, peroxidases etc. and other iron containing compounds' like cytochrome, cytochrome oxidase, etc.


After completion of its normal life span (120 days) an RBC dies and from its Hb (which has been phagocytozed by a phagocyte of the reticuloendothelial system, RES) the iron is extracted. This iron is not excreted from the body but retained as ferritin. The iron of ferritin, therefore, comes from the Hb of a dead RBC, not straightway from the food.


Ferritin and apoferritin


Apoferritin is a protein. Within the apoferritin, the ferritin (iron) remains encased. Iron of ferritin is in ferric state. This occurs normally. But when an excessive iron is stored, some of the iron is stored as hemosiderin. Actually, hemosiderin is derived from ferritin; in it a part of the encasing shell of protein is lost and the iron particles are aggregated.


In conditions, where the body is overloaded (for explanation of the term overload, see later, this chapter) by the iron, the excess iron appears chiefly as hemosiderin.


The kinetics of the body iron. Note that from transferrin, that is, from blood iron goes to the bone marrow or to such compounds like myoglobin, but not to the RES for ferritin formation. Also note that from ferritin, the iron is again released and carried as transferrin to the blood, then to the bone marrow etc.


Determination of iron status in the body


If there is iron deficiency in the body, there will be iron deficiency anemia (microcytic hypochromic anemia). Presence of iron deficiency anemia therefore indicates that there is iron deficiency (although this is only a qualitative index). However, to determine whether there is or there is not iron overload, more elaborate process (see below) is necessary.


The elaborate procedure (to determine the exact status of iron in the body) may be needed in some patients. This can be done by measuring the (i) degree of saturation of total iron binding capacity, TIBC, less than 20% saturation, indicating iron deficiency and more than, say 45% saturation indicating iron overload, or better (ii) by aspirating red bone marrow (by sternal puncture) and examining the aspirated material for Prussian blue +ve materials.


The term 'iron overload' has been mentioned above. Its explanation is given below :


In some diseases it might be necessary to give repeated blood transfusions. The transfused RBCs die after a few weeks but as there is no major route for removal of the iron from our body, their iron is stored, so that the body now contains excess iron. This is, in today's world, is a common cause, of iron overload, but other causes also exist. The excess iron is deposited in various parts of the body producing a variety of symptoms.


Bronze diabetes is a condition where there is excessive hemosiderin in the body. The condition is rare.


The iron containing substances in our body. In our body about 4 gm of iron is present. Most (around 70%) of it is to be found in the hemoglobin. About 20% is found as ferritin. Rest of the iron is present in such compounds like myoglobin (a compound closely resembling Hb, and is required for transfer of oxygen in the tissues), cytochromes, cytochrome oxidase, peroxidase etc.





Abnormalities of Hb production.


I. As already mentioned, normally in adults, principally HbA is (about 98%) found. Only about 2% of the Hb in normal adult is HbA2.


HbA contains two a polypeptide chains and two β polypeptide chains; consequently HbA is written as α2 β2.


HbA2 contains the normal two a polypeptide chains as usual but instead of β chains it has two δ chains and written as α2 δ2. In the fetus, the Hb is α2 γ2, that is, there are two a chains and two γ chains. However, in postnatal life, the fetal hemoglobin, which is known as HbF (i.e. α2 γ2), rapidly disappears and is replaced by HbA.


The γ and δ chains contain 146 amino acids (similar to β chain) but their sequence of amino acids differ from that of β chain.


In HbS, which is normally not found, although there are two β chains, the glutamic acid in position 6 of β chain is replaced by valine. HbS is written as α2 β2S. When exposed to hypoxic condition, this abnormal hemoglobin tends to produce crystals called 'tactoids', within the RBC, resulting in increased fragility of the RBC and changing its shape into a sickle. The resulting clinical condition, known as sickle cell anemia, is characterized by hemolysis, hemolytic jaundice, frequent infarcts of spleen and susceptibility to infections. The condition is common among West Africans and North American blacks. A closely related condition is a disorder characterized by the presence of HbC (α2 β2 c ).


All such abnormalities are called "hemoglobinopathies' and are the results of genetic disorders.


Synthesis of hem may be defective. The resulting clinical conditions are known as 'porphyrias' and 'porphy rinurias'.


Hb has a strong tendency to combine with carbon mon oxide. The resulting complex is called carbon monoxide hemoglobin or carboxy hemoglobin. CO has almost 250 times stronger affinity for Hb than that of oxygen for Hb. There fore, if a man is exposed to CO gas, carbon monoxide hemoglobin is formed in his blood and combination of Hb with oxygen no longer occurs, resulting in hypoxia. Methemoglobinemia has already been discussed.


IV.	Thalassemia syndrome. This is somewhat a different class of disease from the classical hemoglobinopathies. In the different forms of thalassemias (all thalassemias, taken together, constitute the 'thalassemia syndrome' ) synthesis of either the a chain or β chain is not sufficient in amount although, the chains, once synthesized, are nor mal. Further, thalassemias can be minor or major. Some forms of thalassemias (eg, a thalassemia major), are in compatible with life, some other thalassemias (eg, a tha lassemia minor) may be almost symptomless.


In β thalassemia major, (which in the past, used to be called Cooler's anemia ), synthesis of β chain is insufficient. The subjects of β thalassemia major has a high concentration of HbA2 as well as fetal Hb (HbF). The subject develops hemolytic anemia. This disease is common not only in Mediterranean regions but also in East and South East Asia.


Hb D Punjab


This interesting variety of abnormal Hb is found in some (about 2%) population of Punjab. The subjects may develop a mild hemolytic anemia.


The student should note, that like the blood group antibodies, the different varieties of abnormal hemoglobins are of interest (besides the clinicians and physiologists) not only to the forensic experts but also to the anthropologists and historians. Thus, presence of an abnormal Hb in a small population, far away from the land where it is usually found may suggest unrecorded migration of an ethnic group in the distant past.


�
Practical class 2. Corpuscular elements of blood





The questions for self-study


White blood cells (the leukocytes).


Total count and classification.


Morphology of the WBCs.


Neutrophils.


Eosinophils.


Basophils.


Monocytes.


Lymphocytes. Classification of lymphocytes.


Functions of the WBCs.


Normal values for the cellular elements in human body.


2.	Platelets (Throbocytes).


2.1.	Count and morphology.


2.2.	Function of platelets.





White blood cells (the leukocytes).


Total count and classification.


In health, the number of WBC is 4500 to 11000 per cmm of blood. This is the total count. The various types of leucocytes present in the blood are given in the accompanying table.


The figures in the bracket in the table are the number of leucocytes of each type, found per every hundred WBCs, that is, the 'differential count' (DC) of WBC. This classification is based on the staining properties of the WBC by one of the Romanowski's stains. By such Romanowski's stain, some of the WBCs show granules in their cytoplasm and are called 'granulocytes'. Other WBCs show no granules and are called 'non granulocytes'.


Romanowski's stain.


There are two fundamental components in the Romanowski's stain – (i) azure B (trimethylthionin), and (ii) eosin Υ (tetrabromoflurescin). Azure B is basic and combines therefore with acid radicals present in the WBC. Eosin is acidic and combines with basic radicals of the cell.


There are several types (variants) of the Romanowski's stain. Wright's stain (very popular in USA and Canada), Irishman's stain (very popular in India), Giemsa (a rather complicated variant), Jenner's (a very simple variant) are some of the well known examples of these variants. On the whole, Leishman's and Wright's stain produce almost same effects.


Most commercial preparation of the variants of Romanowski's stain contain some closely allied (allied to azure B) substances which may be regarded as impurities. Because of these impurities, different batches of stain produce somewhat different effects on the blood film.


In a cell (e.g., a WBC) the acid radical containing materials are DNA (present in the nucleus) and RNA (in cytoplasm). In a mature WBC, the RNA in the cytoplasm is small in amount but chromatin materials are mostly made up of DNA. Therefore, the nucleus takes up the basic (azure) stain. The granules of granulocytes take the basic (azure) or acidic (eosin) stain, depending on the nature of the granules [Students may note that a mature RBC takes eosin and only eosin stain whereas an erythroblastic (i.e., in immature RBC) cytoplasm contains plenty of basophilic material. Why so ? Answer is that, the mature RBC is full of Hb, which contains basic radicals (which therefore takes eosin stain), whereas in the cytoplasm of the immature cell, there is plenty of nucleic acid (RNA) and so it takes basic stain].


�





1.2.	Morphology of the WBCs.


1.2.1.	Neutrophils.


Neutrophils (diameter 10 to 12 μ) are the major component of the granulocytes. The nucleus of the mature neutrophils have several lobes (2, 3 upto 7). The more young the cells, less the number of the lobes. In a given slide therefore, some neutrophils are seen to have comparatively less number of lobes, some higher number and so on. Once upon a time, much emphasis was given to find out the ratio between the different lobed neutrophils in a given blood film (one such technic was called the "Arneth count'). In short, ratio between the old and young neutrophils used to be counted. A preponderance of younger cells used to be designated as a 'shift to the left' and reverse, the 'shift to the right'. A shift to the left is indicative of infections (which necessitated a release of younger cells from the marrow pool). A shift to the right is indicative of megaloblastic anemia or even uremia. Anyway, such procedures like Arneth count is no longer popular as more direct diagnosis of the above conditions can be now made easily. Therefore no further details of the Arneth count is given in this text.


The cytoplasmic granules in Irishman's stain, as seen under light microscope, are small and are amphophilic, that is, they take both the acid and the basic stains (although most of them are weakly basophilic). In conditions of acute bacterial infections these granules may become larger and are then called 'toxophoric' granules. The granules of the mature neutrophils are, in reality, of two kinds:


(i)	primary or azurophilic or lysosomal granules and (ii) secondary granules. The primary granules, however, are not visible by the Leishman's stain. The primary (azurophilic or lysosomal) granules contain —(a) various proteolytic and amylolytic granules (b) the myeloperoxidase (MPO) enzyme granules, and (c) lysozyme enzyme granules. The bacterial disintegration (destruction or digestion) is caused by such granules. The secondary (also called 'specific') granules contain—(a) lactoferrin, which inhibits bacterial growth, (b) alkaline phosphatase, and (c)vit. 'B12 binding protein.


The secondary granules do not directly kill (lyse) the bacteria, that is why they are not called lysosomal granules. Their contents are released extracellularly.


The neutrophils, on their surface membrane, contain various receptors (invisible by the microscopic examination). These receptors (for clarification of idea of receptors, see the discussion under 'receptor' in chap 1 sec I) according to their class, can bind with such substances like the prostaglandins, complements and immunoglobulin (IgG).


N.B: (1) The name neutrophil, is somewhat a misnomer. Eosinophilic granule take acid (eosin) stain, basophilic the basic stain and it was thought that the granules of the neutrophil took the neutral stain. It was thought that the acid and basic components of Romanowsky's stain combined to produce neutral stain of the neutrophils. But in reality they are ampophilic granules (philia = love, thus eosinophil = eosin loving and so on).


