The SA node generates electrical impulses much like those also increases with exercise, an adaptation that enable the
i I [: ™
produced by nerve cells. Because cardiac muscle cells are culatory system to provide the additional O, needeq by m&r
electrically coupled (by the intercalated disks between adjacent cles hard at work. iy

cells), impulses from the SA node spread rapidly through the
#Eoncept Check Sbuwe

walls of the atria, causing both atria to contract in unison
1. Some babies are born with a small hole between

(Figure 42.8). The impulses also pass to another region of
their left and right ventricles. Explain how, if ngy

specialized cardiac muscle tissue, a relay point called the
atrioventricular (AV) node, located in the wall between the

surgically corrected, this hole would affect the O,
content of the blood entering the systemic circyit

right atrium and right ventricle. Here the impulses are de-
layed for about 0.1 second before spreading to the walls of
the ventricles. The delay ensures that the atria empty com-
pletely before the ventricles contract. Specialized muscle from the heart.
fibers called bundle branches and Purkinje fibers then con- 2. Why is it important that the AV node of the heart
duct the signals to the apex of the heart and throughout the slow or delay the electrical impulse moving from the
ventricular walls. SA node and the atrial walls to the ventricles?

The impulses that travel through cardiac muscle during the For suggested answers, see Appendix 4
heart cycle produce electrical currents that are conducted
through body fluids to the skin, where the currents can be de-
tected by electrodes and recorded as an electrocardiogram

(ECG or EKG). S |
The SA node sets the tempo for the entire heart, but is in- stoncept:E |

- e o e e oo e

fluenced by a variety of physiological cues. Two sets of nerves ; o _ o
affect heart rate: one set speeds up the pacemaker, and the Phy51cal Pmc}l’les govern !
other set slows it down. Heart rate is a compromise regulated blOOd d_]_‘culatl()ll ‘

by the opposing actions of these two sets of nerves. The pace-
maker is also influenced by hormones secreted into the blood
by glands. For example, epinephrine, the “fight-or-flight”
hormone secreted by the adrenal glands, increases heart rate
(see Chapter 45). Body temperature is another factor that af-
fects the pacemaker. An increase of only 1°C raises the heart

Blood delivers nutrients and removes wastes throughout ap
animal’s body. These functions are made possible by the circy. N
latory system, a branching network of vessels similar in some e
ways to the plumbing system that delivers fresh water 10 a city
and removes the city’s wastes. The same physical principles

rate by about 10 beats per minute. This is the reason your that govern the operation of such plumbing systems also in- e
pulse increases substantially when you have a fever. Heart rate fluence the functioning of animal circulatory systems. jh
i D
R T R T S r**w—s'l _d = Blood Vessel Structure { o
, ; _ : }
[O@Facemaker ot D e O reataer 2 troughan | @nd Function E
Jfiii. signais [o contract, uentnles. The “infrastructure” of the circulatory sys- l *
tem consists of its network of blood ves- ! ’
: sels. All blood vessels are built of similar :
-1 tissues. The walls of both arteries and |
£ 1 veins, for instance, have three similar layers |
o/ (Figure 42.9). On the outside, a layerof 1
SA n;::de connective tissue with elastic fibers allows
' (pacemaker) purkinie the vessel to stretch and recoil. A middle |
fibers layer contains smooth muscle and more B
- elastic fibers. Lining the lumen o all .
| /}1 blood vessels, including capillaries, 1s ah 1
ECG & \J L/ ~— N~ N— endothelium, a single layer of flattencd |
. D S - ' cells that provides a smooth surface that
A Figure 42.8 The control of heart _rhythm. The gold portions of the graphs at the bottom  minimizes resistance to the flow of blood _
indicate the components of an electrocardiogram (ECG) corresponding to the sequence of Srauchiinal differences ‘correlate with

electrical events in the heart. In step 4, the black portion of the ECG to the right of the gold
“spike” represents electrical activity after the ventricles contract; during this phase, the ventricles
become electrically re-primed and thus able to conduct the next round of contraction signals. and capillaries. Capillaries lack th

. ‘ 3
the different functions of arteries, Vel
e WO
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A Figure 42.9 The structure of blood vessels. This micrograph (SEM) shows an

ariery next to a thinner-walled vein.

