| S ) .

Sass

A -

Y

” -

®

o Uity d i, 5 aSie 3
a€as il 8 JS iS) el gla

O il d 55,0 |

® 20 A0 sl e S a |

o IS 51585 Gy oSl a\

. - o e i

T 9 Y

O Sies e fpun Y GaslL 2 bl v,

-

e

>

PHYSIOLOGY

FACULTY OF PHARMACEUTICAL SCIENCES
DR. AMJAAD ZUHIER ALROSAN

\

LECTURE 9-PARTS (1) & (2) : STRUCTURE AND FUNCTION OF BLOOD VESSELS AS WELL AS
FACTORS AFFECTING BLOOD FLOW AND BLOOD PRESSURE




Objectives

1. Discuss structure and
of blood vessels.

2. Describe capillary exchange.

3. Explore hemodynamics:
affecting blood flow.

(Pages 730- 743 of the reference)

function

factors




Objectives

4. Discuss control of blood pressure and
blood flow.

5. Describe checking circulation.

6. Explore shock and homeostasis.
(Pages 744- 753 of the reference)
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STRUCTURE AND FUNCTION

OF BLOOD VESSELS
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The f1ve main types of blood Vessels are arterles, arterioles,

ol
Arteries carry blood away from the heart to dtﬁ‘é

divide into still smaller arteries called arterioles.
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caplllarles, venules, and veins.
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r organs. Large, elastlc arterles leave the

heart and divide into medium-sized, muscular arteries that branch out into the various
regions of the body. Medium-sized arteries then divide into small arteries, which in turn

As the arterioles enter a tissue, they branch into numerous tiny vessels called capillaries.

The thin walls of capillaries allow the exchange of substances between the blood and body
tissues. Groups of capillaries within a tissue reunite to form small veins called venules.

These in turn merge to form progressively larger blood vessels called veins. Veins are the

s . Dlood vessels that convey blood from the tissugs back tq the heart, | o sy unangs
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® The pressure in the systemic capillaries:
- varies from 35 mm Hg at the arteriolar end to 15 mm Hg at the venous end,
with an average “functional” capillary pressure of 25 mm Hg.
- This functional capillary pressure is sufficient for vital exchange across the
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BASIC STRUCTURE OF A BLOOD VESSEL

tunica «(Intima) Lalall il oo aa (] Gac¥l o daaall dygonll duesSU SN LIyl o laulalf
tunica externa (adventitia) s . media

The three structural layers of a generalized blood vessel
from innermost to outermost are the tunica interna
(intima), tunica media, and tunica externa (adventitia).
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The tunica interna (intima) forms the inner lining of a blood vessel and is in

direct contact with the blood as it flows through the lumen, or interior opening, of
the vessel. Although this layer has multiple parts, these tissue components
contribute minimally to the thickness of the vessel wall.

Its innermost layer is called @ndothelitim, is a thin layer of flattened cells that
lines the inner surface of the entire cardiovascular system (heart and blood
vessels). The endothelial cells are active participants in a variety of vessel-
related activities, including physical influences on blood flow, secretion of locally
acting chemical mediators that influence the contractile state of the vessel’s
overlying smooth muscle, and assistance with capillary permeability. In addition,
their smooth luminal surface facilitates efficient blood flow by reducing surface
friction.
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TUNICA INTERNA (INTIMA)
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% The second component of the tunica interha 1s a basement membrane deep
to the endothelium. It provides a physical support base for the epithelial
layer. It appears to play an important role in guiding cell movements during
tissue repair of blood vessel walls.

% The outermost part of the tunica interna, which forms the boundary
between the tunica interna and tunica media, is the internal elastic lamina,
is a thin sheet of elastié®fiberss with a variable number of windowlike
openings that facilitate diffusion of materials through the tunica interna to

the thicker tunica media.
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v’ Is the tissue layer that displays the greatest variation among the

different vessel types. In most vessels, it is a relatively thick layer
comprising mainly smooth muscle cells and substantial amounts of
elastic fibers.

An increase in sympathetic stimulation typically stimulates the
smooth muscle to contract, squeezing the vessel wall and narrowing
the lumen. Such a decrease in the diameter of the lumen of a blood
vessel is called vasoconstriction.

In contrast, when sympathetic stimulation decreases, smooth muscle
fibers relax. The resulting increase in lumen diameter is called

vasodilation.  .sisblisl ges o258 GUYI Ll calaall qgugll 3udatll G2y Lovie welll o (2l ol
Leg¥l gt Cagatll s




TUNICA EXTERNA

the tunica externa,
consists of

In addition to the important role of supplying the vessel wall
with nerves and self-vessels, the tunica externa




ARTERIES
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Their walls stretch easily or expand without tearing
in response to a small increase in pressure (due to

their plentiful elastic fibers).

o2 G clay o Slisk 23 e SLyll lin Gsin
The wall of an artery has the three layers of a
typical blood vessel.
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ELASTIC ARTERIES

ol o8 ulyall LS

= The largest arteries in the body. TUNICA INTERNA: lum 5500 dla s Gge dasim
TUNICA INTERNA: Well-defined internal elastic lamina.

TUNICA MEDIA: dua ) G,01 dasieall o 8usne Gl GLIYI Lol pasgls Saac

TUNICA MEDIA: Thick and dominated by elastic fibers; well- defined
external elastic lamina.

TUNICA EXTERNA: ;- 3,1 tunica media.

TUNICA EXTERNA: Thinner than tunica media.

® Function: Conduct blood from heart to muscular arteries.
il byl ) 3l e ] Jaags gl



MUSCULAR ARTERIES

= The Medium-sized arteries.  TUNICA INTERNA: I suims Gl ls G50 dasin,

TUNICA INTERNA: Well-defined internal elastic lamina.

