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Blood ®

Blood is part of the extracellular fluid. It is continuously circulating in
blood vessels throughout the cardiovascular system through the

heart's pumping action. It is considered a part of the connective Q
tissue. It constitutes 8% of the body weight. . .5 .. | aually s blood JI

Composition of Blood A Coes e

Blood is composed of two parts:

1. Plasma: This is the fluid part of blood. It constitutes 55% of blood.

2. Cellular Cellular part: includes red blood corpuscles (RBCs), white blood
cells (WBCs), and platelets. It constitutes 45% of blood
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Functions of blood: \ L 2%

1. Transport. 1,232 gweetis ) Sh70

2. Immune Function

3. Haemostasis [ Stoppage of bleeding ]

4. Homeostasis [ Keeping body environment constant ]
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Itis a clear yellow fluid. Its volume is about 3.5 L (5% of body weight).
It clots on standing. The remnant s called Serum. '

Composition of Plasma
Plasma is composed of :
1. Water: 92%

2. Organic substances: Plasma proteins, Lipids, glucose, amino acids,
vitamins, enzymes, and waste products.
Inorganic constituents: (Na*, CI,HCO;").

4. Blood gases: O,, CO, and N.. OV T p)/w{/«k) M v
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Globulin : 38% ”
Fibrinogen : 7% = Sites of Formation?

Others : 1%
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Plasma Proteins ®

There are many types of plasma proteins in the blood. The most
important types include:

Type Concentration (g/dl)

L4

Globulin (a,B,y) 2.5
Prothrombin 0.01

Site of Formation of Plasma Protein: T

. Albumin, fibrinogen, and prothrombin are synthesized in the Ii@

+ Globulins: 50% are synthesized in the liver, and 50% (y globulin)are
synthesized in the plasma cells of the reticuloendothelial system

(RES), a diffuse system of cells present in the liver, spleen, lymph
nodes, and bone marrow.



Albumin/Globulin Ratio (A/G) ®

The Normal A/G ratiois 1.5 to 2‘5) 1
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the liver does not produce sufficient albumin.—» ¢ S e s e )

2. (Kidney diseases, e.g., nephrosis, as the albumin, with its small
molecular size, is lostin the urine. J a¢hum™
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Plasma Proteins ®

Functions of Plasma Proteins:

1. Osmotic Function (mainly by albumin) L4
2. Transport function—s apunin/X and b (rlobatia )ﬁ s ) g

3. Defensive function

4. Blood clotting function

5. Capillary function

6. Buffer function

7. Function as a source of tissue proteins



Plasma Proteins

55%; colloid osmotic pressure or oncotic pressure;
lipid, steroid, and hormone transport
antioxidant protein (binds metals and

reacts with ROS)

38%; transport ions, hormones,
and immune function (y-globulins)

Globulins

Fibrinogen (7%); clotting
Regulatory Proteins (< 1%); protease inhibitors,
enzymes, hormones
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Factors controlling fluid filtration across

-
capillary walls
Movement of fluids
across capillary walls e
depends on the balance ~ surlingforces
of starling forces acting  Forces that control the movement of fluid in/out
across the capillary walls. of the capilla
} Hydiostatic rassaa P Colloid osmotic(oncotic)  }
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The pressure exerted by blood (water) on The osmotic pressure created by

the walls of the blood vessel.




Plasma Proteins ®
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Functions of Plasma Proteins: P50 0 ey Il o

1. Osmotic Function (mainly by albumin): o s il
The total osmotic pressure of plasma is about 5000 mmHg:
Plasma proteins cause 25 mmHg pressure. It is known as the Colloidal
Osmotic Pressure or Oncotic Pressure.

The remaining pressure is caused by Crystalloids, e.g., Na*, Cl- L HCO;",
and is called the Crystalloid Osmotic Pressure.

Plasma proteins have a weaker osmotic effect, but they are more
important because they cannot diffuse through the capillary
membrane. Therefore, they are keptinside blood vessels and tend to
draw water from interstitial fluid (ISF) into capillaries. The colloidal
osmotic pressure regulates blood volume by regulating fluid exchange
between ISF and blood.



Edema ®

Edema: Itis the presence of abnormally large amounts of fluid in the
intercellular tissue spaces of the body (It is excessive accumulation of
fluid in the tissues). Hypoalbu‘)nemla is one of the causes of edema.

e pressde ) Am

Type vour text

o5m°




Plasma Proteins ®

Functions of Plasma Proteins:

&

2. Transport function:
Albumin and globulin (a and ) act as carriers for some substances,
e.d., hormones, vitamins, lipids, and minerals. They prevent their loss
of urine.

3. Defensive function:
v-globulins are also called immunoglobulins (antibodies). They defend
the body against microorganisms and their toxins.

4. Blood clotting function:
Prothrombin and fibrinogen are essential for this process.



Plasma Proteins ®

Functions of Plasma Proteins:

5. Viscosity :

Whole blood is|3-5|times as viscous as water, while plasma is 1.5 times '
as viscous.

Viscosity is responsible for peripheral resistance that maintains

Arterial Blood Pressure.

