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Praise for the
 
Manga Guide
 series
“Highl
y r
ec
ommended.”
—
choice
 
ma
g
a
zine
 
on
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
d
a
t
a
b
a
s
e
s
“The 
M
a
ng
a
G
u
i
de
s
 definit
el
y ha
ve a pl
ac
e on m
y bookshel
f
.”
—
smithsonian
 
ma
g
a
zine
“The ar
t
 is charming a
nd the hu
mor
 engaging. 
A
 f
u
n a
nd f
airl
y painl
es
s l
es
son on wha
t
 
ma
n
y c
onsider
 t
o be a l
es
s-tha
n-thrill
ing subject.”
—
school
 
libr
ar
y
 
journal
 
on
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
s
t
a
t
i
s
t
i
c
s
“S
timul
us f
or
 the next
 g
ener
a
tion of scientis
ts.”
—
scientific
 
c
ompu
ting
 
on
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
m
o
l
e
c
u
l
a
r
 
b
i
o
l
o
g
y
“The series is c
onsis
t
ent
l
y good. 
A
 gr
e
a
t
 w
a
y t
o intr
oduc
e kids t
o the w
onder
 a
nd v
as
tnes
s of 
the c
osmos.”
—
disc
o
ver
y
.
c
om
 
“
A
b
sol
ut
el
y a
mazing f
or
 t
e
aching c
ompl
ex ide
as a
nd
 
theories . . . ex
c
ell
ent
 primer
s f
or
 serious s
t
ud
y of ph
ysics
 
t
opics.”
—
physics
 
t
od
a
y
 
on
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
p
h
y
s
i
c
s
“
A
 gr
e
a
t
 fit
 of f
orm a
nd subject. R
ec
ommended.”
—
o
t
ak
u
 
usa
 
ma
g
a
zine
 
on
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
p
h
y
s
i
c
s
“I f
ou
nd the c
ar
t
oon a
ppr
oach of this book
 so c
ompell
ing 
a
nd its s
t
or
y so ende
aring tha
t
 I r
ec
ommend tha
t
 e
ver
y 
t
e
acher
 of intr
oduct
or
y ph
ysics, in both high school a
nd 
c
oll
eg
e, c
onsider
 using it.”
—
americ
an
 
journal
 
of
 
physics
 
on
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
p
h
y
s
i
c
s
“This is r
e
a
ll
y wha
t
 a good ma
th t
ext
 shoul
d be l
ik
e. Unl
ik
e 
the majorit
y of books on subjects l
ik
e s
t
a
tis
tics, it
 doesn
’t
 
jus
t
 pr
esent
 the ma
t
eria
l as a dr
y series of point
l
es
s-
se
eming f
ormul
as. It
 pr
esents s
t
a
tis
tics as something 
f
un
 
a
nd something enl
ight
ening.”
—
good
 
ma
th
, 
b
ad
 
ma
th
 
on
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
s
t
a
t
i
s
t
i
c
s
“
A
 singl
e t
or
t
ur
ed cr
y will esc
a
pe the l
ips of e
ver
y thir
t
y-
something biochem major
 who se
es 
T
h
e M
a
n
g
a G
u
i
d
e t
o 
M
o
lec
u
l
a
r
B
i
o
l
o
g
y
: ‘Wh
y
, oh wh
y c
oul
d
n
’t
 this ha
ve be
en 
writ
t
en when I w
as in c
oll
eg
e
?’”
—
the
 
san
 
fr
ancisc
o
 
ex
aminer
Wo
w!
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“
A
 l
ot
 of f
u
n t
o r
e
ad. 
The int
er
actions betw
e
en the char
act
er
s ar
e l
ighthe
ar
t
ed, a
nd the 
whol
e set
ting has a sor
t
 of q
uir
kines
s about
 it
 tha
t
 mak
es y
ou k
e
ep r
e
ading jus
t
 f
or
 the jo
y 
of it.”
—
ha
ckad
a
y
 
on
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
e
l
e
c
t
r
i
c
i
t
y
“The 
M
a
n
g
a G
u
i
d
e t
o D
a
t
a
b
a
s
e
s
 w
as the mos
t
 enjo
y
abl
e t
ech book
 I’ve e
ver
 r
e
ad.”
—
rikki
 
kite
, 
linu
x
 
pro
 
ma
g
a
zine
“
T
h
e M
a
n
g
a G
u
i
d
e t
o E
l
e
c
t
r
i
c
i
t
y
 mak
es ac
c
es
sibl
e a ver
y intimida
ting subject, l
et
ting the 
r
e
ader
 ha
ve f
u
n whil
e s
till del
ivering the goods.”
—
geekd
ad
“If y
ou w
a
nt
 t
o intr
oduc
e a subject
 tha
t
 kids w
oul
d
n
’t
 norma
ll
y be ver
y int
er
es
t
ed in, give it
 
a
n a
musing s
t
or
yl
ine a
nd wr
a
p it
 in c
ar
t
oons.”
—
make
 
on
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
s
t
a
t
i
s
t
i
c
s
“
A
 cl
e
ver
 bl
end tha
t
 mak
es r
el
a
tivit
y e
asier
 t
o think
 about—e
ven if y
ou’r
e no Eins
t
ein.”
—
s
t
a
r
d
a
t
e
, 
u
n
i
v
e
r
s
i
t
y
 
o
f
 
t
e
x
a
s
, 
o
n
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
r
e
l
a
t
i
v
i
t
y
“This book
 does exact
l
y wha
t
 it
 is supposed t
o: off
er
 a f
u
n, int
er
es
ting w
a
y t
o l
e
arn c
a
lcul
us 
c
onc
epts tha
t
 w
oul
d other
wise be extr
emel
y bl
a
nd t
o memoriz
e.”
—
d
ail
y
 
te
ch
 
on
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
c
a
l
c
u
l
u
s
“Scientific
a
ll
y sol
id . . . ent
er
t
ainingl
y biz
ar
r
e.”
—
chad
 
orzel
, 
sciencebl
og
s
, 
on
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
r
e
l
a
t
i
v
i
t
y
“Mak
es it
 pos
sibl
e f
or
 a 10-ye
ar-ol
d t
o de
vel
op a dec
ent
 w
or
king kno
wl
edg
e of a subject
 
tha
t
 sends mos
t
 c
oll
eg
e s
t
udents r
u
nning f
or
 the hills.”
—
skep
ticbl
og
 
on
 
t
h
e
 
m
a
n
g
a
 
g
u
i
d
e
 
t
o
 
m
o
l
e
c
u
l
a
r
 
b
i
o
l
o
g
y
“
T
h
e M
a
n
g
a G
u
i
d
e t
o t
h
e U
n
i
v
e
r
s
e
 does a
n ex
c
ell
ent
 job of addr
es
sing some of the bigg
es
t
 
scienc
e q
ues
tions out
 ther
e, expl
oring both the his
t
or
y of c
osmol
ogy a
nd the main riddl
es 
tha
t
 s
till cha
ll
eng
e ph
ysicis
ts t
oda
y
.”
—
abou
t
.
c
om
“
T
h
e M
a
n
g
a G
u
i
d
e t
o C
a
l
c
u
l
u
s
 i
s a
n e
n
t
e
r
t
a
i
n
i
n
g c
o
m
i
c w
i
t
h c
o
l
o
r
f
u
l c
h
a
r
a
c
t
e
r
s a
n
d a f
u
n 
s
t
r
a
t
e
g
y t
o t
e
a
c
h i
t
s r
e
a
d
e
r
s c
a
l
c
u
l
u
s
.
”
—
d
r
. 
d
o
b
b
’
s
 


T
h
e M
a
n
g
a G
u
i
d
e
™
to
P
h
y
s
i
o
l
o
g
y
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t
s
u
r
o T
a
n
a
k
a
, 
 
K
e
i
k
o K
o
y
a
m
a
, a
n
d 
 
B
e
c
o
m C
o
.
, 
L
t
d
.


