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BLOOD

Blood is body fluid

transport medium (O,, CO,, metabolites, hormones, nutrients...)
homeostasis of inner body environment (thermoregulation, acidobasic
equilibrium, oncotic pressure)

» integrity of cardiovascular system (clotting cascade)
* immune reactions

plasma
* ions, proteins, low mass

2 — organic compounds
" = - fluid ECM

%

Blood can be considered as
a specialized connective tissue

(@ Withdraw blood (@ centrifuge
and place in tube

formed blood elements
» erythrocytes

» leukocytes

« thrombocytes




BLOOD PLAMA AN

plasma
- 2,8-3,51

« pH7.4(+0.05)

« ~92% water

 ~ 1% ions (Na*, K*, Ca*, Mg*, CI, HCO;"), low mass organic compounds (glucose,
aminoacids, cholesterol, lipids, waste products of metabolism), respiration gases

 ~ 7% proteins (albumins, globulins, fibrinogen)

~ Active
transport
/ HZO
Protein

Intracellular
fluid T
Tissue
e .

Capillary

Blood
plasma

Blood
cells

tlak O,

100 -

80 -

60 -

40

20 |-

1 | | | 1

Zilni krev plicni kapilary arteridlni krev kapilary zilni krev

Venous blood

Lung capillaries

Arterial blood

Capillaries
Venous blood



IONS AND LOW MASS

 ~ 1% ions (Na*, K*, Ca*, Mg*, CI, HCO;"), low mass organic compounds (glucose,
aminoacids, cholesterol, lipids, waste products of metabolism), respiration gases

Sodium 136-148 mmol/I Osmotic pressure, volume, pH

Potassium 3,7-5,0 mmol/I Membrane potential of cells (nerve, muscle)

Permeability of membranes, blood clotting,

@ Calcium 2,15-2,61 mmol/I . :

5 neuromuscular junctions

S Magnesium 0,66—0,94 mmol/I Cofactor of enzymes, neuronal conduction
Iron & 12-27 pmol/I . .
Iron © 10-24 pmol/| Cofactor of enzymes, in hem of hemoglobin
Copper 12—22 pmol/I Cofactor of enzymes
Chlorides 95-110 mmol/I Osmotic pressure, volume, pH

g T f ffer - pH

2 Bicarbonates [HCO,] 22-26 mmol/I ransport of CO,, buffer - p

<
P, 0,6—-1,4 mmol/I Buffer - pH

lodide 276—630 pmol/I Hormones of thyroid gland




IONS AND LOW MASS

 ~ 1% ions (Na*, K*, Ca*, Mg*, CI, HCO;"), low mass organic compounds (glucose,
aminoacids, cholesterol, lipids, waste products of metabolism), respiration gases

Glucose 3,3-6,1 mmol/I
Aminoacids 2,3-3,9 mmol/I
Urea 3,0-7,6 mmol/I
Lipids 4-9 g/l
Triacylglycerols 0,5-1,8 mmol/I
Phospholipids 1,8-2,5 g/l
Creatinine 55-110 pumol/I
Cholesterol (total) 3,5-5,2 mmol/I
Bilirubin 3,3-18,0 umol/I
Lactate 0,55-2,22 mmol/I

COMPOSITION OF BLOOD PLASMA IS CONSTANT
regulated in narrow range— essential for clinical medicine




PROTEINS OF BLO

» oncotic blood pressure

« transport

« coagulation

[ ITIHTS TEsponse Major Plasma Proteins

regulatory prOtemS 99% of Plasma Protein Mass

Fibrinogen
IgA Total

T

Alpha 2-Macroglobulin Complement Factor B

IgM Total
’7|— Alpha I-Antitrypsin

C3 Complement
H— Haptoglobin

10% '

Transferrin —| ’7

C4 Complement

Ceruloplasmin &

IgG Total

Factor H

Lipoprotein (a)

Alpha-1-Acid
Glycoprotein

Apolipoprotein B

Albumin

O-90%

Prealbumin —|

|— C9 Complement

C1q Complement

C8 Complement

]

|— Apolipoprotein A-1

90-99%

https://pharmaceuticalintelligence.files.wordpress.com/2014/06/major_plasma_proteins2.jpg




PROTEINS OF BL

* prealbumin

- transport
« albumin
High
- 68kDa Vutgage Frealbumin
- transport Pd-c-
. ower

- osmotic pressure Albumin
« ol region
- a1 lipoprotein (HDL) a-Lipoprotein
- o1 acid glycoprotein ay-Acid-glycoprotein o
- o1 antitrypsin ay-Antitrypsin
- (OL1 fetoprotein) oy -Mntichymotrypsin )
* az reglon . (I‘Q-Matrﬂglﬂl}ulln [ B
- o2 macroglobulin Haptoglobin
- haptoglobin B Lipoprotein
* B1region By
- transferrin et B

. lgh 2
- hemopexin - Origin

. . 3
- B lipoprotein (LDL) g
- C4 (complement) &M y
* B2 region
- CRP CATHODE
- fibrinogen
- B2 microglobuin o
- . Electrophoretic separation of se m proteins
C3 (c.omplement) A. Electrophoretogram of normal serum on cellulose acetate strip

* yregion B. Densitometric scanning from cellulose acetate strip converts bands
- 1gA, IgG, IgM to characteristic peaks of albumin, oy-globulin, ag-globulin, B-globulin

and y-globulin "



Reference ranges for blood tests
sorted by mass (upper) and

molarity (lower diagram) .
| ] ‘ Estradiol (post-menopausal female)

Estradiol (male)

il - Sources differ in the faded interval

- Limit is 0 or not available

Free thyroxine (plregnant)
Free thyroxine (normal
Free thyroxine (child/adq

adult)
lescent)

[=
Free (not protein bound) estradiol (adult female)

‘ Free tmodothymn |ne (narmal adult)

Free tnmdothymnlne [chlldren}

i

Parathyroid hormone

Adrenooorti COteriC hormone

Testosterone (i

Androﬁ!enedione (prepub

Aldosterone

Progesterone (female, follicular pha

Brain natriuretic peptide (optimally)
| Troponin | (normally) |

| NT-proBNP ( = 75 yrs - optimall

NT-proBNP (< 75 yrs - optimally) |
_stradml {female, follicular phas+)

rotons (I-ﬂ

Dihydro
] —Esfradiol (female. pre!
| Estradiol (female, day ofow!atuon}
| | Estradiol (female, I-.

Vitamin 812 {Cobalamm]

teal phasg)

34[‘)05._{?%!(:'08 {]1 02 E4 0506 .7 .891 1.5 2 25r“|3_/dL 5 6 7 8 910 15 20 25 3U/C:IL
4 0.5 0.6 .7 .8. ;Q:)Q]';‘rnL terS r‘lg?’L 3 4 S 6 7 8 910 15 20;3;?;”'%?_ o r‘lg?’[L 60 70 8090 100 150 200 250 30?_ 4(
| i i | e

Free estradiol (adult female) Estradiol (male) i

Proc

Parathyroid hormone
Free thyroxine (pregnant)
Free thyroxine (r!ormal adult)

Free thyroxine (child/adclescent)
Free triiodothyronine (normal adult)

i Estradiol (famaIL. follicular|phase)
nopausal female) ] |

Estradiol (female, day of

Estradiol (post-me

Es
Free triiodothyronine (children) - | a ]
| { : Vitamin B12 (Cobalamin)
Thyroglobulin | _ [
| Ferritin (female) |
Adrenocorticotropic hormone Ferritin (male) |
4 0506 .7 .8.91 15 2 25 3 4 5 6 7 8910 15 20 25 30 40 50 60 70 8090 100 150 200 250 30 4(
pmol/L pmol/L =

https://en.wikipedia.org/wiki/Reference_ranges_for_blood_tests



BLOOD PLAS

 serum # plasma

Serum

Buffy coat

Cells
(clot)