(2)	It is believed that the presence of so many lobes in a neutrophil, helps the emigrations of the neutrophil.


(3)	Some authors (particularly American authors), by the term 'granulocytes' mean only neutrophils. Thus, CFU, GM = CFU granulocyte monocyte, where, granu locyte = neutrophil.





1.2.2.	Eosinophils.


The nucleus of the eosinophil (diameter 10 to 15 μ) is usually (but not necessarily, always), bilobed, the cytoplasmic granules are very coarse and with a correct Leishman or Wright stain, take an orange color, because, these granules contain alkaline materials. In the class rooms however, often, they appear rather a little muddy colored.


The granules contain—(i) eosinophilic peroxidase (EPO) enzyme, (ii) major basic protein (MBP), and (iii) eosinophil cationic protein (ECP).


MBP, which is rich in arginine and has histaminase5 (= histamine inactivating) ability, constitutes about 50% of the materials of the eosinophilic granules, and play the fundamental role in the body's defence (=fight) against many parasite invasion (e.g. hookworm/filaria). EPO perhaps has antibacterial activity. Also, EPO may be required for the activities of mast cells during allergic (hypersensitive) inflammation. ECP's functions are not clear; it is possible they bind (and thus neutralize) heparin released by the mast cells.





1.2.3.	Basophil (diameter 10 to 12 μ)


It's nucleus is irregular and often 'S' shaped, cytoplasmic granules are coarse and basophilic and often so present over the nuclear zone that the nucleus appears partly covered by the granules.


The granules of basophil (as well as it's close relative mast cell in the (issues, outside the blood) contain —(i) histamine (ii) heparin (a strongly basophilic material)


(iii) acid peptides (iv) acid hydrolases and (v) a neutral proteolytic enzyme (protease). The granules of mast cells of the rat (in which species most of the studies have been made) contain serotonin too, although this is absent in human basophil or the mast cell.





1.2.4.	Monocytes


These are the largest of the WBCs (diameter 12 to 20 μ). The nucleus is not lobed and commonly ovoid and very often indented. The indentation may be so deep so as to present a horse shoe shaped appearance (of the nucleus). Although, the monocyte is included in the category of non granulocytes, yet the cytoplasm may show very fine granules.





1.2.5.	Lymphocytes. Classification of lymphocytes.


Two kinds of lymphocytes are seen under light microscope, the small and the large. Large lymphocytes account for about 10% of the total population of lymphocytes.


A small lymphocyte is a small cell (diameter about 7 μ), the cell almost wholly consists of nucleus and the cytoplasm occupying only a narrow rim round the nucleus. The cell is round and the nucleus is some times a little indented on one of its sides.


The large lymphocyte is about 3 times greater than the smaller variety, and the cytoplasm is abundant.


Classification of lymphocytes.


Functionally, the lymphocytes can be divided into two major subgroups — (i) T and the (ii) B lymphocytes. T lymphocytes have further subgroups and a flow chart summarizes the picture.


These T and B lymphocytes cannot be distinguished from each other in an ordinary blood film stained by Leishman's stain. For their identification and count, very complicated methods (not discussed in this text) are needed.


By such technics, in the peripheral blood the differential count of the lymphocytes alone, are approximately as follows:


T lymphocyte�
70 to 80 per cent�
�
B lymphocyte�
10 to 15 per cent�
�
K & NK lymphocyte�
5 to 10 per cent�
�
Degenerated�
the rest�
�
K (killer) and NX (natural killer) cells may be regarded, however, as special varieties of T lymphocytes.


For some reasons (not discussed in this text), helper T cells are also called T4 cells. Similarly cytotoxic T lymphocyte and suppressor T cells are also called T8 cells. (In the disease called AIDS, the T4 lymphocytes are destroyed).





1.3.	Functions of the WBCs.


Functions of neutrophils


Antibacterial role. Summary


Following, let us say, a bacterial invasion, [e.g. a breach of skin through which some harmful (pathogenic) bacteria have entered the body] an inflammation develops.


In short, the ultimate aim of the Nature is to destroy the invading bacteria and this is done by inflammation. During an inflammation (which starts within a few minutes after the injury to the skin in the above example), — (i) vasodilatation of the local fine (small calibered) blood vessels, and (ii) margination and emigration of leucocytes develop. The WBCs (neutrophil in this case) adhere to the vascular endothelium (= margination ) and then they (i.e., the neutrophils) by the help of their pseudopods go out of the blood vessel to enter the extravascular tissue; this is called emigration, (iii) The emigrated neutrophils are drawn towards the invading bacteria, a phenomenon called chemotaxis. (iv) Nextly, the neutrophils phagocytoze the bacteria, (v) finally the phagocytozed bacteria are degraded so that death of the bacteria occurs (digestion).


The phenomenon of margination is due to following reasons : normally, in absence of inflammation, the velocity of the blood flow in the small vessels is comparatively high and the cells of the blood (including neutrophils) occupy the axial (central) stream. With the onset of inflammation, vasodilatation of these (small) vessels occur → blood flow in them becomes sluggish → the blood cells (including the neutrophils) now occupy the peripheral parts of the blood stream and marginate.


Subsequently the neutrophils stick to vascular endotheliums. This sticking is mostly caused by two sets of chemicals : (i) complements, and (ii) arachidonic acid metabolites (AAM) (prostaglandins and leucotrienes). For details of AAM, the reader is referred to the portion 'inflammation' in this chapter.


In short, arachidonic acid metabolites are members of the family of prostaglandins (also called eicosanoids).


By this time, attachment between the receptors on the membrane of neutrophil and various chemical substances (eg. eicosanoids) develop (recall, the neutrophils on their surface membrane have receptors of different kinds. These receptors are highly specific. One kind of receptors can bind the complements, another the immunoglobulin IgG, another the AAM, and so on). As a result of this, Ca++ from the extracellular fluid (ECF) moves inside the neutrophil. This intracellular entry of Ca++ causes some very important changes of the neutrophil, one of which is contraction of actomyosin6 filaments leading to throwing of pseudopods and emigration of the neutrophil.


Subsequently, because of the chemotaxis, the neutrophil moves continuously towards the bacteria. For this movement, continued contraction and relaxation of the actomyosin complex and throwing of pseudopodia are necessary. Chemotaxis is due to some chemicals, called chemotactic agents [also called 'attractants' or '' chemoattractants' and are — (i) C5a (an activated complement. For details, see 'inflammation', below) (ii) AAM (see 'inflammation' below) (iii) PF4 (platelet factor 4 released by platelets, for details see 'mechanism of coagulation', chap.5 sec II), (iv) leukotrienes, for details, see 'eicosanoids', chap 8 sec VI).


Having reached the bacteria, the neutrophil phagocytozes it (= the bacterium). For the pahagocytosis, as a rule (although there can be exceptions to the rule) the bacterium has to be coated with opsonin. Opsonin usually means IgG but complements (C5a as well as C3a) also behave as opsonin. The bacterium may be coated by both the complement and IgG or only by IgG or by the complement only. This coating facilitates the phagocytosis greatly (in somewhat crude but more expressive way, it may thus be stated, "opsonin coating makes the bacteria tastier to the neutrophil").


After ingestion, the neutrophils digest the ingested bacteria. Recall, the phagocytozed bacteria are residing now within the phagocytic vacuole of the neutrophil.


Recall, that the granules of neutrophils are divided into two classes—(i) the primary, and (ii) the secondary granules. The primary or the lysosomal granules contain— (a) the proteolytic and the amylolytic enzymes, (b) the myeloperoxidase (MPO) granules and (c) the lysozyme granules. The secondary granules (also called the 'neutrophilic' granules, chiefly contain lactoferrin and the alkaline phosphatase, as well as lysozyme. The primary granules are often called azurophilic granules.


As a result of its metabolism, the neutrophil can produce H2O2 as well as superoxide (symbol, O-2 ), after taking a sharp excess of oxygen (= 'oxygen burst'). H2O2 itself can kill the bacteria but in presence of the enzyme MPO, the H2O2 becomes highly lethal [The concomitant presence of MPO, H2O2- & O2 produces HOC17 and chlorine which are particularly lethal to the bacteria]. Furthermore, proteolytic and amylolytic enzymes of the neutrophil also attack the bacteria and cause hydrolysis of its constituting chemicals. Lactoferrin inhibits bacterial growth.


During this digestion — (i) some enzymes of the neutrophil often spill out of the neutrophil and appear in the outside causing damage of the innocent cells. This is one very important reason so as to why there is cellular destruction during inflammation, (ii) also, many neutrophils themselves die and if the population of such dead leucocyte is very high, the local fluid becomes white. Dead cells, whitish fluid, dead leucocytes etc. all together form what is known as pus.


Besides, the H2O2, O-2, MPO and other enzymes of the primary granules, the phagocytozed bacteria are also killed by the accumulated lactic acid within the phagocytic vacuole of the neutrophil. The lactic acid accumulates because of the metabolic activity of the neutrophil and the accumulated lactic acid is poured within the phagocytic vacuole so that the local pH is lowered and the bacterium therefore dies.


(N.B. The student should note that complements and prostaglandins are required in the various stages of neutrophilic activity, e.g. (i) sticking (ii) emigration (iii) pseudopodia formation and (iv) phagocytosis) The flow chart drawn below gives a summary of the events to show the role of neutrophils (abbreviated, N, in the chart) when a bacterial invasion occurs in our body :


1.	aided by slowing down of velocity of blood (vasodilatation), complements, AAM.


due to entry of Ca++→ contraction of actomyosin → pseudopod movements.


due to chemoattractants like C5a, AAM, PF4 and leucotrienes.


due to contraction of actomyosin → pseudopod movement.


the bacteria have to be opsonin coated.


due to enzymes released from MPO and others. Destructive agents are H2O2, superoxide, HOCl and various enzymes.


Role of eicosanoids and PAF


Eicosanoids are derivatives of the polyunsaturated essential fatty acid, the arachidonic acid (AA) and is a family of compounds (chap 8 sec VI). This family includes (i) prostaglandins, (PGs), (ii) leucotrienes (LTs), (iii) thromboxanes (TXs), and (iv) lipoxins (LXs).


PAF (platelet activating factor) is a phospholipid (chap 8 sec VI), closely related to the eicosanoids in various ways.


The eicosanoids and the PAF (also called, AGEPC, acetyl glycerol ether phosphoryl choline) play important roles in various aspects of inflammation:


(i) they are very important chemoattractants for neutrophils (ii) they are required for adherence of the leucocytes to the vascular endothelium; PAF is particularly important for this (for details and molecular physiology, see chap 8 sec VI, 'PAF'). (iii) the development of 'respiratory burst' occurs only in presence of them. Recall, the respiratory burst is the signal indicating that the digestion of the phagocytosed bacteria has started, (iv) PAF is a known eosinophil chemoattractant.