outer layers, and their very thin walls consist only of endo-
thelum and its basement membrane. This facilitates the ex-
change of substances between the blood and the interstitial
lud that bathes the cells. Arteries have thicker middle and
upter layers than veins. Blood flows through the vessels of the
ﬂri:u!atnry system at uneven speeds and pressures. The thicker
walls of arteries provide strength to accommodate blood
Mmped rapidly and at high pressure by the heart, and their
tasticity helps maintain blood pressure even when the heart
Eﬂxss between contractions, The thinner-walled veins con-
Elé’ﬂdlgﬂd back to the heart at low velocity and pressure.
oy whﬂwg through the veins mainly as a result of muscle ac-
ﬁ'ein;,- ;never you move, your skeletal muscles squeeze your
; llsszn push blood through them. Within large veins, flaps
o E[hm as one-way valves that allow blood to flow only
¢ heart (Figure 42.10).

loog Flow Velocity

Bloog
ravels : '
.., 2Vels over a thousand times faster in the aorta (about

Iy
The v:;EC.. On average) than in capillaries (about 0.026 cm/sec).
ﬂt&fﬁb;L{I‘[[}r. change follows from the law of continuity, which
the Uid movement through pipes. If a pipe’s diameter

iges -
Over its length, a fluid flows through narrower

.

_Directinn of blood flow
In vein (toward heart)

segments of the pipe faster than it flows through
wider segments. Since the volume of flow per
second must be constant through the entire
pipe, the fluid must flow faster as the cross-
sectional area of the pipe narrows (think of the
velocity of water squirted by a hose with and
without a nozzle).

Based on the law of continuity, you might
think that blood should travel faster through
capillaries than through arteries, because the di-
ameter of capillaries is very small. However, it is
the total cross-sectional area of capillaries that
determines flow rate. Each artery conveys blood
to such an enormous number of capillaries that
the total cross-sectional area is much greater in
capillary beds than in any other part of the cir-
culatory system. For this reason, the blood
slows substantially as it enters the arterioles
from arteries, and slows further still in the cap-
illary beds. Capillaries are the only vessels with
walls thin enough to permit the transfer of sub-
stances between the blood and interstitial fluid,
and the slower flow of blood through these tiny
vessels enhances this exchange. As blood leaves
the capillaries and enters the venules and veins,
it speeds up again as a result of the reduction
in total cross-sectional area (Figure 42.11. on
the next page).

Valve (open)

Skeletal muscle

Valve (closed)

A Figure 42.10 Blood flow in veins. Contracting skeletal

muscles squeeze the veins Flaps

way valves that keep blood movin onl
stand too long, g only toward

of tissue within the VeIns act as one-

the heart. If we sit or
the lack of muscular actiity causes our feet to swell

with stranded blood unable to return to the heart.
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Blood Pressure

Fluids exert a force called hydrostatic pressure again_st the 51_.11‘-
faces they contact, and it is that pressure that drives fluids
through pipes. Fluids flow from areas of higher pressure to
areas of lower pressure. The hydrostatic pressure that blﬂﬂ‘d
exerts against the wall of a vessel and that propels the blGDd.lS
called blood pressure. Blood pressure is much greater In
arteries than in veins and is highest in arteries when the heart
contracts during ventricular systole (systolic pressure; see
Figure 42.11).

When you take your pulse by placing your fingers on your
wrist, you can feel an artery bulge with each heartbeat. The
surge of pressure is partly due to the narrow openings of arte-
rioles impeding the exit of blood from the arteries. Thus,
when the heart contracts, blood enters the arteries faster than
it can leave, and the vessels stretch from the pressure. The
elastic walls of the arteries snap back during diastole, but
the heart contracts again before enough blood has flowed into
the arterioles to completely relieve pressure in the arteries. This

5,000
4,000
3,000
2,000
1,000

Area (cm?)

