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Structure of the capillary wall. Note especially the intercellular cleft
at the junction between adjacent endothelial cells; it I1s believed
that most water-soluble substances diffuse through the capillary
membrane along the clefts.




Mechanisms of frans-capillary
exchange of substances

» Exchange of substances across the capillary wall occurs by filtration,
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» It 1s the most important means

between the plasma and interstitial fluid.
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1. S diffusion JI € L S 58580 3,8 ol Lo JS

» Diffusion of a substance occurs from higher to a lower concentration.

2

» The greater the surface area available for diffusion, the more will be the diffusion of the substance.
3

» The capillary wall behaves as a semipermeable membrane through which diffusion of different substances
occurs . sl diffusion JI oS Lo JS 3li laall IS L JS

So these capillaries are high permeable especially lungs capillaries
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> across the capillary membrane unger
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the control of hydrostatic and osmotic pressure difference. Wcii Sl sLo
> : " the rate & direction of fluid movement is

proprotional to the algabric sum of hydrostatic and osmotic forces*

> determine whether fluid move out of the blood into the

interstitial fluid
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Filkration is a bulk flow of fluid (Ll muis gaa)



determine whether fluid move out of
the blood into the interstitial fluid

1-

» This is the force which tends to move fluid outward through the

capillary membrane.
> Itis

» The functional mean capillary pressure is about 17.3 mmHg (i.e.
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determine whether fluid move out of
the blood into the interstitial fluid

» It is the force which tend to move.fluid-inward through the capillary membrane when it

1s positive, but outward when it is negative.

» It 1s about -3l and is called negative. interstitial fluid pressure.



determine whether fluid move out of
the blood into the interstitial fluid

» It 1s the force which tends to cause osmosis of fluid inward through the capillary

membrane 1.c

» The colloidal osmotic pressure or the-oncotic pressure of normal human plasma average
about 28 sminkie (19 mmHg by plasma proteins and 9 by the accompanying sodium 1ons

due to Donnan effect).



determine whether fluid move out of
the blood into the interstitial fluid

» It is the force which tends to cause osmosis of fluid outward through the capillary

membrane.

» The average protein concentration of the interstitial fluid is about 3 gm/100 ml.

resulting in average colloid osmotic pressure of about 8 mmHg.



Formation and drainage of the interstitial fluid
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1. The capillary hydrostatic pressure
2. The interstitial fluid pressure.
3. The plasma colloid osmotic pressure.

4. The interstitial fluid colloid osmotic pressure.



The dynamic of the flow across the
capillary membrane is as follows

The dynamic of the flow across the capillary membrane is as follows:

mmHg
- Capillary pressure 30
- Negative interstitial fluid pressure 3

= Interstitial fluid colloid osmotic pressure 8
» Total outward force 41



- Plasma colloid osmotic pressure 28

Summation of the forces:

Outward force 41
Inward force 28
13

» Thus 13 mmHg filtration pressure occurs at the arterial ends of the capillaries.



At the venous end of the capillary:

- Capillary pressure
- Negative interstitial fluid pressure
- Interstitial fluid colloid osmotic pressure

Total outward force

- Plasma colloid osmotic pressure
Summation of forces:

Outward force

Inward force

Net inward force:

10
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» Thus 7 mmHg | . at the venous ends of the

capillaries.

» It 1s less than the filtration pressure, but the venous capillaries are more

numerous and more perineas FEE TSI IS | 1NC 11111C
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Edema

>

» - In most instances, edema occurs mainly extraceliulaniivid-compariment, but it can involve the

intracellular fluid-as'well, so it may be:
> (1

» -Means edema due to increased intracellular fluid (i.e. intracellular swelling). It results from

> a. . =» inhibition of Na* - K* pump =2 increase Na® inside cells =

osmosis of water into the cells.