The eicosanoids are produced from the AA by one of the two pathways (chap 8 sec VI), (i) lipooxygenase, and the (ii) cyclooxygenase pathways. Aspirin stops the cyclooxygenase path and thus inhibits inflammation.


Functions of monocytes


(i) Formation of tissue macrophage


Even in absence of any infection the monocytes leave the blood and enter the extravascular tissue. In these tissues they are called macrophage; as tissue macrophage (in the spleen, lungs, liver and so forth), their main function is to remove various undesirable substances (old and effete RBCs, bacteria, foreign bodies) by phagocytosis and have been discussed in greater detail, under the heading of "reticuloendothelial system' (N.B. reticuloendothelial cells = monocytes of blood + tissue macrophages).


(ii) Role in acute and chronic infection


As stated earlier, in acute infection, in the first phase, the neutrophils emigrate and phagocytoze the bacteria. Therefore in the first 24 hrs. or so after the bacterial invasion, neutrophils preponderate the local area. But after that the monocytes emigrate and attack the bacteria and phagocytoze them. Thus, the monocytes form the "2nd line of defense' whereas the neutrophils form the "1st line of defense'.


The monocytes can digest the bacteria of acute infection and this is done chiefly by the H2O2 produced. But for this, the help from the MPO cannot come as MPO is absent in the monocytes (cf. neutrophils, see earlier). In short, their digestive ability is less powerful.


As a phagocytic agent, the monocyte — macrophage is very powerful. They engulf bacteria, tissue debris, organic and inorganic substances and so forth. Often several macrophages coalesce together to form a multinucleated 'giant cell' which harbors many ingested foreign materials.


In chronic infection however, often the macrophage engulfs the bacteria but cannot kill or digest them. Such an affair is seen typically in the incubation period of typhoid fever.


(iii) Role in lymphocyte mediated (specific) immunity


This has been elaborated in chapter 4 of sec II. In short, monocytes — macrophages play vital roles in both the cell mediated as well as in humoral immunity. In the phenomenon of lymphocyte mediated immunity — (a) the macrophage produces 'monokines' (like, interleukine) which causes death of the invading antigen as well as many innocent cells, of the host (b) the macrophage 'presents' the antigen to the T (as well as to the B, in humoral immunity) lymphocyte. It is emphasized these actions are done by the macrophages in the tissues, but then the monocytes become the macrophages within the tissue.


(iv) Monocytes produce CSF, prostaglandin (PGE) and acid lactoferrin, to control the production of neutrophils. In short, the monocytes control the proliferations of the neutrophils.


Functions of eosinophils


Not much is known about the eosinophils. Eosinophils emigrate from the capillaries when the inflammation is of allergic origin. Chemoattractants for the eosinophils are histamine and the newly discovered substance ECFA (eosinophil chemotactic factor for anaphylaxis), present in the tissue where an allergic inflammation has developed, and PAF (see above). Eosinophil granules are of two types — (i) coarse granules, which takes orange color, in Leish-man's stain, and (ii) fine granules which remain invisible by such stains. The coarse granules contain heavy amount of a substance called MBP (major basic protein) which acts against the larva (within the tissue) of many parasites (recall, parasite infestation can cause a severe eosinophil-ia). These coarse granules also contain two other substances, viz, a peroxidase, called eosinophil peroxidase, EPO, (which is not identical with the myeloperoxidase, MPO, of the neutrophilic granules) and another protein called ECP (eosinophilic cationic protein). EPO perhaps is needed to kill the bacteria. Functions of ECP are not clear. Eosinophilic granules also contain MPO.


To summarise, eosinophils contain the MPO granules, eosinophilic peroxidase (EPO) granules as well as MBP. One would expect that because they contain MPO granules they should have anti-bacterial action, but in real life this is not so. Rather they accumulate at the site of inflammation which is due to hypersensitivity (see below). MBP acts against larve of the parasites. Eosinophilic leucocytosis is commonly seen in persons suffering from some types of parasite infestation (notably in filarial infestation). Besides eosinophilic leucocytosis is also seen in 'allergic disorder' like bronchial asthma. Eosinophils have phagocytic power and can ingest antigen antibody complex.


In short, the eosinophils have antiparasitic roles; they are also related to defend the body against allergic disorders; but they probably have little or no activity against bacteria.


Functions of basophils


Basophils and the mast cells can be considered together. Mast cells are found extravascularly within the tissues whereas the basophils are present within the blood. The basophil and mast cells ('Mastzellen ' cells of the old German authors) look remarkably alike but now it is generally believed that they have different origins.


The secretory granules of the mast cells, as already mentioned contain — (i) histamine (ii) heparin (iii) a proteolytic enzyme called 'neutral protease' and (iv) several acid hydrolases (e.g., hexosaminidase, glucuronidase). Mast cells of the rat also contain serotonin.


Mast cells, contain receptors on their cell membrane surface and combination of receptor with specific substance (e.g. IgE) causes what is called 'membrane perturbation Membrane perturbation, in turn, causes release of various chemicals like prostaglandins and leucotrienes. They are responsible for various inflammatory changes (See AAM under inflammation, below in this chapter).


Function of lymphocytes.


In short the T lymphocytes produce cellular or cell mediated immunity and B lymphocytes produce humoral immunity.





2.	Platelets (Throbocytes).


2.1.	Count and morphology.


Normally, the number of circulating platelets, called the 'platelet count', is between 150,000 to 400,000/cmm (μl). When the count goes below 100,000/cmm (μl), thrombocytopenia may be diagnosed. If the count is below 40,000/cmm, then hemorrhagic manifestation occurs. Thus, a platelet count of 40,000/cmm is called, the 'critical count' of platelets.


The platelets are very small bodies (diameter between 2 to 4 μm), consisting of cytoplasm encased within a membrane. Platelets are non nucleated structures (cf. RBCs).


When 'inactive', the platelets have a disc like structure, but when 'activated' they become spherical.


Platelets contain mitochondria and Golgi apparatus. They also contain many special structures, as stated below:


(i) granules (ii) tubules (iii) filamentous structures, made up of actomyosin (previously called, thrombosthenin) (iv) various chemicals like adrenalin, serotonin, ADP and thrombospondin.


In addition, the platelet membrane deserves special attention. The platelet membrane is made up of two layers, viz. (a) the outer one, glycocalyx layer (ie, made up of amino acid and glucose). The glycocalyx in platelet membrane is of two types, glycosamino glycans and glycoproteins, and the (b) inner layer, made up of lipoprotein. In the platelet membrane, various structures and compounds like (a) receptor molecules (b) precursors of various substances like thromboxane A2 (Tx A2), prostaglandin, leucotriene, platelet factor 3 (also called PF3), platelet factor 4 (PF4) are found.


It should be clearly understood, that, platelets contain no DNA or RNA. Hence if any protein (enzyme) is exhausted from it no fresh synthesis of the protein can occur (see later, 'aspiran' in applied physiology).


With the above mentioned background, some further details now may be added. But before that, the two terms, inactive state of platelet and the activated platelet should be understood.


Normally, in the circulating blood, platelets are in an 'inactive state', and have a disc like structure. But when there is an injury in the blood vessel and bleeding, the inactive platelets become active and adhere to the subendothe-lial tissue (= the collagenous fibers present underneath the vascular endothelium. When the endothelial cells are damaged, this subendothelial tissue is exposed and comes in direct contact with the blood).





2.2.	Function of platelets.


Unless the inactive platelet becomes active, there can be no hemostasis.


1. Granules


Several classes of granules are seen in the platelet, viz., (i) a granules (ii) dense granules and (iii) glycogen granules.


A granule. When the platelets are activated, the a granules are dissolved and secrete a number of compounds, notable amongst them being, (i) fibronectin, (ii) platelet factor 4, (iii) platelet growth factor, PGF and (iv) von Willebrandt factor (vWF), (It should be noted that there are two sources of vWF: one from the vascular endothelium and called plasma vWF and the other from the a granules of the platelet).


a granules also contain a proteinaceous substance called thrombospondin. Thrombospondin binds platelet membrane receptors with fibrinogen or another platelet and probably thus paves the way for — (a) mutual fixation of platelets as well as (b) fixation of platelet with blood clot (recall, fibrinogen is present in blood clot). That is, thrombospondin serves as a bridge (or a fixative) either between two individual platelets, or between a platelet and fibrinogen.


Dense granules (bodies)


On activation of platelets, the dense granules dissolve and release — (i) ATP (ii) ADP and (iii) serotonin.


II.	Tubules


Platelets contain two sets of tubules viz, (a) open canaliculi and (b) the dense tubules.


Open canaliculi are produced by the invaginations of the cell membrane of the platelet and are thus comparable to the T system of tubules of the heart or skeletal muscles. These tubules communicate with the exterior, that is, extracellular fluid (ECF); Ca++ from ECF can enter the platelets through these tubules when there is a need for this (during activation).


The dense tubules are confined within the body of the platelets, ie., they do not communicate with the ECF. They store the Ca++ ions.


III.	Platelets also contain two types of contractile elements, actin and myosin. In inactive state the actin mole cule occurs as G actin; when the platelet is activated, it be comes F actin. The F actin is a long filament like structure. The combination of actin and myosin produces actomyosin (cf. skeletal or heart muscle actomyosin) which can contract and relax and thus can cause movements of the platelet. Indeed, the active platelet can throw out psuedopods (containing these contractile matter) and have ameboid movement. For this contraction to occur, presence of Ca++ is necessary.


IV. The membrane of platelet


The cell membrane of platelet actually consist of two layers — (a) an outer, glycocalyx layer (b) inner lipoprotein layer.


The lipoprotein layer consists of, (in addition to protein), (a) phospholipid (b) cholesterol, and (c) glycolipids. The phospholipids, when the platelet is activated, produce arachidonic acid. The arachidonic acid in turn, produces the thromboxane, abbreviated, Tx A2 as well as PGD2 (a member of the family of the prostaglandins). In short, Tx A2 and PGD2 are members of the family of eicosanoids. However, the eicosanoids are not stored in the platelet membrane. They are synthesized from their precursors in the membrane and immediately released.


Platelet membrane also contains glycoproteins. By now, several varieties of glycoproteins have been discovered, notable amongst them being GPIb, GPIIb, GPIIIa and a host of others (GP being abbreviated form of glycoprotein).


The platelet membrane contains various receptors. These receptors are meant for combining with highly specific substances. There are several groups of receptors on the platelet membrane. Such receptors can combine with (i) von Willebrand's factor (vWF), (ii) other platelet and so forth. The glycoprotein molecules mentioned above, which are in the platelet membrane, constitute such receptors. For example vWF combines with GPIb as well as GPIIb.