Cells

No anticoagulant  Anticoagulant



FORMED BLOOD EL

Leukocytes
50
B2l 4.5-11 x 103/pl
Plasma ® neutrophils 71%
eosinophils 3%
- bazophils 1%
1% monocytes 5%
Buffy coat lymfocytes 20%
Thrombocytes
| 44% | 150-450 x10%

Erythrocytes




HEMATOCRIT

Ratio of erythrocyte mass volume to volume of full blood

HEMATOCRIT

+5 +4
Norm Anemia  Polycythemia
Plasma — 1o
Buffy coat
Erythrocytes




ERYTHROCYTES

Size depends on osmotic pressure of environment

7,5 um

0,75 um

Hypertonic Isotonic Hypotonic

-9 P

D5




ERYTHROC

Deviations from norma | size




ERYTHROCYTES

Erythrocyte is amazingly flexible cell

MUSCLE TISSUE

'MUSCLE TISSUE



ERYTHROCYTES

Shape of erythrocytes

Unbound Ankyrin Actin junctional
band 3 complex complex

integral proteins
band 3, glycoprotein A (ion transporters)

spectrin
an kyl'i n Stomatin
; mnnmm i
aktin a s aktinem asociované proteiny t ' P S < < DU
. i S O Ankyrm GEC ™ N
tropomodulin, tropomyosin ik - « SgC. R 3 Lo
hemOQlObin (x—Spectrin p-Spectrin A T ‘\‘ "CHe CH ?m?tpboou

F-actin
Tropomyosin
Tropomodulin

Erythrocyte
Plasma
Membrane

Glyeaphorin



ERYTHROCYTES

Deviations from biconcave shape
* poikilocytosis

- acantocytes (irregular spikes)

- codocytes (,tyre )

- echinocytes (spiked membrane)

- eliptocytes (elliptic)

- spherocytes (spheroidal)

- stomatocytes (some parts missing or other irregularities)
- drepanocytes (sickle)

- dacrocytes (tear drop)

Normal cell Spherocyte Micro-spherocyte Irregularly
contracted cell

Q0 O

O

\

Elliptocyte Ovalocyte Dacrocyte (tear-drop Target cell
poikilocyte)
o 9
@ - }
&
-
Stomatocyte Keratocyte Schistocyte Echinocyte
(fragment) (crenated cell)

4

Acanthocyte Sickle cell Boat-shaped S-C poikilocyte

¥




ERYTHROCYTES

Deviations from biconcave shape

Normal Codocyte Spherocyte

Echinocyte



ERYTHRO

Hereditary eliptocytosis




ERYTHROCYT

Hereditary eliptocytosis




ERYTHROCYTES

Sickle cell anemia

* Abnormal hemoglobin (hemoglobin S)

€} Hormal red blood cells
MNasmal
red biood
eall (REC)

Oxyhemoglobin A Deoxyhemoglobin A

Deoxyhemoglobin S polymerizes into filaments

RBCs fow ooty
wilhin blocd vessoel

Oxyhemoglobin S Deoxyhemoglobin S
, sicklod, rod boed colis

Abnormal
{=ickle colls)

Slckie cois

Sickle cell

Normal red
blood cell




ERYTHROCYTES

Sickle cell anemia

Malaria

pathological genotype (heterozygote HbS/HbA) is beneficial




ERYTHROCYTE

« Erythrocytes lack nucleus and organelles
* Anaerobic glykolysis

H3C

B chain 2

* Hemoglobin B chain 1

HaC

Fe2+
Heme

o chain 1 a chain 2

COOH COOCH

Heme Hemoglobin Erythrocyte



ERYTHROCYTES

Detached from hemoglobin

Fused basement membranes

Blood plasma
CO, (dissolved in plasma)

O, (dissolved in plasma)

Converted from bicarbonate



ERYTHROCYTES

« Life span 120 days
« Constant abrasion
* No regeneration

 Removal of aged or damaged erythrocytes in spleen

@
Gastric surface
Renal surface
\ — Hilum
Splenic artery

Splenic vein —

(b)
Capsule

‘Trabecula _
o

Vascular

sinusoid S f

Red pulp

Erythrocyte
Annular fibre

Artery

Primary

~ follicle

Marginal
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___ Periarterial
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Germinal center
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LEUKOCYTES

* immune response

« morphological classification — cytoplasmic granules

(does not follow hematopoesis)

Granulocytes

Neutrophils Eosinophils Basophils

Agranulocytes

Monocytes

Lymphocytes

Multipotential hematopoietic
stem cell

(Hemml:yhnhlasl)

¥

‘Common myeloid progenitor

} " e

i

Natural killer cell
Myeloblast (Large granular tymphacyte)

o Emnthrocyte Mast cell

I
' 1

- —
Megakaryocyte . g w @
Basophil Neutrophil Eosinophil Munnojte
-
) B : 1
Thrombocytes

Macrophage

L4

Common lymphoid progenitor

!
[

Small lymphocyte

T lymphocyte B lymphocyte

Plasma cell



GRANULOCYTES

« Lysosomes (primary, azurophilic, nonspecific granules)
» Specific (secondary) granules
* Polymorphic nucleus

« Terminally differentiated

» Short lifespan (hours)

 Reduced ER, GA, mitochondria (anaerobic glycolysis)
» Apoptosis

The Gran Team

Eosinophil
Basophil esinopnl

histamine

CellCartoons.net

Neutrophil




NEUTROPHILIC G

* Neutrophils
- 50-70% of leukocytes in circulation
- ©@>12 um
- Segmented nucleus
- Barr’s body in females
- Azurophilic (primary) granules
- myeloperoxidase, lysozyme, proteases, defensins
- Neutrophilic (secondary) granules
- collagenase, bactericidal enzymes °
- Chemotaxis of other leukocytes
- Microphages v

* Neutrophilic band
* Neutrophilic segment




NEUTROPHILIC GRANULOCYTES

Hes got Joe!
Hurry guys!




NEUTROPHILIC GRAN

« Extravasation (diapedesis) _ ,;; ii\‘\ 3 . ' N
i RIS, O B S Q,.‘“
<l &' | B9

t" G&.-g’ ;‘;.’ o oo ;‘3“_&

e !

1‘ “1\« :" sw

Leukocyte
Extravasation

Endothelial C



EOSINOPHILIC

* Eosinophils

- 1-4% of leukocytes in circulation

- ©212-15 um

- Irregular, characteristic bi-segmented nucleus

- Azurophilic (primary) granules
- myeloperoxidase, lysozyme, proteases, defensins

- Eosinophilic (secondary) granules L
- bright red (eosinophilic) O §
- major acidic protein ;
- peroxidase
- cytokines, chemokines

Chemotaxis of other leukocytes
Phagocytosis of antibody-antigen complexes
Parasitic infections, allergic reaction

Chronic inflammation




BASOPHILIC GRANU

+ Basophils

- <1% of leukocytes in circulation

- D12 um

- lrregular, bisegmented nucleus, masked by granules

- Azurophilic (primary) granules
- myeloperoxidase, lysozyme, proteases, defensins
- Basophilic (secondary) granules
- 0.5um
- large, dark (basophilic)
- heparin, histamin - vasodilatation
- phospholipase A
- Analogs of mast cells
- Receptors for IgE
- Allergy, anaphylaxis, inflammation




AGRANULOCYTES

» Lysosomes only (azurophilic, nonspecific granules)
« Specific granules absent
* Non-segmented nucleus

Lymfocytes Monocytes

@‘@

Lymphoblast

B lymphocyte ¥
o
@@

P

Natural
T Iymphncyle killer cell

Plasma cell



LYMPHOCYTES

CD8T Cell

L)}mphocytes

Regulatory
T Cell CD4T Cell

CellCartoons.net




LYMPHOCYTES

* Plasma cells

Take that



MONOCYTES

« J12-15 um

« Circulating precursors of macrophages,
osteoclasts, microglia, Kupfer cells and
dendritic cells

* Mononuclear phagocytic system

« Large, oval (bean, kidney) nucleus with less
condensed chromatin and 2-3 nucleoli

