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Describe the structure of capillary wall: endothelial cells, basement membrane,
intercellular clefts, vesicles, pores.

Blood brain barrier to water soluble agents.

Describe structure of liver and renal capillaries.

Compare and contrast diffusion and filtration.

State the Starling forces acting on the capillary wall: capillary blood pressure,
interstitial fluid pressure, plasma protein colloid osmotic pressure, interstitial fluid
colloid osmotic pressure.

Describe net loss of fluid from capillaries and discuss role of lymphatics.
Discuss importance of filtration giving clinical situations.

Define odema, state its causes and discuss its mechanismes.

*We recommend studying Histology of Capillaries before this lecture




Functions of the circulation

Serve the requirements of the tissues:

|- Transport nutrients & remove waste products.
2- Transport hormones, enzymes, body heat, electrolytes ...etc.
3- Maintain normal homeostasis for optimal survival &function of cells.

| (o
: L }?

: N/ i i
s W %

1
Arteries !

,()

Arterioles

> 3



TEAMg3E | Functional Parts of the circulation

It is divided to :

I. Aorta : (Elastic recoil)

2. Arteries : Transport blood Rapidly under high pressure to the tissues
(muscular, low resistance vessels)

3. Arterioles : Can close the arteriole completely or dilate it several folds they alter
blood flow to the capillaries in Response to needs( Thick).
-Arterioles & small arteries are called (Resistance vessels) (high resistance vessels).

4. Capillaries: Have numerous Capillary pores and very large surface area (exchange
blood vessels) for exchange of gases, nutrients, waste products etc.

-Blood flow is intermittent (discontinuous) , turn on and off every few seconds or
minutes (vasomotion), determined by oxygen demand.

5. Venules & Veins: (Capacitance Vessels) At rest more than %5 rds. of total blood
volume is found within the venous system. More than half of it is within venules.



TEAM] 35 Functional Parts of the circulation

Aery capilaries  Tissue cels

___________________________________________________________

Structure of the Microcirculation

> 5



TEAM435
Structure of vasculature changes
in response to different needs
BLOOD VESSEL COMPARISON fl fls g8 4
JNEirs

Artery |4.0 mm| 1.0 mm

Arteriole [30.0 uym| 6.0 um

Capillary |8.0um| 0.5 um

Endothelium

Endothelium
[FENESTRATED CAPILLARY] o oreS Vein |5.0 mm| 0.5 mm

/‘ [ARTERIOLE |
@ %Smooth muscle cells Venule |20.0um 1.0 um
& \Baumont membrane
) \ r Endothellal cells
Endothelial cells

(tunica media)
Tunica
externa “ ?
Endolhelium J
[CONTINUOUS CAPILLARY |
Basement membrane
Basement membrane
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DISTRIBUTION OF BLOOD
WITHIN THE

CIRCULATORY SYSTEM AT REST

Percent distribution

Systemic Lungs Heart Systemic
veins 10-12% 8-11% arteries
60-70% 10-12%

Capillaries
4-5%

Venules and
medium-sized veins
25%

Pulmonary
circuit
9%
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PRESSURE

Pressure
(mmHg)
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Arterioles  Capillaries Right

atrium

Venules,
veins



TEAMg 3 | Tissue metabolic activity

1 O,, 1 CO, and other metabolites

2 ol

{ !

Relaxation of Anulolar\iaaom

l | Capillary blood flow
.

I Number of open capillaries . =
CO, and other metabolites
e }
: I Concentration gradient for

 aRaes for o e these materials between

e - J
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Metartericle

(forming

arteriovenous Precapillary
shunt) sphincter

Artericle

Capillaries

Blood

Extra slide

Venous

Venule

Metarteriole

Thoroughfare
channel

iy iy placa s
eSO 523 5 Aalal)
it is small smooth
muscle and occurs
in exercises .
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35 Capillaries

Smallest blood vessels ; one endothelial cell thickness.
Exchange vessels :

* Provide direct access to cells.

* Most permeable.
*  Permits exchange of nutrients & wastes.