Velocity (cm/sec)
cocood88Y

Pressure (mm Hg)

Arteries |
Arterioles
Capillaries |

impedance by the arteriol?s is cal‘lc-:cl pErli(PhEml resistan
a consequence of the elastic arteries working againg ..

resistance, there 15 2 substantial blood PTESSuI?e even g
diastole (diastolic pressu‘re), and }Jloﬂd “onlinuoyg)y,
i"to arterioles and capillaries (see Figure 42.11), Aq sho,
Figure 42.12, the arterial blood pressure of a healthy 70
old human at rest oscillates between about 120 mp, Hg (

meters of mercury; a unit of pressure) at systole ang ;

70 mm Hg at diastole. . .
Blood pressure 1s determined partly by cardiac oulp,

pardy by peripheral resisance. Contracton of smg
cles in the walls of the arFEﬂDleS reduces the diameter,
tiny vessels, increases peripheral resistance, and theref
creases blood pressure upstream_m the. arteries, Whe
<mooth muscles relax, the arterioles dilate (increase
diameter). Consequently, blood tlow through the areyi,
creases and pressure in the arteries falls. Nerve Impulses
mones, and other signals control these arteriole wal] m,
Stress, either physical or emotional, can raise blood Pt
by triggering nervous and hormonal responses that ¢
blood vessels.

Cardiac output is adjusted in coordination with chg,
peripheral resistance. This coordination of regulatory y
nisms maintains adequate blood flow as the body’s demg,
the circulatory system change. During heavy exe rcise, for
ple, the arterioles in working muscles dilate. This respor
mits a greater flow of oxygen-rich blood to the muscles a
decreases peripheral resistance. By itself, this would cayse
in blood pressure (and therefore blood flow) in the boc
whole. However, cardiac output Increases, maintaining

pressure and supporting the necessary increase in blood |

In large land animals, another factor that affects bloo

sure is gravity. Besides the force needed to ov
resistance, additional
above the level

rise about 0.35
mands an extra
heart to expend
pumping challen
long necks, A st

ercome per
pressure 1s necessary to push
of the heart. In 3 standing human, bloo
m to get from the heart to the brain. T
27 mm Hg of pressure. which requi
MOre energy in its contraction cycl
ge 1s significantly greater for anima

blood anding giraffe. for example, needs to
©0d as much as 2.5 m ahgve the heart. That require:

;93 I'ﬂm Hgf)[ addltlonal b]_(}(}d prESS.uI_E in [he 1E[{ ve
Nd a giralfe’s normga] systolic pressure near the heart

» and blood
the arterioles and
al cross-sectional

D 3

1@ [cardiov




segments of the pipe faster than it flows through
wider segments. Since the volume of flow per
second must be constant through the entire
pipe, the fluid must flow faster as the cross-
sectional area of the pipe narrows (think of the
velocity of water squirted by a hose with and
without a nozzle).

Based on the law of continuity, you might
i think that blood should travel faster through

Basement

Y P membrane capillaries than through arteries, because the'd?-
f 1 i ameter of capillaries is very small. Hc_rwesjrer, it is
L/ ) Smooth the total cross-sectional area of capillaries that
| : ? muscle Smooth determines flow rate. Each artery conveys blood
. ) " Capillary ruscle : to such an enormous number of capillaries that
N j—_ EE;ECWE A Cunnective—{r- ' o ) o the total cross-sectional area is much greater in
‘ . tissue N !f;,. capillary beds than in any other part of the cir-
7 culatory system. For this reason, the blood
% vein ! slows substantially as it enters the arterioles

/

from arteries. and slows further still in the cap-
illary beds. Capillaries are the only vessels with

| 8.4 walls thin enough to permit the transfer of sub-
& stances between the blood and interstitial fluid,
Y X and the slower flow of blood through these tiny
\/ Venule £ vessels enhances this exchange. As blood leaves
t & i the capillaries and enters the venules and veins,

it speeds up again as a result of the reduction
A Figure 42.9 The structure of blood vessels. This micrograph (SEM) shows an in total cross-sectional area (Figure 42.11, on
artery next to a thinner-walled vein.

the next page).

'~ outer layers, and their very ' wulls consist only of endo-
: thelium and its basement m<: <£eane. This facilitates the ex-
change of substances betweesn the blood and the interstitial
-~ fuid that bathes the cells. Aiteries have thicker middle and Direction of blood flow
outer layers than veins. Blood flows through the vessels of the in vein (toward heart)
crculatory system at uneven speeds and pressures. The thicker
| walls of arteries provide strength 10 accommodate blood
pumped rapidly and at high pressure by the heart, and their
clasticity helps maintain blood pressure even when the heart
- Telaxes between contractions. The thinner-walled veins con-
| vey blood back to the heart at low velocity and pressure.
Eimd flows through the veins mainly as a result of muscle ac-
| "on whenever you move, your skeletal muscles squeeze your
- ‘tinsand push blood through them. Within large veins, flaps

:'“iSSUE act as one-way valves that allow blood to flow only
Ward the heart (Figure 42.10).