» b. increase cell membrane permeability (direct effect) =2 increase diffusion of
Na* into cells =» osmosis of H,0 into cells



Edemao

> 2

» - Occurs when there

interstitial fluid. Generally it results from:
>
» Filteration of fluid exceeds the reabsorption, producing edema which is caused by:

>



Edema

>
> tive.heactfa] — cardiac edema, which is due to:

»- Increased venous pressure and capillary Bl pressure

> \-Bllall\—v

»C- to local* edema in the area drained by the

occluded vein.



Edema

>

» Filtration of fluid exceeds the reabsorption producing edema. This is due to:

»1 7-7.5 gm%) as in:

» a) as in starvation (nutritional edema).
» b) Increased loss of protein in urine as in nephrotic syndrome (renal edema).

» (C

> . ischemia of tissues and.congestive

heart failure (CHF).

<



Edema

> :

» It leads to excessive fluid-andprotein-filtration, edema develops as
»- Excessive heat and excessive-cold.

»- Bacieiial (OKin

»- Inflammation — ) due to histamine and-bradykinin release.

»- Allergy (allergic edema) due to histamine release.

>_ JiILAIlllll & UCITINICT VY. = BurnS.



Edema

>

» Accumulation of tissue fluid and proetein in tissue spaces-produces.edema as

In:

> - lllaria) produce edema called elephantiasis and it is non
pitting.

»- Cancer produces cancer edema and it is non pitting.

> -

> - 7



Edema

>

» Increases fluid retention in tissue spaces and edema develops as in:

p —-Congesiive nearifaiu - Renal failure.

>

> which causes salt and water
retention.

AN
215



Edema

>

» - Under normal conditions, the following three major factors operate to prevent edema

formation:

>1.

» -The hydrostatic to

hold tissues together = limits fluid accumulation in the loose subcutaneous tissues.

> -

AN



Edema

» - When fluid begins to accumulate in the tissues, its pressure rises=> opening of lymphatics =

- Ndrainage of tissue fluid.
» - This safety factor is estimated to be about 7 mmHg.
>

» - Excess filtration of fluid = MNincrease in lymph flow=> wash out larger amount of the proteins =\ interstitial fluid

colloid osmotic pressure =2 limits filteration.
>

» Therefore, the total capacity of these safety factors against edema is about 17 mmHg (3 + 7 + 7).
17 | , before

edema would occurs (approximately double the normal mean value).
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Which is the most important means
between the plasma and interstitial fluid?

a) Filtration
b) Active fransport

d) Endocytosis
e) Pinocytosis



Enumerate

Answer

1-The capillary hydrostatic pressure

2. The interstitial fluid pressure.

3. The plasma colloid osmotic pressure.

4. The interstitial fluid colloid osmotic pressure.



Which i1s main the force which tends to cause osmosis of fluid
inward through the capillary membrane?

Hydrostatic capillary pressure

Interstitial fluid osmotic pressure
Interstitial fluid hydrostatic pressure
Increased capillary permeability
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Which is a cause of non pitting(cellular)
edema ¢

Congestive heart failure
Decreased protein intake

Salt and water retention
Increased capillary permeability
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Which is a cause of pitting (extracellular)
edema Due to Increased Venous pressure ¢

Loss of protein in urine
Vit C deficiency
Allergy

Arteriolar dilatation



Enumerate and discuss edema
safety factors

» Answer 1.

» -The hydrostatic to hold tissues together = limits fluid accumulation in the lo

subcutaneous tissues.

> -

» - When fluid begins to accumulate in the tissues, its pressure rises=> opening of lymphatics = - Ndrainage of tissue fluid.
» - This safety factor is estimated to be about 7 mmHg.

>

» - Excess filtration of fluid = MNincrease in lymph flow=> wash out larger amount of the proteins =\ interstitial fluid colloid osmotic pressure = lir

filteration.
>

» Therefore, the total capacity of these safety factors against edema is about 17 mmHg (3 + 7 + 7).

before edema would occurs (approximately double the normal mean value).
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