The functions of the various above mentioned chemicals within the platelets, will be understood when the topic of hemostasis will be discussed.





Factors influencing thrombopoiesis


The term thrombopoiesis means generation of platelets (thrombocyte = platelet).


(i)Thrombopoietin (cf. erythropoietin) is a substance which stimulates thrombopoiesis; its details are not clear. However, when, thrombocytopenia develops, thrombo-poietin appears in the plasma.


(ii) When there is excessive thrombocytes in blood, a recently discovered material TGF β, released from a granules of platelets, cause depression of platelet count by suppressing (cf. leucopoiesis) the megakaryocyte (this therefore is a -ve feed back mechanism).


Functions of platelets


At this stage the functions of platelets may be taken up :


1. When there is an injury to a blood vessel, the platelets ie. the thrombocytes, first,


adhere to the cut end of the blood vessel (for this ad herence, two factors, viz, plasma von Willebrandt factor, vWF, and contact with the subendothelial collagen fibers with the platelets, are necessary. For details, see later, the 'hemostasis')


aggregate (= large number of platelets become adherent to one another. For this to occur, Tx A2, ADP and fibronectin are necessary. They are all released from the thrombocytes.


It is now known, PAF (platelet activation factor) is a very powerful factor which helps the platelet to aggregate. PAF, in various ways, is related to prostaglandins and is released from.


(c) release (= liberation of many chemicals from the thrombocytes; the liberated chemicals, in addition to the substances mentioned above are, nor adrenalin, serotonin, several platelet factors like platelet factor 3 and platelet factor 4, prostaglandins and so on. Some of these substances help in blood coagulation, some in platelet adherence, some in vasoconstriction and some others even oppose coagulation. For details, see below). In addition, platelets also change in shape and become globular.


In short, after a blood vessel injury, the platelets show (i) adherence (ii) aggregation, and (iii) secretion.


Because of platelet adherence and platelets aggregation, a temporary hemostatic plug in the wound is formed and this causes, where the wound is small (eg. oozing from the capillaries), stoppage of bleeding.


Platelet as mentioned above, release, noradrenalin and serotonin. These are vasoconstrictor substances. Thus, the thrombocytes cause vaso constriction, which is a necessary factor for hemostasis in a little bigger vessel (eg. ar terioles).


Platelets also release some chemicals (eg. platelet factor 3) which help the blood to coagulate and such sub stances are called procoagulants.


Platelets contain actomyosin (also called thrombosthenin, the word literally meaning, 'muscles of the throm bocytes'); when thrombosthenin molecules contract, retraction of the platelet plug occurs.


Platelets also cause fixation of the fibrin and plate lets, so that, ultimately clot formation occurs only where there is a platelet plug (= the site of injury), but not else where.


Platelets also release some substances which oppose the process of hemostasis and blood coagulation. This en sures that the coagulation which follows a bleeding injury does not become uncontrollable.


In some unknown way the platelets maintain the health and integrity of vascular endothelium.


Platelets help to coagulate the exudate of inflamation, which thus causes a cordoning off of the invading bacteria and helps to localize the infection.


Platelets also help in warding off of the bacterial invasion by other means (see chap 3, sec II, inflammation).


Life span


Normal life span of the platelets is between 7 to 12 days (average about 10 days). Most of the platelets are destroyed in the spleen. In addition, about 1 /3rd of the platelets reside in the spleen. Splenectomy, therefore, causes a rise in the blood platelet count.


It should be understood, that some very small scale hemorrhages occur daily in our body and platelets cause their arrest (by plug forming), so that, we are not ordinarily even aware of these hemorrhages; for this, some platelets are lost daily.


�
Practical class 3. Hemostasis. Blood types





The questions for self-study


The clotting mechanism. Factors which accelerate clotting.


Anticlotting mechanism.


Anticoagulants.


Abnormalities of hemostasis.


Blood types.


The AB0 system.


Transfusion reactions.


Inheritance of A- and B-antigens.


Other agglutinogens.


The Rh Group.


Compatibility of blood types, basic rule of blood type compatibility determination.


Hemolytic disease of the newborn.





The clotting mechanism. Factors which accelerate clotting.


Sequence of events in hemostasis


Assume, that due to an injury, some blood vessels have opened up, resulting in extravasation of blood. The bleeding stops as follows:


(i) at the site of the injury, the platelets adhere; then the adherent platelets do two things : (a) they release some chemicals, and (b) they draw further platelets and the platelets are stuck up together, a phenomenon called 'aggregation' of plates. Ultimately, there develops a mass consisting of platelets and this mass of platelets, called the 'platelet plug' seals the rent in the vascular wall. If the wound is very small, the platelet plug alone is sufficient for hemostasis.


(ii) for various reasons the smooth muscles of the cut vessel undergo spasm, a phenomenon, called 'vasospasm'. Vasospasm occurs in the arterioles or may affect precapillary sphincter (because they contain smooth muscles) but not in the capillaries. Recall, if an arteriole undergoes spasm, the blood flow ceases in the ensuing capillaries.


The platelet plug, mentioned above is called a 'temporary plug'. A temporary plug plus the vasospasm ensures the 'stoppage of the bleeding'. The time between the onset and stoppage of bleeding is called the bleeding time and is due to the platelet plug and vasospasm.


Therefore, conclusion is, bleeding due to injury in the tiny vessels can be stopped due to platelet plugging alone, but that due to injury in little bigger vessel will require vasospasm in addition.


(However, if the seat of the injury is a comparatively big sized artery, blood extravasates in spurts and the twin mechanism stated above, fails to stop the hemorrhage. In the description below, however, it will be presumed that a smaller vessel has been cut and the temporary plug with the vasospasm has temporarily arrested the bleeding).


(iii) the blood begins to clot. The clot occurs both in the inside of the vessel and as well as outside the vessel. The clot within the vessel becomes firmly attached to the plug of the platelet. The extravasated blood also clots and this clot becomes attached to the site of the injury of the vessel.


(iv) the platelet plug undergoes retraction and as a result, the plug becomes firm. The combination of a firm platelet plug and blood clot is called the 'stable plug'.


Now the vasospasm disappears, yet extravasation of blood cannot occur owing to the presence of a stable plug.


(v) subsequently, the clot also retracts and makes the plug still more firm.


(vi) side by side, activities which try to oppose the hemostasis and coagulation, also occur, although the hemostatic mechanism prevails. But several days after the clot formation, various actions, leading to clot dissolution/ canalisation of the clot, occur and as a result the vessel once again permits the flow of blood. A conclusion therefore, may be drawn : (i) either the insufficiency of the platelet plug formation (due to say lack of platelets, eg. in thrombocytopenic purpura) or (ii) the lack of coagulations, can cause failure of hemostatic mechanism and bleeding.


The hemostatic mechanism is also another example of homeostasis. It keeps the amount of blood constant.


Details


Now some further details may be added :


1.	Formation of a platelet plug


When the blood vessels are injured, the endothelial cells are lost. This exposes the subendothelial layer which is highly thrombogenic. The platelets get attached with the exposed collagen of the subendothelial layer (particularly the 'fibrilar' variety of the collagen of the subendothelial layer). The exact molecular level mechanism is not clear. Probably the platelets have receptors on their surface for collagen and that is why they become tied up with the collagen once they come in contact with it.


The role of von Willebrandt factor (vWF) may now be discussed. There are two sources of vWF, one, the plasma, the other the platelets. The exact role of vWF from the thrombocytes are not known. Plasma vWF is essential for the phenomenon of platelet adherence. The plasma vWF acts as a sort of bridge between a platelet and collagen or between two platelets (recall, the platelets have receptors for vWF of plasma).


Now, the platelets become active (which results in, recall, shape change + aggregation + release of secretions).


So, the release reaction as well as platelet aggregation occur. The contents of a granules, dense granules (vide supra, the morphology of platelet) and other materials are released so that various substances become available (from those granules). Notable amongst them are TXA2, ADP, Ca++, fibronectin as well as some anti hemostatic agents. TxA2, ADP and Ca++ cause platelet aggregation which leads to platelet plug formation. The platelets also release platelet factor 3 (PF3), which aids coagulation. This means as the platelet plug is forming, clot formation is also beginning.


Hemostasis, as stated before, is achieved by two major processes, viz (i) platelet plugging plus vasoconstriction, and (ii) the coagulation of blood. Platelet plugging has already been discussed.


In relation to blood coagulation, normally, there are two groups of substances or factors, viz, (i) factors helping the coagulation of blood, the procoagulants, and (ii) factors opposing the coagulation and causing lysis of the clot that has formed already. Normally, in absence of bleeding, between these two sets of opposing factors, those which oppose the coagulation dominate and the blood remains in a liquid state. After a cutting injury, however, the procoagulants dominate and the blood clots to help the hemostasis.


Also, the blood clots at the site of the injury but not elsewhere. Therefore, the process of coagulation is controlled, so that, although the procoagulants dominate the picture when there is a need for hemostasis, the coagulation remains confined at the site of injury (and does not spread where there is no need of blood clot formation — a thing which will cause havoc).


Arrangements also exist in our body, to remove the clot after a few days of its formation so that resumption of blood flow can occur in the vessel.


Uptil now, there are many uncertainties about details of how these occur. Nevertheless, a reasonably agreed picture has emerged by now, which will be presented in the following pages.


Mechanism


The ability of the blood to coagulate itself (coagulability), is basically a property of the plasma. Provided no anticoagulant or any other hinderance of coagulation is used, the plasma coagulates.


When blood clots, numerous thread like structures called, fibrin thread, are formed. These threads criss cross with one another and in their interstices, erythrocytes and leucocytes are entangled as shown in fig.


So, for the clot to be formed, fibrins must be developed. Fibrin is developed from its precursor, fibrinogen, which is a naturally occurring substance in the plasma. Fibrinogen is acted upon by thrombin, which is a powerful enzyme and fibrin is formed. Thrombin is not a naturally occurring substance but its precursor prothrombin is present in normal blood.


The conversion of prothrombin to thrombin occurs when prothrombin is acted upon by – (i) activated factor X (Xa), (ii) activated factor V(Va), (iii) phospholipids obtained from platelets, and (iv) Ca++ ions. Usually all these substances, taken together, are expressed by the term 'prothrombin activator'.


Stages of coagulation. Traditionally three stages are described :


Stage I : The inactive procoagulant factors become active. The beginning of the activity is called the 'triggering' of blood coagulation. At the end of the 1st stage, prothrombin activator (ie, a combination of Xa, Va, platelet phospholipid and Ca++ ions) is available.


Stage II : The prothrombin activator converts the prothrombin into thrombin.


Stage III: Thrombin converts the fibrinogen into fibrin and then the fibrin subsequently becomes firm in texture.


