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- Blood cells (several types)
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- Plasma (extracellular matrix)
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Functions of Blood
« Transports nutrients and respiratory gases

» Transports waste products to organs and
tissues where they can be recycled or
released

e Transports hormones

* Transports immune cells throughout the
body to rach Yo sl of unfaton.
» Helps regulate body temperature -vasodiahn -, s (2t

 Maintains of acid-base and osmotic balance

Blood is propelled mainly by
rhythmic contractions of the heart

About 5-6 Liters of blood in an
average adult moves unidirectionally
within the closed circulatory system
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elements
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~ Plasma
(55% of whole blood)
_ — Buffy coat: N
leukocytes and platelets
4 (<1% of whole blood)
* (1) withdraw blood ) Centrifuge - Erythrocytes
and place in tube Yo Ypotale. e, (45% of whole blood)
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Collected blood in which clotting 1s prevented by the
addition of anticoagulants (eg, heparin , citrate or EDTA)
can be separated by centrifugation into layers that reflect

its heterogeneity
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. . . HEMATOCRIT: Ratio of the volume
PhYSlcal CharaCteI'lStlcs of RBCs [to the volume of whole blood

Example: a hematocrit value of 40% means that

Wi QBT there are 40 ml of RBCs in 100 ml of whole blood
US e Ce‘a$<l Aol wikce Galleks. N 1 h t .t-
A mL oF Vol < e powa. ormal hematocrit:
Fluid Males=40-53% /
L s = o 0 > ﬂlm/& on'
— Living 45% Females= 36-48% lowtr:Consiatsn)

S, Clls Qg %‘T\d/ NS0 Done  trasrowy
Cells (formed elements) bi‘ Hemako paiesis

YN
e
— RBC Erythrocytes (carry -~ M

oxygen)
— WBC (immune) Top layer= plasma
— Platelets Thrombocytes

(clotting)

— Non living (Matrix) 55%
Plasma (pale yellow fluid)
— 90% water

— 10 % (electrolytes, nutrients,
proteins (albumin), waste
(CO,, ammonia, urea), gases,
hormones)

N / £55)
L1\’/Iiddle layer= buffy coat

appear  whiksh in Color

Bottom layer=RBCs
(Packed Cell Volume)
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Plasma
Water Proteins Other solutes
92% by weight | 7% by weight 1% by weight
go Albumins  58% | Electrolytes
Globulins 37% | Nutrients

Fibrinogen 4%
Regulatory
proteins 1%

Respiratory gases
Waste products

Erythrocytes

Erythrocytes
3.5-5.5 million/mm?

Values are those used by the US National Board of Medical

l l Examiners l l
Platelets Leukocytes
150,000-400,000/mm?3 4500-11,000/mm3 .
& @G )

Neutrophils
54%-62%

Eosinophils
1%-3%

Lymphocytes
25%-33%

Basophils
0%-0.75%

Serum = everything in plasma, minus] %
/

the clotting factors

>

Q¥

i




Plasma. Protens

Albumin: Fibrinogen:
v' The most abundant plasma protein z&:\“?: Eﬁbﬁ v" The largest plasma protein
v'Is made in the liver (ﬁs{d@‘&\,e;@;_ v Is made in the liver
v'Helps maintain the osmotic pressure in ek ot v'Important for clot formation
capillaries ase. {yokn ‘oﬁi Wt e w G p‘“mg\i‘ydf";ﬁ‘f%\?@f‘.“’fg
v'Transports steroid hormones and fatty P Q,,.,\_,;gﬁi&?,f?;‘f: SRR R
acids

Fresh plasma

The importance of proteins inside
the plasma is to prevent fluid loss
and to create osmotic pressure (to
keep the blood inside the blood
vessels)

Globulins (a, p and or y globulins):