T
h
e M
a
n
g
a G
u
i
d
e t
o P
h
y
s
i
o
l
o
g
y
.
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T
a
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o
y
a
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h
e J
a
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a
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s
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i
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i
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a
l
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M
a
n
g
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a
k
a
r
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i
s
o
s
e
i
r
i
g
a
k
u
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u
b
l
i
s
h
e
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h
m
s
h
a
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L
t
d
. o
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o
k
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p
a
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E
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o 
T
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T
h
i
s E
n
g
l
i
s
h e
d
i
t
i
o
n i
s c
o
-
p
u
b
l
i
s
h
e
d b
y N
o S
t
a
r
c
h P
r
e
s
s
, I
n
c
. a
n
d O
h
m
s
h
a
, L
t
d
.
A
l
l r
i
g
h
t
s r
e
s
e
r
v
e
d
. N
o p
a
r
t o
f t
h
i
s w
o
r
k m
a
y b
e r
e
p
r
o
d
u
c
e
d o
r t
r
a
n
s
m
i
t
t
e
d i
n a
n
y f
o
r
m o
r b
y a
n
y m
e
a
n
s
, e
l
e
c
t
r
o
n
i
c o
r m
e
c
h
a
n
i
-
c
a
l
, i
n
c
l
u
d
i
n
g p
h
o
t
o
c
o
p
y
i
n
g
, r
e
c
o
r
d
i
n
g
, o
r b
y a
n
y i
n
f
o
r
m
a
t
i
o
n s
t
o
r
a
g
e o
r r
e
t
r
i
e
v
a
l s
y
s
t
e
m
, w
i
t
h
o
u
t t
h
e p
r
i
o
r w
r
i
t
t
e
n p
e
r
m
i
s
s
i
o
n o
f 
t
h
e c
o
p
y
r
i
g
h
t o
w
n
e
r a
n
d t
h
e p
u
b
l
i
s
h
e
r
. 
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o
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d
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e
v
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l
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m
e
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t
a
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d
i
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r
s
: L
i
z C
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a
d
w
i
c
k
, S
e
p
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r
a
m
e
r
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n
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y
l
e
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r
t
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a
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T
r
a
n
s
l
a
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r
n
i
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u
s
o
f
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T
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h
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a
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e
v
i
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w
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l
i
s
h
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a
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w
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l
l
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a
n
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V
i
n
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g
u
y
e
n
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n
d K
e
v
i
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e
i
t
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C
o
p
y
e
d
i
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r
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l
e
m
i
n
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d
i
t
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a
l S
e
r
v
i
c
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o
m
p
o
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a
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e
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C
h
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f
r
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t
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c
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x
e
r
: B
I
M I
n
d
e
x
i
n
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r
o
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n
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r
v
i
c
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p
e
n
e
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l
l
u
s
t
r
a
t
i
o
n
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o
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h
a
p
t
e
r
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, 7
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n
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e
s
i
g
n
e
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r
e
e
p
i
k
.
F
o
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f
o
r
m
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o
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n d
i
s
t
r
i
b
u
t
i
o
n
, t
r
a
n
s
l
a
t
i
o
n
s
, o
r b
u
l
k s
a
l
e
s
, p
l
e
a
s
e c
o
n
t
a
c
t N
o S
t
a
r
c
h P
r
e
s
s
, I
n
c
. d
i
r
e
c
t
l
y
:
N
o S
t
a
r
c
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r
e
s
s
, I
n
c
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2
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5 8
t
h S
t
r
e
e
t
, S
a
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r
a
n
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i
s
c
o
, C
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p
h
o
n
e
:
4
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5
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8
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9
9
0
0
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i
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o
@
n
o
s
t
a
r
c
h
.
co
m


;



h
t
t
p
:
/
/
w
w
w
.
n
o
s
t
a
r
c
h
.
co
m


/
L
i
b
r
a
r
y
o
f
C
o
ng
r
es
s
Ca
t
al
o
g
i
ng
-
i
n
-
P
u
b
l
ic
a
t
i
o
n
D
a
t
a
T
an
a
k
a
,
E
t
s
ur
o
.
  [
M
a
n
g
a d
e w
a
k
a
r
u k
i
s
o
s
e
i
r
i
g
a
k
u
. E
n
g
l
i
s
h
]
  T
h
e m
a
n
g
a g
u
i
d
e t
o p
h
y
s
i
o
l
o
g
y / b
y E
t
s
u
r
o T
a
n
a
k
a
, K
e
i
k
o K
o
y
a
m
a
, a
n
d B
e
C
o
m C
o
.
, L
t
d
.
       p
a
g
e
s c
m
I
n
c
l
u
de
s
i
n
de
x
.
  S
u
m
m
a
r
y
: “
A g
u
i
d
e t
o h
u
m
a
n p
h
y
s
i
o
l
o
g
y t
h
a
t c
o
m
b
i
n
e
s J
a
p
a
n
e
s
e
-
s
t
y
l
e m
a
n
g
a c
a
r
t
o
o
n
s w
i
t
h e
d
u
c
a
t
i
o
n
a
l c
o
n
t
e
n
t
. T
o
p
i
c
s 
i
n
c
l
u
d
e t
h
e c
i
r
c
u
l
a
t
o
r
y s
y
s
t
e
m
, r
e
s
p
i
r
a
t
o
r
y o
r
g
a
n
s
, d
i
g
e
s
t
i
v
e s
y
s
t
e
m
, a
n
d t
h
e b
r
a
i
n a
n
d n
e
r
v
o
u
s s
y
s
t
e
m
, a
s w
e
l
l a
s c
o
n
c
e
p
t
s l
i
k
e 
g
e
n
e
s
, r
e
p
r
o
d
u
c
t
i
o
n
, a
n
d t
h
e e
n
d
o
c
r
i
n
e s
y
s
t
e
m
”
-
- P
r
o
v
i
d
e
d b
y p
u
b
l
i
s
h
e
r
.
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.  H
u
m
a
n p
h
y
s
i
o
l
o
g
y
-
-
C
o
m
i
c b
o
o
k
s
, s
t
r
i
p
s
, e
t
c
. 2
.  G
r
a
p
h
i
c n
o
v
e
l
s
.  I
. K
o
y
a
m
a
, K
e
i
k
o
. I
I
. B
e
C
o
m C
o
. I
I
I
. T
i
t
l
e
.
Q
P3
4
.
5
.
T
3
6
3
1
8
20
1
6
6
1
2-
-
d
c
2
3
2
0
1
5
0
30
9
11
N
o S
t
a
r
c
h P
r
e
s
s a
n
d t
h
e N
o S
t
a
r
c
h P
r
e
s
s l
o
g
o a
r
e r
e
g
i
s
t
e
r
e
d t
r
a
d
e
m
a
r
k
s o
f N
o S
t
a
r
c
h P
r
e
s
s
, I
n
c
. O
t
h
e
r p
r
o
d
u
c
t a
n
d c
o
m
p
a
n
y 
n
a
m
e
s m
e
n
t
i
o
n
e
d h
e
r
e
i
n m
a
y b
e t
h
e t
r
a
d
e
m
a
r
k
s o
f t
h
e
i
r r
e
s
p
e
c
t
i
v
e o
w
n
e
r
s
. R
a
t
h
e
r t
h
a
n u
s
e a t
r
a
d
e
m
a
r
k s
y
m
b
o
l w
i
t
h e
v
e
r
y 
o
c
c
u
r
r
e
n
c
e o
f a t
r
a
d
e
m
a
r
k
e
d n
a
m
e
, w
e a
r
e u
s
i
n
g t
h
e n
a
m
e
s o
n
l
y i
n a
n e
d
i
t
o
r
i
a
l f
a
s
h
i
o
n a
n
d t
o t
h
e b
e
n
e
f
i
t o
f t
h
e t
r
a
d
e
m
a
r
k 
o
w
n
e
r
, w
i
t
h n
o i
n
t
e
n
t
i
o
n o
f i
n
f
r
i
n
g
e
m
e
n
t o
f t
h
e t
r
a
d
e
m
a
r
k
.
T
h
e i
n
f
o
r
m
a
t
i
o
n i
n t
h
i
s b
o
o
k i
s d
i
s
t
r
i
b
u
t
e
d o
n a
n “
A
s I
s
” b
a
s
i
s
, w
i
t
h
o
u
t w
a
r
r
a
n
t
y
. W
h
i
l
e e
v
e
r
y p
r
e
c
a
u
t
i
o
n h
a
s b
e
e
n t
a
k
e
n i
n 
t
h
e p
r
e
p
a
r
a
t
i
o
n o
f t
h
i
s w
o
r
k
, n
e
i
t
h
e
r t
h
e a
u
t
h
o
r
s n
o
r N
o S
t
a
r
c
h P
r
e
s
s
, I
n
c
. s
h
a
l
l h
a
v
e a
n
y l
i
a
b
i
l
i
t
y t
o a
n
y p
e
r
s
o
n o
r e
n
t
i
t
y w
i
t
h 
r
e
s
p
e
c
t t
o a
n
y l
o
s
s o
r d
a
m
a
g
e c
a
u
s
e
d o
r a
l
l
e
g
e
d t
o b
e c
a
u
s
e
d d
i
r
e
c
t
l
y o
r i
n
d
i
r
e
c
t
l
y b
y t
h
e i
n
f
o
r
m
a
t
i
o
n c
o
n
t
a
i
n
e
d i
n i
t
.
A
l
l c
h
a
r
a
c
t
e
r
s i
n t
h
i
s p
u
b
l
i
c
a
t
i
o
n a
r
e f
i
c
t
i
t
i
o
u
s
, a
n
d a
n
y r
e
s
e
m
b
l
a
n
c
e t
o r
e
a
l p
e
r
s
o
n
s
, l
i
v
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p
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c
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t
a
i
n a
n
d t
e
a
m 
m
e
m
b
e
r
s.
T
h
e c
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b
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r b
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A
l
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h
e c
o
a
c
h 
i
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i
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t
e
n
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n
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o
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i
n
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t
r
u
c
t
i
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f
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o
m
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n
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a d
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h
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u
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e c
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t
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t
e
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h
e o
w
n
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s t
h
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b
r
a
i
n
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T
h
e c
o
a
c
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h
e 
s
i
noa
t
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a
l
no
d
e
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h
e c
a
p
t
a
i
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h
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t
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u
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h
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n
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t
r
u
c
t
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o
n
s f
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o
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h
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c
a
p
t
a
i
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r
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a
n
s
m
i
tt
e
d t
h
r
o
u
g
h t
h
e 
b
u
n
d
l
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le
f
t
b
u
n
d
le
b
r
a
n
c
h
 
