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FIGURE 13-1. The major components of blood.
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— (. lon composition of body fluids

Interstitium Cytosol
Cations Anions Cations Anions
K+
Inorganic
HCO5 phosphate
- Proteins, phosphates, Na" HCO5
Ca”, Mg etc. Ca*,Mg*- L Misc.
mEq/L (mmol/L)
lon Plasma Serum Interstitium Cytosol
. Na' 142 153 145 ca. 12
S B ca. 140
i
5 IREECE . ————
Free Mg 1005 ") 1.0(0.5) 0.9 (0.45)
Sum 150 162 153 ca. 1 52
cl 104 112 117 ca.3
w HCO
c
8 _ ————
c
< Proteins ca. 54
Misc. 5.9 6.3 6.2 ca.54
Sum 150 162 53 ca. 152
*) Total plasma Ca: 2.5mmol/L; **) Total plasma Mg: 0.9 mmol/L
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Figure 19-2 The Anatomy of Red Blood Cells.

Blood smear LM x 477 Red blood cells SEM x 1838
EY When viewed in a standard blood B The three-dimensional shape of A sectional view of a mature RBC, showing
smear, RBCs appear as RBCs the normal ranges for its dimensions

two-dimensional objects, because
they are flattened against the
surface of the slide.
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REU DIVVU ey

Cytoskeleton
filament

Attachment
protein

Actin
(a) SEM shows biconcave disk shape of RBCs. (b) Cross section of RBC

(c) The cytoskeleton creates the
® FIGURE 16-5 Red blood cells are shaped by their cytoskeleton. unique shape of RBCs.
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— A. Regulation of RBC production —
1 Hypoxia

Po, ¥ «— High altitude, etc.

\ Po, 4 \
Kidnﬁ{i : S,.ﬂf:_,:

Erythrocytes
Erythropoietin 4

,/
. M
\
.
- -
- )

2 Hemolysis
Po, § < Hemolysis
\N/ et \'
1 | - = -
'-ﬁ."{_ﬂy'\.—;

— B. Life cycle of red blood cells

Bone marrow

Life span:
120 days

Phagocytosis
by
macrophages in:
Bone marrow
Lymph nodes
Spleen
Liver, etc.
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Red Blood Cell Maturation

Bone Marrow

Stem Cell

Precursor

Progenitor

@ - (w) ? ' &0~

Burst-FUE
Cells

Pluripotent
Stem Cell

Erythropoietin receptor

10-14 days

CFUE Cells Proerythro-
blasts

Rapid

iron uptake

5-7 days

Erythro-
blasts

Reticulocytes
Blood
Cells

Neocytolysis
erythropoietin

Requires on average a 3-week cycle for red blood cell maturation

Reprinted from Lankhorst CE, Wish JB. Anemia in renal disease: diagnosis and management.
| Blood Rev. 2010;24:39-47, with permission from Elsevier.

RED BONE MARROW

Day 1.
Proerythroblast

Erythroblasts

Day 2:
Basophilic
erythroblast

Day 3:
Polychromatophilic |
erythroblast

Day 4:
Normoblast

Ejection of

nucleus <~ Days 5-7:

% Reticulocyte

Enters circulation

Mature red
blood cell



Young reticulocyte

Extruded nucleus

Enucleating
erythroblast

Early erythroblast
Macrophage
Nuclear phagocytosis

Late erythroblast



| - o

Source: Lichtman MA, Beutler E, Kipps TJ, Seligsohn U, Kaushansky K, Prchal JT:
Williams Hematology, 7th Edition: http:/fwww.accessmedicine.com

Copyright @ The McGraw-Hill Com

>4

(IN BONE MARROW)

SINUSOIDAL CAPILLARY

Macrophage centrally located
surrounding by differentiating
erythroblast.

Macrophage digest the
discarded nuclei from
differentiating erythroblast
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Origin and development of blood cells ¢ Figure 10.4

The various blood cells form from stem cells in the red bone

marrow and, in some cases, lymphoid tissue through cell divi-
sion and differentiation. Some of these blood cells eventually
migrate into the tissues and receive new names (for example,

monocytes become macrophages).

Nucleus
ejected

-

Reticulocyte

¢
@

- Pluripotent stem cell

Myeloid stem cells begin and end
development in red bone marrow.

Megakaryocyte

P

“
Red blood cell Platelets
(erythrocyte) (thrombocytes)

e

Key:

Formed elements
of circulating blood

- Tissue cells

N

Lymphoid stem cells begin
development in red bone marrow
and end in lymphatic tissue.

