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WHAI ('A/?
BLOOD? /A,

BLOOD IS COMPQOSED +#
TISSUE CELLS & PLASMA

80% WATER,
20% SOLID.




Plasma
55%

Composition of Blood

 Water 91%

Proteins 7%
; Albumins | Globulins | Fibrinogan
Other solutes 2%
Electrolytes | Nutrients | Gases | Wastes
Vitamins | Requlatory substances

, Platelets (hundreds of thousands)
) , ;

White Blood Cells (thousands)
Neutrophils 70%
Lymphocytes 20%

Eosinophils 4%
Basophils 1%
‘\\ Monocytes 5% /

Centrifuged
blood

BLOOD CONTAINS
3 TYPES of CELLS

\ 4
PLATELETS

(THROMBOCYTES)
HELP BLOOD CLOT

RED BLOOD
LELLS

(ERYTHROCYTES)
CARRY OXYGEN
THROUGHOUT THE BODY

WHITE BLO
LELLS

(LEUKOCYTES)
HELP FIGHT INFECTION




omponent
and %
of blood

Subcomponent

componen

Type and %
(where
appropriate)

Site of production

Major function(s)

Plasma
46-63
percent

Water
92 percent

Fluid

Absorbed by intestinal
tract or produced by
metabolism

( Transport
medium

\/

Plasma proteins
7 percent

Albu mi;'l\

54-60 percent

Liver

aintain osmotid

concentration,

transport lipid
molecules

d

Alpha globulins—
liver

Transport,
maintain osmotic
concentration

Globulins
35-38 percent

Beta globulins—
liver

Transport,
maintain osmotic
oncentration

Gamma globulins
(immunoglobulins)
—plasma cells

Immune
‘ responses

/

Fibrinogen
4-7 percent

Liver

A

Blood clotting in
hemostasis

Regulatory proteins
<1 percent

Various sources

Regulate various
body functions

Other solutes
1 percent

Formed
elements
37-54
percent

Erythrocytes
99 percent

Nutrients, gases,
and wastes

Erythrocytes

Absorbed by intestinal
tract, exchanged in
respiratory system,
or produaad by cells

Red bone marrow

Leukocytes
<1 percent

<1 percent

Granular
leukocytes:
neutrophils
eosinophils

basophils

Red bone marrow

Agranular
leukocytes:
lymphocytes
monocytes

Numerous
and varied

e
Transport gases, N\
‘ primarily oxygen

and some carbon

N
V

dioxide

Nonspecific
immunity

=

bone marrow and
lymphatic tissue

Lymphocytes:

Monocytes:
ed bone marye

Platelets

specific
‘ ‘

Monocytes:
onspecmc mmuni '

S
A [N\Jedbone marroys W

A <1 percent




Red Marrow: Hematopoietic

Hematopoietic
stem cells (HSCs)

cells

™ ‘ White blood

e
™ Platelets

? ; Yellow Marrow: Fat, Cartilage,
| J Bone Formation




That’s a lot of Blood!

i | DAY, BLOOD TRAVELS A TOTAL OF

12 [I[I[I MILE
(19,000 ) A

4TIMES

THE DISTANCE FROM NEW YORK TO LOS ANGELES.

9 Venti’s and 1 Grande



Analysis

What two components make up whole * Approximately how much blood is in the
blood? average human body?
What is the anatomical term for the * Name two reasons for higher blood
formed elements (cells/cell-origin) ? volume?
What is the function of the following in * Where are Erythrocytes and Leukocytes
the blood? made in the body?

— Water

— Plasma Proteins

— Erythrocytes

— Platelets

What type(s) of Leukocytes have non-
specific immunity?

What type(s) of Leukocytes have
specific immunity?






Hemocytoblast

8 chain 1

« chain 1

Erythrocytes Development

— Fe?*
Heme
« chain 2
COOH COOH
(b)

Reabioond B9

ell INVEC

- \ -‘/ Q‘_lmm lungs
X Oxygen released

to tissue cells _8 5

Hemoglobin
molecules

Oxygen bonded
with hemoglobin molecules




Formed Major Numbers Appearance in a Summary of Comments
element subtypes present per standard functions

microliter (pL) blood smear
and mean (range)

Erythrocytes 5.2 million Flattened biconcave Transport oxygen and |Lifespan of
(red blood (4.4-6.0 million) disk; no nucleus; some carbon dioxide |approximately
cells) @ pale red color between tissues and 120 days