TUNICA MEDIA: G,k fasieall Guala 358, ¢ Lalll odlaall lpde ety Saace.

TUNICA MEDIA: Thick and dominated by smooth muscle; thin external
elastic lamina.

e (355 e o ST 10,008 135

TUNICA EXTERNA: Thicker than tunica media.

= Function: Distribute blood to arterioles.
omlyall e aall gy ddalsgll



ARTERIOLES

(SegSas 300-15 o,k3) 5 e

Microscopic (15-300 micrometer in diameter).
TUNICA INTERNA: 1o ;e od15, 3dlgill 83850 GIATs dyo dandin @ 4448,

TUNICA INTERNA: Thin with a fenestrated internal elastlc lamma that

disappears distally. TUNICA MEDIA: 5 5l St Zemshl oLl ol o cptiuke 5] T
Agsadll Syl Ji8 S pemlall Aeall Sugndl oloall)] cbinall Bla I3

TUNICA MEDIA: One or two layers of circularly oriented smooth muscle;

distalmost smooth muscle cell forms a precapillary sphincter.
TUNICA EXTERNA: Cliaci Silalailly (3 licadll giuadsSI aLall gl

TUNICA EXTERNA: Loose collagenous connective tissue and sympathetic
nerves.

Function: Deliver blood to capillaries and help regulate blood flow from
arteries to capillaries. Dgadll Syl (G gl pbllio anll 385 mlals (o6 Bae Leakly Dganll &ppaitdl () adll Jraags @yl



CAPILLARIES

(Sias,Sa0 10-5 Layhad) Ggonll dueg¥l jaunl 15 4o

= Microscopic; smallest blood vessels (5-10 micrometer in diameter).
TUNICA INTERNA: Endothelium and basement membrane, ¢ "5 5 sl e

[ |

= TUNICA MEDIA: None. gt ¥ e Bl
et ¥ 1L, K

= TUNICA EXTERNA: None. :

= Function: Permit exchange of nutrients and wastes between blood and
interstitial fluid; distribute blood to postcapillary venules.

geudl Sl puaill day 5a,9¥) ole adll g (IR Ll 5 andl (o oblailly al3al1 jualiall Jobis € Laal | 1ddalagll



POSTCAPILLARY VENULES

(Sag S0 50-10 85k3) 5 e

Microscopic (10-50 micrometer in diameter).
Saclal cLaadly dlad) L) Kags

TUNICA INTERNA: Endothelium and basement membrane.
TUNICA MEDIA: None. gt ¥ e i3
TUNICA EXTERNA: Sparse; ™ 5! 5

Function: Pass blood into muscular venules; permit exchange of nutrients
and wastes between blood and interstitial fluid and function in white

blood cell emigration.
LI3a1 eabiall Jolits ¢ Lacad ) izl 8,031 () aall o pal il
21 sl Eialaglly GBI JLully 0l o olaill
ol DDA 8 aa



MUSCULAR VENULES

(ORIl (8 siag e 200-50) 6 sens
= Microscopic (50-200 micrometer in diameter). ., .o owom o
TUNICA INTERNA: Endothelium and basement membrane.

TUNICA MEDIA: (s 5l JSut dgasll oLl enliaall oo oatink of Zauk,
TUNICA MEDIA: One or two layers of circu arly oriented smooth muscle.

TUNICA EXTERNA: Sparse.TUNICAEXTERNA: 5.

= Function: Pass blood into vein; act as reservoirs for accumulating large
volumes of blood (along with postcapillary venules).
(asadl Slanll sy 80,81 il ) ol plaal o GS1 SIAS Joall tagoll f ol 525 il



VEINS

s 3 ol e 0.5 ye 0)ks Tl

Range from 0.5 mm to 3 cm in diameter.
TUNICA INTERNA: 58 Los i 58T cisatll foblelonn ole 5ia3 3,0 dasinll olals angs ¥ fgue ) cLaally Bkl

TUNICA INTERNA: Endothelium and basement membrane; no internal
elastic lamina; contain valves; lumen much larger than in accompanying
artery. TUNICA MEDIA: Zua,la iye fasion ansi ¥ ulyddl e LS 31

TUNICA MEDIA: Much thinner than in arteries; no external elastic lamina.
TUNICA EXTERNA: Thickest of the three layers. TNCAEXTERNA RIS Gr o S S5

Function: Return blood to heart, facilitated by valves in limb veins.
SLLYI Bgse o8 olelosall Ll (3l (Ll () aall Bule] Al



CAPILLARY EXCHANGE

(AT Ll g asll o alsll Epm g

= [s the movement of substances between blood and
interstitial fluid.

= Substances enter and leave capillaries by three basic

mechanisms: diffusion, transcytosis, and bulk flow.
LSV ity Lol DT Lamy | e WY Lload T30 Lgoall &l yadll Huliss slsll JAs



DIFFUSION

s LAl oa g oaall Jolall Gyl aal

= The most important method of capillary exchange is
simple diffusion.
o S oo Jial Hail aull o8 el &I5S55 o8 Bule Busage Liiall ulslly O2 Y
araall Lty 31 gAY Ll (0K e (5B aaall LA (o 25 DI JSLL)
el o8 gt Il (il | @IMATT (8 ole T @I58 Bagage LA

= Because O2 and nutrients normally are present in
higher concentrations in blood, they diffuse down their
concentration gradients into interstitial fluid and then
into body cells. CO2 and other wastes released by body
cells are present in higher concentrations in interstitial
fluid, so they diffuse into blood.



TRANSCYTOSIS

SO [EETNMPESPEIRFENRPTICOE SRS IR
= A small quantity of material crosses capillary walls by
transcytosis.