2ed@Pae o

Eosinophil

Basophil

Neutrophil

Monocyte

L White blood cells

T lymphocyte
(T cell)

B lymphocyte

(B cell)

(granular leukocytes)

White blood cells ———

(agranular leukocytes)
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Key:

|: Progenitor cells

|:I Precursor cells or "blasts”
I: Formed elements of circulating blood Pluripotent stem cell

D Tissue cells
Myeloid stem cell \

Key:
Colony-forming unit—erythrocyte
Colony-forming unit—megakaryocyte

CFU-GM | Colony-forming unit—granulocyte
macrophage

Lymphoid stem cell

| ! |
|Proerythroblast| |Megakaryoblast| Eosinophilic Basophilic | [ Myeloblast| | Monoblast | | T lymphobiast | | B lymphoblast | | NK lymphoblast |
i myeloblast myeloblast
Nucleus
ejected
Reticulocyte Megakaryocyte
e @ ‘ Q @ @ @
Red blood cell Platelets [ Eosinophil | | Basophil| [ Neutrophil | / | Monocyte | | T lymphocyte || B lymphocyte Natural
(erythrocyte) (thrombocytes) (T cell) (B cell) killer (NK) cell
v L Granular leukocytes I\ L — Agranular leukocytes I

\

\
]

Plasma cell
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Mature blood cells squeeze

through the endothelium to ShEs!
reach the circulation. X :
Platelets =% .- A ~ : A ""‘%—Reticulocyte
: <‘ expelling
- nucleus

Fragments of megakaryocyte
break off to become platelets.

Venous sinus

Reticular cell

Stem cell Macrophage

Monocyte

(c) Bone marrow consists of blood cells in different stages of development
and supporting tissue known as the stroma [mattress].

|
The stroma is composed of - k
fibroblast-like reticular cells, \
collagenous fibers, and \
extracellular matrix.
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a Ingestion of microbes
by phagocytes

......

) Killing of
microbes by
enzymes and
other chemicals

Chemotaxis

€ Elimination
(exocytosis)

Copyright © 2006 Pearson Education, Inc.. publishing as Benjamin Cummings.
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Lymphocytes

cytotoxic T cells helper T cells B cells
Kill virus-infected Help cytotoxic T cells Produce antibodies

and damaged cells

and B cells in their
immune functions
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Days after antigen exposure

Antigen Lymphocyte Antigen Contraction
recoggition ggtvatlo}l'\t elimination (homeostasis) | [Memory
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immunity
Surviving
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cell expansion
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‘Generative Blood, ' Peripheral
lymphoid lymph  Mature lymphoid organs

organs B lymphocytes
Immature -
B lymphocytes A
Bone — oy
Common marrow s Recirculation ¢ Lymph
lymphoid . ¥ odes
precursor lymphocyte r/
ineage 57 i
pleen
ROV ¥ Mucosal and
lineage cutaneous
.. Recirculation .* ,q: lymphoid
‘ ' ~ .
~ Mature naive =m- Q9 tissues
Thymus T lymphocytes St

T lymphocytes
Abbas et al: Basic Immunology, 4e
Copyright © 2014, 2011, 2009, 2006, 2004, 2001 by Saunders, an imprint of Elsevier Inc
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Abbreviation

RBC

Hgb or Hb

Hct or Ht

VGV
MCH

MCHC

RDW

WRC
Neutrophil
Lymph
Mono

Eos

Baso

Pit
MPV

Test

Red blood cells

Men

Women
Hemoglobin

Men

Women
fHematocrit

Men

Women
Mean cell volume

Mean cell hemoglobin

Mean cell hamoglobin
concentration

RBC distribution width

White blood cells

Neutrophils (54 %-62%)

Lymphocytes (25%-33%

Monocytes (3%-7%)
Eosinophils (1%-3%)

Basophils (0%6-1%)

Platelet count

Mean platelet volume

Reference Range

4.3-59 x 108/l

3.5-5.5 x 10%uL

13.5-17.5 g/dL

12-16 g/dL

41%-53%
36%-46%
80-100 um?

25.4-34 6 pg/cell

31%-38% Ho/cell

11.7%-14.2%

4,500-11,000/pl
4,000-7,000/uL
2,500-5.000/uL
100-1,000/uL
0-500/puL

0-100/uL

0.15-0.4 x 10°/uL

7.5-11.5 pm?®

Standardized
International
Reference

43-59 x 10"%/L

3.5-55 x 10%/L

2.09-2.71 mmol/L

1.856-2.48 mmol/L

0.41-0.53
0.36-0.46
8C-100 fL

0.33-0.54 fmol/cell

4.81-5.58 mmol Hb/L

0.12-0.74

4.5-11 x 1031
4-7 x107%/L

2.5-5x10%/L
0.1-1x 10 %L
0-0.5 x 10-%/L

0-0.1 x 10-%/L

0.15-0.4 x 10"/L

75-115f1L

Significance (Examples)

L: anemia, severe bleeding

T: too many made, fluid
loss, polycythemia

L1: iron deficiency, thalas
semia

T: B12 and folate deficiency
(MCH variable)

: deficient Hgb synthesis
T: spherocytosis

T: mixed population, im-
mature cells

1: some madication, au-
toimmune diseases, bone
marrow diseases, secvere
infections

T- infection (abscess, men-
ingitis, pnsumonia, appen-
dicitis, tonsillitis), inflamma
tion, leukemie, stress, dead
tissue (burns, heart atlack,
gangrense)

1: not enough made, bleed-
ing, systemic lupus erythe-
matosus, pernicious anemia,
hypersplenism, leukemia,
chemotherapy

T: too many made, young
calls



Cetka lopseea

WinndosaHHOe NOKPOBHOE CTEKNO

Fnybuna xamepel — 0,1 Mm







* PUTPOLIUTDI
X = Ax4000x200/80

* JlemkounTbl
X = Bx4000x20/400