Capillary Network

* Blood flows from arterioles through metarterioles, then
through capillary network

* Venules drain network

* Smooth muscle in arterioles, metarterioles, precapillary
sphincters regulates blood flow

> 11

Tissue fluid

Endothelial cell

Tissue fluid

Precapillary
sphincters
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Relationships among Vessel Diameter, Cross-Sectional Area, Blood Pressure, and

Blood Velocity :

Relationships of capillaries
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TEAMA3S Total Cross Sectional Area
Capacity Vessels
Pressure Total cross sectional 1
(mm Hg) area % of volume
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Capillary exchange plays important role in homeostasis.

The important processes that move Materials across capillary walls are:

| - Diffusion
2- Filtration
3- Reabsorption

Capillary Filtration :

* Capillary hydrostatic pressure (CHP)
forces water and solutes through the
gaps between adjacent endothelial
cells in continuous capillaries.

* The sizes of solutes that move across
the capillary wall are determined
primarily by the dimensions of the

gaps.

> 14

Capillary pressures and capillary exchange

Amino acid
Blood protein
Glucose

lons

. o—— Interstitial

fluid

Hydrogen
bond

Water
molecule
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Capillary Types

Types classified by diameter/permeability :

- Continuous Do not have fenestrae. -Fenestrated Have pores.

- Sinusoidal Large diameter with large fenestrae.

(a) Continuous I
I capillary

| S —

between
endothelial
lamina cells

Nuclei

Basal lamina
Endothelial cell

g —— —
|(b) Fenestrated
capillary

-_—e ==

between
endothelial
cells

Basal
lamina

________________________________________

The enlargement shows
routes for the diffusion of
water and solutes.

________________________________________

________________________________________

Note the pores, which
facilitate diffusion across the
endothelial lining.

________________________________________



CONT.TYPES OF CAPILLARIES*

* More explanation in Histology

Continuous Fenestrated (C) Sinusod
[ c- sinusoidal :
P : Large diameter
Basement membrane ~— ' )

: ' with large
Endpthgllgl layer\/ = N\ ! o
(tunica intima) i NP N\  fenestrae and it is

3 1
' !\ | ! \ lncomplete ! most permeable
Q basement '
7 membrane \ and least common.
Intercellular cleft / Fenestrations Intercellular gap Tt i

Capillary Beds

Capillary beds consist of two types of vessels:
* Vascular shunt — directly connects an arteriole to a venule.
* True capillaries — exchange vessels.

Terminal Postcapillary

Oxygen & nutrients cross to cells arteriole venue

{a) Sphincters open

Carbon dioxide & metabolic waste products cross into blood

Terminal J Postcapillary
arteriole venule

> 16

(b) Sphincters closed
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Graphic Representation of Capillary
Filtration

35

02 & nutrition

Pressure

25

15

~.. Capillary Pressure

\ reabsorption

\.\

A Am sm an . an an ae

filtration

Loss from Plasma = Gain to Plasma
No Net Change

Arterioles

Oncotic Pressure

Wastes

Venuled

* Oncotic pressure, or colloid osmotic pressure, is a form of osmotic pressure exerted by
proteins, notably albumin, in a blood vessel's plasma (blood/liquid) that usually tends to pull
water into the circulatory system.




F_;_I-EI:X%‘ZI:_BOSGY Capillary exchange and |n.terst|t|al fluid
volume regulation

Blood pressure, capillary permeability and osmosis affect movement of fluid from capillaries.

A net movement of fluid occurs from blood into tissues.

Fluid gained by tissues is removed by lymphatic system.

Blood Capillary Lumen Endothelial

call O§ -O "N Intercellular fer:\e‘;tr:ti'gn Meaicles i
l T @ : cleft (pore) l\ :

< Diffusion of ) * s

1 ey

L "'?,"‘;Ité—ﬂa’ - l‘o - molecules : \//’
e iisSSuey e re S €D (= e N . : f i e
—osh = — = —_ e IS |

=) Direct : : through
diffusion  hrooon pore
intercellular
cleft
(b)
= - L ﬂséi;q cells = = >
> -, - el =
e - Osmotic Osmotic VYenous —
Arterial B G e 2:giﬁ;ry
end of 1 | .
capillary \\\ = <\ = Int_erstlrlal
— Blood . fluid
'\/ o, f  pPressure :
T
Bloé-‘» _ = /X ~a
flow —‘L
<> - ~ Net pressure out Net pressure in = B
<= - = — <= > ¢ > > => 3
(<)
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There are Four Forces that determine Fluid Movement Across the Capillary Membranes:

|. Pc (Capillary Pressure) — Tends to move fluid out of the capillary.
2. Pi (Interstitial Fluid Pressure) — Tends to move fluid into the capillary.
3.[c (Plasma Colloid Osmotic Pressure) — Tends to cause Osmosis of fluid into capillary.

