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Haemodynamics and capillary
filtration




Exchange occurs in capillary
thats why its consist of
Single cell layer

No elastic
NO smooth muscle

Just have epithelial
cells that contains
Pores

¢

Allow crossing of small molecules
like:-water, glucose, Amino Acid

All gases could cross cell
membrane of anybody organ
why? Because the gases are
lipid soluble molecules

The factor that control gas

Arteriole

To venous

system
a
\

Interstitial
fluid

Blood capillary - Initial
lymphatic
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movement is partial pressure —s Wigh s

of the gas

The factor that control ions

low pfessui®

movement is concentration gradient

of the ion
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Glucose CO; Plasma

= Carrier-mediated
transport

Interstitial
fluid

Glucose >CO, + H,0 + ATP
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Types of pores: Maijority of Capillaries have pores
But some organs have special type of pores

In some organs the pores in the capillaries have special

characteristics .
f i ol el Wil

\I} In Brain the junctions between the capillary endothelial cells are tight
junctions allowing only very small molecules to pass into brain cells,
c. g®oxygen@%302, lucose anc@water

lofg, o

4% Inlliver the clefts between the endothelial cells are wide open to allow
almost all plasma components to pass including large molecular weight

Albumin

3- In Kidney the glomerular tufts have large number of oval like windows
called * fenestrae” which penetrate all through the endothelial wall which

allows all components of plasma to filter oularge molecular weight
WO proteins ( albumin) and®lood elements ( blood white and red cells)

* Not all components will excreted by urine almost they are
reabsorption




1- In Brain the junctions between the capillary endothelial cells are tight
junctions allowing only very small molecules to pass into brain cells,
e.g oxygen CO2, glucose and water

(foss

in fact the brain does not allow
looel brean harie”

any substance to cross except:- glucose

In very low glucose concentration Ketone <—Reswk

. . (o]
could cross blood brain barrier tally Acd
Mera bolsim

*’Narmal Con (/.: Lon —> 3\0&6056

¥ ‘;Me,fa,gacy — Yebken cold pentrh

There are variations between capillaries types that
facilitate each organ functions



There are
two forces
first one
push fluid
to filter

out the
Capillaries
and the
second force
Reabsorped
Fluid

Artenal end Blood capillary Venous end

capillary

Figure 16-3

Diffusion of fluid molecules and dissolved substances between
the capillary and interstitial fluid spaces.




Plasma colloid \
osmotic pressure

(Tp)

End of capillary
blood pressure is
20mm

- ———————————————— T ——— -

Figure 16-5

O

beginning of capillary
blood pressure is
(40mm) which called
capillary hydrostatic
pressure(come from
blood pressure), that
filtrate and push
fluids and substances
out the capillary

interstitial fluid

pressure (1mm)

.- high water in the
interstitial lead

to increase water pressure
this pressure push fluid back
to capillary but this
mechanism

have low contribute

Interstitial
fluid pressure

(Pif)

Interstitial fluid
colloid osmotic pressure

(ITif)

Fluid pressure and colloid osmotic pressure forces operate at the
capillary membrane, tending to move fluid either outward or
inward through the membrane pores.

<@in the another hand

O,

protein that could not
Penetrate the capillary
and still inside as
(Albumin, globulin)
make pressure that
called colloid
pressure(25-27mm)
that influx fluid and
substance to capillary
and reabsorption occurs

interstitial colloid

osmotic pressure (zero)
occurs by protein around
capillary lead to push fluid
out capillary the mechanism
did not effect = zero



t f

Interstitial Interstitial fluid
fluid pressure colloid osmotic pressure

(Pif) (ITif)

Figure 16-5

Fluid pressure and colloid osmotic pressure forces operate at the
capillary membrane, tending to move fluid either outward or
inward through the membrane pores.
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Lymphatic fluid
{lymph) returns to
\ \ Excess
W) .M / Tisails filtered fluid  Key:
= (3 liters BHP = Blood hydrostatic pressure
Blood plasma cells per day) IFHP = Interstitial fluid hydrostatic pressure
_ BCOP = Blood colloid osmotic pressure
/ Lymphatic IFOP = Interstitial fluid osmotic pressure
capillary NFP = Net filtration pressure
Blood flow from
areriole into i :
capillary Interstitial fluid Blood flow out
of capillary into
venule

IFOP = |FHP =
1 mm Hg 0 mm Hg

Net filtration at arterial end of Net reabsorption at venous end
capillaries (20 liters per day) of capillanes (17 liters per day)
Net filtration = (BHP + IFOP) - {(BCOP + IFHP)
pressure (NFP) . .
Pressures promoting Pressures promoting
filtration reabsomption
NFP =(35+ 1) - (26 +0) NFP = {16+ 1) — (26 + 0)
=10 mm Hg =—9mm Hg
Result Net filtration Net reabsorption

21.07



Forces at arteriolar end
of capillary

e Outward pressure
7| 0

37 )\
e Inward pressure

7l'p 25
P\ 1t

26

Net outward pressure
of 11 mm Hg =
Ultrafiltration pressure

All values are given
in mm Hg.

