Part 1: The Blood

Doesn’t the blood, in fact, indirectly ‘‘connect’’ practically all of our body parts together? The reason, obviously, is that the blood is the fluid connective tissue that circulates throughout the human corpus, thereby linking body structures together (in a physiological sense rather than strictly anatomical one). Blood is further classified as a ‘‘special’’ connective tissue because of the unique nature of the intercellular material between its cells – the plasma (PLAZ-muh). Plasma is the clear, watery, liquid ‘‘matter’’ (plasm) of both the blood and the lymph (LIMF) connective tissues. Therefore, after we examine the blood or ‘‘red stuff,’’ we will be obliged to do the same for the lymph or ‘‘clear spring water.’’
To briefly capsulize, blood is a red, sticky connective tissue with a fluid intercellular matter or matrix (the plasma) that occupies about 4–6 liters of volume in the average-sized adult.What is the difference between blood and lymph?
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Describe in your own words what blood is made of:






What types of cells are found in the blood?
















	
Proteins found within the plasma:
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Color range:  Oxygen-rich blood is scarlet red
	   Oxygen-poor blood is dull red
· pH must remain between 7.35–7.45
· Blood temperature is slightly higher than body temperature
Using the diagram on the previous page, what are the 3 “formed” elements of blood?



Compare the # of different cell types found among the formed elements:






[image: ][image: ]Erythrocytes (Red Blood Cells) 
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[image: ][image: ][image: ]Structural Characteristics of RBCs: Approx how many leukocytes are present per cubic mm of blood?


What is the main FUNCTION of leukocytes?


Complete cells? Or lacking nuclei?


Explain diapedesis:


What is ameboid motion?
What is the function of hemoglobin in red blood cells?


What is the function of the biconcave shape of the RBCs?


Why are RBCs so good at transporting oxygen?











Abnormal leukocyte levels
· Leukocytosis:  Above 11,000 leukocytes/ml, 	Generally indicates an infection
· Leukopenia:    Abnormally low leukocyte level,  Commonly caused by certain drugs
Explain why platelets are not really considered cells:


What is the main function of platelets?


What is clotting and when does it occur?
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* Albumin (al-bu’min). Albumin helps keep water from dif-
fusing out of the bloodstream into the extracellular matrix
of tissues.

« Globulins (glob"u-lins). Globulins include both antibod-
ies and the blood proteins that transport lipids, iron, and
copper.

+ Fibrinogen (fi-brin‘o-jen). The plasma protein fibrinogen
is one of several molecules involved in a series of chemi-
cal reactions that achieves blood clotting.
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Erythrocytes, or red blood cells (RBCs), are small, oxygen-
transporting cells that are about 7.5 m in diameter
(Figure 18.3). Erythrocytes are by far the most numerous
formed element—4.3 to 5.2 million cells in a cubic millimeter
of blood in women, and 5.1 to 5.8 million in men. Thus, a
total of 25 trillion erythrocytes are present in the bloodstream
of a healthy adult! Because normal red blood cells are rela-
tively uniform in size (7-8 pm in diameter), they are ideal
“measuring tools” for estimating the sizes of nearby struc-
tures in histological sections.

Erythrocytes are shaped as biconcave discs—discs with
depressed centers. In blood smears, their thin centers appear
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Structure of erythrocyes. Notice the
distinctive biconcave shape.
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Leukocytes

Leukocytes, or white blood cells (WBCs), are far less
numerous than erythrocytes—4800 to 11,000 leukocytes
per cubic millimeter of blood—but they are crucial to the
body’s defense against disease. Roughly spherical in shape,
leukocytes are the only formed elements that are com-
plete cells, with the usual organelles and prominent nuclei
(Figure 18.2a).

Leukocytes in effect constitute a mobile army that con-
tinuously protects the body from infectious microorganisms
such as bacteria, viruses, and parasites. Unlike erythrocytes,
which are confined to and perform their functions within
blood vessels, leukocytes function outside the bloodstream in
the loose connective tissues, where infections oceur. Various
chemicals produced or released at infection sites altract cir-
culating leukocytes. In response, leukocytes leave the capil-
laries by actively squeezing between the endothelial cells
that form the capillary walls, a process called diapedesis
(di"ah-pé-de’sis; “leaping through”). Once outside the cap-
illaris, leukocytes travel (o the infection sites by amoeboid
motion—that is, by forming flowing cytoplasmic extensions
that move them along.