o
r 
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g
h
t b
u
n
d
l
e b
r
a
n
c
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u
r
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e
f
i
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r
s
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h
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e
a
m m
e
m
b
e
r
s a
r
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th
e
 
m
y
o
c
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r
d
i
u
m
. 
O
w
ne
r
Br
a
i
n
S
i
no
a
t
r
i
a
l
no
d
e
B
u
n
dl
e
o
f
 
H
i
s
Ri
g
ht
b
u
n
dl
e
b
r
an
c
h
L
e
f
t 
b
u
n
dl
e
b
r
an
c
h
P
ur
k
i
n
je
fi
b
e
r
s
Br
a
i
n
S
i
no
at
r
i
a
l
N
o
de
A
t
r
io
{
ve
nt
r
i
c
u
l
a
r
N
o
de
M
y
o
c
ar
d
i
u
m
h
u
h?
G
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T
o
d
a
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th
e
d
ay
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K
ee
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p t
h
e 
p
re
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u
re
!
L
e
t
’s d
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th
i
s
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h
e b
r
a
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t
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c
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c
a
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i
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h
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c
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h
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t
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u
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o t
h
e 
a
t
r
i
o
v
e
n
t
r
i
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a
r
n
o
d
e
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d t
h
e
n 
f
i
n
a
ll
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o t
h
e 
m
yo
c
a
r
d
i
a
l
c
e
ll
s
.
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T
h
e C
i
r
c
u
l
a
t
o
r
y 
s
y
s
t
e
m
s
o t
h
e r
h
y
t
h
m 
i
n
s
t
r
u
c
t
i
on
s
a
r
e t
r
a
n
s
m
i
tt
e
d 
i
n t
h
i
s w
a
y
, 
a
n
d t
h
e h
e
a
r
t 
c
o
n
t
r
a
c
ts
.
y
o
u kn
o
w
.
.
.
R
e
a
lly
?
W
e
ll 
t
h
e
n
...
y
o
u
'
v
e
i
n
s
p
i
r
e
d m
e 
t
o c
o
n
t
i
n
u
e 
o
n t
o 
e
l
e
ct
r
o
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c
a
rd
i
o
g
r
a
ms
a
n
d h
e
a
r
t 
m
o
v
e
m
e
n
ts
.
A
n e
l
e
c
t
r
o
c
a
r
d
i
o
g
r
a
m 
i
s a r
e
c
o
r
d
i
n
g o
f 
e
l
e
ct
r
i
c
a
l
a
ct
i
v
i
t
y
a
s i
t p
a
ss
e
s t
h
r
o
u
g
h 
t
h
e h
e
a
r
t
.
R
i
g
h
t?
T
h
a
t
’
s
r
i
g
h
t.
E
v
e
r
yo
n
e
 
h
a
s s
ee
n 
 
th
i
s
s
h
a
p
e
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u
e
a
k
 
sq
u
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a
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n
 
th
o
u
g
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I
’
m t
h
e f
i
r
s
t 
p
e
r
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o
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l
i
s
t
e
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h
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s
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l
e
c
t
u
r
e
s
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 t
h
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n
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I
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m g
e
tt
i
n
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r
e
a
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e
n
s
e o
f 
w
h
a
t
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u
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r
e
t
e
a
c
h
ing
 
m
e
.
h
eart movements 
 
and w
a
veforms


[image: background image]
L
e
t
’
s co
n
s
i
d
e
r 
t
h
e r
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b
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h
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l
e
c
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i
c
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ti
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h
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r
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 c
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a
r
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n
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d f
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o t
h
e a
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u
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g t
h
e l
e
f
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n
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i
g
h
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a t
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n
t
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a
c
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T
h
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t m
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t
h
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i
g
h
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t
h
e
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e
s
t
b
u
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p.
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h
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t
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g
h
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n
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th
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c
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c
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f t
h
e a
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e b
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i
n t
h
e a
t
r
i
a t
o t
h
e 
v
e
n
t
r
ic
l
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T
h
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p
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c
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c
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s f
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c
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e b
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, l
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e b
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b
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e l
e
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p
le
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c
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d t
h
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b
l
oo
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s s
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t t
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t
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t
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d t
h
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pu
l
m
o
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c
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h
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n t
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b
e
r
, i
f y
o
u 
w
a
n
t t
o h
e
l
p 
p
a
t
i
e
n
t
s a
n
d p
u
t 
y
o
u
r kn
o
w
l
e
d
g
e 
o
f p
h
y
s
i
o
l
o
g
y t
o 
u
s
e
, i
t w
i
ll t
a
k
e 
m
o
r
e t
h
a
n j
u
s
t 
m
e
m
o
r
i
z
a
t
i
o
n
. 
y
o
u 
a
l
s
o h
a
v
e t
o s
ee 
t
h
e bi
gg
e
r p
i
c
t
u
r
e 
a
nd
und
e
r
s
t
a
nd
h
o
w e
a
c
h p
a
r
t 
r
e
l
a
t
e
s t
o 
e
v
er
y
t
h
i
n
g
e
l
se
!
R
i
g
h
t 
ve
nt
r
i
c
l
e
L
e
f
t 
ve
nt
r
i
c
l
e
E
le
c
t
r
o
{
c
ar
d
i
o
g
r
am
V
a
l
v
e
s
cl
o
se
Ve
n
t
r
i
c
l
e
s
r
el
a
x
G
o
t
i
t!
R
i
g
h
t 
a
t
r
iu
m
L
e
f
t 
a
t
r
iu
m


[image: background image]
2
1
I
 t
h
i
n
k 
I
 g
o
t 
a
ll
t
h
a
t
….
h
ey
K
u
m
i
k
o
!
D
i
d y
o
u 
h
e
a
r?
y
o
u
’
r
e o
u
r 
d
e
pa
r
t
m
e
n
t
'
s
r
e
p
r
e
s
e
n
t
a
t
i
v
e f
o
r 
th
e
m
a
r
a
th
o
n
r
a
c
e
.
O
b
v
i
o
u
s p
i
c
k
, 
r
i
g
h
t?
y
o
u
'
r
e t
h
e o
n
l
y 
p
e
r
s
o
n w
i
t
h t
r
a
c
k 
a
n
d
f
ie
l
d
e
x
p
e
r
ien
c
e
.
C
o
m
e o
n
, 
I
’
v
e g
o
t t
o 
s
t
u
d
y f
o
r 
m
y e
x
a
m
!
W
h
at
?
!