/

o and P globulins
v’ Are made mainly by liver
v'Transport fat soluble vitamins, lipids
and iron

v-globulins
(Immunoglobulins
(antibodies):
secreted by plasma cells
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Plasma cell
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. Lympnocyie crytnrocytes INeutropni
Preparing a blood smear

f
/
Withdraw blood ,",/ /

Stain

N

\\\

ki;:,‘.\}» & ::\\‘;‘::‘_.__ | \ %
N i Monocytes  Platelets
Yo spteab Yo s
@ Prick finger and collect @ Place a drop of blood Using a second slide, pull the @ When viewed under the microscope,
a small amount of blood on aslide. drop of blood across the first blood smear reveals the components
using a micropipette. slide’s surface, leaving a thin of the formed elements.
layer of blood on the slide.
After the blood dries, apply a
stain briefly and rinse.
Place a coverslip on top.
Flfyeluomuiie sz Blood cells can be studied histologically in smears prepared
Giemsa . . . :
Wright > by spreading a drop of blood in a thin layer on a microscope
slide

Leishman
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The Staining of Blood Cells

Blood film/ smear: a drop of blood is spread on a glass slide and left dry in air
Staining: with neutral stain e.g Leishman’s stain

\Q nan Gy
Leishman’s stain: formed of a mixture of: f waton 00l Join W e same step!

— Eosin, an acidic dye that stains pink to red
— Methylene blue, a basic dye that stains blue to purple

Dissolved in methyl alcohol (fixative) Azure dye!!

o)

Withdraw blood f

Blood film/smear
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Erythrocytes (RBCs)
o e (ks Corpacels ndl cells e
 Small, biconcave discs bemuw hae oo wt Fue
Celbs (o omonells exeepf
e i Wso? Wy

* Transport oxygen and CO,, -
cytoplasm is full of hemoglobin
molecules

« Have no nuclei or organelles — sl & g

e Pick up O, at lung capillaries and

Male: 4.5-5.5 million/mm3
Female:4-5 million/mm3

release 1t at body tissue capillaries

extrude their nuclei, and the mature RBCs enter T
the bloodstream, without their nuclei

« Fate: Survive for ~100-120 days

in the circulation. Worn out RBCs £ o G
WO\ \Sdes 298
are removed by macrophages of ..o, 4oy ot

the spleen, bone marrow and liver v - o dlisd 4e)
% & DosoPhiic Ot

nwdeic. O -
A QC\& Q)i'bil,s fr,_a),l\,
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Immediately beneath the plasma membrane is a meshwork of T()p view

proteins (SpecTtrln and Ankyrin) forming a cytoskeleton
wifce Oren-

X B\ CO“C QVPJ g:;&< m:’:)"ﬁe;e‘;“‘m“ hqﬁ\‘\qﬂ‘ﬂ.

[ cué)(,.oc.,b
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This submembranous meshwork stabilizes the membrane,
maintains the cell shape, and provides the cell elasticity
required for passage through capillaries

=0

Sectional view

The cell membrane is
highly selective and
flexible

Normocytic RBCs

B

SU\D memenoas CYlo skalok, S

Rotein Wheep  Size E

SN the toper  6-9 um in diameter (7.5 um) P

2 (01:@ mbmatgd‘d’?/ Thickness S

R e Y W, oﬁ“{\\%c 2.6-um thick at the rim, but only &
~.75 um ~2 6 Lm 0.75-um thick in the center

! I 11111 Erythrocytes can be used as a size

~7.5 LLm reference for other cell types



Biconcave shape provides 20-30% greater surface area than a sphere relative to cell
volume, facilitating gas exchange

The biconcave shape along with the fluidity of the plasma membrane (50% proteins) permits
erythrocytes to bend and adapt to the small diameters and irregular turns of capillaries

Erythrocyte consists of an outer
plasma membrane enclosing
hemoglobin and a limited number
of enzymes necessary for
maintenance of plasma membrane
integrity and gas transport
functions

AcidoPhie —» becaure of Ho

£ N

L,\i\m JARE Y ALMD A i Gy
The palg staining of the cenfral region

is a result of its biconcave disc shape
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Eosinophilia/ acidophilia
due to their
High content of
Hemoglobin (basic
protein)

Normocytic = g2 aaa ¢fyan an &b S,
Normochromic = (g2aab (s 8le ga1d) gaabs (obs £l an an &by S,

——= Normochromic RBCs



Cell Membrane......--- \ Conbbake,
in Pleyaly er
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Peripheral protein -~~~/ > VS o
Transmembrane protein O The glycocalyx is a glycoprotein
Lipid and glycolipid covering that
surrounds the cell membranes