Valve (open)

Skeletal muscle

Valve (closed)

B ;
ood Flow Velocity
Bl
m”“d ravels over a thousand times faster in the aorta (about
ThCWSEC on average) than in capillaries (about 0.026 cm/sec). A Figure 42.10 Blood flow in veins. Contracting skeletal
N vElﬂcily change follows from the law of continuity, which muscles squeeze the veins. Flaps of tissue within the veins act as one-
eSCribeg fluid ‘ if 2 pipes di way valves that keep blood moving only toward the heart. It we sit or
chan, movemeni through pipes. 1l a pipes diameter stand too long, the lack of muscular activity causes our feet to swell
8% over its length, a fluid flows through narrower

with stranded blood unable to return to the heart.
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impedance by the arttric-_igs is cal}ed Periphery esi V
Blood Pressure 2 consequence of the elastic arteries working Againg lﬁflq;- ,
Eluids exert a force called hydrostatic pressure against the sur- resistance, there 15 2 EUbSLar}mal 311‘:1"51 :ressure Evznzh{ri
ids exe . : - _ "
fa:ea they contact, and it is that pressure that drives fluids diastole (_dlﬂf'm::g i‘;ﬁi‘::s ‘(::; Flgsfd;“?lmuﬂush. {&
through pipes. Fluids flow from areas of higher pressure to into arterioles 1 roenlal Bl Bt 1), oy,
| areas of lower pressure. The hydrostatic pressure that blnn.d Figure 4212, ' ™ oscillates between abou Ehﬁahh}, 2y,
exerts against the wall of a vessel and that propels the blood B old human at rest it of pressure) 0 mm Hy, I,:i—cl
| called blood pressure. Blood pressure is much greater 1n meters of Tﬂﬂm_ur}"l SYstole anq
-' arteries than in veins and is highest in arteries when the heart 70 mm Hg at dlﬂf‘l‘f’ €. od ot | i
| contracts during ventricular systole (systolic pressure; see Blood pres_sure is detérmme gﬂﬁ) }"cardmc Oty
i' Figure 42.11). partly by peripheral resnslan_cji. m;tracugn of smogy, :z
When you take your pulse by placing your fingers on your cles in the W_EUS of the mTETlU ET reduces the diame,, nIL: |
| wrist, you can feel an artery bulge with each heartbeat. The tiny vessels, increases peripheral resistance, anfi therefy,
I surge of pressure is partly due to the narrow openings of arte- creases blood pressure upstream. n lhE. arteries, Whe, [r
| rioles impeding the exit of blood from the arteries. Thus, smooth muscles relax, the arterioles dilate (increag, l}:
when the heart contracts, blood enters the arteries faster than diameter). Consequently, blood flow lhl‘ﬂugh the arterjg),,
it can leave, and the vessels stretch from the pressure. The creases and pressure in the arteries falls. Nerve Mpulses h ; |
elastic walls of the arteries snap back during diastole, but mones, and other signals control these arteriole yq)) mug.g;-;: A
the heart contracts again before enough blood has flowed into Stress, either physical or emotional, can raise blggg p[ﬂ; '
the arterioles to completely relieve pressure in the arteries. This by triggering nervous and hormonal responses that ’Cﬂﬂst;u; |