[image: background image]
2
2
 
C
h
a
p
t
e
r 1
 
T
h
e C
i
r
c
u
l
a
t
o
r
y 
s
y
s
t
e
m
Even More About The Circula
t
ory 
s
ystem!
The cir
cul
a
t
or
y s
ys
t
em c
onsis
ts of the or
ga
ns tha
t
 cir
cul
a
t
e bl
ood, l
ymph, a
nd other
 fl
uids 
thr
oughout
 the bod
y
. 
The he
ar
t, bl
ood ves
sels, a
nd l
ymph nodes tr
a
nspor
t
 o
xyg
en, nutri
-
ents, hormones, a
nd the l
ik
e t
o tis
sues within the bod
y whil
e a
t
 the s
a
me time ga
thering 
w
as
t
e pr
oducts f
r
om v
arious par
ts of the bod
y
.
L
et’
s l
e
arn mor
e about
 ho
w the cir
cul
a
t
or
y s
ys
t
em w
or
ks. 
electrical activity in the heart
The muscl
e tha
t
 f
orms the w
a
lls of the he
ar
t
 c
ontr
acts when it
 r
ec
eives el
ectric
a
l s
timul
i. 
The
 
impulse c
onduction s
ys
t
em, sho
wn in F
igur
e 1-1, c
auses this c
ontr
action t
o oc
cur
.
F
igur
e 1-1: F
l
o
w of t
he impuls
e c
onduction s
ys
t
em
S
timul
i trigg
er
ed f
r
om the 
sinoa
tria
l nod
e
 
u
 spr
e
ad l
ik
e w
a
ves thr
ough the entir
e 
a
tria, c
ausing the a
tria t
o c
ontr
act. 
The s
timul
i r
e
ach the 
a
trio
ventric
ul
ar
 nod
e
 
v
, which 
is l
oc
a
t
ed betw
e
en the l
ef
t
 a
nd right
 a
tria, a
nd ar
e tr
a
nsmit
t
ed t
o the 
bu
ndl
e of His
 
w
. 
The bu
ndl
e of His is divided int
o tw
o br
a
nches 
x
, the 
l
ef
t
 bu
ndl
e br
a
nch
 a
nd 
right
 bu
ndl
e 
br
a
nch
. 
The l
ef
t
 bu
ndl
e br
a
nch a
nd right
 bu
ndl
e br
a
nch ar
e f
ur
ther
 divided int
o nu
mer
-
ous finer
 br
a
nches in the l
ef
t
 a
nd right
 ventricl
es, r
espectivel
y
. 
These finer
 br
a
nches ar
e 
the 
P
ur
kinje fiber
s
 
y
. 
The impulse c
onduction s
ys
t
em r
esides in specia
l
iz
ed muscl
e tis
sue 
c
a
ll
ed 
c
ar
diac muscl
e
, or
 
m
y
oc
ar
diu
m
. 
Tha
t’
s right. It
 g
ener
a
t
es 60 t
o 80 s
timul
i per
 minut
e, e
ven if it
 r
ec
eives no ins
tr
uctions 
f
r
om the c
entr
a
l ner
v
ous s
ys
t
em. In other
 w
or
ds, the sinoa
tria
l node g
ener
a
t
es the norma
l 
he
ar
t
 r
a
t
e a
nd ther
eb
y acts as the he
ar
t’
s na
t
ur
a
l pac
emak
er
.
S
timul
i ar
e a
lso g
ener
a
t
ed b
y other
 c
ar
diac fiber
s, such as those in the a
trio
ventricul
ar
 
node. H
o
w
e
ver
, the sinoa
tria
l node norma
ll
y c
ontr
ols the he
ar
t
 r
a
t
e bec
ause it
 dischar
g
es
 
s
timul
i f
as
t
er
 tha
n does a
n
y other
 par
t
 of the he
ar
t. If the sinoa
tria
l node ma
l
f
u
nctions, the
 
The sinoa
tria
l node aut
oma
tic
a
ll
y g
ener
a
t
es the s
timul
i, right?
●
❶
●
❷
●
❸
●
●
❹
●
●
❺
Sinoatrial node
Purkinje fibers
Atrioventricular node
Left bundle branch
Right bundle branch
Bundle of His
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h
o
w a
n E
l
e
c
t
r
oc
a
r
d
i
o
g
r
a
m w
o
r
k
s
 
2
3
a
trio
ventricul
ar
 node bec
omes the pac
emak
er
 in its ab
senc
e. B
ut
 sinc
e the a
trio
ventricu
-
l
ar
 node g
ener
a
t
es s
timul
i a
t
 a sl
o
w
er
 pac
e, the he
ar
t
 r
a
t
e decr
e
ases when s
timul
a
t
ed b
y
 
tha
t
 
node.
h
ow an Electrocardiogram works
An el
ectr
oc
ar
diogr
a
m is a visua
l
iz
a
tion of the el
ectric
a
l s
timul
i tr
a
nsmit
t
ed t
o the entir
e
 
m
y
oc
ar
diu
m f
r
om the impulse c
onduction s
ys
t
em. Norma
ll
y
, six el
ectr
odes ar
e a
t
t
ached t
o
 
the ches
t, a
nd a t
ot
a
l of f
our
 el
ectr
odes ar
e a
t
t
ached t
o both wris
ts a
nd both a
nk
l
es. (El
ec
-
tr
odes c
onnect
ed t
o both wris
ts a
nd one a
nk
l
e t
ak
e the el
ectr
oc
ar
diogr
a
m; the right
 a
nk
l
e
 
is a
t
t
ached t
o a neutr
a
l, or
 
gr
ou
nd
, l
e
ad f
or
 gr
ou
nding the cir
cuit.) 
This l
ets us me
asur
e the
 
el
ectr
oc
ar
diogr
a
m using 12 l
e
ads (se
e F
igur
e 1-2).
 
F
igur
e 1-2: 
A
 12-l
e
ad el
ectr
oc
ar
diogr
a
m
Limb L
e
ads
El
ectr
odes r
ec
or
ding a
t
 thr
e
e l
oc
a
tions 
(right
 wris
t, l
ef
t
 wris
t, a
nd l
ef
t
 a
nk
l
e), 
pl
us one gr
ou
nding l
e
ad (right
 a
nk
l
e)
H
el
p doct
or
s a
nd nur
ses g
et
 a “view” of the 
he
ar
t
 in the ver
tic
a
l pl
a
ne (a c
or
ona
l pl
a
ne)
C
hes
t
 L
e
ads
El
ectr
odes a
t
 six l
oc
a
tions sur
r
ou
nding 
the he
ar
t
H
el
p doct
or
s a
nd nur
ses g
et
 a “view” of the 
he
ar
t
 in the horiz
ont
a
l pl
a
ne (a tr
a
ns
ver
se 
pl
a
ne)
The six l
e
ads 
na
med I, II, III, 
a
V
R
 