Q lungs

/// B
™

/ Nomal blood oxygen levele N\ Stimulus: Hypoxia due to
i | decreased RBC count,

decreased availability of O,
Mg, \\ to blood, or increased
"%. \ tissue demands for O,

Increases \
0,-carrying

Start

Increased ability of blood
red blood cell
production Eelgggzs 0, levels
Gt *@)

L
Ld
4
S
LN

) A
Red bone ?g,

Erythropoietin ‘ \ Kidney releases
stimulates red \ | erythropoietin
bone marrow > |

Enhanced
erythropoiesis
increases

RBC count

Increased



Polycythemia vs. Anemia

—Y—

s When high red blood cell
count signals disease

SteadyHealth.com

Iron Deficiency Anemia Is

9 IR N a Nutritional Disorder in
, which the Blood Lacks

B Adequate Healthy
® DEFICIENCY Red Blood Cells with
® ANEMIA Hemoglobin Less than

12 g/dL
(grams per deciliter)

Global

about 2 Billion of the Prevalence of Anemia among Women Anemia
World’s Population are Anemic & @ AHECTS 439/,
0
of Children

Anemia is More C : 29% of 38% of
IFEEVRES T JVEHL h GO o o * Non-Pregnant * Pregnant ooy

Women than Men Women Women




NORMAL BLOOD CELL

HEMOLYTIC ANEMIA

CLL TRAIT ¢ Y&¥srd

WHAT IS
SICKLE
CELL TRAIT?

Sickle cell traitisnota
disease. Sickle cell trait is the
inheritance of one gene for
sickle hemoglobin and one
for normal hemoglobin. Sickle
cell trait will not turn into the
disease. Sickle cell trait is a
life-long condition that will not
change over time.

=

During intense exercise, red blood cells containing the
sickle hemoglobin can change shape from round to
quarter-moon, or “sickle.”

Sickled red cells may accumulate in the bloodstream
during intense exercise, blocking normal blood flow to
the tissues and muscles.

During intense exercise, athletes with sickle cell trait
have experienced significant physical distress, collapsed
and even died.

Heat, dehydration, altitude and asthma can increase the
risk for and worsen complications associated with sickle
cell trait, even when exercise is not intense.

Athletes with sickle cell trait should not be excluded from
participation as precautions can be put into place.




Thalassemia

Normal

Red Blood Cell

White Blood Cell

"Q ® P/

Platelet
@ I'g

BONE MARROW ¢

Thalassemia

Malformed
red blood cell

’ ’ ooo ‘ A’/While Blood Cel

9 4

AREATES REDE
BLOOD CELLS

Symptoms of
~______ Anemia
Red = In severe Central

anemia - Fatigue

Eyes A - Dizziness
- Yellowing - Fainting

Skin
- Paleness .

- Coldness

- Yellowing - e
Respiratory—l—;l}
-Shortness [
of breath %) £ 9 \ ;
v/ |/ A " - Chest pain
Muscular—— = =80 = & - Angina

- Weakness | ‘ TS - - Heart attac
i /i R\ Spleen

5D P : , - Enlarge-
ment

Blood vessels




Determining Hematocrit

=
o
o
w
E
@
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juo0jewsH

(a) Normal (b) Anemia (c) Polycythemia (d) Dehydration
(hematocrit = 45%) (hematocrit =30%) (hematocrit = 70%) (hematocrit =70%)

KEY
‘ | = Plasma - = Erythrocytes

) Figure 11-5 Hematocrit under various circumstances. (a) Normal hematocrit. (b) The hematocnit is
lower than normal in anemia because of too few circulating erythrocytes. (c) The hematocrit is above normal
in polycythemia because of excess circulating erythrocytes. (d) The hematocrit can also be elevated in dehy-
dration when the normal number of circulating erythrocytes is concentrated in a reduced plasma volume.




Range of Normal Hematocrit Levels

Newborn 55%-68%

| Month 37%-449%

| Year 29%-41%

Teh Years 36%-40%

Adult Males 42%-54%

Adult Males High Altitude 45-61%
Adult Women 38%-46%

Adult Women High Altitude 41%-56%
Adult Pregnant Women 317%-41%




Factors that Affect Hematocrit

hd

* Hydration
* Smoking

* Disorder that affect &
— Polycy & /nemia



How to Calculate Hematocrit
Height of RBC/Total Height of RBC + Plasma

Hematocrit Determination

Where:

* H, = height of the RBC
column

* H, = height of the RBC
+ height of the
plasma column

* Calculate Hc%
(hematocrit) value

e
v
-
=
<
-
-
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Analysis

What is the difference betweeh an
Erythroblast and Erythrocyte?