4.117i (Interstitial fluid colloid osmotic pressure) — Tends to cause osmosis of fluid out of the capillary.

A\~ Capilary Plasmacolod
pressure osmot(iilp‘;t)’swe 'l * Net Filtration Pressure =P, = [ (Pc-Pi) — ([c- [i)]

*  Fluid movement = Kf [ (Pc —Pi) — (MNc-Ni)]

Interstital Interstitial flukd i
fluid pressure colioid osmotic pressure Z

(Pif) (I1if) &
* (Pc-Pi) : Net hydrostatic pressure ¢ .-
* (Mc- Mi): Net osmotic pressure )

Figure 16-5 shows the four primary forces that determine whether ) ] o
» Kf :filtration coefficient

1

1

1

. fluid will move out of the blood into the interstitial fluid or in the

i opposite direction. These forces, called “Starling forces” in honor of
' the physiologist who first demonstrated their importance


https://studentconsult.inkling.com/read/guyton-hall-textbook-of-medical-physiology-12th/chapter-16/figure-16-5
https://studentconsult.inkling.com/read/guyton-hall-textbook-of-medical-physiology-12th/chapter-16/figure-16-5
https://studentconsult.inkling.com/read/guyton-hall-textbook-of-medical-physiology-12th/chapter-16/figure-16-5
https://studentconsult.inkling.com/read/guyton-hall-textbook-of-medical-physiology-12th/chapter-16/figure-16-5
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e Qutward Forces:

Fluid balance

1.Capillary blood pressure : (P.= 30-35 to 10-15 mmHg)
2.Interstitial fluid pressure : (P,:= 0 mmHQ)
3.Interstitial fluid colloidal osmotic pressure: (e = 3 mmHQ)

TOTAL= 38 to 18 mmHg

* |Inward Forces:

Plasma colloidal osmotic pressure: (u. = 25-28 mmHgQ)

FORCES AT ARTERIOLAR p
END OF CAPILLARY “nitial
/7" lymphatic
¢ Qutward pressure - Vessel
P, 37 ; ' )
A e Y
K|F Q n ”mw‘ m *
37 11 mm Hg Rt 4 9 mm Hg
(ultrafiltration) (reabsorption)

* Inward pressure
p 25
Pe 1
26

Net outward pressure
of 11 mmHg =
Ultrafiltration pressure
All values are given in mm Hg.

> 20

P (1)

e (0)
A

Blood capillary

FORCES AT VENULAR
END OF CAPILLARY

¢ Qutward pressure
Pc 17
T 0

1

* Inward pressure

Tp 25
P ml
26

Net inward pressure
of 9 mm Hg =
Reabsorption pressure



A IOIZ-BOSGY FILTRATION Vs REABSORPTION
IN NORMAL MICROCIRCULATION

CHP (Capillary
hydrostatic pressure)

BCOP (Blood collcid
pressure)

’ NFP (Net filtration
| pressure)

CHP > BCOP BCOP > CHP
Fluid forced Fluid moves
out of capillary into capillary

Near the venule, CHP is lower than

At the arterial end of the capillary, capillary |
BCORP so fluid moves into the capillary

hydrostatic pressure (CHP) is greater than
blood colloid osmotic pressure (BCOP), so

Reabsorption).
fluid moves out of the capillary (filtration). (Reabsorption)

In this model, interstitial fluid colloid osmotic pressure (ICOP) and interstitial fluid hydrostatic
pressure (IHP) are assumed to be 0 mmHg and so are not shown.

> 21



=A¥a35 FILTRATION Vs REABSORPTION

Along the capillary, filtration occurs More than reabsorption.

The extra amount of fluid in the interstitial spaces is carried by the lymphatic Vessels
— venous circulation. The aim is to help in :

1- Constant exchange of fluid.
2-Transport insoluble lipids & tissue proteins
3- Accelerate distribution of substances.

4- Carry bacterial toxins to lymphoid tissues — provide immunity.