In the intrinsic path, the triggering mechanism, probably, is the activation of Hageman factor (XII), whereas in the extrinsic path, release of tissue factor (TF, formerly called tissue thromboplastin or tissue phospholipid and protein) is the beginning of the process.


The procoagulant factors


(A) In the 1st stage of the intrinsic path the classical factors required are (i) Hageman factor (XII), (2) plasma thromboplastin antecedent, PTA (XI), (3) factor V, (4) factor VIII (5) factor IX (6) factor X (7) platelet phospholipid and (8) Ca++ ions. The end product in this stage is prothrombin activator.


 The naturally occurring factors required for the 2nd stage of coagulation are, (i) prothrombin and (ii) Ca+ + ions. With the help of prothrombin activator and Ca++ ions, prothrombin is converted into thrombin.


 For the 3rd stage (where fibrinogen is converted into fibrin), the naturally occurring factor required is fibrino gen. Fibrinogen is acted on by thrombin and thus fibrin is formed from fibrinogen. Subseuqently fibrin stabilizing factor makes the fibrin firm.


Factors XII, XI, IX, VIII, VII, V and X as well as XIII exist normally in the blood but in an inactive (also called, 'native') form. When the process of coagulation starts, they begin to become active and act as enzymes. These activated procoagulant factors are all proteolytic enzymes and hence also called 'proteases'. All these proteases (except factor VIII) are synthesized by the liver. Further some of them require vit K for their synthesis and hence also called 'vit K dependent procoagulant factors'.





�


a = intrinsic and b = extrinsic path





Chemically these factors are polypeptide chains. Further details of their chemistry, however, is outside the scope of this book.


Prothrombin activator may also be formed by another pathway, called the extrinsic path, as follows 


When there is a cutting injury (which causes the bleeding), some tissues are damaged. Such damaged tissues liberate phospholipids (recall, all cell membranes contain heavy concentration of phospholipid), called tissue phospholipids, TF. This TF combines with activated factor VII (VIIa) and the resulting complex is violently active and this resulting complex acts on factor X and converts factor X into Xa. Factors Xa, Va, Ca++ and phospholipid together, constitute prothrombin activator of extrinsic path (cf. prothrombin activator of intrinsic path).


Site. Previously, it used to be believed that the intrinsic path, IP, develops only within the blood vessel and the extrinsic path, EP, outside the vessel. Theoretically, blood may clot inside the vessels in absence of tissue damage; in such cases only the IP develops to form the prothrombin activator (PA) and the EP may not develop at all. Even in injuries producing a bleeding, the PA, within the vessel is produced by the IP whereas, the PA outside the vessels, that is, in the extravasated blood, is produced by the EP. This may be largely true but not absolutely true. In a cutting injury, products of damage of the vascular tissue can enter within the vessel and together with other factors produce the PA of EP origin. It will be seen later, that in prothrombin time (PT) estimation, our aim is to develop PA of EP only but in TGT the PA of IP alone is produced.


Table: Coagulation Factors�
�
FACTORS


(International nomenclature)�
Alternative Names�
�
I�
Fibrinogen�
�
II�
Prothrombin�
�
III�
(Tissue) thromboplastin, TF.�
�
IV�
Calcium�
�
V�
Proaccelerin, Ac globulin�
�
VI�
There is no such factor�
�
VII�
Proconvertin�
�
VIII�
Antihemophilic factor, antihemophilic globulin�
�
IX�
Christmas factor�
�
X�
Stuart Prower factor�
�
XI�
Plasma thromboplastin antecedent (PTA)�
�
XII�
Hageman factor, glass contact factor�
�
XIII�
Fibrin stabilizing factor�
�
The term triggering has already been explained. In short, in normal condition, all the procoagulants are present in the blood and yet the blood is not clotting. But after an injury of a blood vessel, the procoagulants suddenly become active and the machine of the coagulation starts functioning. The mechanism which causes this sudden beginning of the activity is called the triggering mechanism.


What exactly causes the triggering is still not clear. Probably it may be as follows :


Factor XII is normally inactive. But when in vitro, it comes in contact with -vely charged surface (also with glass, and hence in the past, factor XII used to be called, the 'glass contact factor'), factor XII becomes Xlla (that is, active factor XII) and this initiates the process of the coagulation.


Injury of the vascular endothelium, leading to the exposure of the subendothelial connective tissue of the blood vessels, causes this contact of factor XII with the -vely charged surface, as subendothelial connective tissue of the blood vessels are -vely charged. Therefore, probably, the contact of blood with the subendothelial tissue is the trigering mechanism.


In the extrinsic path, the release of TF is crucial. Loss of vascular endothelium as stated above or damage of the extravascular tissue perhaps cause the release of the TF.


[However, it is possible, that there is an alternate mechanism for the triggering in the intrinsic path because patients who have deficiency of factor XII (or even prokallikrein or high molecular weight kininogen) do not necessarily suffer from hemorrhagic disorder. However, the proposed alternate mechanism is, uptill now, unknown.]


The activation of the factors


During activation, the original inactive form of the pro-coagulant molecule concerned, undergoes some chemical changes and as a result, the active compound is formed. For example, factor XII (the inactive form), undergoes cleavage. If the cleavage is mild, then XIIa (mol. wt 80,000 dal-ton) is formed. Factor IX (which is a single chain polypeptide), on activation (IXa), becomes a two polypeptide chained structure. Factor VII on activation becomes factor VIIa and then it complexes with TF to become VIIa TF complex, which is violently active.


In many instances the activation process additionally requires Ca++ ions and phospholipids.


The source of phospholipids is platelet. For this reason, it is presumed that clotting of blood occurs on the surface of the platelets which have been adhered and aggregated locally to form the platelet plug.


The interplay of the factors The intrinsic path.


A blood vessel is severed and the bleeding develops, the subendothelial collagenous fibers are exposed. Factor XII comes in contact with the -vely charged subendothelial tissue and becomes XIIa. Two forms of XIIa develop, (i) α Xlla which converts factor XI into XIa, and (ii) β XIIa which acts on prekallikrein (preka) to convert into kallikrein (Ka) in presence of high molecular weight kininogen (HMWK). The Ka, in turn, further converts XII into XIIa and thus serves as an agent of +ve feed back system.


The XIa in turn, now converts IX into IXa (here it is pointed out that, factor IX can also be converted into factor IXa by a complex made up of TF and factor VII, though the importance and physiological significance of this is not wholly clear).


IXa in presence of Villa, phospholipid (from platelet) and Ca++, converts X into Xa. Question arises how factor Villa is formed.


�


Major functions of thrombin





Thrombin (only trace quantities are enough) and perhaps factor Xa both cause conversion of VIII into Villa. Obviously, there is a gap in our knowledge here. It may be argued, when the clotting machine has already started to proceed and thrombin begins to be formed, then it can be visualized that this thrombin converts VIII into Villa and thus accelerates the generation of Villa (that is, there is no problem of getting Villa), but in the beginning, when no thrombin is supposed to be present, what catalyzes the conversion of VIII to Villa ? The answer is not clear. However, IXa perhaps is also effective (ie, it acts like thrombin).


Finally Xa, in presence of Ca++, platelet phospholipid and factor Va (the whole mix is to be visualized as the 'prothrombin activator'; however, factor Xa is the fundamental agent and others are merely cofactors) converts the prothrombin into thrombin.


In the extrinsic path, first, as a result of the injury, the TF is liberated.


The TF then complexes with factor VIIa and the resultant TFVIIa is very active. This TFVIIa complex converts factor X into factor Xa (it is reminded that TFVIIa complex can also convert IX into IXa). Subsequently, factor Va, Xa, tisue phospholipid and Ca++ ions all together convert the prothrombin into thrombin.


Conversion of prothrombin to thrombin


This occurs on the surface of the platelets [that have formed (or forming) the platelet plug] at the site of the injury. Thus, clot formation starts at the site of the injury.


The conversion of prothrombin to thrombin is caused by the prothrombin activator which consists of four substances, viz, Xa, Va, platelet phospholipid and Ca++; of them factor Xa is the fundamental agent and the others act as cofactors.


Factor Xa induces two cleavages in the molecule of prothrombin and as a result, thrombin is formed. After its formation, the thrombin leaves the platelet surface and moves away. Thrombin itself can cause further conversion of prothrombin into thrombin (thus amplifying the machine). Also, because of the fact that thrombin can catalyze many procoagulants into its active form and because thrombin can move away from the site of the platelet plug, coagulation now can occur little away from the site of injury.


Amount of thrombin produced is in large excess of the need. Thus, it has been estimated that the amount of thrombin produced during clotting of only 1 ml of blood is sufficient to coagulate 3 liters of blood!! Obviously this presents a dangerous possibility of extensive intravascular clotting whenever the hemostatic mechanism is in operation (even in a trivial cut). Adequate mechanism exists in the body to prevent that.


Formation of fibrin from fibrinogen


Fibrinogen is a naturally occurring protein and is synthesized by the liver. It consists of two subunits, each subunit corsisting of three (α, β and γ) peptide chains. The units are joined by S—S (disulfide) linkage.


Thrombin is a powerful proteolytic enzyme and removes four small peptides from each molecule of fibrinogen. After losing these four peptide chains, the remnant of the original molecule is called the fibrin monomer.


Fibrin monomers now polymerize with other fibrin monomers and the resulting polymers are called fibrin threads.


Stabilization of fibrin


The fibrin threads thus formed are soft. But now activated factor XIII (XIIIa) acts and causes development of covalent bonds between fibrin threads so that the fibrin network becomes secure and firm.


Factor XIII has two sources (i) plasma XIII, and (ii) platelet XIII. Conversion of XIII into XIIIa is caused by thrombin. XIIIa can act only in presence of Ca++.


[Patients suffering from XIII deficiency also suffer from infertility (!) and proneness to abortion in females; these suggest that factor XIII have some functions beyond coagulation of blood.]


Linkages develop not only between fibrin threads, but between fibrin and collagen or fibrin and fibronectin or fibrin and plasmin inhibitor. It is possible that XIIIa acts as a bridge between fibrin and collagen.


The functions of factor XIIIa mentioned above are all of the XIII of plasma origin. The functions of XIII of platelet origin are unknown.


N.B. The process of coagulation is spoken of as a cascade of reactions. Each factor is acting as an enzyme and activating next set of enzymes; each enzyme is activating (compared to its own amount) huge quantity of enzymes, that is, at each stage, amplification of result is obtained. Thus, the process may be viewed as a bioamplifer.


At this stage a short discussion on von Willebrand's factor may be made. vWF may be synthesized in (i) vascular endothelium, or (ii) megakaryocyte. Functions of vWF of endothelial origin are well known but not of the other variety.


vWF is protein in nature. Several types of plasma proteins show vWF activity. Their molecular weights vary from 0.4 to 20 million daltons. Actually the compounds (showing vWF activity) having high mol. wt. are merely high polymers of the smaller units.