« Basophilic cytoplasm

« Azurophilic granules




https://www.youtube.com/watch?v=R279Cs1_lItg



THROMBOCYTES

« Cell fragments without nucleus

* O 2-3 um, discoid shape

* hyalomere, granulomere

« 150-400 x 103/pl

» blood clotting, repair of vessel wall

?%'g_r:g;l:; fibrinogen, PDGF
d-granules :3:22:22;,5:*:;
250-300 nm ADP, ATP
A-granules

lyzosomal enzymes

175-200 nm




THROMBOCYTES




THROMBOCYTES
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DIFFERENTIAL WHITE

Norm
Neutrophil band 4 %
segment 67 %
1:17
shift to the left shift to the right
more bands more segments
Eosinophils 3%
Basophils 1%
Lymphocytes 20 %
Monocytes 5 %

Y =100 %



DIFFERENTIAL WHITE

Deviations from norm

AN Increased WV Decreased
Neutrophils neutrophil neutrophil
granulocytosis granulocytopenia
Eosinophils eosinophil eosinophil
granulocytosis granulocytopenia
Basophils basophil basophil
granulocytosis granulocytopenia
Lymphocytes lymphocytosis lymphocytopenia
Monocytes monocytosis monocytopenia




DIFFERENTIAL WHITE

Example of population variability

Neutrophils bands 0-5 %
segments 35-85 %
Eosinopils 0-4 %
Basophils 0-1 %
Lymphocytes 20-50 %
Monocytes 2-6 %

According to: Haferlach et al. Kapesni atlas hematologie. Grada 2014



DIFFERENTIAL WHITE BLOOD

N N N N NN O W

White blood cells hil granulocytes (newborn) “ I L

Sorted by absolute count (upper) and % of total (lower) IIIi‘ii“"“"l"""“l CD4+ cells
Ill Basophll gra;hchytes (adult) l ‘ l

Eosmophll granulocytes (Newborn) |
LTIV AN o

Eosmophll granulocytes (Adult) [ Monocytes (ne

T e TeT T rery ey

Monocyles (adult)

NG utrophilic band forms
300 400 500 700

/mm® or !L or 10%/mL or 10°/L
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|
Eosinophil granulocytes (Adult) m m

Illlll“ .Mohr:)bytes (adult)

Basophll granulocytes (adult)
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= Limit is not available

= Sources differ in faded interval
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lIIrMonon ucleaH ‘
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DIFFERENTIAL WHI

Age dependence

WBC, White blood cell.

https://obgynkey.com/elevated-or-depressed-white-blood-cell-count/

Leukocytes Neutrophils Lymphocytes Monocytes Eosinophils
Age (x 10%) (%) (%) (%) (%)
Birth 18 61 31 6 2
1 week 12.2 45 41 9 4
1 mo 10.8 35 56 7 3
6 mo 11.9 32 61 5 3
1yr 11.4 31 61 5 3
4yr 9.1 42 50 5 3
10 yr 8.1 54 38 4 2
16 yr 7.8 57 35 4 3




HEMATOPOIESIS

Multipotential hematopoietic

stem cell
(Hemocytoblast)

v ¥
o L J

Common myeloid progenitor Common lymphoid progenitor

Erythrocyte  Mast cell Natural killer cell Small lymphocyte
Myeloblast (Large granular lymphocyte)

N A
. o . . @ O

l l l T lymphocyte B nynphocyte

o
Megakaryocyt?e . ‘} , w @
Basophil Neutraphil Eosinophil Monocyte .
%:‘ . l Plasma cell
Thrombocytes

.
g . »
L o :
.
| &
! L]
. .

Macrophage



ERYTHROPOIESIS

2 x 10" of new erythroyctes daily
proerythroblast (~14-19 ym)

mitotically active crucemn o
dominant, round nucleus with 1-2 nucleoli @ gMose “m - Bone marrow
mildly basophilic cytoplasm :Z"F;‘TE‘ e

. ] E!-;—CSF
basophilic erythroblast (~13-16 ym) @ o T
mitotically active :;;:h rd) @
heterochromatic nucleus with inconspicuous nucleoli Basophilic
basophilic  cytoplasm  (sometimes more than in — - @ eFo
proerythroblast) erythroblast @

Orthochromatic

polychromatophilic erythroblast (~13-16 uym) erythroblast
mitotically active é e
production of hemoglobin
blue-gray cytoplasm due to combined basophilic
(polyribosomes) and acidophilic aspects (hemoglobin) — =W —— W — W — W — W

.Reticulocyte  Blood vessel

heterochromatic nucleus (checkerboard appearance) “ ET‘“ . .

orthochromatophilic erythroblast (~8-10 ym) e .. —
mitotically inactive

small, compact, eccentric, pycnotic nucleus — extrusion
mildly acidophilic cytoplasm with basophilic residues

reticulocyte (polychromatophilic erythrocyte, ~ 7-8 um)
lacks nucleus, still spheroid shape

acidophilic cytoplasm

Substantia reticulofilamentosa visible by supravital staining
(brilliant cresyl blue)

erythrocyte (~7-8 um)
anucleate, biconcave disc
acidophilic cytoplasm



ERYTHROPO
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GRANULOPOIESIS

* myeloblast (~15 ym)

- mitotically active

- round-oval, euchromatic nucleus

- 2-6 apparent nucleoli

- weakly basophilic cytoplasm without granules

* promyelocyte (~15-24 ym)

- mitotically active

- round-oval nucleus with partly condensed chromatin
- basophilic cytoplasm with azurophilic granules

* neutrophilic, eosinophilic or basophilic myelocyte (~10-16 pm)
- mitotically active

- oval or bean-shaped nucleus with condensed chromatin

- increasing number of specific granules in cytoplasm

 neutrophilic, eosinophilic or basophilic metamyleocyte (~10-12 ym)
- mitotically inactive
- horseshoe-like nucleus with condensed chromatin

promyelocyte
metamyelocyte
granulocyte - band
granulocyte - segment

4=
(7]
0
o)
i)
)
>
S

myelocyte

 neutrophilic, eosinophilic or basophilic granulocyte (~10-12 ym)
- segmentation of nucleus
- cytoplasm rich in specific and azurophilic granules




GRANULOP

myeloblas

promyelocyte metamyelocyte
last myelocyte




THROMBOPOIESI

* megakaryoblast (up to 30 um)

- large oval, nonlobed nucleus with prominent nucleoli

- basophilic cytoplasm

- successive endomitoses without karyokinesis and cytokinesis

* promegakaryocyte (up to 100 um)

- large cell with polyploid nucleus (8n-64n)

* megakaryocyte (80-150 um)

- polyploid, multilobed nucleus (8n-64n)

- azurophilic and platelet granules

- multiple centrioles, ER and Golgi apparatus

- numerous peripheral invaginations of plasma membrane — platelet
demarcation channels defining individual thrombocytes

- release of thrombocytes into bone marrow sinusoids




MONOCYTOPOIESIS A

MONOCYTOPOIESIS

* monoblast (~16 um)

- round, bean shaped nucleus with 2-6 nucleoli

- mildly basophilic cytoplasm

e promonocyte (~16-20 um)

- mitotically active (1-2 divisions)

- large nucleus with mild indentation, unapparent nucleoli

- basophilic cytoplasm

- azurophilic granules

* monocyte

- short-time in circulation, then extravasation and differentiation
to tissue macrophages

LYMPHOPOIESIS

* lymphoblast (~18-20 um)

round-oval nucleus with several nucleoli

mildly-basophilic cytoplasm without azurophilic granules

e prolymphocyte (~12-15 um)

morphological transition and maturation to lymphocytes
lymphocyte

further maturation and differentiation outside bone marrow




OVERVIEW OF ADUL
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HEMATOPOIETI

Hematopoietic stem cell
Quiescent, slow cell cyle
Transmembrane phosphoglycoprotein CD34* - adhesion within niche
No expression of lineage surface markers (Lineage negative or Lin")
Transplantations

