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Artery | 4.0 mm| 1.0 mm
Arteriole [ 30.0 um | 6.0 um
Capillary | 8.0 um | 0.5 um
Venule |20.0 pm| 1.0 um
Vein 5.0 mm | 0.5 mm
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—_ Arteries

" Precapillary Metarterioles act
sphincters as bypass channels
and regulate flow

into capillary beds.

Arteriole

wall is
smooth
muscle.

#— Venule

Small
venule

Arteriovenous \V
bypass Precapillary ||
BN sphincters |/
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(a) Ventricular contraction

Ventricle contracts.

Semilunar valve opens.

0O

!
Y 00 W s e Arterioles

Aorta and arteries

/
L expand and store
\ . .
\ 4 pressure in elastic
N / Py © walls.

Isovolumic ventricular
relaxation occurs.

Semilunar valve shuts,
preventing flow back
into ventricle.

Elastic recoil of arteries
sends blood forward into
rest of circulatory system.
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When the skeletal muscles

Valves in the
] compress the veins, they

veins prevent

backflow of /4 force blood toward the heart
blood. Valve (the skeletal muscle pump).
closed Valve — AU
open | (]
Valvej 5 "; Al

closed

S
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KEY A Blood
Stimulus yelums
|
<> Integrating center Ieails fo
(] Tissue response . Blood
O Systemic response preT‘.sure \Ao(W“
A triggers
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Fast \] N\gws Y Slow
response \V\O response

Compensation
piy Compensation

by kidneys

[ Vasodilation ] [* Cardiac output

L |

7~ | Excretion of fluid in urine;
v blood volume

v Blood
pressure
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| MEAN ARTERIAL |
BLOOD PRESSURE

is determined by
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l, l L l

| Blood volume l Effectiveness of ] Resistance | l Relative distribution
the heart as a pump | of the system of blood between
‘ (cardiac output) to blood flow @ arterial and venous

determined by | | blood vessels
| determined by . I
l l | determined by determined by
Fluid Fluid l l i l
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| 5 rate volume the arterioles of the veins
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(a) Active hyperemia

A Tissue
metabolism

v
[fRelease of metabolic vasodilators into ECFJ
\4
[ Arterioles dilate.]

Y

v Resistance ]
|

[ +i =

[ Blood flow matches metabolism. ]
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(b) Reactive hyperemia

y Tissue
blood flow due
to occlusion

.

[Metabolic vasodilators accumulate in ECF.]
|

[Arterioles dilate, but occlusion prevents blood flow}

7
Remove
occlusion
s N
v Resistance
_ Y,
Y
Ve N
A Blood flow
\_ Y,

Y

As vasodilators wash away, arterioles constrict
and blood flow returns to normal.
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Arteriole diameter is controlled by
tonic release of norepinephrine.

Norepinephrine
Sympathetic neuron a-receptor

Electrical signals<|—| BRI

from neuron z
Time

Tonic activity

Change in signal rate

} Norepinephrine release 1 Norepinephrine release
onto a-receptors onto a-receptors

s.

VLD
” Blood vessel :
Time constricts Time ’

Increased signal Decreased signal Blood vessel
rate rate dilates
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4%

4%

55 mL/100 g/min

70 mL/100 g/min

27%

Liver and

digestive

tract ﬁ

_20%

21%

100 mL/100 g/min

Kidneys

400 mL/100 g/min

| Skeletal
muscle |

5 mL/100 g/min

10 mL/100 g/min

Bone and

Jother tissues
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(a) Blood flow through four identical vessels (A-D) is equal. (b) When vessel B constricts, resistance of B increases and
Total flow into vessels equals total flow out. flow through B decreases. Flow diverted from B is divided
among the lower-resistance vessels A, C, and D.

A

1 L/min

2

‘ 11/, L/min

1 L/min

1 L/min

1 L/min

Total flow: 4 L/min
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(a) When precapillary sphincters are relaxed, blood flows
through all capillaries in the bed.

Arteriole

sphincters & '\
relaxed

Precapillary e _\/ 7 ‘ Capillaries
o v

(b) If precapillary sphincters constrict, blood flow bypasses
capillaries completely and flows through metarterioles.

Precapillary sphincters

Metarteriole
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(a) Continuous capillaries have leaky junctions. (b) Fenestrated capillaries have large pores.