Fibrinogen contributes most to plasma viscosity due to its large size

and elongated shape. rusuine
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Viscosity is a fluid’s resistance to flow or deformation.



Determinants of Blood Pressure‘

&
MAP =CO x TPR

CO=HRXxSV

MAP is mean Arterial pressure (normal -100 mmHg)
CO is Cardiac Output (normal 5 L/min)

HR is Heart Rate (normal 72 BPM)

SR is Stroke Volume (normal 70 L)

TPR is Total Peripheral Resistance




Plasma Proteins ®

Functions of Plasma Proteins:

6. Capi"al‘y funCtion:-a It regulate the capillary permeability
Plasma proteins are required for normal capillary permeability

because they partially block capillary pores.

Endothelial cell

Interstitial fluid
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Plasma proteins - closes capillary pores 2 maintains capillary permeability.
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Plasma Proteins ®

Functions of Plasma Proteins:

7. Buffer function: '

Any buffer system consists of a Weak Acid and a Strong Base. In an
alkaline medium (blood pH is alkaline: 7.4), plasma proteins form
proteinic acid and sodium proteinate. So, they act as a buffer
system: therefore, plasma proteins maintain the pH of blood
constant at 7.4 despite the addition of acids or alkalis. They
constitute 15% of the buffering power of blood.




Plasma Proteins ®

Functions of Plasma Proteins:
7. Buffer function: BUFFER SYSTEMS




Plasma Proteins ®

Functions of Plasma Proteins: e 2S5 starvation JI =3le i

8. Function as a source of tissue proteins:
Plasma proteins act as labile protein stores for tissue proteins since the

are dynamic structures in continuous turnover.
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RED BLOOD CORPUSCLES (RBCs) ®

" eulnd ¢ ssiah L weell lawis Lemature, red blood corpusclesd
organelles

Shape and Size of RBCs
RBCs are non-nucleated biconcave discs
Erythrocytes (RBCs) count

Adult Males: 4.5-6 million/mm3.

10- eIV
Adult Females: 4-5.5 millions/mm3.

Infants: higher RBCs count than adults.

Children: lowerRBCs count than adults.

In Old Age: RBCs count decreases.
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RED BLOOD CORPUSCLES (RBCs) @
"ERYTHROCYTES”

Structure of RBCs &
RBCs have no nuclei and are therefore called corpuscles. RBCs have a
biconcave shape (The peripheral proteins like spectrin, ankyrin, and
actin on the inner surface of the membrane help maintain the shape
of the RBC). The biconcave shape has the following advantages: It
has a large surface area and enhances cell flexibility allowing
erythrocytes to be squeezed into tiny capillaries without rupture.
Also, it results in minimal tension on the membrane when the cell
volume increases in venous blood due to the transport of CO,,.
The most important content of RBCs is Hb. K* is the principal
intracellular cation, and Carbonic Anhydrase (CA) is an enzyme
present in RBCs, which is essential for the transport of CO,. No
mitochondria exist in RBCs; therefore, they derive their energy from
anaerobic glycolysis.




RED BLOOD CORPUSCLES (RBCs) @
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Structure of RBCs '

actin and spectrain less

Ankyrin ——

Schematic diagram showing ultra structure of red
cell membrane.
Minimum

thickness = 0.8 um
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RED BLOOD CORPUSCLES (RBCs) @
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Hematocrit value (Hct)=Packed cell volume (PCV) '

Hypertonic Isotonic Hypotonic

Venous Blood




RED BLOOD CORPUSCLES (RBCs) @
“ERYTHROCYTES"

Hematocrit value (Hct)=Packed cell volume (PCV) '
The percentage of the blood, by volume, that is occupied by RBCs.
Hemoglobin (Hb): It is the red oxygen-carrying pigment of RBCs 46%
(40-50%)for adult male and 42% (37-47%) for adult female

Hb contentis the number of grams of hemoglobin in 100 mli (dl) of
blood:

In Adult Male: 15-16 g/dI
In Adult Female: 13-14 g/dI



RBCs Indices (reflect the functional characteristics of RBCs)

RED BLOOD CORPUSCLES (RBCS) ,

"ERYTH ROCYTES" ineile, or female

Characteristics of Human Red Cell

Male Female

Red blood cells (RBC)
(108/pL)

[ Mean corpuscular volume n Hetx 10 87 87
(MCV) (fL) RBC (10/uL)
Hbx 10
~"RBC (10%uL)

Mean corpuscular Hbx 100

Hct




RED BLOOD CORPUSCLES (RBCs) @
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Characteristics of Human Red Cell

Mean Corpuscular volume (MCV): Average volume of single RBC.
Mean Corpuscular hemoglobin (MCH): Average amount of Hb /single
RBC.

Mean Corpuscular hemoglobin concentration (MCHC): s the average
concentration of hemoglobin in a given volume of packed red blood
cells

Structure of Hemoglobin: Hemoglobin is made up of 4 subunits; each
is formed of a polypeptide chain and heme. The four polypeptide
chains are collectively called globin. Heme is an iron protoporphyrin
in which ironis in the ferrous state (Fe?*).
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