= In this process, substances in blood plasma become enclosed
within tiny pinocytic vesicles that first enter endothelial cells
by endocytosis, then move across the cell and exit on the other

side by exocytosis. olassadl Jals Bilie aall L3l o Basasll sl coanad dileal] o 5
AT LA Bk e 850 Jo¥ Dbl LA JAs (31 8yl 4 psiall
L) 316] Gask e Lila (AY1 e € asalls LAT1 e olyadll



BULK FLOW: FILTRATION AND

REABSORPTION

o1 Sl e 5,0 sluel Ld 06S5 Lubs Llae ga il 3asil]
e ud o8 bas il o8 Slosauall s T eliall
Bulk flow is a passive process in which large numbers of ions, molecules, or

particles in a fluid move together in the same direction. . ol bis o3 @k o <Y1 330l Sas,
@S 3,8 aag Ul ag oiall 3] dalaie
Bulk flow occurs from an area of higher pressure to an area o lower il

pressure, and it continues as long as a pressure difference exists.
LA Jilseadly all dancil] alan¥ | aloiil dyant ST L&Y il oSy (IR Sl 5 aall o Ll Jolild duaal ST Ly
Diffusion is more important for solute exchange between blood and

interstitial fluid, but bulk flow is more important for regulation of the
relative volumes of blood and interstitial fluid.

Pressure-driven movement of fluid and solutes from blood capillaries into
interstitial fluid is called filtration. Pressure-driven movement from interstitial
fluid into blood capillaries is called reabsOrption. @, . oiwl o LI sl Glaedl L sl feginn 3,n

DAL e haalls degine i5a .CMJJLJ &bL;JI JALH.n s



HEMODYNAMICS: FACTORS

AFFECTING BLOOD FLOW

Blood flow is the volume of blood that flows through any tissue in a given time period (in
mL/min). Total blood flow is cardiac output (CO), the volume of blood that circulates

through systemic (or pulmonary) blood vessels each minute.

T opbele e Taad | aaial SCaliall | Lugadl 890l 3k o ol L1 a5 A &S
How the cardiac output E'becomes distributed mﬁlrcu tofgl routes tﬁat serve Vésffgus body

tissues depends on two more factors: L
Ak A A1 e al 333 i il il 38
(1) the pressure difference that drives the blood flow through a tissue.
(2) PR 415&.) 44&51 @.4 ‘AJJI d.u.. %jlﬁ.o
(2) the resistance to blood flow in specific blood vessels.
dSe 48de

Blood flows from regions of higher pressure to regions of lower pressure; the greater the
pressure difference, the greater the blood flow. But the higher the resistance, the smaller
the blood flow. Licall 3hlie () el hicall 3hlie oo adll 3asS
LS o1 ] 385 ol LalS caiecall 356l LS ¢ adanl
‘s.ﬂl S ‘)—1_1.41 calS LK <4.63le| C_\JB



C.0= (MAP-CVP)/ TPR

Tensile stress
. 5 S . ‘ S.a :..

blood presser
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BLOOD PRESSURE

Fysadll Leg¥l han le aall Ly Loy (Sliungsangl) Lindlly «(BP) aall bivs wilsi ol pihad] el 5

= Contraction of the ventricles generates blood pressure (BP), the hydrostatic pressure

exerted by blood on the walls of a blood vessel.
Aol Lieg¥ ] Logliag anll anay ooldll £ Ll YA o anll Laid wasl 2
= BP is determined by cardiac output, blood volume, and vascular resistance.

= BP is highest in the aorta and large systemic arteries; in a resting, young adult, BP
rises torabout 110 mmHg during systole (ventricular contraction) and drops to about
70 mmHg during diastole (ventricular relaxation).

= Mean arterial pressure (MAP), the average blood pressure in arteries, is roughly one-
third of the way between the diastolic and systolic pressures. It can be estimated as
follows: BP dalyll o8 8, $slgadl gl iy ooy s¥ 1 Lyaid] o8 (ole¥) 5o
ol ltdle BPMUalis) GALENT -1 35 v 110 llsm ) i
e Pulse sl I padaig (cpked
. , , , , byl biall beasie (ool olayianl) Llows¥ ) £LST 3255 ae 70
MAP= diastolic BP +1/3 (systolic BP - diastolic BP) e el &5 L5 snly 52 <oxplyetl] gl Lt Lasie <(MAP)
&1 e 8 s T L Iy Tl | bgiecall



BLOOD PRESSURE

= We have already seen that cardlac output equals heart rate mult1p11ed by stroke
volume. Another way to calculate cardiac output is to divide mean arterial pressure

(MAP) by resistance (R): CO = MAP/R Z rearrangm% the terms of th1s equat1on m, you .
‘A .\.A.\A_\

= Blood pressure also depends on the total Volume of blood in the Cardﬁﬁ%%&faﬂhwdﬁ'”'
system. The normal volume of blood in an adultis’about 5 liters. Any decrease in
this volume, as from hemorrhage, decreases the amount of blood that is circulated
through the arteries each minute. U523 e o il sl 8 (a5

= A modest decrease can be compensated for by homeostatic mechanisms that help
maintain blood pressure, but if the decrease in blood volume is greater than 10% of
the total, blood pressure drops. Conversely, anything that increases blood volume,

such as water retention in the body, tends to increase blood pressure.
o0 710 oo ST il ana i GALAWT SIS 5] oKl faall bid le Bliall selos (3l 53 lsall Sl 3ak e el GALAWT LAy oo
{sJ.”.la:.n.abJL\)‘_;.lld_w ‘A.A.u.a.”&.q U.lu.uL.uAld_m fJJI‘QAAL).O R 9.5\'“‘";' gJ.lJu,euuS:.llslc {;J.ll.la:.r.auasa_u C}ull



VASCULAR RESISTANCE

= Vascular resistance is the opposition to blood flow due to friction between

blood and the walls of blood vessels.