Heredi{:%
S \r\e.roc +OS|S |

\Cm@,\ s ey dg
)“ \Q\:)m)@ &o\»\sﬁ\cgw

BICONCAVE RBCs SPHEROCYTES ~

Caused by mutations in genes

relating to membrane proteins

(mostly Spectrin and Ankyrin)
that allow for the erythrocytes to

maintain their biconcave shape

&8 o
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LM

LM:
Blood film stained with Leishman: o
Rounded %) 4 %
Non nucleated o =
Acidophilic (with pale central area) < _%“}

A zone of central pallor 1s about 1/3
the size of the RBC
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EM:
v'Have no nucleus or organelles
v'Filled with hemoglobin

Electron dense and homogenous




Rouleaux appearance occurs
to some extent in all films
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Rouleaux formation means that red blood cells (RBCs) adhere to each other, forming stacks that look like a pile of coins (). : )
It’s called “Rouleaux” (a French word meaning_"rolls" or "stacks"). A 4

-rermaly — RBC duit shik Yo ench oy
V)G o5 300 (45 Gyt Go) DAY Qi) 4 &

-~ @ Where it occurs: 23 ” i

) y To some extent in all blood films — as 4o s (§1 (8 Jasus JSuiia Ll (Sao gans, : e L

. . . . But it becomes more prominent:
§~S” v(k\\g— nall" (1 Q/'/“/l j ’ JA] G!l 3 }] L/\J}“ xé}) K [ 3 { DL‘ In sI::w ciré:’llati':n ?wh;n’: l;'l,ogd flow is sluggish) | /
. . T 5 : 4 lobulins) — hronic infl ion, infecti ltipl I
'g 'P“ ) (\\a‘af' JS 1gP P @ Mechanism: ’ *
N(S" ° —EEQ 7 bi b _whick P q hat all t ick her I Iv.
g ';g" RO“leaux formatlon : This adhesion is reversible Eethg;( can separate again when bl flow speeds up. ¢ ¥
J

) v'RBCs may adhere to one another loosely in stacks called Rouleaux (pile of coins)
=  vIn slow (not in normal) circulation

S Due to surface tension caused by their biconcave surface (reversible)



Abnormalities of Erythrocytes

Change from the normal size, shape or staining
properties of erythrocytes are important
indicator of disease. However, some of these
abnormalities may be found in healthy individuals

Abnormal sizes:
Microcytes (<6um)
Macrocytes (>9um)

@‘ytosm (different sizes)
Lt

Abnormal shapes:
Due to changes either in the
cell membrane or Hb content

(Poikilocytosis)

Poikilocytes)mm.

Abnormal staining:
Hypo_chmmla Denotes a decrease in the
A intensity of staining
Indicates a decreased amount of
hemoglobin
Frequently accompanies microcytosis

U

Hypochromic microcytic anemia

Cell

U 811505 s
z : @ O hﬂmﬂw

Spherocytes

Sickle cells Qvalocytes Dacrocytes

|

Elliptocytes

One of the most sever changes in shape occurs Teardrop shaped cells

during SICKLING of RBCs in sickle cell anemia
where erythrocytes take on the form of crescents
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Sickle cell anaemia results

from abnormal hemoglobin



Based on Hemoglobin Content (color /chromasia):

Normochromic: RBCs have a normal hemoglobin concentration — normal
color, normal central pallor (about one-third of the cell).

Hypochromic: RBCs have less hemoglobin than normal — appear paler with
an abnormally large central pallor (Common in iron deficiency anemia).

Hyperchromic: RBCs have more hemoglobin concentration than normal —
cells look denser and darker with absent central pallor (seen in spherocytosis).
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Based on Cell Size (cytometry):

ormocytic: RBCs are of normal size, about 7-8 um in diameter.

el Microcytic: RBCs are smaller than normal (seen in iron deficiency

Mechanism (Why) Main Diseases Type Feature

.
Hb synthesis ¢ Iron deficiency, Thalassemia Hypochromic + Color aneml a) .

Surface area -» appears darker + Hereditary spherocytosis Hyperchromic *+ Color

o> Gt st oty Tl Mot Macrocytic: RBCs are larger than normal (seen in vitamin B12 or

cells

Impaired DNA synthesis - I::: B12/Folate deficiency Macrocytic 1 Size folate deﬁciency anemi a) .
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