blood vessels. .
Cardiac output is adjusted in coordination with change . A

peripheral resistance. This coordination of IEgUlalnry Mk A A
nisms maintains adequate blood flow as the bodys deman sq | 1::1 EE rﬁ
the circulatory system change. During heavy exercise_ for S, nflat
ple, the arterioles in working muscles dilate. This respong ;. | ::3:::
mits a greater flow of oxygen-rich blood to the muscles ang s, 1
v decreases peripheral resistance. By itself, this would cause a g A Fi
g in blood pressure (and therefore blood flow) in the bod‘;asla sepal
= whole. However, cardiac output increases, maintawming bl
g pressure and supporting the necessary increase in blood flow | 101
2 In large land aninals, another factor that affects blood prs e
sure is gravity. Besides the force needed to overcome penpheri e
'. resistance, additional pressure is necessary to push blo bly
above the level of the heart. In a standing human, blood m S8
' rise about 0.35 m to get from the heart to the brain. This strl
mands an extra 27 mm Hg of pressure, which requires i l neg
;& o w—— q heart Tuﬂ EKEElﬂEl mO?E E.nf:lt'g‘}? 1N 1ts contraction rj'}‘cl; ZL . the
c 100 Systolic E pumping challenge s 51gn1hcanlly greater for animas F
£ 804 pressure 1 long necks. A standing giraffe, for example, needs to pumj fec
= 33 . Diastolic 3 : blood as much as 2.5 m above the heart. That require abul . en
g . 20 BT 3 190 mm Hg of additional blood pressure in the left verlnik of
s B " - and a giraffe’s normal systolic pressure near the hear 150";; th
E % § __% ﬂ'é ;E % 230 mm Hg. (Systolic pressure that high wguld be f{?i’:':F E
< £ &3 @ dangerous in a human.) Check valves and sinuses, 3 , & )
e o teedback mechanisms that reduce cardiac output, pre* EL:_E : ”E_
) = ,. high pressure from damaging the giraffe’s brain when ™ * oo tt
:EI':E;;E ;ﬁ:1 TI:_ intei'rrelath:;n;rip of blood flow its head to drink—a body position that causes blmd;;o p ]
» Cross-sectional area , | i
pressure. Blood ﬂnw_veincity decr:asea ;?k:;:sizltiﬁ::nir?c:;?:nd i{ﬂwnhlll Shoney 2 14 .['rclm e hff.am addlng iy mbr:am. Ph 4
's lowest in the capillaries, owing to an increase in total cross-sectional g of blood pressure in the arteries leading to the s !
area. Blood pressure, the main force driving blood from the heart to 1ologists speculate about blood pressure and cardio’ f :
the capillaries, is highest in the arteries.

im
. _ _ | cks @
adﬂplﬂtmns In dinosaurs—some of which had ne
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ical blood pressure reading for a 20-vear-
o ;Hg The units for these numbers are mnx nafr ol
i“;ct"? (Hg); 2 blood pressure of 120 is a force that

mé spport 3 column of mercury 120 mm high,

Pressure
in cuff
above 120

Rubber cuff | a4 1B 34

inflated : ;| 120

with air

O

‘'

Artery
closed

O The cuff is loosened further until the blood flows freely
through the artery and the sounds below the cuff
disappear. The pressure at this point is the diastolic
pressure remaining in the artery when the heart is relaxed.

Blood pressure
reading: 120/70

! Pressure Pressure
- in cuff - in cuff
Ir e \ | below 120 1| below 70
| | g1 120 ;
1 w70
r‘ﬂnﬁ‘
| /.
)4
Vo
¥ Sounds Sounds
audible in stop

stethoscope

£

§) A sphygmomanometer, an inflatable cuff attached
{0 a pressure gauge, measures blood pressure in an

artery. The cuff is wrapped around the upper arm and
nflated until the pressure closes the artery, so that no
blood flows past the cuff. When this occurs, the pressure
exerted by the cuff exceeds the pressure in the artery.

A Figure 42.12 Measurement 2
separated by a slash. The first number

10 m long, which would have required a systolic pressure of
nearly 760 mm Hg to pump blood to the brain when the head
was fully raised. But evidence indicates that dinosaurs proba-
bly did not have hearts pc}werf ul enough to generate such pres-
sures. Based on this analysis and on studies of neck-bone
structure, some biologists have concluded that the long-

necked dinosaurs fed close to the ground rather than raising

their head to feed on high foliage.

By the time blood reaches the veins,
lected much by the action of the heart. This is because the blpmd
encounters so much resistance as it passes through the millions
ol tiny arterioles and capillaries that the pressure generated by

the pumping heart has been dissipated and can no longer pro-
Pel the blood through the veins. How does blood return to the

I, especially when it must travel from the lower extremities

apai : : n
Bnst gravity? Rhythmic contractions of smooth muscles
: | men
¢ walls of venules and veins account for some move

,-jlht blood. More importantly, the activity of skeletal mu_scle_s
"Ng exercise squeezes blood through the veins (see Elgure
in pressure within the

-q.