, 
a
V
L
 
, a
nd 
a
V
F
 ar
e 
c
a
ll
ed l
imb l
e
ads, 
a
nd the six l
e
ads 
na
med V
1
to
V
6
 ar
e 
c
a
ll
ed ches
t
 l
e
ads.
Wh
y ar
e 12 l
e
ads r
eq
uir
ed? 
Tha
t
 se
ems l
ik
e a l
ot. 
C
onsider
 the l
e
ads t
o be something l
ik
e c
a
mer
as viewing the he
ar
t
 f
r
om the sit
es wher
e 
the el
ectr
odes ar
e a
t
t
ached. 
With tha
t
 ma
n
y c
a
mer
a a
ngl
es on the sc
ene, y
ou’ve got
 the 
c
ompl
et
e, 3D pict
ur
e, a
nd not
 much c
a
n be mis
sed.
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If ther
e ar
e w
ell-r
egul
a
t
ed c
ontr
actions of the he
ar
t, norma
l w
a
vef
orms will a
ppe
ar
 
in a c
ontinuous l
oop. H
o
w
e
ver
, if ther
e is a
n abnorma
l
it
y in the m
y
oc
ar
diu
m or
 impulse 
c
onduction s
ys
t
em, v
arious cha
ng
es will a
ppe
ar
 in the c
or
r
esponding w
a
vef
orm of the 
el
ectr
oc
ar
diogr
a
m. F
or
 exa
mpl
e, if ther
e ar
e 
ar
rh
y
t
hmias
—he
ar
t
 c
ontr
actions with u
nusua
l 
timing—ir
r
egul
ar
w
a
vef
orms will a
ppe
ar
. Other
t
ypes of ar
rh
y
thmia ar
e t
ach
y
c
ar
dia, a he
ar
t
r
a
t
e tha
t
 is t
oo high, a
nd br
ad
y
c
ar
dia, one tha
t
 is t
oo l
o
w
.
h
ow The Nerv
ous 
s
ystem Affects 
 
the Circula
t
ory 
s
ystem
Y
our
 he
ar
t
 r
a
t
e incr
e
ases when y
ou’r
e sur
prised, spe
aking in f
r
ont
 of a
n audienc
e, pl
a
y
-
ing spor
ts, or
 in other
 s
tr
es
sf
ul sit
ua
tions. 
This incr
e
ase is c
aused b
y the activit
y of y
our
 
aut
onomic ner
v
ous s
ys
t
em (se
e pag
e 138). If mor
e bl
ood fl
o
w is r
eq
uir
ed due t
o s
tr
es
s 
or
 ex
er
tion, the s
ympa
thetic ner
v
ous s
ys
t
em is ex
cit
ed, the sinoa
tria
l node is s
timul
a
t
ed, 
a
nd y
our
 he
ar
t
 r
a
t
e incr
e
ases. On the other
 ha
nd, when y
ou r
el
ax, y
our
 par
as
ympa
thetic 
ner
v
ous s
ys
t
em r
educ
es y
our
 he
ar
t
 r
a
t
e.
The he
ar
t
 r
a
t
e of a
n inf
a
nt
 is f
as
t
er
 tha
n tha
t
 of a
n adult; it
 sl
o
ws as the chil
d ag
es. 
Mos
t
 adults ha
ve a r
es
ting he
ar
t
 r
a
t
e of about
 60–80 be
a
ts per
 minut
e. 
An el
derl
y 
per
son t
ends t
o ha
ve a sl
ight
l
y sl
o
w
er
 he
ar
t
 r
a
t
e tha
n a y
ou
ng or
 middl
e-ag
ed 
adult. 
Sinc
e the cir
cul
a
ting bl
ood v
ol
u
me in the hu
ma
n bod
y is a
ppr
o
xima
t
el
y 
 
5
 
l
it
er
s, a
ll
 
the bl
ood cir
cul
a
t
es thr
ough the entir
e bod
y in a
ppr
o
xima
t
el
y 
1
 
minut
e.
So a
ppr
o
xima
t
el
y ho
w much bl
ood do y
ou think
 is sent
 t
o the aor
t
a e
ach time the he
ar
t
 
c
ontr
acts
?
Hmm . . . about
 a soda c
a
n
'
s w
or
th
?
B
ut
 ar
en
’t
 the s
timul
i f
r
om the sinoa
tria
l node aut
oma
tic
a
ll
y g
ener
a
t
ed without
 r
ec
eiving 
a
n
y ins
tr
uctions f
r
om the br
ain
?
Whoa . . . w
ait
 a minut
e. 
The he
ar
t
 is about
 the siz
e of a fis
t. 
Ther
e
’
s no w
a
y it
 hol
ds 
350
 
mill
il
it
er
s. 
The so-c
a
ll
ed 
s
tr
ok
e v
ol
u
me 
of the he
ar
t
 is a
ppr
o
xima
t
el
y 70 mill
il
it
er
s. 
Tha
t’
s about
 the siz
e of a sma
ll bot
t
l
e of per
f
u
me or
 pudding cup.
W
e c
a
n c
a
lcul
a
t
e the c
ar
diac out
put
 per
 minut
e as f
oll
o
ws:
 
C
ar
diac Out
put
 (mL
/
min) = S
tr
ok
e 
V
ol
u
me (mL
/be
a
t) × H
e
ar
t
 R
a
t
e (be
a
ts/
min)
Did 
y
ou Know?
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Tha
t’
s a good q
ues
tion! 
The sinoa
tria
l node c
a
n c
er
t
ainl
y g
ener
a
t
e s
timul
i aut
oma
tic
a
ll
y
, 
but
 the f
r
eq
uenc
y of those s
timul
i is r
egul
a
t
ed b
y the 
aut
onomic ner
v
ous s
ys
t
em
.
The aut
onomic ner
v
ous s
ys
t
em c
ontr
ols ph
ysiol
ogic
a
l r
esponses r
a
nging f
r
om bl
ood 
pr
es
sur
e a
nd he
ar
t
 r
a
t
e t
o dil
a
tion of the pupils of the eyes. 
Ther
e ar
e tw
o br
a
nches of 
the aut
onomic ner
v
ous s
ys
t
em: the 
s
ympa
t
hetic
 
br
a
nch
 (which g
ener
a
t
es the “fight
 or
 
fl
ight” r
esponse) a
nd the 
par
as
ympa
t
hetic
 
br
a
nch
 (which g
ener
a
t
es the “r
es
t
 a
nd dig
es
t” 
r
esponse). 
The s
ympa
thetic ner
v
ous s
ys
t
em is r
esponsibl
e f
or
 incr
e
asing the he
ar
t
 r
a
t
e a
nd
 
c
ausing bl
ood ves
sel v
asoc
ons
triction (decr
e
ased dia
met
er
 of bl
ood ves
sels), both of which
 
c
ontribut
e t
o a
n incr
e
ase in bl
ood pr
es
sur
e. C
on
ver
sel
y
, the par
as
ympa
thetic s
ys
t
em is 
r
esponsibl
e f
or
 decr
e
asing the he
ar
t
 r
a
t
e, a
nd the activ
a
tion of the par
as
ympa
thetic s
ys
-
t
em l
e
ads t
o a decr
e
ase in bl
ood pr
es
sur
e. 
the Coronary Arteries
F
igur
e 1-3: 
The c
or
onar
y ar
t
eries
B
ut
 bef
or
e w
e begin t
a
lking about
 bl
ood cir
cul
a
tion, w
e shoul
d l
e
arn ho
w the he
ar
t
 itsel
f 
acq
uir
es o
xyg
en a
nd nutrients. Do y
ou kno
w which bl
ood ves
sels send o
xyg
en a
nd nutri
-
ents t
o the m
y
oc
ar
diu
m
?
The c
or
onar
y ar
t
eries
?
Tha
t’
s 
right. The 
c
or
onar
y ar
t
eries
 ar
e c
a
ll
ed tha
t
 bec
ause they encir
cl
e the he
ar
t
 in a 
cr
o
wn sha
pe. 
Jus
t
 think
 about
 a c
or
ona
tion c
er
emon
y f
or
 a new q
ue
en, wher
e she g
ets 
her
 
cr
o
wn. 
The c
or
onar
y ar
t
eries ar
e r
oughl
y divided int
o the right
 c
or
onar
y ar
t
er
y a
nd l
ef
t
 
c
or
onar
y ar
t
er
y (F
igur
e 1-3). 
The sma
ll
er
 br
a
nches of the c
or
onar
y ar
t
eries penetr
a
t
e the
 