= Vascular resistance depends on (1) size of the blood vessel lumen, (2) blood

viscosity, and (3) total blood vessel length.
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SIZE OF THE LUMEN

= The smaller the lumen of a blood vessel, the greater its resistance to blood
flow.

= Resistance is inversely proportional to the fourth power of the diameter (d) of

the blood vessel’s lumen.

Ssoall clegll Ciigad ipa (3) il daalll 35311 o Lo Taglill unali



BLOOD VISCOSITY

ana Lol ) elpeadl anll Wl L sle LG o8 andl dagy) aciad
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= The viscosity of blood depends mostly on the ratio of red blood cells to plasma
(fluid) volume, and to a smaller extent on the concentration of proteins in
plasma. aglall el aall dagyl @l LS

= The higher the blood’s viscosity, the higher the resistance.

= Any condition that increases the viscosity of blood, such as dehydration or
polycythemia (an unusually high number of red blood cells), thus increases
blood pressure.

= A depletion of plasma proteins or red blood cells, due to anemia or
hemorrhage, decreases viscosity and thus decreases blood pressure.
Gole yui S @ipe sa) yandl 855 51 Cliadl e caill gl e w3 s 1
) )y da gllaa Chal ) L )DL pddl bis b 0Ly (s el aall A e
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SYSTEMIC VASCULAR RESISTANCE (5VR)

= Resistance to blood flow through a vessel is directly proportional to the length

of the blood vessel. acals LT 2dgyalls ((SVR) leal! Lsaall dueg¥ daglie
aglall Suly g seull clesll Bus el LS e a’)ul )
- = 9

= The longer a blood vessel, the greater the resistance. (TPR). el Lensis 31 Gilegl! Slaslidl camm ool

= Systemic vascular resistance (SVR), also known as total peripheral resistance “4=!' “s=
(TPR), refers to all of the vascular resistances offered by systemic blood vessels.

= The diameters of arteries and veins are large, so their resistance is very small
V because most of the blood does not come into physical contact with the walls of
the blood vessel. The smallest vessels—arterioles, capillaries, and venules—
contribute the most resistance.
s total peripheral resistance (S lan 8y Laglie 18 11 850 8y5¥ g Cpalptl] S Ls
AaglAll (ye 538 ST



Determinants of Resistance:

Blood Viscosity (n. ) cX Resistance

. '
Q
L Resistance TResistance

& a2 bra gorta

Right atrium

Vessel Length () CX Resistance

Blood
A ’OW@ >

1 Resistance T Resistance

Mean artial pressure

Ol i (it Y g
z\sgggeqco

Vessel Radius (r) ©< Resistance

€

1 Resistance T Resistance

C.0O= (MAP-CVP)/Total
peripheral resistang

5=90-0/.¢

90/5=total peripheral
resistang

=18
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Factors Affecting Blood Flow

ressure and resistance both affect blood
flow to tissues, but they have opposing
effects.
Blood flow and pressure are directly
related; when pressure increases, flow
increases.
Blood flow and resistance are inversely
related: when resistance increases, flow
decreases.
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Blood flow 3k ity
&= pressure gradient
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1- Radius of the vessel (r): R a 1/1*
- 2- Length of the vessel (L): Ra L
3- Viscosity of blood (n): R an |
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Figure (4-3): Relationship
befween pressure, resistance,
and flow.
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VELOCITY OF BLOOD FLOW

(:A:\..CJMQA)SS\ ST e ok @Al aull ana sa aall 3603 51 Ll ol g o
& Capillaries (B JLL) Cane iy 54 (o REW |
= Earlier we saw that blood flow is the volume of blood that flows through any

tissue in a given time period (in mL/min).
Takis dikie -ablll LoSe (LsBIlacdl) anll 355 deyen o deyun Lo

= The speed or velocity of blood flow (in cm/sec) is inversely related to the cross-

sectional area. »
P N
= Velocity is slowest where the total cross-sectional area is greatest. = ~

= Fach time an artery branches, the total cross-sectional area of all of its branches is
greater than the cross-sectional area of the original vessel, so blood flow becomes
slower and slower as blood moves further away from the heart, and is slowest
in the capillaries. ST LY gall il Fale (65 Eua Ual ey 0365
fonnd Tllan ! o yall il Lo (355 eyl L £ 850 S o
aall 385 omy il oLea¥ ] clesll otyall @il daline oo ST deg)d
el olyaanll (o8 Unal g (8l e Tanay anll elyal ao Unaly Unad



Factors that Increase Blood Pressure

Increased blood Skeletal muscle pump Respiratory Venoconstriction

volume pump

% = N

Decreased Increased sympathetic Increased Increased number Increased
parasympathetic impulses and hormones venous of red blood cells, body size, as
impulses from adrenal medulla return as in polycythemia in obesity
Increased Increased Increased Increased Decreased blood
heart rate stroke blocod total blood vessel radius
(HR) volume (SV) viscosity vessel length (vasoconstriction)

=

Increased cardiac
output (CO)

) s

— Nl

Increased systemic
vascular resistance (SVR)

R

Increased mean arterial
blood pressure (MABP)
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Physiological factors affecting blood pressure

Factor Effect on blood pressure
The pumping action of the | The greater the cardiac
heart output, the higher the arterial
pressure
The blood volume The greater the blood volume,

the higher the arterial pressure

The viscosity of the blood | The more viscous the blood,
the higher the arterial pressure

The condition of the blood | The greater the resistance, the
vessels (resistance) higher the arterial pressure




CONTROL OF BLOOD PRESSURE

AND BLOOD FLOW
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Several interconnected negative feedback systems control

blood pressure by adjusting heart rate, stroke volume, systemic
. (oLl g Joloill Ly ¥l e lyals LY aay o
vascular resistance, and blood volume. 31 E Lol s aadl ki 3 ini] e o il
ST el AT Cipass L £l o €35 Lasie S

adl Loia) oY1 gl mliSi juigs
Some systems allow rapid adjustments to cope with sudden

changes, such as the drop in blood pressure in the brain that
occurs when you get out of bed; others act more slowly to
provide long-term regulation of blood pressure.