12' 10). Also, when we inhale, the change

;Tﬂcic (chest) cavity causes the venae cavac and other large
'S near the heart to expand and fll with blood.

its pressure is not al-

t of

Generated -hy-CanrSeanne

€) A stethoscope is used to listen for sounds of blood flow below the cuff.
If the artery is closed, there is no pulse below the cuff. The cuff is gradually

deflated until blood begins to flow
pulsing into the artery below the cuff can be heard with the stethoscope.

This occurs when the blood pressure is greater than the pressure exerted by
the cuff. The pressure at this point is the systolic pressure.

into the forearm, and sounds from blood

§ blood pressure. Blood pressure is recorded as two numbers
s ihe systolic pressure; the second is the diastolic pressure.

Capillary Function

At any given time, only about 5-10% of the body’s capillaries
have blood flowing through them. However, each tissue has
many capillaries, so every part of the body is supplied with blood
at all times. Capillaries in the brain, heart, kidneys, and liver are
usually filled to capacity, but in many other sites, the blood sup-
ply varies over time as blood is diverted from one destination to
another. After a meal, for instance, blood supply to the digestive
tract increases. During strenuous exercise, blood is diverted
from the digestive tract and supplied more generously to skele-
tal muscles and skin. This is one reason that exercising heavily
immediately after eating a big meal may cause indigestion.

Two mechanisms regulate the distribution of blood in cap-
illary beds. Both depend on smooth muscles controlled by
nerve signals and hormones. In one mechanism, contraction
of the smooth muscle layer in the wall of an arteriole con-
stricts the vessel, reducing its diameter and decreasing blood
flow through it to a capillary bed. When the muscle layer
relaxes, the arteriole dilates. allowing blood to enter the capil-

In the other mechanism, rngs of smooth muscle—

laries.
ecause they are located al the

called precapillary sphincters b

er



‘hen release their contents by eXocylosis on the oPpo
Site

he flow of blood betweer * diffuse between the blood ang the ¢ %%
3}

fluid. Small olecules, such as O3 and CO,, diffys, ; ey,
dients across the endothelial cells Dﬂfmm o

entrance to capillary beds—control t
arterioles and venules (Figure 42.13).

As you have read, the critical exc centration gra

tween the blood and the interstitial fluid that lehES d.lﬁ cﬁl}; also occur through the cle[lsf between adjﬂimng cells. ;;D“ Q@

| dothelial walls of the capillaries. L these clefts occurs mainly b ey,
takes place across the thin en . othe < qeithislial cell in transport throug lood bicssure e l?: Y bg]k floy S
Some substances may be carried. across 47 ) o fluid pressure. Blood Pr n the capillap, . ¢ |

<ide of the cell and

. ' e | i nd small solutes suc Pugh,.
vesicles that form by endocytosis on on fluid (consisting of water a s such as SUgare .\

%
§

5 w10

¥ i

} 0,, and urea) through the capillary clefts. The Ot
T TR o 3 _ . : O
il - , | ment of this fluid causes a net 1055 of fluid from the m&a;
Precapillary sphincters IESE:?h are end of the Capiuﬂry near an artEI'IDIIE. Blood cells SUSpen, |
i blood and most proteins dissolved in the blood are 1, larc..-

> TR~ ) : thﬂhum d ] e |
o= pass readily t,hmugh the endo nd remain ip, the -

laries. The blood proteins re_:maining in the capillaries t}}

cially albumin, create approximately constant osmotjc Pms,g;

from the arteriole to the venule end of a capillary beq 1,

trast, blood pressure drops sharply. This difference be['-‘{t;

blood pressure and osmotic pressure drives fluids out of .y,

laries at the arteriole end and into capillaries at the veny .