Like other blood cells, leukocytes originate in. the
bone marrow and are released continuously into the blood.
The bone marrow also stores leukocytes and releases them
into the blood in large quantities during serious infections.
Clinicians count the leukocytes in a sample of a patient’s
blood when searching for evidence of an infectious disease.
A leukocyte count exceeding 11,000 per cubic millimeter
indicates infection or inflammation. The patient is said to
have leukocytosis.
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Along with the oxygen it carries, the hemoglobin in
erythrocytes also carries 20% of the carbon dioxide that is
transported by the blood. For more details of gas transport by
the circulatory system, consult a physiology text.

Erythrocytes live for 100-120 days, much longer than
‘most other types of blood cells. They originate from cells in
red bone marrow, where they expel their nucleus and organ-
elles before entering the bloodstream.
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* Their biconcave shape provides 30% more surface area
than that of spherical cells of the same volume, allowing
rapid diffusion of oxygen into and out of erythrocytes.

« Discounting the water that is present in all cells, eryth-
rocytes are over 97% hemoglobin. Without a nucleus
or organelles, they are little more than bags of oxygen-
carrying molecules.

« Erythrocytes lack mitochondria and generate the energy
they need by anacrobic mechanisms; therefore, they do not
consume any of the oxygen they pick up and are very effi-
cient oxygen transporters.
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CLINICAL APPLICATION

‘Thrombus A clot that develops and persists in an
intact blood vessel is called a thrombus. If a thrombus
becomes large enough, it can block the flow of blood and
cause the death of the tissues supplied by the affected
vessels. I such a blockage occurs in the coronary arteries
that supply the heart, the consequence may be the death
of heart muscle and a fatal heart attack. If a thrombus
or a piece of a thrombus breaks off of a vessel wall and
floats freely in the bloodstream, it is considered an
embolus (“wedge"; plural: emboli). An embolus becomes
dangerous when it obstructs a vessel that is too narrow.
to permit its passage. For example, an embolus in the
brain can cause a stroke by blocking the blood supply to
oxygen-sensitive brain cells. (For more information on
emboli, see the Related Clinical Terms on p. 595.)
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Blood clot. Scanning electron micrograph of a
blood clot: a platelet (the light, spherical object in the center)
and several erythrocytes trapped in a fibrin mesh (artficially
colored; 1650X).
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Platelets

Platelets, also called rhrombocytes (throm’bo-sits; “clot-
ting cells”), are not cells in the strict sense. They are disc-
shaped, plasma membrane—enclosed fragments of cytoplasm
that form by breaking off of larger cells called megakaryo-
cytes. In blood smears, each platelet exhibits a blue-staining
outer region and an inner region that contains purple-staining
secretory granules (Figure 18.2, Table 18.1). Platelets are
only one-tenth to one-twentieth as abundant as erythrocytes.

Platelets plug small tears in the walls of blood vessels to
Timit bleeding. Tmmediately after a vessel is damaged, plate-
lets adhere in large numbers to exposed collagen af the edges
of the tear and then secrete several types of products. Some
products from their secretory granules signal more platelets
to arrive, others cause the vessel to constrict 5o that bleeding
slows, and still others initiate inflammation at the injury site.
In addition, platelets participate in the inital stages of clotting,
a sequence of chemical reactions in blood plasma that ulti-
mately generates a network of tough fibrin strands among
the accumulated platelets. This fibrin derives from the
plasma protein fibrinogen. The mass consisting of the fibrin
strands, the platelets, and any blood cells that are trapped by
the strands is called a clot (Figure 18.6), which provides a
strong seal across the tear. After the clot forms, the platelets
within it contract in a muscle-like way, pulling the edges of
the tear together.

Platelets do not adhere to the interior of healthy vessels.
However, if the lining of an intact vessel is roughened by scar-
ring, inflammation, or atherosclerosis (p. 655), platelets will
adhere and initiate undesirable clotting within that vessel.
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