The major function of vWF is that it connnects platelets with the subendothelial tissue, by combining with the glycoprotein receptor on the platelet membrane and subendothelial tissue. For further details, see von Willebrand's disease (vWD) in applied physiology at the end of this chapter.


Role of Ca++. To emphasize specially, role of Ca++ is being described separately. Ca++ accelerates many stages in the above mentioned cascade reaction. Thus, it accelerates the (i) conversion of X to Xa in the intrinsic mechanism; it also accelerates (ii) the conversion of VII into VIIa in extrinsic path. It is (iii) constituent member of prothrombin activator and conversion of prothrombin to thrombin requires Ca++.


Therefore, one will suspect that in the human body, calcium deficiency should produce disorders of coagulation. However, this is not so because only very small amount of calcium is needed for coagulation and only a very severe calcium deficiency can produce coagulation deficiency. Before such severe calcium deficiency occurs, other symptoms, such as tetany develops. However, during massive transfusion (eg. in post partum hemorrhage in obstetrical practice), because of the fact that huge quantities of citrates are concomitantly introduced alongwith the blood, this possibility arises (because the citrate, by binding calcium ion, removes it) and these patients are usually under strong sedatives (which reduces tetany). Conclusion is, therefore, barring exceptional cases, in different hemorrhagic conditions, use of calcium injections are not justified.





Anticlotting mechanism.


Normally, in the blood some substances are present which oppose the development of coagulation. Several such substances, viz, (i) antithrombin III, (ii) heparin (iii) heparan sulfate (iv) an α2 macroglobulin, (v) protein C are known. All such factors can be called, by their group name, 'circulatory anticoagulants'.


Some 3 weeks after a clot is formed, the firm fibrin threads are broken down by a powerful enzyme, called plasmin. The mechanism of development of plasmin is complex (see below). After the breaking down, broken down fragments of fibrin, called, 'fibrin degradation products", are dissolved in the plasma and the clot disappears. This is 'fibrinolytic mechanism'.


There are in addition, some factors, which oppose the platelet plugging and the initial hemostasis.


Therefore, there are three groups of substances which act against hemostasis (i) the circulatory anticoagulants, which oppose clot formation, (ii) the fibrinolytic mechanism, which causes lysis of the fibrin thread that is already formed and (iii) factors opposing platelet plugging.





Summary : Factors opposing coagulation, existing clots and platelet plugging and occurring naturally :�
�
A) Opposing Coagulation (Circulatory anticoagulants')�
B) Causing lysis of existing dot�
C) Opposing platelet aggregation�
�
↓�
↓�
↓�
�
1) Antithrombin III (inactivates thrombin, factors Xa and IXa) 2) Heparin (mostly acts against thrombin) 3) Heparan (weak heparin like action) 4) α2 macroglobulin (acts against thrombin] 5) Protein C (inactivates Villa)�
Plasminogen activators' (They activate plasminogen of blood to convert it into plasmin. Plasmin causes lysis of clot).�
Endoperoxi-des from platelets and prostacyclin (PHI2).�
�
The circulatory anticoagulants Antithrombin III


This substance powerfully inactivates thrombin as well as Xa and IXa. Alone, it is not a very powerful agent, but when it complexes with heparin it becomes very powerful for inactivating the thrombin and some other procoagulants. Further, the combination of thrombin and antithrombin on the vascular endothelium (but not within the flowing blood) brings the inactivity of thrombin. It appears that even normally (that is, in absence of any known injury) blood clot tends to form in our body but because of the presence of the antithrombin III, clots do not form. Thus, persons suffering from deficiency of antithrombin III suffer from spontaneous intravascular clotting. Further, it has already been stated that when a clot is formed (after a bleeding injury), there is an excess of formation of thrombin; also the thrombin thus formed moves away to distant part so that blood clots are liable to be formed even at areas distant to the injury. But the presence of antithrombin III destroys all such thrombins carried far away from the injured site. Anti thrombin is produced by the liver.


Heparin


Heparin (from 'hepar' meaning liver) is obtained from the mast cells (which occur in heavy concentration in the liver) and is a powerful naturally occurring anticoagulant.


Heparin binds with antithrombin III (and thus acts as a cofactor of antithrombin III) and changes the chemical configuration of antithrombin III, making it violently active against thrombin. For further details, see under applied physiology, anticoagulants, in this chapter.


Heparan


Heparan sulfate has a weak heparin like activity and is produced mainly by the vascular endothelium (as well as subendothelial connective tissue).


The α2 macroglobulin is also a thrombin inhibitor. Protein C


Thrombin can bind with a compound called thrombodulin (produced by vascular endothelium) and as a result of this combination the thrombin suffers change. This changed thrombin can now act on protein C to convert it into activated protein C. The activated protein C is an anticoagulant acting on Villa so that factor VIII is inactivated. Protein C is produced by the liver.


For the formation of activated Protein C, a cofactor, Protein S is required.


Fibrinolytic mechanism


Basically, in this mechanism fibrin threads are attacked by plasmin (which is a powerful protease) so that the fibrin threads are fragmented. These fragments, called, fibrin degradation products, are soluble in plasma and thus the fibrin threads are lysed.


Plasmin is not normally available in blood; but its precursor plasminogen is. The circulating plasminogen is activated into the active form (that is, the plasmin) by a group of compounds called 'plasminogen activators'. Three such well known plasminogen activators exist:


(i) vascular plasminogen activator (ii) urokinase, and


(iii) streptokinase. Of them, the first two occur naturally in the human body and the third in the species of bacteria called streptococcus (see below, applied physiology of this chapter).


Plasminogen (mol. wt 90,000 dalton) is produced by the liver. It has strong affinity for lysine. Plasminogen, as stated already, is activated (by cleavage) into its active form into plasmin.


Plasminogen activator has, under normal circumstances, only very weak activity, but on coming in contact with fibrin, plasminogen activator becomes very active. This is how, the fibrinolytic activity attacks the fibrin threads specially.


The vascular plasminogen activator (mol. wt. 70,000 dalton) is released from the vascular endothelium. When there is physical/mental stress or exercise or liberation of adrenalin or sympathetic stimulation (eg. mental excitement), the vascular plasminogen activator is released vigo-rosly and thus removes fibrin so that bleeding tends to prolong. It is well known that bleeding disorders (eg. hemorrhage in obstetrical practice) often markedly improve by the reassurances provided by the attending clinician, or, blood may, refuse to coagulate in a soldier killed in the battle field or in an animal killed after a great and exciting chase. The cause should be obvious to the reader by now.


Two substances, anti plasmin and α2 macroglobulin depress the plasmin and hence called plasmin inhibitors.


The fibrinolysis by plasmin occurs stagewise (not discussed in the present text). Some of the intermediaries of this degradation also act as coagulation inhibitors (see also DIC, applied physiology, later in this chapter).


Thus, it is a common experience that if a clot (which develops after an initial injury) be broken after a few days, the bleding that follows, tends to prolong. This is because, by now some intermediaries of clot degradation, which are anticoagulants, have appeared. For some unknown reasons, the coagulation inhibitory action of the fibrin degradation products disappear with time.





�


The fibrinolytic mechanism





Role of vit K


Many procoagulants (as well as a few coagulation opposing factors), manufactured by the liver, depend on vit K for their synthesis and are called vit K dependent factors. They are also called 'prothrombin complex proteins', and include (1) prothrombin, (2) VIII, (3) IX, (4) X, (5) protein C as well as (6) protein S.


Vit K is obtained from the food. Bacteria of the lower part of small intestine as well as large intestine (bacterial flora of the gut; upper part of the small intestine is usually sterile or contains only a few bacteria; lower part of ileum contains more. In the colon there is heavy growth of bacteria.) also synthesize vit K and it appears some of these vit K, synthesized by the colonic bacteria are absorbed.


Vit K deficiency therefore, is unlikely to develop in dietary deficiency alone. There are three classical conditions, where vit K deficiency is seen : (i) in moribund patients living on glucose saline transfusion and receiving heavy amounts of broad spectrum antibiotic (particularly 'cephalosporin'), the antibiotic killing the bacterial flora of the gut, (ii) in the new born in whom the gut bacterial flora is yet to develop satisfactorily (which usually requires several days). Therefore, vit K deficiency is likely to develop in the new born and they may develop hemorrhagic disorder. For this, in the western world, new borns are routinely given injections of vit K and hemorrhagic disease of the new born (due to K deficiency) has been practically eliminated, (iii) the third condition where K deficiency can develop is in obstructive jaundice, where bile salts do not reach the gut and so the vit K cannot be absorbed.


Role of liver


1. Liver synthesizes the procoagulants like, prothrombin, fibrinogen, factors V, VII, IX, X and XI. Liver removes also the activated procoagulants. Liver failure therefore should make the blood 'hypocoagulable' and there should be bleeding disorders. In real life experience also, this is seen.


2. Liver also synthesizes the anticoagulants like heparin, antithrombin III and other coagulation inhibitors like protein C and protein S.


Liver failure can thus produce uncontrolled, extensive clotting inside the blood vessels (ie, where clotting of blood is not only not needed but dangerous). This also occurs in real life.


Role of the blood vessels in hemostasis


A blood vessel has, classically, three coats (tunics), in-tima, media and the adventitia (fig.5.6.1). The endothelium is the innermost lining of the vessel wall (fig. 5.6.1) and removal of the endothelium causes the subendothelial layer to come in contact with the blood.


In hemostasis, (i) the endothelium (ii) the subendothelial layer and (iii) the smooth muscles of the media, all play their respective roles. The roles have already been stated before, in the foregoing paragraphs; a summary of them is given below :


A. Endothelium


The subendothelium is highly thrombogenic, that is, contact of blood with the subendothelium causes platelet aggregation and coagulation of blood.


The vascular endothelium acts as a barrier between the thrombogenic subendothelial tissue and the blood.


The vascular endothelium manufactures heparan and α2 macroglobulin which are coagulation inhibitors.


The smoothness of uninjured endothelial cells hinder platelet aggregation.


These cells manufacture PHI2 (a member of the family of the prostaglandin) which opposes platelet aggregation.





Role of (i) vit K, (ii) liver, and (iii) vascular wall in hemostasis & coagulation.�
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Vit K�
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�
Helps in synthesis of A) procoagulants, A) factors VII, IX, X & prothrombin.�
Synthesizes, some I. procoagulants like, factors V, VII, IX, X; prothrombin; fibrinogen, as well as�
Sub endothelial layer is highly thrombogenic. Contact with bood triggers off coagulation.�
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B) Circulatory anticoagulant, protein C. Vit K deficiency causes hemorrhagic disorders.�
Anticoagulants, II. heparin, antithrombin III & protein C. Liver failure thus can cause signs and symptoms of hypocoagula-bility as well as III. hypercoagulability.�
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These effects oppose hemostasis. Funnily, vascular endothelium also helps the clotting, by —


(i) Secreting von Willebrandt's factor, vWF. This vWF, called plasma vWF, acts as a connecting bridge between-the platelets and the subendothelial tissue (exposed due to the injury) and thus initiates platelet aggregation and hemostasis.