(Figure 42.14). About 85% of the fluid that leaves the bl

the arterial end of a capillary bed reenters from the inters;;

fluid at the venous end, and the remaining 15% is ev Emua;{-;
il returned to the blood by the vessels of the lymphatic sysien |

Arteriole

(a) Sphincters relaxed

Fluid Return by the Lymphatic System

So much blood passes ihrough the capillaries that the cumul
tive loss of fluid adds 1p te about 4 L per day. There isalsosom
leakage of blood proterns, even though the capillary wall s |
very permeable to large molecules. The lost fluid and proters
return to the blood via the lymphatic system. Fluid entersts
| system by diffusing into tiny lymph capillaries interminge:
& | among capillaries of the cardiovascular system. Once s |
Arteriole : venule | lymphatic system, the fluid is called lymph; its compositon
about the same as that of interstitial fluid. The lymphatic /st

4 drains into the circulatory system near the junction of the ven
cavae with the right atrium (see Figure 43.5). .
Lymph vessels, like veins, have valves that prevent the hack
flow of fluid toward the capillaries. Rhythmic contractions
the vessel walls help draw fluid into lymphatic capillane L’JE‘T
like veins, lymph vessels depend mainly on the movement®
skeletal muscles to squeeze fluid toward the heart
Along a lymph vessel are organs called lymph nodes- ™
hiltering the lymph and attacking viruses and bactend u
nodes play an Important role in the bodys delense Insi
each lymph node is a honeycomb of connective US> "
spaces hlled by white blood cells specia]iZEd for dﬂ;ﬂi_-.
Wh.e n the body is fighting an infection, these cells ™ nﬁf’
: rapidly, and the lymph nodes become swollen a7 _wﬂls:
A Figure 42.13 Blood flow in capillary beds. Precapillary (which is why your doctor checks your neck -

sphincters regulate the passage of blood in | l
_ to capillary beds. Som ymph nodes w ' N
blood flows directly from arterioles to venules througw capillaries ?Ialled hen you feel sick). - qion &

Th ~ - fe
thoroughfare channels, which are always open. . Ellymphanc system helps defend against 10 pjo
maintains the volume and protein concentration © t
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(b) Sphincters contracted

ue with

(c) Capillaries and larger vessels (SEM)
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pluripotent stem cells may soon provide an effective Freatmer:_l
tor a number of human diseases. including leukemia. A pe

son with leukemia has a cancerous line of the stem cells th?t
produce leukocytes. The canceroys stem cells cmwdv out cells
that make erythrocytes and produce an unusually high num-
ber of leukocytes, many of which are abnormal. One experi-
mental treatment for leukemia involves removing pluripotent

stem cells from a patient. destroying the bone marrow, and re-
stocking it with floncancerous stem cells, As few as 30 of these
cells can completely repopulate the bone marrow,

se blood contains 3 self-sealing material that
plugs leaks. The sealant is always Présent in an inactive form

called fibrinogen. A clog lorms only when this plasma protein is

, fibrin, which aggregates into threads
of the clot. The clotting mechanism,

© The clotting process begins
when the endothelium of a
vessel is damaged, exposing
connective tissue in the
vessel wall to blood. Platelets
adhere to collagen fibers jn
the connective tissue and
release g substance that

Makes nearby platelets sticky.

e The platelets form a
plug that provides

€mergency protection
against blood Joss.

I
Platelet releases Chemicals P9
that make Nearby platelets sticky

Clotting factors from:
Platelets
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the clotting process causes hemnph}lla, a disegse ; rag;

by excessive bleeding fﬁmm €ven minor ¢y and by,
Anticlotting factors in the blood ng
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platelets clump and fibrin coagulates within , bloog "
blocking the flow of blood. Such a cly i called , lhrﬂml?::
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These potentially dangerous clots are more likely |, on
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individuals with cardiovascular disease. :
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Cardiovascular Disease

More than half the deaths in the United
cardiovascular diseases, disorders of

vessels. The tendency to develop cardiovascylar disease m-;__ !
herited to some extent, but lifestyle plays a larg

Nongenetic factors that Increase the risk of ca
problems include smoking, lack of €Xercise, a die

mal fat, and high concentrations of cholestero]

In the blogg
Cholesterol travels in the blood plasma mainly in the fyr,
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| Figure 42.18 Ather;scgernsis. These light micrographs contrast a cross section of (a) a
omal (healthy) artery Wi (b) an artery partially blocked by an atherosclerotic plaque. Plaques
stly of fibrous connective tissue and smooth muscle cells infiltrated with lipids.