Colony/Burst — Forming Unit — CFU/BFU
Progenitors of individual lines

Collonies in vitro &)
MPP / -

CLP T, B and NK cells

Lin-
CD34+
CD38-
CD90-
CD45RA-

All myeloid cells

CFU-M

CFU-GEMM



EMBRYONIC HEM

Extraembryonic mesoblastic period (day 16-20 — week 8)

yolk sac
classical model — hemangioblasts (bipotent cells)
large, nucleated erythroid cells

aorta-gonad-mesonephros (day 28 — week 4)

hepatolienal period (month 1 — birth)
colonization of fetal liver and spleen

medullary period (month 4-6. — rest of life)
bone marrow

pred narozenim po narozeni
......... :
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HEMATOPOIETIC

* hepatolienal and bone marrow hematopoiesis
+ erythroblast islands

Young reticulocyte \_ﬁ

Extruded nucleus \C) ﬁ
06
Enucleating
erythroblast

Early erythroblast ‘ J

Macrophage

Nuclear phagocytosis

Late erythroblast

@ Pro-erythroblast

@ Basophilic erythroblast

® Polychromatic erythroblast
% Orthochromatic erythroblast
@ Erythrocyte

* Pyknotic nucleus
® Central macrophage




INTRAEMBRYO

» Aorta-gonad-mesonephros (day 28 — week 4)
para-aortic clusters in mesoderm of splanchnopleura
- source of embryonic HSCs

"‘e»r“at"p"'e e Endothelial
R&D Systems, Inc. “liister Aorta |\\ O Q Hematopoietic r‘fl? coe”:m
AGM ‘\v cluster _
Placenta o9 o Fo, T i/ =)
2 > | (‘?Q /‘j ) el
Urogenital o v\ (

ridge

Yolk sac Hemogenicvi

= endothelial cell " \:7 1
Definitive
progenitors Fetal liver
* Placenta
2m|lwe RBC

Primitive RBC
AGM ’ ,
@ Bone
HSC HSC
marrow

Fetal liver




SUMMARY OF HEM

Embryonic
- yolk sac

- AGM

- liver and spleen
- bone marrow

Allantois ? ’
/

artery
™) ¥

Umbilical
vein

Placenta

Umbilical

\ GM
\ Vitelline Vit_elline
‘ artery vein
Yolk sac
i : . | : >
7.5 10.5 125 155 Birth

Adult

- bone marrow (yellow, red)

- extramedullar hematopoiesis rare (pathology)

http://dev.biologists.org/content/133/19/3733



Cardiovascular system

Overall concept of blood circulation
Vessels

Arteries

Microcirculation

Lymphatics

Heart



Cardiovascular system
= part of circulatory system

Circulatory s. = Closed tubular system

(carries fluids (blood, lymph) in tubes

A

Blood cardiovascular




Cardiovascular system — overall composition

Heart

PUMP

* moves bloood with all
its elemnents through
the body

Blood vessels

TUBES

« distribute the blood to
the cells throughout

Three major types

Arteries
 deliver blood from the
heart
to the capillaries

Capillaries
* intimate with body cells
— place
of exchange between
blood




</Iicrovasculature —-<0.1 mm><Macrovasculature — diameter >0.1 mm>

Blood vessels — several different flavours

Veins
ALWAYS return the blood to the heart

(contain about 2/3 body's blood at any given time)

Arteries
ALWAYS carry blood from the
heart to the periphery

LARGE
““--l '-....‘ ““-I' ---.... lmernal Elastic
Tunica ¢ |LARGEVEN | ELASTIC ARTERY e Tunica
externa™. e It = il intima
‘___-._-=-' ¥ Ssggpuun® = #) T T T LA F .Endmhelium
_ L = Tunica media
Tunica
media 7
N — Tunica externa
Tunica s e
intima ™ T _——_~ MEDIUM + SMALL
Endothelium o e
e ¢ | MUSCULAR ARTERY | %
* *
% MEDIUM-SIZED VEIN ‘re., o
Tunica ) T et Tunica externa
externa j ' . _Tunica media
Tunica . T % |
media — i___ —~f*/ \ Tunica intima
Tunica Endothelium
intima r-“" —_— “‘-lllll....
* *
Endotheliym. .. o ‘s
RCL LI 7 ARTERIOLE | *
K . ; 5 “0
! | VENULE | *» | (g = * +Smgeth Muscle cells
‘o, L opiE ko {tunica media)
'Fl.-l“". T |
unica — £l / © ——Endothelium
externa =~ ~__
- L Basal lamina

Endothelium —* o

FENESTRATED CAPILLARY | ‘%0

Erdothelial cells

| CONTINUOUS CAPILLARY




Blood vessels — flow of blood

Pulsatile to continuous
. oapynlghm The uasuw-rlun Companies, Im.lPemnunn required rlor repraducticn or mlmau. ‘ ;
I | I I | I \ |
I I I I I I \ I
120 ' : ' | | I | |
=) I : I I I | I
I 1 | | | I |
£ | ! I [ | | I
£ 100 i ssure : : { :
° | I I | |
3 80 : ! ! | ! Due to specific
o : ! ! ! : morphologies
o
> 601 i : ; : { | of the vessels
[] i I | | I I
° | | I \ |
o pressure | | | | |
S A N
g ' I I | | | I
> 20 | l
» I I : : | I } I
| I | | | | |
0 j I l l ! I ! .
% < “g}r) o & 4 S 5o ok Diameter Blood velocit
B % Wy O Yy Wy 0%y 90 W y
N SO N % KON N (mm) (mm/sec)
— Aorta 25 1 200 (systolic)
Increasing distance from left ventricle
Arterioles 0.02-0.05 15
For exampl o
or example Capillaries 0.005-0.009 0.4
At ventricular diastole:
el C Venules 0.02 5
«the semilunar valves are closed
*no blood enters the arteries .
Inferior vena cava 30 80

*the blood moves forward due to the action of arteries



..reflected by uneven distribution of blood

Ca 0 The Ml raw-Hill i, IR, requiined lof repraduction ar display.

Distribution of Blood

65 — 70% in veins
* Reservoir
Pulmonary .
ciroii L_umens are Iarg r thar?
18% In corresponding arterie
Capillaries

~ 100 thousand km (estimate)
&
only 5% of blood volume
&

largest surface area (~ 600 m2)
&
most of the cells are no farther
than 50 um from a capillary.




Blood vessels — common building plan
(three-layered)

Tunica intima

Endothelial cells:

Endothelium « polygonal, squamous, elongated

» covered by negatively charged glycocalyx (0.5 um)
» provide repellent surface for cell elements
Basement membrane + « glycocalyx - binding site for various regulators

Subendothelial connective tis. * regulate permeability
» secrete regulators (e.g. interleukins,

Internal elastic lamina

4 Tunica media

* mainly smooth muscle (circularly arranged in layers)
Muscle layer + collagen and elastic fibers (lamelae), reticular fibers
* proteoglycans

« strenghten the vessels

External elastic lamina * provide vasomotion

Tunica externa

Adventitia  connective tissue (collagen 1 + elastin)
* home for vasa vasorum and nerve fibers
» continuos with stroma of the surrounding tissues




Arteries

Several categories accoriding to their: size + structure + function

Large = conducting = elastic artery
(aorta, common carotid, sabclavian a., common iliac a., pulmonary trunk)

Medium-sized = distributing = muscular artery (D > 1 mm)
(brachial, ulnar, femoral, renal, ...)

Small artery (D =0.1-1 mm)

Arteriole (D < 0.1 mm)



Systemic blood pressure (mm Hg)

Large = elastic = conducting arteries

Conducting

» their major function is to transport blood away from the heart

Elastic

they absorb and store the contractile energy of the left ventricle and
transform the pulsatile flow of blood in smooth out

during ventricular contraction (systole), the elastic laminae of conducting
arteries are stretched and reduce the pressure change

during ventricular relaxation (diastole) ventricular pressure drops to a low
level but the elastic rebound of conducting arteries helps to maintain arterial
pressure

as a consequence, arterial pressure and blood flow decrease and become
less variable as the distance from the heart increases




Large = elastic = conducting arteries

Relatively thin wall as compared to their wide lumen (1/10 of the vessel diameter).