CONTROL OF BLOOD PRESSURE

AND BLOOD FLOW
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1 Role of the Cardiovascular Center in the medulla oblongata: b <l pass A
= alll Gl alail o8 oSa5 -2
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¢ 1- helps regulate heart rate and stroke volume. el ol i ol et
% 2- controls neural, hormonal, and local negative feedback systems that

regulate blood pressure and blood flow to specific tissues.

* o ) - & S -~ I .
“* Groups of neurons scattered within the CV center: (il Lo 5,) il o,

% Some neurons stimulate the heart (cardiostimulatory center); others inhibit

the heart (cardioinhibitory center). S ’j o

% Still others control blood vessel diameter by causing constriction
(vasoconstrictor center) or dilation (vasodilator center) s e 55) sl (el Sete S5
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1. ROLE OF THE CARDIOVASCULAR CENTER

——— & B

The cardiovascular center receives input both from higher brain régions and )

from sensory receptors. Nerve impulses descend from the cerebral cortex,
limbic system, and hypothalamus to affect the cardiovascular center.

oI Ol gl i Tunlll o3LELll 58 Lysanll sy 11 S0 (ol) Bt L T dpnnad | ALl o Tannal 501 ¢ 153
The three main types of sensory receptors that provide input to the
cardiovascular center are proprioceptors, baroreceptors, and chemoreceptors.

ool Ll o187 Lgond) dues¥ly LAl 3S5e od) cdaall Lisis edliaally Jualill olSya Lalall eplaiall (il
Proprioceptors monitor movements of joints and muscles and provide input
to the cardiovascular center during physical activity.
Baroreceptors monitor changes in pressure and stretch in the walls of blood
vessels. Ol addl Glhaa o8 el il (o8 olyaaill il el 8l S

Chemoreceptors monitor the concentration of various chemicals in the

blood. aded LA LoLasI slodl 55 il I bt Ly
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mm CV Center

INPUT TO CARDIOVASCULAR
CENTER (nerve impulses)

< [~ From higher brain centers: cerebral cortex,
L limbic system, and hypothalamus

™ From proprioceptors: monitor joint movements
From baroreceptors: monitor blood pressure

From chemoreceptors: monitor blood acidity
| (H"),CO,,and O,

OUTPUT TO EFFECTORS
(increased frequency of nerve impulses)

Vv
agus nerves o Bl

(parasympathetic)

Cardiac accelerator

>
\newes (sympathetic)
Cardiovascular Vasomotor nerves =

(CV) center ' (sympathetic)

Heart: increased rate and contractility

Blood vessels: vasoconstriction

Figure 21.12 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.



ROLE OF THE CARDIOVASCULAR CENTER
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% Output from the cardiovascular center flows along
sympathetic and parasympathetic neurons of the ANS.

5 il me lme e lall oJ) diklait] o laall Joas

. il GBI Slpid Jars o 05 Gagll il (o Sa3)
v' Sympathetic impulses reach the heart via the cardiac accelerator nerves. An

increase in sympathetic stimulation increases heart rate and contractility.

v Parasympathetic stimulation, conveyed along the vagus (X) nerves,

decreases heart rate. (X) Lagall Glac¥ !l Job le Jaiy @il g gliaca | judal
cldll abys Jars e S8




ROLE OF THE CARDIOVASCULAR CENTER
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The cardiovascular center also continually sends impulses to smooth muscle
in blood vessel walls via vasomotor nerves.

bkl Ly Ll o8 Lsod) Lueg¥ ) qomnd o3 daalail] Luveaall LAt Job oo olasl] s
Impulses propagate along sympathetic neurons that innervate blood vessels

in viscera and peripheral areas....: a1 it 860 Ll g e ¥ 5ess 57 i LS Ui Ula oa i
Asleadl Lpadll ng}!l Zaglal 3.;|JJ|
| s o s Lol qall SUIA 7 Beall dyan Labuss! §a 454 By
The result is a moderate state of fonic contraction or vasoconstricti
vasomotor tone, that sets the resting level of systemic vascular re51stance.
Sympathetic stimulation of most veins causes constriction that moves blood

out of venous blood reservoirs and increases blood pressure.
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2. NEURAL REGULATION OF BLOOD PRESSURE

The nervous system regulates blood pressure via
negative feedback loops that occur as two types of

reflexes: baroreceptor reflexes and chemoreceptor
Gk o aall bia el jleall sl
reflexes. o resS Bunt o3 Luledl Faa )l il o lala
Wikl el ly baall cobdiiue Jadll gga, i Jadll g9a,
Jadll agg,




BARORECEPTOR REFLEXES

Baroreceptors are
They
(arteries in the neck that supply blood to the brain), and other

large arteries in the neck and chest.