mﬂijﬂf mo

d other lipids bound to a protein. One type of particle—
low-density lipoproteins (LDLs), often called the “bad
cholesterol —1s associated with the deposition of cholesterol
narterial plaques, growths that develop on the inner walls of
aeries. Another type—high-density lipoproteins (HDLs),
or “good cholesterol”—appears to reduce the deposition of
dolesterol. Exercise increases HDL concentration, whereas
smoking has the opposite effect on the LDL/HDL ratio.
Healthy arteries have smooth inner linings that promote
mimpeded blood flow. The deparition of cholesterol thickens
ind roughens this smooth linizg. A plaque forms at the site
ad becomes infiltrated with akious connective tissue and
«ill more cholesterol. Such plzgies narrow the bore of the

arery, leading to a chronic carinvascular disease known as
The rough lining of an ather-

atherosclerosis (Figure 42.9%;.
ssclerotic artery seems to encourage the adhesion of platelets,

rggering the clotting process and interfering with circulation.
Hypertension (high blood pressu re) promotes atherosclero-
ssand increases the risk of heart attack and stroke. Atheroscle-
nsistends to raise blood pressure by narrowing the vessels and
educing their elasticity. According to one hypothesis, chronic
!“Eh blood pressure damages the endothelium that lines arter-
&, promoting plaque formation. Fortunately, hypertension 5
Smple to diagnose and can usually be controlled by diet, exer-
s, medication, or a combination of these. A diastolic pressure
ove 90 may be cause for concern, and living with extreme
hﬂlenensmn__m% 200/120—is courting disaster.
h As atherosclerosis progresses, arteries become nart ower, and
: thrfﬂl of heart attack or stroke INCreases. There may be warn-

k |
"0Wn a5 angina pectoris. The pain is most likely to appear

"en the heary is laboring hard as a result of physical or emo-

i . .
" Slress, and it signals that part of the heart is not recetving

Toy |
lom glh O, However, many penplf: wil
Pletely unaware of their condition until catastrop

(b) Partly clogged artery

Generate

The final blow is usually a heart attack
or a stroke. A heart attack is the death of
cardiac muscle tissue resulting from pro-
longed blockage of one or more coronary
arteries, the vessels that supply oxygen-
rich blood to the heart. Because they are
small in diameter to begin wath, the coro-
nary arteries are particularly vulnerable.
Such blockage can destroy cardiac muscle
quickly, since the constantly beating heart
muscle cannot survive long without oxy-
gen. A stroke is the death of nervous tis-
sue in the brain, usually resulting from
rupture or blockage of arteries In the head.

Heart attacks and strokes frequently
result from a thrombus, or blood clot, that
clogs an artery. A key process leading to
the clogging of an artery by a thrombus is an inflammatory
response triggered by the accumulation of LDLs in the artery$s
inner lining. Such an inflammation, which is analogous to the
body’s response to a cut infected by bactena (see Figure 43.6),
can cause plaques to rupture, releasing fragments that form a
thrombus. The thrombus may originate in a coronary artery or
an artery in the brain, or it may develop elsewhere in the circu-
latory system and reach the heart or brain via the bloodstream.
The transported clot, called an embolus, is swept along until it
lodges in an artery too small for the clot to pass. An embolus 1s
more likely to become trapped in a vessel that has been nar-
rowed by plaques. The embolus blocks blood flow, and cardiac
or brain tissue downstream from the obstruction may die from
O, deprivation. If damage in the heart interrupts the conduc-
tion of electrical impulses through cardiac muscle, heart rate
may change drastically or the heart may stop beating altogether.
Still, the victim may survive if a heartbeat is restored by cardio-
pulmonary resuscitation (CPR) or some other emergency proce-
dure within a few minutes of the attack. The effects of a stroke
and the individual’s chance of survival depend on the extent and

location of the damaged brain tissue.

@€ oncept Check dovids

1. About how many red blood cells does the bone mar-
row of 2 human produce per day, assuming a total
red blood cell count of 25 trillion (2.5 X 10"%) and
an average longevity of 4 months for the cells?

2. Explain why a physician might order a white-cell
count for a patient with symptoms of an infection.

3. How can a few dozen transplanted bone marrow
stem cells replace the wide variety of cells that occur

in bone marrow?

For suggested answers, see Appendix A.
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