Endothelium
» elongated cells - along the long axis

0.15 mm

Lumen

Suk|>endothelial I?_yert.

o i * loose connective tissue

Tunl(?a intima » contains many fine longitudinal elastic

= Endothelium fibres - these gradually merge into the
elastic components of t. media

* some smooth muscle cells near the

Basement membrane + boundary with t. media - longitudinally

Subendothelium arranged _
» place of atherosclerotic changes

Internal elastic lamina S
* not clearly demarcated S
Tunica media -
Vasa « elastic fibers arranged circularly as
vasorum discontinuous fenestrated membranes
about 2.5 um thick - about 50 lamellae
Nerve » smooth muscle cells - circularly
oriented, interspersed between elastic
membranes

+ relatively thin
* loose connective tissue

Tunica adventitia + some elastic fibers — longitudinally -
arranged, next to the t. media :
» vasa vasorum and lyphatics (some into s
t. media)

* nerves




Large = elastic = conducting arteries
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Large = elastic = conducting arteries

Tunica intima

Tunica media

transition




Artery - Endothelium

Weibel-Palade bodies

 organelles that are unique to endothelial cells

» contain von Willebrand factor (activates coagulation factor VIIl) +
P-selectin




Arteries - Atherosclerotic changes

Endothelial injury Production of ROS ~ Oxidizing of LDL Entry of monocytes | Plague formation

(upon predispozing factors) (conversion to foam cells) (necrosis + lipid accumulation)

| plaque rupture/
platelet aggregation

vascular smooth
muscle cell apoptosis

necrotic core

cholesterol
clefts

subendothelium

-2/l adhesion internal elastic

Rl smooth muscle cells N



Arteries - Atherosclerotic changes

Artery

Plagues form in lining
of artery

Plague grows, lining of
artery damaged

Plague
ruptures

Blood clot
forms, limiting
blood flow

D MAY D FOUNDATION FOR MEDICAL EDUCATION AND ARESEARCH. ALL RIGHTS RESERVED.

Artery clogging




Muscular arteries = distributing arteries

Distributing
distribute blood to specific destinations/organs

size varies from centimeter down to just visibility by unaided eye

Muscular

they regulate the perfusion of different parts of the body under
physiological conditions




Muscle arteries = distributing arteries

Lumen

Tunica intima

Endothelium
Subendothelium

Muscular artery

Internal elastic lamina

Tunica media

External elastic lamina

Tunica adventitia

Endothelium

elongated cells along the long axis
well developed adhesion, tight, and gap

junctions

Glycocalyx

Subendothelial layer

thickness increases with age

loose connective tissue

many fine longitudinal elastic fibres
some smooth muscle cells

Internal elastic lamina

well developed

very thick

concentrically arranged smooth muscle cells
up to 50 layers of smc

ECM with elastic, collagen and reticular
fibers

GAP junctions between smc (coordination)

External elastic lamina

well demarkated only in large caliber arteries

relatively thick (~ 'z of the tunica media)
collagen and elastic fibers

some fibroblasts and adipocytes

vasa vasorum and lyphatics (some into t.
media)

nerves — efferent — maximal in small caliber
arteries




Muscular arteries = distributing arteries

fibroblast collagen bundles  elastic fibers unmyelinated nerve  blood vessel

t. intima

- i .
\
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// // |

A
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distributing arteries

Muscle arteries

Artefact

Undulation
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Muscle arteries = distributing arteries — small sized

peripheral resistance vessel (along with arterioles)

internal elastic lamina is clear x external elastic lamina




Muscle arteries = distributing arteries — small sized

o - 0
.4-:" .w}‘?}/i:g:‘ S
o A4




Muscle arteries x Elastic arteries

Smooth muscle cells predominate in their media Elastic elements predominate in their walls

-::-!r'.}' I' o,y Endothelium

P i.:"!_".:ﬂ-rn.

. 'gnf'.:',' :”‘ Subendothelium
' P i

L7 gt 4

TR L £ Internal elastic

lamina



Arterioles

- peripheral resistance vessel (along with small-sized arteries)

- part of the microcirculation (terminal circulation)

- internal diameter < 0.1 mm

- they regulate the flow of blood through capillary bed

Lumen

Tunica intima
Endothelium

Muscular artery

Subendothelium

Internal elastic lamina

Tunica media

External elastic lamina

Tunica adventitia

Endothelium
» elongated cells along the long axis

Subendothelial layer
* non-developed

Internal elastic lamina
* non-developed

* thin (still the major part of the wall)
* 1to 2 layers of smooth muscle cells

External elastic lamina
* non-developed

» reduced to only sheeth of collagen fibers
* NO vasa vasorum




Arterioles




Capillaries

- are the site where materials carried in the blood are unloaded and other materials

are loaded into the blood

- are the thinnest, simplest, largest, longest, and most widely distributed functional

unit of the blood vascular system

- are inserted between arterial and venous limbs of the circulation
The total length of all the capillaries of the

4 Tissue fluid
9 Tissue cell about 100 000 km
Lymphatic

capillary bNg The total cross-sectional area of

capillaries =

about 800 x

greater than of the aorta

Maximal distance of tissue cell from the
capillary =

about 50 um

The length of the capillaries usually varies
between

about 0.25and 1 mm

- the



Capillaries

_...;-"-
e a——
5‘;-“ Paritubular capillaries
e ad T ﬁ' 7 %
o PO L o . G

Extensive vasculature of renal cortex (perfused by red dye)

Scarse in: tendons, ligaments
Absent from: cartilage, epidermis, cornea



Capillaries

Endothelium

-
Pﬂgﬁll (34

_ -
’-‘““"{f : average diameter about 8 um

'*:M,._._{r_g‘_/".:: E %_\u

. / - i : v

o :

Capillary wall

Pericyte Basal lamina

Endothelium

* single layer, squamous
» serrated (wavy) cell borders
» zonulae occludentes + desmosomes + GAP junctions

Basal lamina

,Envelope”“

pericytes (+ reticular fibers and macrophages)



Capillaries

Only about 25 - 50 % of capillary volume is actively
moving (containing) blood under normal conditions.

Arterial end

Arteriole “ Bm / (a
4 (v o ﬁ“"‘wi ﬂlp

Smooth
muscle fibers

Endothelium
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-------------
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Endothelium

% Small
S artery

e Arteriole

Arteriole

Postcapillary
venule Venous end

Rabbit mesentery (H+E; 600x)

- Precapillary

sphincter

Capillary



Capillaries — Regulation of blood flow

Smooth muscle fiber
Endothelium

Smooth muscle fiber

e Endothelium
i ,f"‘.'vnQ
<& < é@ ) ARTERIOLE
METARTERIOLE METARTERIOLE

Precapillary
sphincters
(relaxed)

CAPILLARY

Thoroughfare

BED

channel VENUL-EI
Smooth

“— To heart

Endothelium

— CAPILLARY

SN2 Precapillary
sphincters

(contracted)

Thoroughfare
channel

=
\) VENULE

\ )

Smooth
muscle

fiber fiber - To heart
= (a) Sphincters relaxed: blood flowing = (b) Sphincters contracted: blood flowing
»  through capillary bed . : through thoroughfare channel

IS NSNS SN EEEEEEEEEEEEEEEEEEEEEEEEEEEEESR
Figure 21-3 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons



Capillaries

Pericyte

Cerebellum (monkey)



Capillaries

According to the integrity of the endothelium and basement membrane — by TEM:
« Continuous capillary
* Fenestrated capillary

 Sinusoidal

A Continuous capillary

C Sinusoidal (discontinuous) capillary



Capillaries - Continuous

How ?

non-interrupted lining
no defects in the wall
Where ?

most common type
muscle, connective tissue,
nerve tissue (blood-brain
barrier), exocrine glands

Pericyte

Basal
lamina

Intercellular
cleft

Pinocytotic
vesicle

Endothelial
cell

Tight
junction




Capillaries - Fenestrated

o
T

s

How ?