“» ~ o
=S “ Ead

—)  (Sce next slide)

Fig. 10-18 (le



Forces at venular end
of capillary

e Qutward pressure
Pc 17
TT|F 0

17 )
* Inward pressure

7Z'p 25
P 1

26ﬂ

%

Net inward pressure
of 9 mm Hg =
Reabsorption pressure
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37 ..l -, :~~~ A:\ roo ole - LAmon ming
Colloid pressure is almost constant Out
Capillary along the capillary but the
pressure hydrostatic pressure is vary between
(mm Hg) beginning and end of capillary thats
why filtration and reabsorption
OCCUrs —y
ui
26 I 0 movement
Outward pressure
(Pc + Tf) / Y
Inward pressure In
17 + (Ttp + Pie)
| . |
Beginning Capillary length End

= Ultrafiltration = Reabsorption

Fig. 10-
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aortic body

Carotid body
Because they are
sensitive to partial
oxygen pressure not
hemoglobin binding
oxygen

If the person inhaled
CO, it will bind to
hemoglobin and the
chemoreceptors will
not recognise it

[ Lungs |
(

100%

|

( Right side of heart I Left side of heart ]

A

A
_ [ Digestive J 21%,
b system |~
(Hepatic portal |
L e
209
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Fig.10-1, p. 276



The variation
between blood
supply to muscle in
relax and muscle in
exercise

Percent
cardiac Flow
output (ml/min)
27% 1,350
20% 1,000
9% 450
13% 650
3% 150
15% 750
13% 650

Total cardiac output 5,000

© Brooks/Cole - Thomson Learning

At rest

Digestive
tract, liver

Kidneys

Skin

Brain

Heart

Skeletal
muscle

Bone,
other

Moderate exercise

Percent change

in flow

__________

o ————————

11066%

|

Digestive
tract, liver

Kidneys

Skeletal
muscle

Total cardiac output 12,500

Percent

cardiac Flow

output (ml/min)
4.8% 600
4.4% 550

13.6% 1,700

5.2% 650
4.4% 550

other organ will receive
lower blood to supply the
muscle except the heart,
because heart rate is
increased which needs more

oxygen and blood supply

64% 8,000

So it not good to eat and
the do exercise
,because the Gl system
will receive lower blood
than normal

3.6% 450

Fig. 10-
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Determinants of Blood Flow(

Pressure gradient
P, - 7 I i

\}sislan{/

Figure 14-3

Blood flow

Interrelationships among pressure, resistance, and blood flow.

®© @)

* Blood flow 1s determined by pressure gradient and peripheral
o (B B)
R

* Arterioles play a major role in blood distribution & control J

resistance, therefore:

. Artenolar(smooth muscles) determine the resistance to blood fl

to the tissues it supplies. This occurs because of
Called smooth muscle that is effected

by sympathetic nerve lead to vasoconstriction
which increases resistance

Resistance vessels
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From pump Constant pressure in pipe
(heart) (mean arterial pressure)

High Moderate
resistance resistance

[
pISU Z put

|

No flow Moderate flow Large flow
Control valves = Arterioles

Fig. 10-



SERIES RESISTANCES

S\oJl e

. =R R R R
s UL . 3 (i Riotal 1 2 + 3 + Ry + 5
H1 Rz R3 R4 Rs
Artery Arteriole Capillary Venule Vein
PARALLEL RESISTANCES
T palllse il o o (7 5 [
Row P Rz~ Ry © Re ° R ' e
Arterioles wlg Jngs Cerebral (R;)
|JA3 CaplllarleS 5\” &Jﬂ-\: Coronary (Rj)

\9 L..S:)I\S:JI ‘.SJL C)ﬁsf t\)ﬂl Renal (Ra)

Ll o S8l daslis ‘
Aorta

Resistance in Gastrointestinal (Ry)
capillaries
approximately ZERO

Skeletal muscle (Rs)

Skin (Rg)

b

Vena cava
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ol
> Vessel 1
Same
pressure
gradient
- Vessel 2
_ Radius in vessel 2 = 2 times that of
If vessel is vessel 1
double in
diameter the ~ Resistance in vessel 2 = 1/16 that of o
flow will vessel 1 g
increase 16 g
times Flow in vessel 2 = 16 times that of .
vessel 1 2
. B Resistance 1/r* é
he PoeR Flow r° :

Fig.10-3b, p. 278
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Radius of A (ry) =2
Radius of B (rg) = 1