sur
f
ac
e of the c
ar
diac muscl
e mas
s a
nd thus ser
ve as the primar
y sour
c
es of o
xyg
en a
nd 
nutrients f
or
 the m
y
oc
ar
diu
m. 
Right
 c
or
onar
y
ar
t
er
y
L
ef
t
 c
or
onar
y
ar
t
er
y
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Y
ou’
d think
 the he
ar
t
 w
oul
d be abl
e t
o g
et
 a
ll the o
xyg
en a
nd nutrients it
 ne
eds f
r
om 
the bl
ood it
 is c
ons
t
a
nt
l
y pu
mping thr
ough its cha
mber
s. B
ut
 act
ua
ll
y
, it
 c
a
n ab
sor
b onl
y a 
minuscul
e a
mou
nt
 of o
xyg
en a
nd nutrients tha
t
 w
a
y
, so the c
or
onar
y ar
t
eries ar
e ne
eded 
t
o del
iver
 bl
ood de
ep int
o the muscl
e tis
sue of the he
ar
t.
The ar
t
eries of mos
t
 int
erna
l or
ga
ns br
a
nch a
nd r
ec
onnect
 (
a
nas
t
omos
e
). Ther
ef
or
e, 
e
ven if a bl
ood ves
sel is bl
ock
ed a
t
 one l
oc
a
tion, the bl
ood will fl
o
w a
l
ong a
nother
 r
out
e. 
H
o
w
e
ver
, the c
or
onar
y ar
t
eries sur
r
ou
nding the he
ar
t
 ar
e c
a
ll
ed end ar
t
eries sinc
e they 
ar
e s
tr
uct
ur
ed with no a
nas
t
omoses betw
e
en ar
t
eria
l br
a
nches (F
igur
e 1-4). 
Ther
ef
or
e, 
if ther
e is a bl
ock
ag
e somewher
e, bl
ood will c
e
ase fl
o
wing bey
ond tha
t
 point, c
ausing a 
he
ar
t
 a
t
t
ack. 
F
igur
e 1-4: End ar
t
eries br
a
nch wit
h no points of a
nas
t
omosis.
Blood Circula
tion
Tha
t’
s exact
l
y right! 
The pul
monar
y cir
cul
a
tion a
nd s
ys
t
emic cir
cul
a
tion fl
o
ws ar
e depict
ed 
in a r
ough diagr
a
m in F
igur
e 1-5. Sinc
e this is basic inf
orma
tion ne
eded f
or
 s
t
ud
ying e
ach 
of the int
erna
l or
ga
ns l
a
t
er
, mak
e sur
e y
ou u
nder
s
t
a
nd this entir
e dr
a
wing.
W
e l
e
arned tha
t
 ther
e ar
e tw
o cir
cuits f
or
 bl
ood cir
cul
a
tion: pul
monar
y cir
cul
a
tion a
nd 
s
ys
t
emic cir
cul
a
tion. Do y
ou think
 y
ou c
a
n expl
ain them pr
operl
y?
P
ul
monar
y cir
c
ul
a
tion
 cir
cul
a
t
es f
r
om the right
 ventricl
e a
nd thr
ough the l
u
ngs t
o c
a
pt
ur
e 
o
xyg
en bef
or
e r
et
urning t
o the l
ef
t
 a
triu
m, a
nd 
s
ys
t
emic cir
c
ul
a
tion
 cir
cul
a
t
es f
r
om the l
ef
t
 
ventricl
e a
nd thr
ough the entir
e bod
y t
o send o
xyg
en a
nd nutrients t
o the bod
y bef
or
e 
r
et
urning t
o the right
 a
triu
m.
Ar
t
er
y
End ar
t
er
y
Anas
t
omosis
D
e
ad end.
The c
or
onar
y ar
t
eries ar
en
’t
 the onl
y end ar
t
eries. Other
s ar
e f
ou
nd in the 
br
ain. 
A
 bl
ock
ag
e (or
 v
ascul
ar
 oc
cl
usion) in these end ar
t
eries in the br
ain is 
ver
y serious. 
A
 c
ompl
et
e bl
ock
ag
e will c
ause a s
tr
ok
e.
Did 
y
ou Know?
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F
igur
e 1-5: Bl
ood cir
c
ul
a
tion
* 
G
ener
a
ll
y
, ar
t
eria
l (o
xyg
ena
t
ed) bl
ood fl
o
ws in ar
t
eries, a
nd venous (l
o
w in o
xyg
en) bl
ood fl
o
ws in veins. 
Ther
e ar
e some 
ex
c
eptions of c
our
se. D
eo
xyg
ena
t
ed bl
ood fl
o
ws in the pul
monar
y ar
t
er
y f
r
om the he
ar
t
 t
o the l
u
ngs, a
nd the pul
monar
y 
veins c
ar
r
y o
xyg
ena
t
ed bl
ood f
r
om the l
u
ngs back
 t
o the he
ar
t.
 
Bl
ood C
ir
cul
a
tion B
us R
out
e
L
e
f
t 
ventricl
e
Le
f
t
ventricl
e
Aor
t
a
E
ach par
t
 of
the bod
y
V
ena
c
av
a
Right
a
triu
m
Right
a
triu
m
Le
f
t
a
triu
m
Le
f
t
a
triu
m
P
ul
monar
y
vein
Lu
n
g
P
ul
monar
y
ar
t
er
y
Right
 
ventricl
e
Right
ventricl
e
S
ys
t
emic cir
cul
a
tion
V
enous bl
ood
P
ul
monar
y cir
cul
a
tion
Ar
t
eria
l bl
ood
L
et
 me sho
w y
ou
our
 r
out
e!
Bl
ood ves
sels of the he
ad 
a
nd neck
 or
 upper
 l
imb
s
Right
 l
u
ng
L
ef
t
 l
u
ng
Right
a
triu
m
Le
f
t
a
triu
m
Right
 
ventricl
e
L
e
f
t 
ventricl
e
Kid
ney
Bl
ood ves
sels of the l
iver
Ar
t
eria
l bl
ood 
c
ont
ains l
ots of 
o
xyg
en, but
 ther
e is 
ver
y l
it
t
l
e o
xyg
en 
in venous bl
ood.*
Bl
ood 
ves
sels 
of the 
dig
es
tive 
s
ys
t
em
Bl
ood ves
sels of 
the r
ena
l t
ubul
e
Urine
Bl
ood ves
sels of the 
thor
acic
oabdomina
l 
r
egion or
 l
o
w
er
 l
imb
s
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W
e ought
 t
o a
lso t
ouch on ar
t
eries a
nd veins her
e. R
emember
 tha
t
 
ar
t
eries
 ar
e bl
ood 
ves
sels c
ar
r
ying bl
ood a
w
a
y f
r
om the he
ar
t
 a
nd 
veins
 ar
e bl
ood ves
sels r
et
urning bl
ood t
o 
the he
ar
t
 via the c
a
pill
aries.
B
ec
ause ar
t
eries r
ec
eive bl
ood tha
t
 is pushed out
 of the he
ar
t
 u
nder
 gr
e
a
t
 pr
es
sur
e, 
the bl
ood ves
sel w
a
lls ar
e thick, a
nd their
 el
as
ticit
y a
nd int
erna
l pr
es
sur
e ar
e both high. 
V
eins ha
ve thin bl
ood ves
sel w
a
lls with v
a
l
ves a
t
 v
arious l
oc
a
tions t
o pr
e
vent
 bl
ood f
r
om 
fl
o
wing backw
ar
d. 
The int
erna
l pr
es
sur
e is l
o
w
, a
nd bl
ood fl
o
w is as
sis
t
ed b
y sur
r
ou
nding 
muscl
es. Some veins r
u
n jus
t
 bel
o
w the skin. 
These ar
e c
a
ll
ed super
ficia
l veins. Bl
ood is 
of
t
en dr
a
wn f
r
om the media
n cubit
a
l vein on the inside of the elbo
w
. 
This is a
lso a super
-
ficia
l vein.
Although ar
t
eries of
t
en r
u
n de
ep within the bod
y
, they a
lso pas
s thr
ough pl
ac
es 
wher
e it
 is e
as
y t
o t
ak
e a pulse (se
e F
igur
e 1-6).
F
igur
e 1-6: L
oc
a
tions f
or
 t
aking a puls
e
Dor
s
a
l ar
t
er
y of f
oot
T
empl
e
T
empor
a
l ar
t
er
y
Neck
C
ommon c
ar
otid ar
t
er
y
Upper
 arm
A
xill
ar
y ar
t
er
y
Inner
 elbo
w
Br
achia
l ar
t
er
y
W
ris
t
Ul
nar
 ar
t
er
y
R
adia
l ar
t
er
y
G
r
oin (inguina
l r
egion)
F
emor
a
l ar
t
er
y
B
ehind the kne
e
P
opl
it
e
a
l ar
t
er
y
T
op of the f
oot
These ar
e ar
t
eries tha
t
 r
u
n thr
ough l
oc
a
tions tha
t
 ar
e r
el
a
tivel
y sha
ll
o
w
, such as the wris
t, 
ar
en
’t
 they?
Tha
t’
s right. In a medic
a
l cl
inic, y
our
 pulse is of
t
en t
ak
en using the r
adia
l ar
t
er
y of y
our
 