» endothelial cells perforated
(diameter ~60-80 nm; diphragm 4-6 nm)

* continuous basal lamina
Where ?

- -~

* in tissues where rapid ' >
Fenestrated capillary - kidney

interchange of substances
occurs between the tissue
and the blood

* intestinal mucosa, some

andncrinoe AlanAe nanlkrance

Diaphragm



Capillaries — Sinusoidal - Discontinuos

How ?

 enlarged diameter (up to 40

pm)

 endothelial cells with large
pores without diaphragm
 larae clefts between
Where ?

* liver (pores 100 nm)

« hematopoietic regions (bone

MATRW oy




Capillaries — Sinusoidal - Discontinuos

Bone marrow

endothelium
hemopoietic
arterial compartments

capillary

adipose cell

penetration of
megakaryocyte
by white cell

arteriole

adventitial cell

endothelial cell

erthyroblastic islet




</Iicrovasculature —<0.1 mm><Macrovasculature — diameter >0.1 mm>

Blood vessels — several different flavours

Veins
ALWAYS return the blood to the heart

(contain about 2/3 body's blood at any given time)

Arteries
ALWAYS carry blood from the
heart to the periphery
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Veins — capacitance vessels

- they function as blood reservoir - greater capacity for blood containment than arteries due to thinner wall

- lower blood pressure (10 mm Hg with little fluctuation)

- valves aid skeletal muscles in upward blood flow (typically in lower limbs — veins with diameter > 2 mm)
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——Internal elastic lamina}} .
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Figure 21-1ab Prin'cl'p’ét!wfﬂlfa‘o‘my and Physiology, 11/e
©2006 John Wiley & Sons

Three layered bulding plan

General features

\%

Endothelium
+ very thin

Subendothelial layer
+ very thin

Internal elastic lamina
* missing or only very thin

+ relatively thin (except for lower limbs)
+ Little bundles of smooth muscle cells
» collagen fibers — considerable amount

External elastic lamina
* non-developed

» well developed — thickest layer

» often with longitudinally arranged
bundles of smooth muscle cells

» robust vasa vasorum (often penetrate
deep to t. media)




Veins — Categories according to their diameter

Postcapillary venules

endothelial cells + some pericytes

receive blood from capillaries

more porous than capillaries

larger diameter than capillaries (15-20 um)

Collecting & Muscular venules

increasing number of contractile cells
tunica media is defined in muscular venules

Small- & Medium-sized veins

most have individual names
run parallel with corresponding arteries
many have valves

Large veins

close to the heart

(v.cavae, pulmonary veins, internal jugular veins)
paired with elastic arteries

diameter > 10 mm

with valves

t. media is thin (muscle cells+connective tissue)
thick t. externa (with longitudinal bundles of
SMC; myocardial sleeves)

.
.
o

o
.
ey

Postcapillary s,

venule

o
.
............

Arterial end

Smooth
muscle fibers

Endothelium

Metarteriole

Precapillary
sphincters

True
capillaries

Thoroughfare
channe

Endothelium



Veins — Middle-sized
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Veins - Large

Vena cava



Veins — Valves

- bag-like protrusion of tunica intima, which prevent the blood flow from
running to opposite direction

- only in the veins that has low position or far away from heart

Appearence of internal surface Histological view



Lymph nodes —— s 1I.'-

Lymphatic vessels

- return fluid from tissues to the circulatiory system

_Tonsil - depend on skeletal muscles to move fluid
P

Right lymphatic _ Internal juguiar vein Lymphatic capillaries
dUCt  — G Thoracic duct *blunt ended
Thymus - LA, . svery S|mple structwte . _ _ . .
A ¥, ——Lymph nodes *endothelial cells + fine reticular fibres of circular orientation
the basal lamina is not developed
Thoracic i
duct = Spieen Lymphatic vessels and ducts
+thin walled tubes
T~ Lymphatic sresemble veins in their structure (intima+media+adventitia)
" vessels *have valves
Bone
Marnon

Artericle




Heart

- Anatomy

Capillary beds
' of lungs where
- gas exchange
Wiy, ocCurs

pEEEEENENENNN
‘,-l' Tag,

". Pulmonary Circuit, s

!
| Pulmonarf"----....--
\ arteries ey

Pulmonary

.

- ' veins
/ ) ks . Aorta and
Venae T 7/ > - hranches

Lptt
a!rium

cavae
‘ " eft

wentricle
atrlum d‘
Right’ %
1|.|r|5ntrlll::l“!-:, .-.-'_:‘?:.-...,_.
L
Y .. Systemic Circuit °

.
.-.... aun?®

_— '!-J {'-_'
0, e !h4!

Capillary
beds of all

KEY: body tissues
- h
= Oxygen rich, :xcehr:nga:
CO,-poor blood 'l} 9
# N occurs

[ = Oxygen poaor,
CQ_-rich blood

- a hollow organ that contracts rhytmically
- it functions as a pump

- it is composed of two sets of chambers:

Receiving atria

Right Left

Discharging ventricles

Right Left

- it is equipped by four valves

(blood can travel in only one
directi

Pulmonary semilunar

Aortic semilunar

Atrioventricular bicuspid
(left)

Atrioventricular tricuspid
(right)



Heart - Wall

inner surface

Endocardium

« endothelium
* subendothelial layer

*—subendocardiat Iayer

B Myocardium

- Epicardium

- . mesothelium_

. Au.bmesgi.hehal_lagt- er

outer surface



inner surface

Heart - Endocardium

- is continuous with the tunica intima of the large vessels
entering and leaving the heart

- the endocardium of the left half of the heart is not continuous
with the one on the right
| Py | <R - S [ S I.-..eart Septum .

- . L SEEDE T‘/rdiELEig?otnmrScngggal membrane

Subendothelial layer

* connective tissue
= + collagen, elastics, solitary smc, small blood vessels, nerves

‘i‘f -—-:\."F

- Subendocardial layer

* loose connective tissue .
* continuous with endomysium of the myocardium
* nerve fibers, vessels, impuls-conducting system




inner surface

Heart - Myocardium

, - its thickness varies in different parts (thickest — left ventrikle; thin in
“ e - has rich blood supply (many capillaries)

- has no regenerative capacity

- muscle fibers are arranged circularly around chambers

fght ctive fissue i betwea@rgtggemsgles cgrdiac ske
ventricle lves, Itrlgonu +
wall left

ventricle

interventricular &% : wall

Atrial natriuretic peptide
(endocrine function of contractile cells; acts on kidney)

Transverse portion (myofibrillar junctions,
desmosames, and gap junctions)

Longitudinal portion (contains large
gap junctions)




Heart - Epicardium

- represents visceral layer of the pericardium

Pericardium

Fibroserous sac enveloping heart

* mesothelium with basal lamina (aces epicardium)

* fibrous Iayer (dense connective t. with vessels and nerves)

Mesothelium

Mesothelium

» simple squamous epith
» basal lamina
 secretes pericardial flui

Submesothelial layer

* loose connective tissue

 elastic fibers

elium

d

* nerves

blood and lymphatic vessels
home of coronary vessels
adipocytes (nigh in obese individuals )



Heart - Valves

- composed of connective tissue layers covered by endothelium on each side

Atrial side

Ventricular side

Spongiosa
* loose collagen

Fibrosa

» dense core of connective tissue

Ventricularis

* dense connective tissue with
many elastic and collagen fibers




Heart — Conducting system

- specially modified cardiac muscle cells (non-contracting, less myofibrils, abundant GA junctions)

- generate and conduct impulses of heart contraction to various parts of myocardium