Tissue
o fluid

Capillary

> 22 erile Vele



PHYSIOLOGY FLUID FILTRATION AND RESORPTION IN
435 NORMAL MICROCIRCULATION

Hydrostatic Pressure= 0 mmHg

Osmotic Pressure =3 mmHg

NFP = - 5to 7mmHg Interstitial Fluid =~ NFP =+5to +10mmHg

Venous Blood l Blood Capillary Arterial Blood

Hydrostatic Pressure =10-15 mmHg Colloid Osmotic Pressure= 25 mmHg Hydrostatic Pressure 30 =-35 mmHg

At arterial end:

*  Water moves out of the capillary with a NFP of +5 mmHg.
* Hydrostatic pressure dominates at the arterial end & net fluid flows out of the
circulation.

At venous end:

*  Water moves into the capillary with a NFP of -5 mmHg.
* Oncotic pressure dominates at the venous end & net fluid will flow into the bloodstream.

> 23 ) * NFP = Net Filtration Pressure
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TEAMA S5 Lymphatic circulation

Location of lymphatic vessels:

Lymphatic vessels present between capillaries.

Function (Aim):

|- Lymphatic system is responsible for bringing the interstitial fluid to vascular compartment.

2- Drain excess interstitial (tissue) fluid back to the blood in order to maintain original blood volume.
3- Transports absorbed fat from small intestine to the blood.

4- Helps provide immunological defenses against pathogens.

Value:

Normal 24 hours lymph flow is — 2- 4 L

Mechanism:

Lymphatic capillaries lie in interstitial fluid close to vascular capillaries ,these capillaries merge into
large lymphatic vessels & eventually into largest vessel, thoracic duct which empties into large veins .

Tube

» 24



https://www.youtube.com/watch?v=t6N-KY-Tg1k

PHYSIOLOGY

TEAMA 35 Lymphatic circulation

* Guyton corner:

The lymphatic system represents an accessory route through which fluid can flow from the interstitial spaces
into the blood. Most important, the lymphatics can carry proteins and large particulate matter away from the
tissue spaces, neither of which can be removed by absorption directly into the blood capillaries. This return of
proteins to the blood from the interstitial spaces is an essential function without which we would die within
about 24 hours.

___________________________________________________________________________________________________________________________
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Edema

Is an excessive amount of fluid in the interstitial Spaces caused by:

* e.g. heart failure,
local venous block,
failure of venous
pumps

* in allergic reactions
& burns.

> 26

1 Capillary
hydrostatic
pressure

Blockage of
lymph return

*duetoeg:
* A- Nephrosis.

B- Burns & wounds.
* C- Liver disease

e D- Malnutrition.
| Plasma

proteins

1 Capillary
permeability

* By infection or
cancer.



TEAMA3BS Edema

Mechanism:

I I Venous returnm l

Signs:

A Pit forms where the skin is pressured. It may remain there for a few minutes

» 27



Causes (Pathophysiology) of edema

|- Increased hydrostatic * Heart failure (left or right).
blood pressure. Excess fluid in the blood.

Liver, kidney diseases & Burn injuries.
Malnutrition (kwashiorkor®).

2- Decreased blood
osmotic pressure.

-
BRSNS
o

3- Increased interstitial

hydrostatic pressure * Breast cancer surgery.
(Ilymphatic capillary «  Elephantiasis.
blockage)
4- Leaking capillary wall. * Histamine release during allergic reaction.

e *kwashiorkor :

A form of severe protein—energy malnutrition characterized by edema, anorexia, ulcerating dermatoses, and
an enlarged liver with fatty infiltrates. Sufficient calorie intake, but with insufficient protein consumption,
distinguishes it from marasmus. Kwashiorkor cases occur in areas of famine or poor food supply.

> 28


https://en.wikipedia.org/wiki/Protein%E2%80%93energy_malnutrition
https://en.wikipedia.org/wiki/Protein%E2%80%93energy_malnutrition
https://en.wikipedia.org/wiki/Protein%E2%80%93energy_malnutrition
https://en.wikipedia.org/wiki/Edema
https://en.wikipedia.org/wiki/Anorexia_(symptom)
https://en.wikipedia.org/wiki/Protein_(nutrient)
https://en.wikipedia.org/wiki/Marasmus
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