What is the shape of the Erythrocyte?
Where does an Erythrocyte carry oxygen?
Where does an Erythrocyte carry carbon
dioxide?

Approximately how long does it take for
the bone marrow to secrete erythrocytes?

Approximately how long does an average
erythrocyte live in the blood stream?

—  Why do you think an erythrocyte doesn’t live
any longer than that?

What hormone stimulates the production
of Erythrocyte?

In the absence of this element,
erythrocyte production decreases.

What is polycythemia?
e What is blood doping?
What is anemia? Symptoms?
» What is iron-deficient anemia?
* Hemolytic anemia?
* Thalassemia?
* Hemorrhagic anemia?
» Sick-Cell Anemia?
What is a Hematocrit?
How do you calculate a Hematocrit?

What can a Hematocrit tell you about
the health, gender, age and environment
of a patieht.



agranular granular

Basophil Neutrophil Eosinophil
0.5-1% 60-70% 2-4%

Lymphocytes Monocyte
20-25% 3-8%

Granulocytes
|

Agranulocytes
|

.
oNnn (a) Neutrophil: (b) Eosinophil: (c) Basophil: (d) Lymphocyte (small): (e) Monocyte:
P)H\\CP}"” Multilobed nucleus, Bilobed nucleus, red Bilobed nucleus, Large spherical Kidney-shaped
pale red and blue cytoplasmic granules purplish-black nucleus, thin rim of nucleus, abundant
VI[’)NOFY T.’ cytoplasmic granules cytoplasmic granules pale blue cytoplasm pale blue cytoplasm
) Poarson Educaton. Inc



Numbers
present per
microliter (pL)

Formed
element

Major
subtypes

Appearance in a
standard
blood smear

Summary of
functions

Leukocytes--Granulocytes

7000
(5000—10,000)

Leukocytes
(white blood
cells)

Obvious dark-staining
nucleus

All function in body
defenses

Comments

Exit capillaries and
move into tissues;
lifespan of usually
a few hours or days

4360
(1800-9950)

Granulocytes
including
neutrophils,
eosinophils, and
basophils

Abundant granules in
cytoplasm; nucleus
normally lobed

Nonspecific (innate)
resistance to disease

Classified according
to membrane-bound
granules in cytoplasm

4150
(1800-7300)

Nuclear lobes
increase with age;
pale lilac granules

Neutrophils

Phagocytic;
particularly effective
against bacteria.
Release cytotoxic
chemicals from
granules

Most common
leukocyte;

lifespan of minutes
to days

Nucleus generally
two-lobed; bright
red-orange granules

Phagocytic cells;
particularly effective
with antigen- antibody
complexes. Release
antihistamines.
Increase in allergies
and parasitic infections

Lifespan of
minutes to days

Nucleus generally
two-lobed but difficult
to see due to
presence of heavy,
dense, dark purple
granules

Promotes
inflammation

Least common
leukocyte; lifespan
unknown




Numbers
present per
microliter (uL)
and mean (range)

Formed
element

Major
subtypes

Appearance in a
standard
blood smear

Summary of
functions

Leukocytes--Agranulocytes

Agranulocytes
including
lymphocytes and
monocytes

2640
(1700-4950)

Lack abundant
granules in cytoplasm;
have a simple-
shaped nucleus that
may be indented

Body defenses

Group consists of
two major cell types
from different
lineages

Lymphocytes

2185
(1500-4000)

Spherical cells with

a single often large
nucleus occupying
much of the cell’s
volume; stains purple;
seen in large

(natural killer cells) and
small (B and T cells)
variants

Primarily specific
(adaptive) immunity:
T cells directly attack
other cells (cellular
immunity); B cells
release antibodies
(humoral immunity);
natural killer cells are
similar to T cells but
nonspecific

Initial cells originate

in bone marrow, but
secondary production
occurs in lymphatic
tissue; several distinct
subtypes; memory cells
form after exposure to
a pathogen and rapidly
increase responses to
subsequent exposure;
lifespan of many years

Monocytes

455
(200-950)

Largest leukocyte
with an indented or
horseshoe-shaped
nucleus

Very effective
phagocytic cells
engulfing pathogens

or worn out cells; also
serve as antigen-
presenting cells (APCs)
for other components

Produced in red bone
marrow; referred to as
macrophages after
leaving circulation




Stem Cell Origin of Formed Elements

After division, some cells -

remain stem cells. &
Multipotent hematopoietic
stem cell (hemocytoblast)

/\

The remaining cell goes down one of two paths
@ depending on the chemical signals received.