(ii) All cells, when injured can liberate the tissue factor (TF). Injury of the endothelium therefore can release the TF, starting the extrinsic clotting pathway of blood coagulation.


Finally, vascular endothelium also releases plasminogen activator.


B.	Subendothelial tissue


This chiefly consists of collagenous fibers and is highly thrombogenic. This acts by —


(i) initiating the platelet aggregate formation. Contact of blood and these collagenous fibers lead to platelet activation, platelet aggregation and platelet release resulting in hemostasis.


(ii) initiating the intrinsic coagulation of blood. Recall, contact with the subendothelial collagenous tissue converts the XII into XIIa. This may be the triggering mechanism.


C.	Smooth muscles of vascular wall


Platelet plugging alone may be sufficient for capillaries, but if it is a little bigger vessel (arteriole), in addition to platelet plugging, vasoconstriction is also needed for the hemostasis. However, the relative importance of the different agents for this vasoconstriction is not free from controversies. Platelets release nor adrenalin, serotonin and prostaglandin which are all vasoconstrictors and contribute to the vasoconstriction, but the most important cause of vasoconstriction is perhaps the mechanical injury itself (when vascular smooth muscles are injured, the muscles contract directly as a result of the injury itself).





Anticoagulants.


Certain substances can prevent the clotting of blood. These substances, called anticoagulants, may act only in vivo (that is, inside the body) or in vitro (outside the body) or, in vitro vivo both. Some agents, however, are too toxic to be used in vivo.


Coumarin anticoagulants or drugs related to dicoumarol (popularly called oral anticoagulants) oppose the action of vit K in the body. As vit K is required by the liver for the synthesis of several clotting factors, like VII, IX, X and prothrombin, these factors will be depressed after treatment by oral anticoagulants. Because of depression of factor X and prothrombin, prothrombin time becomes prolonged and while one is treating a patient by oral anticoagulants, regular check up by the prothrombin time testing is essential so that the drug can be stopped before prothrombin time is dangerously prolonged. Until a few years ago, treatment by coumarin anticoagulant in cases of myocardial infarction, following coronary arterial thrombosis, was very popular.


Warfarin is a popular oral anticoagulant used by the clinicians.


Heparin. Heparin was discovered by Mclean (while still a student) in the laboratory of Howel (in USA) in 1916, from (mast cells of) iiver ('hepar') and hence the name. Mast cells (which are abundant in the liver) are rich in heparin.


Heparin can be used (as an anticoagulant) both in vitro (to rinse glass syringe) as well as in vivo (as a therapeutic agent to inhibit the coagulability of the blood). Recall, coumarin anticoagulants fail to act in vitro.


Heparin alone is not very powerful anticoagulant. But within the body, in combination with antithrombin III (see earlier, this chapter) it can act as a strong anticoagulant. Heparin has two major effects, (i) it is an anticoagulant, (ii) it also reduces blood lipids. We are concerned, here, with its first effect.


Within our body, heparin forms, with antithrombin III (AT III) and clotting factors, a complex. In low doses heparin increases the AT III activity (while in high doses heparin lowers AT III activity!). AT III neutralizes the following procoagulants:


XIIa, Ka, XIa, IXa, Xa, thrombin, XIII.


EDTA. Ethylenediaminetetra acetic acid (EDTA) or, its sodium salt are powerful chelating agents. That is, they can form complexes with many metals (eg, lead/calcium) in our body and eventually the metal of this complex (which remains soluble in, plasma and are harmless complexes) are eliminated via the kidneys. EDTA has been used successfully in lead poisoning (which is becoming very common due to rapid industrialization) [Sodium EDTA, if used intravenously against lead poisoning will also remove Ca++ concomitantly and produce hypocalcemia and tetany. But use of calcium sodium EDTA is not associated with this risk for obvious reasons]. Sodium EDTA is used as an in vitro anticoagulant, in the laboratories. By removing Ca++, it behaves as an anticoagulant.


Oxalates and citrates are also used as anticoagulants (both as in vitro anticoagulants). Citrates however, are used also as an anticoagulant for blood banking.





Abnormalities of hemostasis.


Hemophilia. Hemophilia may not be a common disease (it is certainly rare in India) but it has received a permanent place in history, because some of its victims were notable political personalities. Thus, some members of the Royal families of different states of Europe were patients of hemophilia. Hemophilia struck the Royal family of Russia and was thus instrumental for the entry of Rasputin the magician. [Rasputin, the sturdy young peasant from a remote village of Russia, was perhaps more than a mere magician. Some of his almost superhuman abilities (particularly those during his violent death) are difficult to explain by our knowledge of medicine.] Subsequent excessive dependence on Rasputin, who had 'cured' the Royal patient was contributory to the Czar's unpopularity and the eventual establishment of communism in Russia.


Hemophilia is a disease transmitted as a sex linked recessive character. Two forms of hemophilia are known — (a) the classical hemophilia, due to factor VIII deficiency, and, (b) Christmas disease (also called hemophilia B), due to factor IX deficiency.


In both the conditions, prothrombin activator cannot be formed by the intrinsic mechanism. Therefore, although the initial arrest of hemorrhage (which is due to such factors like platelet plugging and vasospasm), occurs in time (that is, the bleeding time remains normal), the lack of a clot inside the vessel prevents the formation of durable plug and therefore the bleeding continues. Death may occur due to uncontrolled hemorrhage. Therefore, in such cases, the bleeding time is normal, but coagulation time is prolonged. The prothrombin time is also normal.


Purpura. In this disorder, spontaneous bleeding occurs from large number of capillaries and cause small punctate hemorrhagic spots in many areas of the body. When they occur under the skin, they produce 'purpuric spots'.


Purpura is often caused by thrombocytopenia and then the condition is called 'thrombocytopenic purpura'. The thrombocytopenia (ie, deficiency of platelets) may be secondary to such causes like — (i) bone marrow depression, (ii) idiosyncrasy to drugs or (iii) it may be due to no discernible cause, when it is called 'idiopathic purpura'.


Thrombocytes are required for plugging the small rents in blood vessels for the initial arrest of hemorrhage. Also the vasoactive substances, released from the platelets produce vasospasm. Therefore, thrombocytopenia produces lengthening of the bleeding time but the coagulation time remains normal. It may be asked that platelet factors are needed also for coagulation; therefore how the coagulation time remains normal in thrombocytopenia ? The answer is, to produce purpura, only a moderate depression of platelet is all that is required, whereas even in full blown pictures of purpura, the number of circulating platelets are sufficient to keep the coagulation time within normal limits.


How there can be spontaneous bleeding? The answer is that capillaries in our body are normally prone to tear. In healthy states, where the number of platelets are sufficient, such tears are quickly plugged by the platelets.


Purpura may also develop due to diseases of the capillary. In such condition the capillaries are very fragile and burst frequently. Even in such cases the platelet count may be low because excessive utilization of platelets for hemostatic purposes can reduce the platelet count.


The critical count of platelet below which hemorrhages are associated is around 40000/cmm of blood.


Some believe that the cause of thrombocytopenia in idiopathic purpura is presence of circulating antibodies which destroy the platelets.


Disseminated intravascular coagulation (DIC)


In this condition, coagulation process becomes wide spread so that clotting of blood develops intravascularly in widespread areas. Patients may, therefore, suffer from effects due to wide spread thrombosis in different blood vessels. As a result of such uncontrolled intravascular clotting the procoagulant factors and thrombocytes are exhausted, resulting in failure of hemostatic mechanism also! The patients, therefore, can and do suffer from uncontrolled bleeding tendencies. For example, venipuncture, for blood collection can produce prolonged bleeding from the site of the puncture, in subjects of DIC.


DIC, which is a grave condition, can result as a consequence of diverse conditions, eg, prolonged bleeding following child birth (post partum hemorrhage), widespread metastasis in malignancy or bacterial septicemia. In the first two types of disorders, probably, tissue factor (TF) like substances are released from the site of lesion, and carried away to distant parts of the body. In bacterial septicemia due to gram -ve bacteria, many procoagulant factors are activated by the bacterial toxins.


The hemorrhagic features of the DIC are mainly due to the exhaustion of platelets and procoagulants (as mentioned above) no doubt, but is also contributed by fibrin degradation products which act as coagulation inhibitors.


Diseases due to fault of platelet release


Aspirin and some related drugs inhibit cyclooxigenase of the platelet. As cyclooxigenase causes conversion of arachidonic acid into thromboxane A2 (TxA2), aspirin ingestion ultimately leads to loss of TxA2. This in turn leads to failure of platelet aggregation, and lengthening of bleeding time (BT).


This lengthening of BT can produce hemorrhagic disorders (like prolonged bleeding after a trivial injury or peteche). However, aspirin, now a days, is used extensively for the purpose of prevention of thrombotic disorders (eg. coronary/cerebral thrombosis) in susceptible patients. It also follows, aspirin, given therapeutically in a patient of coronary heart disease can produce hemorrhages.


von Willebrand's disease, vWD


von Willebrandt's factor, vWF has only been recently discovered. In the beginning, the idea was : vWF and the classical factor VIII together remain as a complex and the whole complex is called 'factor VIII complex' vWF fraction of this complex used to be called, VIII : R (factor VIII related protein, R standing for 'related') whereas the pure factor VIII fraction (lack of which causes the classical hemophilia) used to be called VIII : C (for, factor VIII, coagulation).


It is now known that this idea needs correction. It is however, true that vWF complexes with the factor VIII and in the circulation the complex (of VIII and vWF) as a whole circulates. The fundamental function of vWF is as follows : after an injury the plasma vWF causes binding up of the platelets with the subendothelial tissue and thus initiates platelet plugging and hemostasis. In short, no vWF no platelet plug.


Lack of vWF causes vWD. It is now understood that the disease is fairly common, at least in the western world. The exact picture in the Indian population is not known. In vWD (von Willebrand's disease), the outstanding features are — (i) protracted bleeding time (ii) fall of plasma vWF concentration (normal value, about 10 mg/ml) and (iii) a partial loss of factor VIII efficiency.





Blood types.


The ABO system.


Transfusion reactions.


Inheritance of A- and B-antigens.


Other agglutinogens.





LANDSTEINER'S LAW


Karl Landsteiner discovered the fundamental principles of the blood groupings in 1900. He is associated with the discoveries of both the major groups viz, ABO system (1900) and Rh system (1940). During his works with ABO system he found that, so far as ABO system is concerned, a given person's blood must contain two and only two substances. If it contains the agglutinogen A on the RBCs, then it must contain the agglutinin anti-B in the serum. Similarly in group B blood, where the erythrocytes contain B agglutinogen, the plasma must contain anti-A to complete the pair. In AB group there is no agglutinin where as in O group both anti-A and anti-B agglutinins shall have to be present. This is Landsteiner's law.