Innervation of the Heart

Baroreceptors
in carotid sinus

Sl

Glossopharyngeal nerves
(cranial nerve IX)

Cardiovascular Baroreceptors

(CV) center 2 in arch of aorta
Vagus nerves g
(cranial nerve X, T %
Medulla oblongata parasympathetic) \b{
' AV node
\ N -_— Ventricular
e ‘“"‘*’ myocardium
Spinal cord Cardiac accelerator
nerve (sympathetic)
Key: Sympathetic trunk
Sensory (afferent) neurons -€— ganglion
Motor (efferent)_neurons —

Slow it down with parasympathetic stimulation (X)
Sensory information from baroreceptors (1X)
Medulla — Vagus (X) — SA/AV Node gl -
Medulla — Spinal Cord — Sympathetic Ganglion — Cardiac Accelerator Nerve — SA/AV Node & Ventricle @,w



hypotension e 488 b (i

Hypovolemla Arterial Pressure —» Baroreceptor Activated
¢ Cardiac Output / CNS

/ sympzlthetlc parasympathetic

Systemlc Venous
Vascular Tone
Resistance

T RA — T Stroke Volume
llnk \
up/Down

T T Arterial Pressure —e— T Cardiac Output

Contractlllty Heart rate T



BARORECEPTOR REFLEXES
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= Baroreceptors are pressure-sensitive neurons that monitor stretching.

= When blood pressure falls, the baroreceptors are stretched less, and they send
nerve impulses at a slower rate to the cardiovascular center. In response, the CV
center decreases parasympathetic stimulation of the heart by way of motor axons of
the vagus nerves and increases sympathetic stimulation of the heart via cardiac
accelerator nerves.

= Moving from a prone (lying down) to an erect position decreases blood pressure
and blood flow in the head and upper part of the body. The baroreceptor reflexes,
however, quickly counteract the drop in pressure. Sometimes these reflexes operate

more slowly than normal, especially in the elderly.
a8 celld dag haiall CoUEiine Jad agay . anuall e @olall yally Gl b aall 3iuiy anll id o Jlis cuntio gudg o] (WY 1) Lunidg oo JLEY
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STIiMULUS

Disrupts homeostasis
by decreasing

CONTROLLED CONDITION
Blood pressure

RECEPTORS
Baror:

in carotid sinus
and arch of aorta

\
\

\ =
| |
|

|

Stretch less, which decreases

Input 2
rate of nerve impulses

CONTROL CENTERS

CV center in Adrenal ‘
medulla oblongata medulla
- > e Return to homeosiasis
< - - — = . when increased
N ==\ cardiac output and
L . increased vascular
resistance bring
Output blood pressure
Increased Increased secretion back 1o normal
sympathetic, of epinephrine and
decreased para- norepinephrine
sympathetic from adrenal medulla

stimulation

Heart
Blood 1T

I
EFFECTORS ’
I’
=) T /

Constriction of blood ,
Increased stroke v Is incr
volume and heart rate systemic vascular
lead to increased resistance (SVR)
cardiac output {(CO) /
RESPONSE

Increased blood pressure
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CHEMORECEPTOR REFLEXES
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= Chemoreceptors, sensory receptors that monitor the chemical composition of
blood, are located close to the baroreceptors of the carotid sinus and arch of the

aorta in small structures called carotid bodies and aortic bodies, respectivel :
l) LialS i ol (#H 3555 o 80b3) paleall (02 Lilsi (aliail) gansy) jali A+H5 CO25 02 (o aull (gsinns o &l LilasIT enldind | sia CamiSs
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= These chemoreceptors detect changes in blood level of Oz, CO2, and H+. Hypoxia

(lowered Oz availability), acidosis (an increase in H+ concentration), or hypercapnia
(excess COz2) stimulates the chemoreceptors to send impulses to the cardiovascular
center. In response, the CV center increases sympathetic stimulation to arterioles and
veins, producing vasoconstriction and an increase in blood pressure. These
chemoreceptors also provide input to the respiratory center in the brain stem to
adjust the rate of breathing.




Chemoreceptor

= Chemosensitive cells that respond to changes in pCO, and
pO, and pH levels (Hydrogen ion).

@i
&

pO, and pH
N

Stimulation of
vasomotor center

M BP (speeding return of blood
to the heart and lungs)



3- HORMONAL REGULATION OF BLOOD PRESSURE

1- Renin—angiotensin—aldosterone (RAA) system:

| o8 Ba9anell LA 5,85 juxtaglomerular « oIS od) aall 3805 (2835 gT anll ana (A4S Lesie
= When blood Volume Talls or ﬁood ow to the Cl;<1 dneys decreases, ]uxtaglomerular

cells in the kidneys secrete renin into the bloodstream.
3ok o5 ol Bas e Gl 3l peaipnn ¥ il (ysasgll £ SY Laa3IS, ole (ACE) GpasisonSU Usadl 3391y ool Jony cfuudocily
= In sequence, renin and angiotensin-converting enzyme (ACE) act on their substrates

to produce the active hormone angiotensin II, which raises blood pressure in two

ways. sl Dipadl Lo g¥) Laglie 5Ll sk e all lakid s 368 e M 68 e 38 @3 l] cpasiipua ¥1 Yy

= First, angiotensin II is a potent vasoconstrictor; it raises blood pressure by increasing
systemic vascular resistance.

= Second, it stimulates secretion of aldosterone, which increases reabsorption of
sodium ions and water by the kidneys. The water reabsorption increases total blood

volume, which increases blood pressure.
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3- HORMONAL REGULATION OF BLO el

M e 8ol ¢ Joul Jul&s ¢ JSUI B cladl polaiol 8oLy -

Ldglegl] dogliall 30l ¢ (Vasoconstriction) dygondl ducgdl Gawds

pllisalsilly sdiny|
el a5ty S5y 1 S £ A 3llay sl bl Tylaia
o lalds LIl 868y June 33L5 Gark e aldll £ B (e clise,ed] sia w
= In response to sympathetic stimulation, the adrenal medulla releases epinephrine
and norepinephrine.