I

'
A

Myeloid stem cell

A\
\ 4
\\_,,/

Lymphoid stem cell

i 7 } |

Nlegakaryoblast  Proerythroblast Myeloblast Monoblast Lymphoblast

>
<&

Reticulocyte

Natural killer cell
(large granular

‘ Q.’ \E/ v lymphocyte)

rythrocytelBasophil  Neutrophil Eosinophil  Monocyte

Small lymphocyte

N\
®

T lymphocyte B lymphocyt
Non-Specific Immunity

Specific Immuni



ow does the body know to mount a defense?

ocytes in the blood
espond to chemical
attractants released by
pathogens and
chemical signals from
nearby injured cells.

@ The leukocytes squeeze
between the cells of
the capillary wall as they
follow the chemical
signals to where they
are most concentrated
(positive chemotaxis).

@ Within the damaged tissue,
monocytes differentiate into
macrophages that phagocytize the
pathogens. The eosinophils and
neutrophils release chemicals that
break apart pathogens. They are
also capable of phagocytosis.

Capillary
epithelial
cells

\ff;“,\w

ANC T

N\

~ Injured/infected cells
secrete chemical signal
into the blood.

N\ Pathogens

~ Leukocytes emigrate
to site of injury and
infection.

| Eosinophil releases
cytotoxic chemicals
from granules into
tissue.

— Macrophage engulfs
pathogen.




A . N What You Should Know About
Lymphoma | - X

Lymphoma

is the most
common
blood cancer,

Lymphoma occurs when
lymphocytes, a type of white blood
cell found in lymph nodes, grow and
multiply uncontroflably and cause
swelling of the lymph nodes.

Normal Blood Leukemia

- _ -2
> I, eukem la Erythrocytes Neutrophil Lymphocyte Monocyte Platelets
é 7 N




Analysis

Can you identify the physical differences
between:

Monocytes
Lymphocytes
Neutrophils
Eosinophils
Basophils

Can you explain the functional difference
between:

Granulocytes/Agranulocytes
Non-Specific Immunity/Specific Immunity
Monocytes (M-M-M)

Lymphocytes (NK, T & B Cells)
Neutrophils

Eosinophils

Basophils

How does the immune system work
together to detect and manage
infection?

What type of stem cell gives rise to
cells/cell types except lymphocytes?

Monocytes and Lymphocytes are both
agranular, however their origin is very
different—why?

What will lymphoma look like under the
microscope? Why?

What will leukemia look like under the
microscope? Why?



Formed
element

Platelets

N

\
)

Numbers
present per
microliter (

Major
subtypes

350,000
(150,000-500,000)

Appearance in a
standard
blood smear

Cellular fragments
surrounded by a
plasma membrane
and containing
granules; purple stain

Summary of
functions

Hemostasis plus
release growth factors
for repair and healing
of tissue

Formed from
megakaryocytes

that remain in the red
bone marrow and shed
platelets into circulation




Hemostasis

Process of hemostasis:
platelets attach to fibrinogen




White blood cells Erythrocyt@

ﬂ Injury. A blood
vessel Is severed.
Blood and blood
components
(e.g., erythrocytes,
white blood cells,
etc.) are leaking
out of the breaks.

contracts near the
Injury point,
reducing blood loss.




Platelet plug formation. Platelets are activated by
chemicals released from the injury site and by contact
with underlying collagen. The platelets become spiked
and stick to each other and the wound site.

Initial platelets are activated Bound platelets

by chemicals released from release chemicals
the injured cells and by that activate and
contact with broken collagen. attract other platelets.

platelet
plug

é Platelets move toward source of chemical
signals and bind. Platelet plug grows in size.




0 Coagulation. In coagulation, fibrinogen is converted
to fibrin (see part b), which forms a mesh that traps
more platelets and erythrocytes, producing a clot.

\ Fibrin strands secure
platelets and
erythrocytes, effectively

A _ ” % plugging the break.
e o s T30

4



Cut sections through arteries

Healthy 'R BN N b ' STROKE
blood flow ‘

Embolism
breaks away

, PULMONARY EMBOLISM
[ Theombus - HEART ATTACK




Clotting is an lssue?

e |nnate

* Acquired




Analysis

What specialized type of cell produces
platelets (thromocytes?)