- assure proper succession of beat of atria and ventricles

Left bundle
branch

Ante:rior
fascicle

Superior
vena cava

Atrioventricula
Atrioivénitriicular
bundle

Right bundle
branch

Purkinje fibers
Posterior fascicle

Sinoatrial node (node of Keith-Flack)

* it lies on the medial wall of the right atrium near the
entrance of the superior vena cava
* PRIMARY PACEMAKER

Atrioventricular node (node of Ascoff and Tawara)

+it runs on the right side of the interatrial septum
*SECONDARY PACEMAKER

Atrioventricular bundle (bundle of Hiss)

+ it divides into 2 branches (for the left and right
ventricles)

Purkinje fibres

* terminal ramifications of the AV bundle




Heart — Conducting system




Heart — Coronary circulation

- blood in the heart chambers does not nourish the myocardium
- the heart has its own nourishing circulatory system: Coronary arteries & veins
- 5-7% of blood flows through the coronary arteries

- blood empties into the right atrium via the coronary sinus

o

.\"-\'_; X 3 y Ao

PRI R)
Dye injected into heart

X-ray to examine blockages




DEVELOPMENT OF
CARDIOVASCULAR SYSTEM

‘.‘- =L /‘v’ —

Y

-

21 days 28 days

Petr Varnhara, PhD
Dept. of Histology and Embryology
Faculty of Medicine, Masaryk University



DEVELOPMENT OF CARDIOVASCULAR'S

Carnegie Stages of Human Development

Dr Mark Hill, Cell Biology Lab, Schoo! of Medical Sciences (Anatomy), UNSW

Stage 1 Zygote " ?

\ (1 day, not to scale)
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Special thanks (o Dr 5. J. DiMarzo and Prof. Kohel Shiota for allowing reproduction of their research
Images and material from the Kyolo Collection and Ms B. Hill for imsge proparation.

O NLA Hill, 2004




DEVELOPMENT OF CAR

Week 2-3

* rapid growth of embryo

* insuffcient supply by diffusion

» first vascularisation develops outside embryo
—yolk sac, chorion and connecting stalk

* bipotential (hem)angioblasts in blood islands

* vasculogenesis and angiogenesis

* blood cells formation

Umbilical vesicle
with blood islands

Cut edge
of amnion

Embryonic disc

Connecting
stalk
Developing
blood
vessels
Wall of
chorionic sac



DEVELOPMENT OF CA

End of week 3

* embryonic vasculogenesis approx. 2 days later after establishment of
extra-embryonic vessels

e primordial blood vessels

* heart primordium in cardiogenic area

* embryonic hematopoiesis from para-aortic clusters in AGM

Heart primordium

Neural plate
Umbilical vesicle
ith blood islands
il : Cut edge
of amnion
Primordial
blood vessel

Blood island



DEVELOPMENT OF CARDIO

Week 4

Anterior, common, and posterior cardinal veins

Sinus venosus Dorsal intersegmental arteries

Pharyngeal arch ‘ e Dorsal aorta
arteries e ‘ BB

Umbilical artery

Amniotic cavity 2 Tert i
ertiary villus

Amnion

Aortic sac
Primordial heart tube

Umbilical vesicle Umbilical vein

chorion
Vitelline artery Umbilical cord

3 mm
ey
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DEVELOPMENT OF CARDI

Week 4

* | vitelinne circulation: dorsal aorta — aa. omphalomesentericae — fuse into single a.
omphalomesenterica — vv. omphalomesentericae + vv. umbilicales — paired truncus vitelloumbilicalis
— sinus venosus

Anterior, common, and posterior cardinal veins

Sinus venosus Dorsal intersegmental arteries

Pharyngeal arch
arteries

Amniotic cavity &

Amnion

Vitelline vein
Wall of
chorion
Vitelline artery Umbilical cord

Umbilical vesicle Umbilical vein



DEVELOPMENT OF C

Anterior, common, and posterior cardinal veins

Sinus venosus Dorsal intersegmental arteries

Pharyngeal arch
arteries

Dorsal aorta
Umbilical artery
Amniotic cavity Tertiary villus

Amnion

Vitelline vein

" il b / Wall of
Umbilical vesicle Umbilical vein horlon
Vitelline artery Umbilical cord

Week 4

Cardinal, umbilical,
and vitelline veins

Subcardinal
veins

Anterior cardinal v.
Sinus venosus
Common cardinal v.

Vitelline and umbilical vv

Posterior cardinal v.

Subcardinal anastomosis
Subcardinal v.

Anastomosis
through mesonephros
(early kidney)

liac venous
anastomosis of
postcardinal vv.

Supracardinal
veins

Renal
veins



DEVELOPMENT OF CAR

Primitive heart development Week 3

paired endothelial heart tubes (cor tubulare duplex) derived from embryonic splanchnopleura in
cardiogenic area

flexion of the embryo — medial fusion of paired tubes into simple-tubular heart (cor tubulare simplex)
visceral mesoderm constitutes myoepicardial layer: myocardium and epicardium

cardiac jelly — subendocardial connective tissue

heart starts beating day 21-22

blood starts flow ~week 4t

50 pm
ﬁ_ Ld' .r.l'-!L ,
Heart primordium
e Blood cells
Neural plate
Umbilical vesicle
with blood islands
Cut edge

of amnion

Primordial
blood vessel

Blood island




DEVELOPMENT OF CAR

Week 4

* simple-tubular heart (cor tubulare simplex and cor tubulare sigmoideum )

* sinus venosus — atrium — ventriculus — bulbus cordis— truncus arteriosus

Atrium,

Sinus venosus

Vitelline veins



DEVELOPMENT O

Week 4

Cor tubulare simplex

Cor tubulare sigmoideum




DEVELOPMENT OF

Neural groove 1st pharyngeal Future forebrain
i BCHLAMEG 1st pharyngeal arch
1st pharyngeal Neural fold Prifisrdil
arch artery pharynx

o
picardium Sites of fusion

of endocardial
heart tubes

Pericardial
cavity

Bulbus
cordis

_ _ Amnion
Amnion E @ Myocardium

Endocardium Ventricle

Heart
tube
Pericardial
cavity

Myocardium

Endocardial

) heart t
Cardiac eart tubes
jelly Wall of
umbilical

vesicle

A Left vitelline vein B Cavity of umbilical vesicle C  Primordial atrium

Neural groove

2nd pharyngeal arch

1st pharyngeal arch
RRRKNg artery

Neural fold artery

Truncus
Truncus arteriosus
arteriosus

Bulbus
cordis

Future left
ventricle

Ventricle Future

Primordial

_ _ atrium
Primordial

atrium

Sinus Common

venosus cardinal
vein

Umbilical vein E  Umbilical vein Vitelline vein



DEVELOPMENT OF CA

Partitioning of atrium commune

* septum primum grows from dorso-cranial wall
towards endocardial cushions

* incoplete closure — foramen (ostium) primum

* by apoptosis — foramen secundum

* septum secundum — surrounds foramen ovale

* valvula foraminis ovalis from septum primum

* foramen ovale: crucial embryonic shunt

* foramen ovale patens

» after atrial septation:
- opening of sinus venosus shifts to the right

- rest of sinus venosus — sinus coronarius

Pulmonary
vein

Ductus arteriosus

Superior vena cava 5

Pulmonary vein

Crista dividens
I

Oval foramen

Pulmonary artery

Inferior vena cava

Descending aorta

Ductus venosus

Sphincter in
ductus venosus

| )
Portal
L3 vein
Inferior vena cava

Umbilical
vein

Umbilical arteries



DEVELOPMENT OF CA

‘LOWER PRESSURE

BEFORE BIRTH

RIGHT ATRIUM

LEFT ATRIUM
HIGHER PRESSURE

LOWER PRESSURE

Septum secundum —=

Shunt
Foramen ovale

~«——— Septum primum
(valve of foramen ovale)