wris
t
 or
 the c
ar
otid ar
t
er
y of y
our
 neck. 
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Blood Pressure
Bl
ood pr
es
s
ur
e
 is the int
erna
l pr
es
sur
e inside bl
ood ves
sels, but
 the t
erm is usua
ll
y used 
t
o me
a
n the pr
es
sur
e in l
ar
g
e ar
t
eries ne
ar
 the he
ar
t, such as in the upper
 arm. 
Wha
t
 ar
e 
some f
act
or
s tha
t
 det
ermine bl
ood pr
es
sur
e
?
Y
es, bl
ood pr
es
sur
e c
er
t
ainl
y t
ends t
o incr
e
ase as a per
son bec
omes middl
e ag
ed a
nd 
ol
der
, but
 l
et’
s c
onsider
 ph
ysiol
ogic
a
l f
act
or
s her
e. 
Thr
e
e f
act
or
s tha
t
 det
ermine bl
ood pr
es
sur
e ar
e the gir
th of the bl
ood ves
sels, the 
cir
cul
a
ting bl
ood v
ol
u
me, a
nd the c
ontr
actil
e f
or
c
e of the he
ar
t, or
 c
ar
diac c
ontr
actil
e f
or
c
e 
(se
e F
igur
e 1-7). F
or
 exa
mpl
e, if the cir
cul
a
ting bl
ood v
ol
u
me (the t
ot
a
l v
ol
u
me of bl
ood in 
the ar
t
eries) a
nd the c
ar
diac c
ontr
actil
e f
or
c
e ar
e fix
ed, then bl
ood pr
es
sur
e will incr
e
ase 
if the bl
ood ves
sels ar
e sma
ll
er
. 
Also, the bl
ood pr
es
sur
e will dr
op if the bl
ood v
ol
u
me 
decr
e
ases bec
ause of a hemor
rhag
e or
 if the c
ontr
actil
e pr
es
sur
e of the he
ar
t
 decr
e
ases 
bec
ause of a he
ar
t
 a
t
t
ack. 
F
igur
e 1-7: F
act
or
s t
ha
t
 d
et
er
mine bl
ood pr
es
s
ur
e
F
act
or
s
? 
W
ell, er
, ag
e a
nd diet
 a
nd . . .
Bl
ood pr
es
sur
e 
is det
ermined b
y 
the gir
th of the 
bl
ood ves
sels, 
cir
cul
a
ting bl
ood 
v
ol
u
me, a
nd c
ar
diac 
c
ontr
actil
e f
or
c
e.
Expa
nsion
Dr
op
Rise
C
ontr
action
R
eduction
G
ir
th of bl
ood ves
sels
Incr
e
ase
Dr
op
Rise
R
eduction
C
ir
cul
a
ting bl
ood v
ol
u
me
Incr
e
ase
Dr
op
Rise
C
ar
diac c
ontr
actil
e f
or
c
e
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T
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r
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e
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Measuring Blood Pressure
Bl
ood pr
es
sur
e v
aries l
ik
e a w
a
ve, g
et
ting higher
 when the ventricl
es c
ontr
act
 a
nd l
o
w
er
 
when they r
el
ax. 
The maximu
m pr
es
sur
e is c
a
ll
ed the 
s
ys
t
ol
ic pr
es
s
ur
e
, a
nd the minimu
m 
is c
a
ll
ed the 
dias
t
ol
ic pr
es
s
ur
e
. 
Y
ou infl
a
t
e the cuff tha
t’
s wr
a
pped ar
ou
nd the upper
 arm t
o r
es
trict
 the bl
ood fl
o
w
. 
Then y
ou r
el
e
ase the air
 in the cuff a l
it
t
l
e a
t
 a time whil
e y
ou l
is
t
en t
o the ar
t
er
y thr
ough 
a s
t
ethosc
ope. 
When y
ou s
t
ar
t
 t
o he
ar
 a t
a
pping sou
nd (c
a
ll
ed K
or
otk
off sou
nds), tha
t
 is 
the s
ys
t
ol
ic pr
es
sur
e. 
Y
ou c
ontinue t
o r
el
e
ase air
, a
nd when y
ou no l
ong
er
 c
a
n he
ar
 a
n
y 
s
o
u
n
d
,
 
t
h
a
t
 
i
s
 
t
h
e
 
d
i
a
s
t
o
l
i
c
 
pr
es
sur
e. 
The cuff
’
s pr
es
sur
e r
e
adings a
t
 these tw
o points give
 
y
ou the pa
tient’
s bl
ood pr
es
sur
e (se
e F
igur
e 1-8).
F
igur
e 1-8: Bl
ood pr
es
s
ur
e me
as
ur
ement
 b
y t
he ausc
ult
a
t
or
y met
hod
Onc
e the cuff
’
s pr
es
sur
e is 
bel
o
w dias
t
ol
ic pr
es
sur
e, the 
cuff no l
ong
er
 does a
n
y
thing 
t
o impede bl
ood fl
o
w
, a
nd no 
mor
e K
or
otk
off sou
nds ar
e 
he
ar
d.
P
r
es
sur
e of the 
infl
a
t
abl
e cuff
Bl
ood ves
sel 
pr
es
sur
e
K
or
otk
off sou
nds
S
ys
t
ol
ic pr
es
sur
e
Dias
t
ol
ic pr
es
sur
e
C
uff is tight: 
no bl
ood fl
o
ws a
t
 a
ll
S
ys
t
ol
e-onl
y bl
ood fl
o
w
Unimpeded bl
ood fl
o
w
When the cuff is tight
ened 
with a higher
 pr
es
sur
e tha
n 
the s
ys
t
ol
ic pr
es
sur
e, bl
ood 
fl
o
w is s
t
opped, a
nd no sou
nd 
c
a
n be he
ar
d.
As the pr
es
sur
e in the cuff 
dips bel
o
w s
ys
t
ol
ic pr
es
sur
e, 
bl
ood begins t
o “sl
ip
” thr
ough 
the ar
t
er
y bene
a
th the cuff 
during the pe
ak
 of s
ys
t
ol
ic 
pr
es
sur
e, a
nd y
ou begin t
o 
he
ar
 K
or
otk
off sou
nds.
Y
ou’ve s
t
udied the principl
es a
nd t
echniq
ues of bl
ood pr
es
sur
e me
asur
ement, ha
ven
’t
 y
ou?
Sur
e, I did tha
t
 in basic nur
sing.
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1
The 
L
ympha
tic 
s
ystem
The l
as
t
 par
t
 of the cir
cul
a
t
or
y s
ys
t
em is the 
l
ympha
tic s
ys
t
em
, which r
ec
o
ver
s bodil
y fl
uids 
tha
t
 se
ep int
o tis
sues f
r
om c
a
pill
aries a
nd r
et
urns them t
o the he
ar
t. It
 a
lso suppor
ts the 
immu
ne s
ys
t
em. In this w
a
y
, the l
ympha
tic or
ga
ns c
a
n be s
aid t
o r
eside in both the cir
cu
-
l
a
t
or
y s
ys
t
em a
nd the immu
ne s
ys
t
em. In peripher
a
l tis
sue, int
er
s
titia
l fl
uid is ex
cha
ng
ed 
betw
e
en c
a
pill
aries a
nd tis
sue, but
 some of the int
er
s
titia
l fl
uid is c
oll
ect
ed in the l
ym
-
pha
tic ves
sels. 
The bodil
y fl
uid in the l
ympha
tic ves
sels is c
a
ll
ed 
l
ymph
. 
The l
ymph fl
o
w 
r
a
t
e is a
ppr
o
xima
t
el
y 2 t
o 3 l
it
er
s per
 da
y
.
The l
ympha
tic ves
sels s
t
ar
t
 f
r
om l
ympha
tic c
a
pill
aries, which gr
adua
ll
y c
ome t
og
ether
 