Are platelets true cells?
What is hemostasis?

How does the body know to send
platelets and fibrogen to an injured
site?

Why are platelets in active/non-active
forms?

What is the difference between an
activated and inactivated platelet?

What is the difference between fibrogen
and fibrin?

Why can’t fibrin just exist in the blood
stream?

What is the difference between an
embolus and an thrombus?

What are the issues with thrombus in
the veins vs. arteries?

What is innate hemophila? Are there
different types?

Why do people acquire clotting issues?

What is the treatment for various types
of hemophilia?






Blood Types
Antigens and Antibodies

Blood Type

Red Blood
Cell Type

N
-~ — -~ —

b
Antibodies o L T et
in Plasma ,\// \\/‘ ,)// \\(\

None Anti-A and Anti-B

Antigens in
Red blood ? ?
Cell

A antigen B antigen A and B antigens

Blood Types A B.AB. O o

Compatible (AB* is the (Ois the
universal recipient) universal donor)







Performing Blood Typing Test

Add Drop of Blood  Add Drop of Blood  Add Drop of Blood
Add blood to each reaction well

Agglutination Agglutination N

| m/;\nti—A
BAgglutination

!

gglut

Add Antibody A~ Add Antibody B~ Add Rh Antibody 44 Antibody A Add Antibody B Add Rh Antibody



Blood Type Inheritance
Bl G e Q ®
o o
Rr
d
‘ida - ICE

““9“-

A’ ’
AB, O

n




Blood Incompatibility

Antibody, Antigen Reactions Rh Factor

Immediate Reaction Delayed Reaction



Blood Donations
& Transfusions

Typical Donation.
Can be used as is or separated for
erythrocytes, thrombocytes and
plasma.

Donate 2x the amount
of erythrocytes, keep your plasma
and platelets!

Donate your plasma, keep
your erythrocytes and platelets!
Amount depends on weight of
donor.

Donate your platelets,
get your erthrocyes and plasma
back.

Whole
Blood
Donation




Donating Blood

-~ DONORS

Blood (whole blood) Every 56 days
m“m Platelets Every 7 days, up to 24 times / year
nnnnnnn Plasma Every 28 days, up to 13 times / year

Power Red Every 112 days, up to 3 times / year
*If more than one donation type is donated, this will affect the number of allowable donations per

year due to red cell and plasma 10ss limit guideiines. Final eligibility will be determined by the
American Red Cross at the time of donation

Donation Type Donation Frequency*

Reasons that Donation

RECEIVERS
BEEGEHEN

*Too young, underweight
*illness, anemic, currently on antibiotics

e red cells from your donation are being used in the following ways

R iR R I o e tation
* ' * ' * ' * * ‘ * * ' * ' * ** * ' *Engaged in male-male intercourse

i LLLAL LU I TIITTTITTT I ' = e
Frie

13% Other medical problems including
18% Surgical patients including open heart surgery and burns heart, stomach and kidney disease

*Have HIV/AIDs or other chronic viral condition
*Diabetes

10% Orthopaedic patients including 4%  Obstatrics, incleding pregnant women, 2% Traema including HH
fractures and joint replacements new mothers 3nd young chadren mad sccidents HGMOPhlha

loodhound Study Menash Institute of Health Services Recsarch 2007 .“ave ever confracted Ebola



Analysis

How many blood groups/types exist?

How many blood types affect blood
compatibility? Organ Compatibility?
What are the genetic terms to describe

blood types?
— Allele

— Genotypes of A+, A-, B+, B-, AB+, AB-, 0+, 0-

— Phenotypes of Blood Types
— Monohybrid (Blood Type or Rh separately)
— Dihybrid (Blood and Rh combined)

For each blood type, determine the

specific antibodies and antigens present:
— A+, A-, B+, B-, AB+, AB-, 0+, 0-

Describe the interaction between all

possible blood types donated and

recipients in terms of antibody, antigen

and agglutination.

What is the difference between
agglutination, coagulation and
hemolysis?

How does the Rh Factor complicate
preghancies for Rh - mothers?

What are the 4 types of blood
donation?

What benefits might be found in plasma
of young adults?

What blood type is considered a
universal donor?

What blood type is considered a
universal acceptor?

What are common reasons to delay or
prevent people from donating blood?