Basement membrane

Endothelial cell

Nucleus

Basement
membrane (cut)

Endothelial cell junctions
allow water and small
dissolved solutes to pass. <

\_Transcytosis vesicles ®
Fenestrations @ : -—
or pores O Q
L
L]

. E"d.gg':;::: cell ‘ Transcytosis brings proteins Some vesicles may
Basement Transcytosis J Basement and macromolecules across fuse to create
membrane vesicles membrane endothelium. temporary channels.
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(a) Filtration in systemic capillaries

O Net pressure = hydrostatic pressure — colloid osmotic pressure :
P 3< H Hydrostatic pressure P,
cap mm g . -
forces fluid out of the capillary.

Tcap-25 mMm Hg | _ . | : Al — -ﬁg mg :g - CB lel—qus&A!‘

Colloid osmotic pressure of

‘ 7200
Liday iR teap = T T2> Feap roteins within apillary
i e s fluid into the capillary:

iy A
e AT e AR AT

‘ ’ - y W, Vi R Net absorption

Net flow out = 3 L/day

KEY

(b) Relationship between capillaries and lymph vessels Eaps Saplliary yorostatic pressure

« = Colloid osmotic pressure

The excess water and solutes tha
1 filter out of the capillary are picked

up by the lymph vessels and returngd
to the circulation.

-

& \
A
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(a) Filtration in systemic capillaries
Net pressure = hydrostatic pressure — colloid osmotic pressure

Hydrostatic pressure P,
Pcap 32 mm Hg forces fluid out of the capillary.

Tcap =25 mm Hg

- -25 mm Hg

P—

"‘H-ls mm Hg

Colloid osmotic

— I pressure of
Laiaigii il SR Eeap = 1 ap proteins within
- ' R O ! I the capillary

RS pulls fluid into
i o i DR AN A N the capillary.

Y Net absorption

Net flow out = 3 L/day

KEY
Pcap= Capillary hydrostatic pressure

w = Colloid osmotic pressure
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(b) Relationship between capillaries and lymph vessels

The excess water
and solutes that
. filter out of the
.| capillary are

‘| picked up by the
lymph vessels
and returned to
the circulation.
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Thoracic (left

Iympgirg;l?sl y Vm ph) duct
Right lymph ; “\Qé\‘\) Lymphatics of
duct 23?‘ upper limb
Thoracic — ¢ ¥
duct 'E,"\Z‘ﬁ ‘=;’!‘Y\ Axillary
Thymus Q? \f',:” 2 S lymph nodes
". bﬁ; Lymphatics of
Lumbar J!“ N mammary gland
Spleen
\

lymeh JORL

QYN ) 9\‘" . Pelvic
; / / _0‘/"" §g§27 lymph nodes
) 1 1% v@.;:.‘.’...‘s_ Inguinal

| //_/ A \, lymph nodes
Lymphatics 3

of lower limb \

\
M;M , Lymph empties into
the venous circulation.
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Sensor/receptor

<> Integrating center - E
| Efferent pathway
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neurons

'Parasympathetic 4

~ Medullary
cardiovascular
control

center

Change in
blood

pressure

» Carotid and aortic
baroreceptors
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Endothelial cells
Elastic connective tissue

LDL cholesterol accumulates between the
endothelium and connective tissue and is
oxidized.

Macrophages ingest cholesterol and
become foam cells.

Smooth muscle cells, attracted by macrophage
cytokines, begin to divide and take up
cholesterol.

A lipid core accumulates beneath the
endothelium.

Fibrous scar tissue cap forms to wall off
the lipid core.

Smooth muscle cells divide and contribute to
thickening of the intima.

Calcifications are deposited within the plaque.

Platelets that are exposed to collagen acitvate
and initiate a blood clot.

Macrophages may release enzymes that
dissolve collagen and convert stable plaques
to unstable plaques.
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Endothelial cells

Elastic connective
tissue

Smooth muscle cells
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LDL cholesterol accumulates
between the endothelium
and connective tissue and is
oxidized.

. /
i ¥ et
_ — f

—

Macrophages ingest
cholesterol and
become foam cells.

/
—2X. Smooth muscle cells,

attracted by macrophage
cytokines, begin to divide
and take upcholesterol.
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] A lipid core accumulates
(c) Stable fibrous plaque beneath the endothelium.

Fibrous scar tissue cap
forms to wall off the
lipid core.

Smooth muscle cells
divide and contribute to
thickening of the intima.

Calcifications are deposited
within the plaque.
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(d) Vulnerable plaque

= é’b/ Platelets that are exposed
N to collagen acitvate and

initiate a blood clot.

Macrophages may
release enzymes that
dissolve collagen
and convert stable
plaques to unstable
plaques.
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