AFTER BIRTH

RIGHT ATRIUM LEFT ATRIUM

HIGHER PRESSURE

Septum secundum — |

Oval fossa e

~«—— Septum primum



DEVELOPMENT OF CA

Partitioning of ventriculus communis

septum interventriculorum primitivum — temporary

aortico-pulmonary septum

Atrioventricular
canals

Septum primum

Atrium

Ventricle

Dorsal endocardial
cushion

Interventricular
septum

28 days

septum interventriculare at the end of week 4 — grows cranially

foramen interventricualre — closure linked to development of

Foramen ovale

Right Left atrium
atrium

Tricuspid Mitral valve
valve

Right Left ventricle
ventricle

8 weeks



DEVELOPMENT OF CA

e Partitioning of bulbus cordis and truncus arteriosus

» 5thweek —ridges in bulbus and truncus from neural-crest mesenchyme
* 180° spiraling — spiral aortico-pulmonary septum

* pulmonary trunk twists around aorta
e bulbus cordis is embedded into the definitive ventricles:

* right ventricle: conus arterious (infundibulum) — pulmonary trunk

e |eft ventricle: aortic vestibule

€

Truncal ridge

Bulbarridges

Left atrioventricular canal
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DEVELOPMENT OF CARDIC

Week 20




DEVELOPMENT OF CAR

Development of cardiac valves

semilunar valves develop by the partitioning of truncus arteriosus from three

swellings of endocardial tissue

neural crest origin

AV valves (tricuspid and mitral) develop similarly at AV canals

Right bulbar

ridge
A

Dorsal valve swelling

Left bulbar
ridge

Aorta

Superior Endocardial Cushion

Common AV canal

A

4 Left AV canal

Lateral cushion
Inferior Endocardial Cushion Right AV canal

\E2 !.

|

w

secundum

ventricular
valve %

-



DEVELOPMENT O

Folding brings heart !

!
1
{
A
1
|

tubes into the ventral ! Aortic and pulmonary!

midline : trunks dlwde‘

1 A1

i | / » (1) | R

: /I | Heart looping! |\ (/ Septation n N

- // ?I l | \ - / § /
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: 1 1 :
\ ¥ -
Heart tube fusionj )
| Valves developed

Heart tube begins to beat
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DEVELOPMENT OF C

Embryonic Circulation

Aortic arch arteries Anterior cardinal vein
Ventral aorta Common cardinal vein
Dorsal aorta Posterior cardinal vein

: Placental
~  Circulation

Left umbilical vein
) Umbilical artery




DEVELOPMENT OF CARD

Development of large arteries — aortic arches

Aortic sac

Right dorsal aorta (ventral aorta) Left dorsal aorta

Right 1st arch Left 1st arch

Right 2" arch Left 279 arch

Right 3@ arch Left 3" arch

Right 4t arch Left 4™ arch

Right 5t arch Left 5t arch

Right 6™ arch Left 6™ arch

Truncus arteriosus

Right 7t intersegmental artery Left 7t intersegmental artery

Fusion of dorsal aorta



DEVELOPMENT OF CARD

Aortic arches

1 mostly disappears, a. maxillaris
Dorsal . . .
. aorta 2 mostly disappears, a. stapedia and a. hyoidea
Aortic arches
| 3 a. carotis communis, a. carotis interna
I
n 4 right: proximal part of a. subclavia dextra (distal part
'3 from dorsal aorta and 7th intersegmental artery);
\4 left: arcus aortae
Right dorsal 5 does not develop
aorta
6 right: from proximal part: a. pulmonalis dextra, distal

part disappears
left: from proximal part: a. pulmonalis sinistra, from
distal part: ductus arteriosus.

External carotid
arteries

Internal carotid artery

Right vagus nerve ~#-. _ Left vagus
4 " nerve
Jf
O/
Common _ '/ Arch of aorta
carotid artery ] ‘
Right subclavian artery ' Left recurrent
Right recurrent nerve nerve
g Ductus
7th intersegmental arteriosus
artery
Pulmonary

artery



DEVELOPMENT OF CA

Vitelline arteries

1 truncus coeliacus

2 a. mesenterica superior

3 a. mesentrica inferior

superior
mesenteric
artery

Mesendery

inferior
mesenteric

artery
A iwaleguf

aa. vitellinae (aa. omphalomesentericae) reduced to three principal vessels:

. Superior
mesenteric artery

Abdominal
aorta

Coeliac
trunk

Inferior
mesentet
artery



DEVELOPMENT OF C

Umbilical arteries

* First, aa. umbilicales are ventral branches of dorsal aorta

* Later, aa. umbilicales are continuations to aa. iliacae communes and aa. communes internae.

* After birth: proximal parts of aa. umbilicales form aa. iliacae internae and aa. vesicales superiores.

Distal parts obliterate.

Aorta Ductus Arteriosus

Foramen Ovale

Pulmonary Artery

Placenta

Umbilical
Cord Umbilical
Vein

Umbilical
Arteries



DEVELOPMENT OF CARDI

Inferior vena cava

1
2
3
4

four primary segments

hepatic segment (proximal part of the right vitelline vein = hepatic vein)
prerenal segment (right subcardinal vein)

renal segment (subcardinal — supracardinal anastomosis)

postrenal segment (right supracardinal vein)

Anomalies of venae cavae

Double SVC: persistence of left anterior cardinal vein; Abnormal CVC opens to rlgh;/atrlum through
sinus coronarius A
Left SVC: right anterior cardinal vein and v. cardinalis communis degenerate :
Absence of hepatic segment of IVC: blood drained through v. azygos and hemi zygos into right
atrium. Vv. hepaticae opens to right atrium individually. ‘!

Double IVC: absence of anastomoses between primitive caudal veins.

A
L
M
L L
1




DEVELOPMENT OF CARDI

Vv. omphalomesentericae

* bring blood from yolk sac

* septum transversum

* sinus venosus (together with umbilical veins as trunci vitelloumbilicales)

» growth of liver — separation of omphalomesenteric veins to proximal (yolk sac-liver) and distal parts
(liver-heart)

» distal parts form anastomoses and develop into v. portae

* proximal parts dorm posthepatic part of IVC

Vv. umbilicales

* beginin chorionic villi

* due to liver growth lose connection with sinus venosus
* proximal parts of both veins disappear

» distal part of right v. umbilicalis disappears

* distal part of left v. umbilicalis forms ductus venosus



DEVELOPMENT OF CARDI

Defekt sinového septa 4
Te ratOIOgv Defekt komorového septa

NV J Vv
* Acardia - 100
* Ectopia cordis \
+ Dextrocardia = N T
> | |
RS e

* Atrial septal defects
* Ventricular septal defects
* Stenosis of truncus pulmonalis

80
e Atresia pulmonaris
« Tetra (penta)llogy of Fallot ¥
(p : )llogy —
e Coartaction of aorta 70

* Ductus arteriosus apertus

krve [litrfmin/m2 povrchu téla]

Fallotova tetralogie
Koarktace aorty

l}_‘i‘ené tepenna duéej

XX ) - saturace krve kyslikem *pratok krve [litr/min/m?2 povrchu téla]



Aortic arch arteries Anterior cardinal vein

Vet s e Fetal circulation
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DEVELOPMENT OF

Fetal Circulation

Ductus Arteriosus

Aorta
Placenta

=

:
A
A
>

%

Foramen Ovale

Lung

Pulmonary Artery

Ductus Venosus -

" Lung
Liver :
’ 1
-

\  Left Kidney
A

Umbilical Cord
Umbilical Vein

B oxygen-rich Biood Umbilical Arteries

. Oxygen-poor Blood
B Mixed Blood

Superior Capillaries of
vena cava head, chest, and
arms
Pulmonary Pulmonary
artery artery

Capillaries

Capillaries
of right lung

of left lung

y

Pulmonary Pulmonary
vein vein
Right atrium Left atrium

Right ventricle Left ventricle

Inferior
vena cava

Aorta

Capillaries of
abdominal region
and legs
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Thank you for attention

Questions? Comments?
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