Previously anti-A and anti-B used to be known as a and β agglutinins respectively, but these terms are not much used now a days.


On the basis of what has been described already, human beings can be grouped as shown in table.


Blood Group�
Erythrocyte contains (agglutinogen)�
Plasma contains (agglutinin)�
�
A�
A�
anti-B (β)�
�
B�
�
anti-A (α)�
�
AB�
�
nil (o)�
�
O�
nil�
anti-A and anti-B (α& β)�
�
The H antigen


The RBCs of majority of people contain another antigen called the H antigen. The H antigen is the precursor of antigens of the ABO system. Therefore, ABO system is sometimes referred as ABH system.


Although it has been stated above that, of the three varieties of antigens in the Rh system, the antigen D alone is important, but probably the C and E has some importance although they are not precisely clear. Thus, the RBC survival of Rh null persons is poor.


Like the Hb pattern, the blood group is also important for the forensic experts, anthropologists and historians). Thus, if the pattern of blood groups of all the different systems (= theoretically, all the 21 systems) of a given person is known, he is virtually marked and can be tracked by the police when necessary (cf, finger prints). Blood group determination may be of some help in setting disputed fatherhood.


Blood groups and diseases


For little known reasons, some diseases are apt to appear in persons of particular blood groups. Most well documented, perhaps, is the fact that duodenal ulcer is seen more frequently in persons of blood group O. Similarly, pernicious anemia is seen particularly in Gr A subjects. Again, American blacks, as a rule, lack the antigen of Duffie system and they also are very resistant against the infection of P. vivax (the parasite of B.T. malaria — the commonest form of malaria seen in India). This is not the end of the list of such examples.


So far as the interrelationship between the resistance against P. vivax attack and lack of Duffie system is concerned, the picture, it now appears, has been somewhat clear. P. vivax parasites bind with the receptors on the cell membrane (and subsequently act on the RBCs to produce the symptoms). These receptors are somehow related to the antigens of Duffie blood group. Therefore, lack of Duffie (also spelt, 'Duffy') antigens result in lack of these specific P. vivax receptors, hence the RBCs are immune against the attacks of these parasites.





The Rh Group.


Next to the ABO system, the Rh system is the most important one. The name Rh owes its origin to macuaca rhesus or the rhesus monkey (the common flesh colored faced Indian monkey who have red ischial callosity) in whom it was first discovered, by Landsteiner and Weiner in 1940.


There are three varieties of antigens in the Rh system and are called C, D and E. An individual's RBC can contain C or D or E. However when the antigen D is present, we call him Rh+ve but when C or E is present, he is Rh-ve (In a very few persons none of the C, D or E may be present and such persons are called 'Rh null').


There is no naturally occurring antibody against Rh antigen. Antibodies develop only when the body is exposed to (= stimulated by) Rh antigen. This can occur under two circumstances, viz, (i) if an Rh-ve person gets a transfusion of Rh+ve blood, or (iii) in pregnancy. As the Rh D antigen is powerfully antigenic, a single exposure (eg. a 'single transfusion) can provoke heavy development of Rh antibodies. If however, there is no further antigenic stimulus, the antibodies, with time, gradually disappear from the body.


Previously it was stated that the group O people are called universal donor. But assume, a group O donor is Rh +ve. This blood cannot be given to a person who is Rh-ve and at the same time contains Rh antibodies due to previous exposure (say, due to a previous transfusion). Viewed in this way, there is no true universal donor.


There are further subgroups in group A. Thus, there are Gr A1 and Gr A2 blood. In usual cases of blood transfusion however, there is no need to bother about the subgroups of A, that is, A1 or A2 group. Its consideration is necessary only under special conditions.


Gr A1 blood can be agglutinated by weak anti-A serum, whereas Gr A2 can be agglutinated only by strong anti-A serum. There is no specific anti A2 serum.





Compatibility of blood types, basic rule of blood type compatibility determination.


Now, during a transfusion, the plasma agglutinins of the donor after being mixed up with the recipient's plasma, becomes so much diluted that it loses its effectiveness and is usually ignored. But the donor's erythrocytes meet the recipient's undiluted agglutinins in the body of the recipient and hence in mismatched blood transfusions, only the donor's erythrocytes are destroyed but the recipients erythrocytes are not harmed. Therefore whether there will be or will not be any mismatching can be predicted as shown in table.


Table: Compatibility in between different blood groups�
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√
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√
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√
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√


X


X


X�
�
√ = no mismatching, x = mismatching


It will be seen, that group O blood can be donated to all groups whereas group AB can receive blood from any group.


Accordingly, groups O and AB are called universal donor and universal recipient groups respectively.


Blood matching. The blood grouping is usually done by the slide method, which in short, is as follows :


A little blood from the subject, whose blood is to be grouped, is collected and highly diluted by physiological ('normal') saline; so it now becomes virtually erythrocytes suspended in physiological saline. Two drops of this suspensions are placed separately on a slide. To one drop, a drop from a sample of known anti-A serum is added. To the other drop, a drop of known anti B serum is added.


If agglutination (clumping) occurs where anti-A was added but no clumping is seen with anti-B serum, then obviously the blood belongs to group A. By extending this logic, grouping according to ABO system can be made.


For cross matching, a suspension of donor's erythrocytes is made and then mixed with recipient's serum; whether there is any agglutination or not is seen. Again, recipient's erythrocytes are mixed with donor's serum and whether there is any agglutination or not is seen. If no agglutination occurs in either of the both tests, then the two bloods are perfectly compatible and transfusion can be given.





Hemolytic disease of the newborn.


Rh incompatibility may develop in one of the two following ways:


(i) Let us suppose, a mother is Rh -ve and the fetus is Rh +ve. Normally the fetal erythrocytes cannot enter the maternal circulation. However, some fetal erythrocytes may enter the maternal circulation, following a trauma, for example during the separation of placenta during child birth or during abortion.


Once the fetal erythrocytes which contain Rh D antigen enter the maternal circulation, Rh antibodies begin to appear in the maternal blood, provided the mother is Rh -ve.


Now assume that a second pregnancy develops and the second fetus too is Rh+ve. Rh antibodies have already appeared in the maternal blood and these antibodies can cross the placenta (because they are of IgG variety). Therefore ultimately agglutination is likely to develop in the fetal circulation which may cause massive hemolysis. The ultimate outcome depends upon the severity of the hemolysis. If mild, it may not be serious at all. But in severe hemolysis, the baby may be born in a state of severe hemolytic anemia, intense jaundice etc. Kernicterus may develop. Ker-nicterus is a condition which develops when bilirubin deposition occurs in basal ganglia of brain producing abnormalities of the functions of basal ganglia. In kernicterus, the bilirubin enters the interior of the neuron and damages it.


If the hemolysis is still more severe, death of the fetus in uterus occurs, the fetus becomes bloated and its delivery may cause obstetrical hazards. The condition is known as hydrops fetalis.


Hemolysis and anemia due to Rh incompatibility in the fetus is known as erythroblastosis fetalis. Due to severe hemolysis, severe anemia develops, and the fetal body tries to compensate and as a result large number of premature red cells (erythroblasts) appear in the peripheral circulation of the fetus and hence the name (Erythroblast = nucleated RBC).


The condition is also known by other names, viz, hemolytic disease of the new born (HDN) or icterus gravis neonatorum (icterus = jaundice, gravis = grave, neonatorum = of the new born).


(ii) Alternatively, if an Rh -ve person receives transfusion of Rh+ve blood, the Rh antibodies begin to appear in the recipient's body. If now, i.e. after the Rh antibodies have developed a sufficient titer, a second transfusion be given, the donated cells are agglutinated due to Rh incompatibility.


Physiological basis of treatment of erythroblastosis fetalis.


(a)Preventive. This is done on the principle of ''antibody mediated immunosuppression". It is to be remembered that usually during the childbirth, as the placenta separates, the fetal erythrocytes carrying Rh antigens enter the maternal circulation. Therefore, the mother receives a heavy dose of Rh antigen for the first time during the childbirth. If now at this time a sufficiently heavy dose of a serum containing high concentration of Rh antibodies be transfused to the mother, the fetal cells in the maternal blood will be killed and no Rh antibody can be produced by the maternal system. (The transfused serum Rh antibodies will spontaneously disappear in about two months).


(b) Curative. This is done by exchange transfusion. After the baby, severely anemic and jaundiced, is born, its blood, small quantities at a time, is taken out and replaced by Rh -ve ABO compatible blood. Thus, the sick fetal erythrocytes, that is, the circulating Rh +ve red cells which are going to be agglutinated, are removed and replaced by RBCs which are immune to the attacks of Rh antibodies. As the Rh antibodies which entered from the mother's blood are likely to disappear in a couple of weeks, one such procedure of exchange transfusion is usually sufficient.


Preservation injuries. In the blood banks, whole blood is usually collected and stored in acid citrate dextrose (ACD) or citrate phosphate dextrose (CPD) solutions at + 4° C. Some deleterious effects are produced by the procedures of collection and preservation which are collectively known as "preservation injuries".


One of the preservation injuries produce some kinds of defects in the red cell. These defective red cells, after being transfused, do not survive in the recipients body for more than about 24 hrs. They are rapidly removed from the circulation and in the tissue they are engulfed by the tissue macrophage system.


There are various other injuries which result due to preservation. The Hb of the stored blood shows an increased affinity for oxygen in the body of recipients after being transfused. This may produce some difficulty for the release of oxygen at the tissue level. 2,3 DPG (2, 3 diphosphoglyceric acid) content of the erythrocytes fall whereas Na+ ions enter the red cells (for details, see chap 2, sec I, the Nα pump) from the bathing fluid during storage. K + ions on the other hand leave the red cells and cause increased K+ concentration of the plasma; these defects however are corrected after the blood is transfused, provided proper precautions are taken, although some of them disappear slowly and others rather rapidly.


 1This statement means, normally, when the strength of the bathing saline is 0.5%, some (but not the majority) RBCs begin to lyse. At 0.3% strength all RBCs, are lysed.


 2Pronounced, rwolo, wo as in two and o as in so.


 3that is, kilo Dalton.


 4This is called 'recycling of iron'. Many other substances are recycled in the body.


 5It is pointed out that many of the signs and symptoms of allergic disorders (eg. urticaria/asthma/triple response) are due to excess of histamine in the area concerned. Viewed in this way, MBP appears to have antiallergic role.


 6Actin and myosin are present (in addition to the skeletal/cardiac/ smooth muscles) in all the three varieties of the formed elements (RBC/ WBC/platelet). Whenever they are present, they cause contraction and relaxation.


 7hypochloric acid
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