2- Epinephrine and norepinephrine:

= These hormones increase cardiac output by increasing the rate and force of heart

contractions.
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3- Antidiuretic hormone (ADH): (L) 5 a 500 ol sl 30l

= [t is produced by the hypothalamus and released from the posterior pituitary in
response to dehydration or decreased blood volume.

= [t causes in an increase in blood volume and a decrease in urine output.



3- HORMONAL REGULATION OF BLOOD PRESSURE
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4- Atrial natriuretic peptide (ANP): L.~ il s

= Released by cells in the atria of the heart, atrial natriuretic peptide (ANP) lowers
blood pressure by causing vasodilation and by promoting the loss of salt and
water in the urine, which reduces blood volume.
(ANP) ¥ aspageall wiadl Gadans colill crund¥ ) od Loladl daulys 4isl] o3 A ()4 a 9d ua g el cﬂ:u

5 el (1088 35055 ygenll e g¥ quush (o8 ol Baska e pull bais

Q’ADJIAJ sdic JA\}
¢yl gn glars
¢ Osa

sic aa) 3 hypotension
o800 () 3e b (e
Y O



4- AUTOREGULATION OF BLOOD FLOW

b ) ase
= In each capillary bed, local changes can regulate vasomotion. ges) Boa Llall ol

= When vasodilators produce local dilation of arterioles and relaxation of

precapillary sphincters, blood flow into capillary networks is increased, which
. 383 0l i senll &l punall Ui 5 yenlall dAhsiall elasicals alill Llas Licuss due g | Slause i Losie
increases Oz level. 02 sim i st ol ] sl ol

= Vasoconstrictors have the opposite effect.

= The ability of a tissue to automatically adjust its blood flow to match its

metabolic demands is called autoregulation.
oSl 0 L Leg¥ ! elivas
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4- AUTOREGULATION OF BLOOD FLOW
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= Autoregulation also controls regional blood flow in the brain; blood
distribution to various parts of the brain changes dramatically for
different mental and physical activities.

Aome Sl pall 35 sl JBU o sle bl oL
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= During a conversation, for example, blood flow increases to your motor

speech areas when you are talking and increases to the auditory areas when
you are listening.



4- AUTOREGULATION OF BLOOD FLOW
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= Two general types of stimuli cause autoregulatory changes
in blood flow: St el ol ) Ll g1 ond sl s asnal] e oasi S5 3ms psmund] il
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1. Physical changes. Warming promotes vasodilation, and cooling causes
vasoconstriction. In addition, smooth muscle in arteriole walls exhibits a
myogenic response— it contracts more forcefully when it is stretched and
relaxes when stretching lessens.

2. Vasodilating and vasoconstricting chemicals. Several types
of cells—including white blood cells, platelets, smooth muscle fibers,
macrophages, and endothelial cells—release a wide variety of chemicals that

alter blood-vessel diameter. aall Lola ell3 (o8 Loy - LT e & 1537 e . dacs¥ ) Bacaly Lo O dasesil] LilaasI sl
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4- AUTOREGULATION OF BLOOD FLOW
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= An important difference between the pulmonary and systemic
circulations is their autoregulatory response to changes in O:

level. J Blatond L3leall Luponll 53501 o Lusosll Teg¥ ! lan guugs
» The walls of blood vessels in the systemic circulation dilate in response to

low Oz. With vasodilation, O: delivery increases, which restores the normal
Oz level.

» By contrast, the walls of blood vessels in the pulmonary circulation constrict
in response to low levels of Oz This response ensures that blood mostly
bypasses those alveoli (air sacs) in the lungs that are poorly ventilated by

fresh air. Thus, most blood flows to better-ventilated areas of the lung.
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CHECKING CIRCULATION

1. Pulse: Systolic BP -diastolic BP o il US s E,01 il Sl 5153 s censil
o Contraction ool pandi Esats b dage yual | cpladl 315,

» The aﬁernate%anc-of elastic arteries after each systole of the
left ventricle creates a traveling pressure wave that is called the pulse.

Ausadll & lpniall o Lol 8 el pll (o il ey sl 1] i ol (o 81 Gaill (05
» The pulse is strongest in the arteries closest to the heart, becomes weaker in the
arterioles, and disappears altogether in the capillaries.
STl g s s QN s alail ane Eal)l b T80 S 285 80 o) 70 (olsn clill Slyas Jars uis (6 Lo Bule (2l Juss
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» The pulse rate normally is the same as the heart rate, about 70 to 80 beats per
minute at rest. Tachycardia is a rapid resting heart or pulse rate over 100 beats/
min. Bradycardia is a slow resting heart or pulse rate under 50 beats/min.



CHECKING CIRCULATION

2. Measuring Blood Pressure: iy, i s oo s bes i s st s Lsste
ol Lo Bule sl o8 gpaall 35S Loie ol il (o il Laiaally o Ly |
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J The term blood pressure usually refers to the pressure in arteries generated
by the left ventricle during systole and the pressure remaining in the arteries
when the ventricle is in diastole. Blood pressure is usually measured in the

: : ool bina Gulde o8 adll bics ulidl ausieall jleall .
brachial artery in the left ALY it 5 s 120 e i il Sl em oot i St 120/80

4liu 5¢) 3 :diastolic BP gl 2580) "70 o SSTT10" JBU s ole - plabewi] 355 00 80
Systolic BP: 43 slall 3¢ 8 gl ad bis sa (110/70 NOrmaH 40/90

 The device used to measure blood pressure is a sphygmomanometer. .~

- The normal blood pressure of an adult male is less than 120 mmHg systolic
and less than 80 mmHg diastolic. For example, “110 over 70” (written as
110/70) is a normal blood pressure.