1
Re—
4

1 _ 1 _1_
Rax< 5i= 5i= jg = 0.0625

1 1

1
RBx(rB)“_ 147 1 1.0
Therefore Rg= 16 Ry

AP

Flow = =

Therefore flow in B = 11—6 th of flow in A




'\ 1 mli/min
100 mm < © \ 16 mi/min

3. Hg d=4

ﬁ_;_\\ S m k( ‘256 ml/min

©

Small vessel

Large vessel

Figure 14-9

A, Demonstration of the effect of vessel diameter on blood flow.
B, Concentric rings of blood flowing at different velocities; the
farther away from the vessel wall, the faster the flow.




v -bhP m Hg [10]mm Hg
R yressure pressure
‘ AP =40 mm Hg ‘
Increase in A Vessel 1

pressure
increases the 90 mm Hg ‘)‘LZ 10 mm Hg

flow pressure pressure
‘ AP =80 mm Hg ‘
Vessel 2
Flow and AP in vessel 2 = 2 times that of
Apressure is vessel 1
directly

Flow in vessel 2 = 2 times that of

proportional
vessel 1

g
|
3
]
3

Flow ~ AP



90 mm Hg 10 mm Hg
pressure pressure

O‘ AP =80 mm Hg *
You should Vessel 2

focus on 180 mm Hg 100 mm Hg
difference pressure pressure
between

pressure not ‘ AP =80 mm Hg ‘

the value Vessel 3

AP in vessel 3 = the same as
that of vessel 2,
despite the larger
absolute values

Flow in vessel 3 = the same as that
of vessel 2

Bulliea uosWol - 9j00/$)00Ig @&

Flow ~ AP



_Aav

F
R

Since Resistance o 1/r4 ( radius to power 4)...r = radius

b

R invefsely proportional to r4

Therefore F =AP x r4

Hence: If the radius is doubled the flow will increase by
times



The relationship between velocity, flow and cross sectional
area

V = velocity cm/sec,|Q = f10W| ml/sec, A = cross sectional area

v=0Q/A

(
10mUsec ==p (D m:}[- :}li

Area (A) 1 cm? 10 cm? 100 cm?

Flow (Q) 10 mU/sec 10 mUsec 10 mL/sec

Velocity (v) 10 cm/sec [1 cmisec]| ©.Txmisec




The flow is the
same in all
vessels ( aorta,
artery, capillary,

The capillary
have lowest

velocity because

its had very low
cross sectional
area

Chapter 9 Cardiac Physiology
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Anatomical
distribution

200

Velocity of flow
(mm/sec)

0.3

Human Physiology by Lauralee Sherw ¢
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Aorta

Arteries

1|I|1

Arterioles

Capillaries

Venules

Veins

Venae
cavae



Vasodilation
(decreased contraction
of circular smooth
muscle in the arteriolar
wall, which leads to
decreased resistance
and increased flow
through the vessel)

Any dilation or
constriction in aorta
will not make huge
effect because it’s

already large, but small
difference in arterioles

make effect

© Brooks/Cole - Thomson Leaming

Muscular activity or tension

Caused by: 5

{ Myogenic activity

+ Oxygen (O,)

t Carbon dioxide (CO,)
and other metabolites

t Nitric oxide

| Sympathetic stimulation
Histamine release
Heat

High metabolic activty
lead to vasodilation
which is local effect g4 10.04.p. 284



Vasoconstriction

(increased contraction

of circular smooth ® Brooks/Cole - Thomson Leaming
muscle in the arteriolar

wall, which leads to

increased resistance

and decreased

flow through the vessel) Caused by:

t Myogenic activity

I Oxygen (O,)

{ Carbon dioxide (CO,)
and other metabolites

The vasoconstriction that
occurs by cold and decreasing

temperature is limited, t Endothelin _
reached 10 degrees it will lead t Sympathetic stimulation

t dilati th A DH <—[Vasopressin] angiotensin I
o vasodilation rather — Cold

vasoconstriction, because if
continue constriction after 10
degrees the person will die by
hypoxia

b eMect re absorplon o}
ware in Kidney — M Re abdserphion

Fig.10-9¢c, p. 284



Neural Regulation
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Active H yyemmla ( Metabolic activity)

A metabolic acti relase
metabolic product — vasodild@) Active hyperemia

= When a certain tissue becomes highly A Tissue
) 1 metabolism
active, the rate of blood flow through *
the tissue increases. _ _ _
A Release of metabolic vasodilators into ECF
\
[ Arteriolles dilate. J
Maximal
5 Flow ¢ .
% [ %Resilstance
8 S/
O v
(0 8) )
Resting [ A Blood flow
Flow l >

Oxygen Consumption

18 May 2015

[ Blood flow matches metabolism. ]




End of lecture