CHECKING CIRCULATION
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[ The difference between systolic and diastolic pressure is called pulse pressure.
This pressure, normally about 40 mmHg, provides information about the
condition of the cardiovascular system. For example, conditions such as
atherosclerosis greatly increase pulse pressure. The normal ratio of systolic
pressure to diastolic pressure to pulse pressure is about 3:2:1.



SHOCK AND HOMEOSTASIS
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d Shock is a failure of the cardiovascular system to deliver enough O2 and
nutrients to meet cellular metabolic needs.
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d The causes of shock are many and varied, but all are Characterizedwf;y
inadequate blood flow to body tissues. With inadequate oxygen delivery,
cells switch from aerobic to anaerobic production of ATP, and lactic acid
accumulates in body fluids. If shock persists, cells and organs become
damaged, and cells may die unless proper treatment begins quickly.



TYPES OF SHOCK
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»Shock can be of four different types: RUR AURILY

(1) Hypovolemic shock due to decreased blood volume
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3 (2) Cardiogenic shock due to poor heart function. ll g2 ot e pill g oeitona (0
1 (3) Vascular shock due to inappropriate vasodilation. ’
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1 (4) Obstructive shock due to obstruction of blood flow. ol
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TYPES OF SHOCK

Cause Pathophysiology* Patterns of abnormalities
Filling status Cardiac function Systemic resistance
Hypovolemic Loss of volume low low high
Vasogenic Vasodilation low high low
Cardiogenic Pump failure high low high
Obstructive Obstruction to flow Variable** low high

*primary problem mentioned in BOLD ; **depending on site of obstruction



HYPOVOLEMIC SHOCK
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v It is due to decreased blood volume (i.e. blood loss as acute (sudden)
hemorrhage and loss of body fluids i.e. through excessive sweating).

v" Whatever the cause, when the volume of body fluids falls, venous return to
the heart declines, filling of the heart lessens, stroke volume decreases, and
cardiac output decreases. Replacing fluid volume as quickly as possible is
essential in managing hypovolemic shock.
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CARDIOGENIC SHOCK
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v The heart fails to pump adequately, most often because of a myocardial

infarction (heart attack). JSLtn (gl ki) il e Cins Tl Taeall g AY1 O Lawsd ) St
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v Other causes of cardiogenic shock include poor perfusion of the heart
(ischemia), heart valve problems, excessive preload or afterload, impaired

contractility of heart muscle fibers, and arrhythmias.



VASCULAR SHOCK
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v" A variety of conditions can cause inappropriate dilation of arterioles or
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v In anaphylactic shock, a severe allergic reaction—for example, to a bee sting—

releases histamine and other mediators that cause vasodilation.

v In neurogenic shock, vasodilation may occur following trauma to the head
that causes malfunction of the cardiovascular center in the medulla.

v Shock stemming from certain bacterial toxins that produce vasodilation is
termed septic shock. s 5 o) TS agaadl (das e Laalill Losuall
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OBSTRUCTIVE SHOCK
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v It occurs when blood flow through a portion of the circulation is blocked.

v The most common cause is pulmonary embolism, a blood clot lodged in a
blood vessel of the lungs. (o Sisnse Lases Aala g (sl ola¥ ] 5 lesat SSYI oo
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HOMEOSTATIC RESPONSES TO SHOCK
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1 The major mechanisms of compensation in shock are negative feedback

systems that work to return cardiac output and arterial blood pressure to
normal.
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% Activation of the renin-angiotensin-aldosterone system: angiotensin II

causes vasoconstriction and stimulates the adrenal cortex to secrete
aldosterone, a hormone that increases reabsorption of sodium ions and water
by the kidneys.

% Secretion of antidiuretic hormone: the posterior pituitary releases more
antidiuretic hormone (ADH). ADH enhances water reabsorption by the

kidneys, which conserves remaining blood volume.
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HOMEOSTATIC RESPONSES TO SHOCK

% Activation of the sympathetic division of the ANS: aortic and carotid
baroreceptors initiate powerful sympathetic responses throughout the body.
One result is marked wvasoconstriction of arterioles and veins of the skin,
kidneys, and other abdominal viscera. (Vasoconstriction does not occur in the
brain or heart.) Constriction of arterioles increases systemic vascular
resistance, and constriction of veins increases venous return.

“* Release of local vasodilators: In response to hypoxia, cells liberate
vasodilators—including potassium ions, hydrogen ions, lactic acid,
adenosine, and nitric oxide—that dilate arterioles and relax precapillary
sphincters. Such vasodilation increases local blood flow and may restore Oz
level to normal in part of the body.
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HOMEOSTATIC RESPONSES TO SHOCK

% If blood volume drops more than 10-20%, or if the heart cannot bring blood
pressure up sufficiently, compensatory mechanisms may fail to maintain
adequate blood flow to tissues. At this point, shock becomes life-threatening
as damaged cells start to die.
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SIGNS AND SYMPTOMS OF SHOCK

Systolic blood pressure is lower than 90 mmHg.

Resting heart rate is rapid duie to sympathetic stimulatio
epinephrine and noreggnephrine.

Pulse is weak and rapidWae to reduced cardiac outpu
Skin is cool, pale, and cla due to sympathetig
sympathetic stimulation of sweagng.
Mental state is altered due to redugd oxygengd®pply to the brain.

Urine formation is reduced due to inMfgasedMevels of aldosterone and antidiuretic hormone
(ADH).
The person is thirsty due to loss of exdfacel fluid.

The pH of blood is low (acidosis) d#fe to buildufgf lactic acid.

The person may have nausea Qgfause of impaired Wood flow to the digestive organs from
sympathetic vasoconstriction.

d increased blood levels of

d fast heart rate.
onstriction of skin blood vessels and
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