t
o f
orm l
ar
g
er
 l
ymph ves
sels. 
Af
t
er
 pas
sing thr
ough ma
n
y l
ymph nodes a
l
ong the w
a
y
, 
they fina
ll
y ent
er
 the l
ef
t
 a
nd right
 venous a
ngl
es, which ar
e c
onfl
uenc
e points of the 
subcl
a
via
n veins a
nd int
erna
l jugul
ar
 veins (se
e F
igur
e 1-9). 
V
a
l
ves ar
e a
t
t
ached t
o the 
int
erior
 of the l
ympha
tic ves
sels t
o pr
e
vent
 the l
ymph fl
o
w f
r
om r
e
ver
sing dir
ection.
F
igur
e 1-9: 
The l
ympha
tic s
ys
t
em
Bl
ood pr
es
sur
e u
nits ar
e r
epr
esent
ed b
y mm Hg (mill
imet
er
s of mer
cur
y). 
The 
nu
mber
 of mm Hg indic
a
t
es the nu
mber
 of mill
imet
er
s tha
t
 mer
cur
y w
oul
d 
be pr
es
sed up
w
ar
d in a t
ube b
y the pr
es
sur
e.
Did 
y
ou Know?
L
ymph r
e
ent
er
s the cir
cul
a
t
or
y s
ys
t
em wher
e the ar
r
o
ws point, 
ne
ar
 the ju
nction betw
e
en the jugul
ar
 vein a
nd subcl
a
via
n vein.
Right
 int
erna
l jugul
ar
 vein
L
ef
t
 int
erna
l jugul
ar
 vein
Right
 subcl
a
via
n vein
L
ef
t
 subcl
a
via
n vein
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i
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l
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t
e
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G
ood eye! Notic
e the l
ight
 a
nd dar
k
 shading in F

igur
e 1-9. 

The right
 l
ympha
tic tr
u
nk, in 
which the l
ympha
tic ves
sels f
r
om the upper
 right
 ha
l
f of the bod
y ar
e c
oll
ect
ed t
og
ether
, 
ent
er
s int
o the right
 venous a
ngl
e. 
The c
oll
ect
ed l
ympha
tic ves
sels f
r
om the r
emaining 
upper
 l
ef
t
 ha
l
f of the bod
y a
nd the entir
e l
o
w
er
 ha
l
f of the bod
y ent
er
 int
o the l
ef
t
 venous 
a
ngl
e.
The l
ympha
tic ves
sels ar
e not
 s
ymmetric
a
l on the l
ef
t
 a
nd right
 sides of the bod
y
.
C
a
nc
er
 tha
t
 s
t
ar
ts in the l
ymph nodes is c
a
ll
ed l
ymphoma. Mor
e of
t
en, c
a
nc
er
 s
t
ar
ts 
somewher
e else a
nd then spr
e
ads t
o l
ymph nodes. 
When c
a
nc
er
 spr
e
ads or
 
met
as
t
asiz
es, it
 of
t
en is f
ou
nd in the l
ymph nodes.
Did 
y
ou Know?
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T
h
e f
o
r
e
s
t n
e
a
r 
K
o
u
j
o M
e
d
i
c
a
l 
s
c
h
oo
l
, 6 a
m
T
h
e g
r
a
n
d 
p
r
i
z
e f
o
r t
h
i
s 
y
e
a
r
’
s m
a
r
a
t
h
o
n 
w
i
ll b
e
.
.
.
H
uff
 
H
uff
 
H
uff
t
h
e
r
e
s
p
i
r
at
o
r
y
s
ys
t
e
m
W
h
a
t
'
s t
h
e R
e
l
a
t
i
o
n
s
h
i
p 
B
e
t
w
een t
h
e h
e
a
r
t 
 
a
n
d
t
h
e
Lu
n
g
s
?2
Respira
tion’s Job
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O
n
e y
e
a
r o
f 
f
r
ee d
ess
e
r
t
s 
a
t t
h
e K
o
u
j
o 
s
i
de
w
a
l
k
C
a
fé
!
W
e k
n
o
w y
o
u 
c
a
n d
o i
t
.
.
.
 
G
o,
K
u
m
i
k
o
!
O
n
e h
o
u
r 
l
a
t
e
r
...
I
 m
e
a
n
, 
c
o
m
e o
n
!
I
t
'
s t
h
e 
s
a
m
e d
a
y a
s 
t
h
e m
a
k
e
u
p 
e
xa
m
?
I
t
’s
i
m
po
ss
i
b
l
e
!
I
’
v
e g
o
t t
o d
r
o
p o
u
t
!
!
!
M
u
tte
r
i
n
g
t
o y
o
u
r
s
e
l
f 
w
h
i
l
e
r
u
nn
i
n
g?
y
o
u s
u
r
e a
r
e a 
t
o
u
g
h c
oo
k
i
e
, 
M
s
. K
a
r
a
d
a
.
Ge
h
9 a
m
1
0 a
m
E
x
a
m
A
RG
h
!
Ma
r
a
t
h
on
r
a
ce
ee
p!
Ge
h
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P
r
o
f
ess
o
r 
K
a
i
s
e
i
?
D
o
n
’
t s
t
a
r
t
l
e 
m
e l
i
k
e t
h
a
t
! 
y
o
u 
a
l
m
o
s
t g
a
v
e m
e a 
h
e
a
r
t
a
tta
c
k
.
W
h
at
a
r
e y
o
u 
d
o
i
n
g
...
t
h
i
s e
a
r
l
y i
n 
th
e
m
o
r
n
i
n
g
?
A
s y
o
u c
a
n 
s
ee
, 
I
’
m 
c
o
ll
e
ct
i
n
g
i
n
s
e
c
ts
.
A
s m
u
c
h a
s 
 
I
’
m i
n
t
r
i
g
u
e
d b
y t
h
e 
a
m
a
z
i
n
g w
a
y t
h
e h
u
m
a
n 
b
o
d
y w
o
r
k
s
, 
I
 a
l
s
o 
t
h
i
n
k i
n
s
e
c
t
s a
r
e 
q
u
i
te
i
nte
r
e
s
t
i
n
g
a
n
d
m
y
s
t
eri
o
u
s
.
B
u
t 
I
'
m o
n
l
y 
a
n a
m
a
t
e
u
r 
en
t
om
o
l
o
g
is
t
.
I
s
ee
...
y
o
u
’
d t
h
i
n
k a 
p
rof
e
ss
o
r
of
s
p
o
rt
s
s
c
i
e
n
c
e
m
i
g
h
t h
a
v
e a m
o
r
e 
a
t
h
l
e
ti
c
p
a
s
ti
m
e
!
A
t a
n
y r
a
t
e
, 
i
t s
ee
m
s 
l
i
k
e y
o
u 
ar
e
h
a
v
ing
t
r
o
u
b
le
b
r
e
a
t
h
ing
.
R
e
l
a
x
...
b
ec
o
m
e
c
o
n
s
ci
o
u
s 
o
f y
o
u
r 
d
i
ap
h
r
ag
m
.
F
oc
u
s o
n 
t
h
a
t m
u
s
c
l
e 
a
n
d t
a
k
e 
s
l
o
w
, d
ee
p 
b
r
e
a
t
h
s
.
U
m
, 
o
k
a
y.
W
h
a
t
?
!
h
uff
h
uff
s
uu
u—
H
uff
h
uff
w
h
eez
e
—h
a
hh
h
h
uff
 
h
uff
 
h
uff
 
h
uff
 
h
uff
h
uff
h
uff
h
uff
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T
h
at
w
o
r
k
e
d!
I
’
v
e
e
nte
r
e
d
t
h
i
s y
e
a
r
’
s 
m
a
r
at
h
o
n
r
a
c
e.
D
o y
o
u k
n
o
w 
o
f a
n
y g
oo
d 
s
h
o
r
t
-t
e
r
m
t
r
a
in
in
g
m
et
h
o
d
s
?
h
mm
, l
e
t
’
s 
s
ee n
o
w
.
.
.
s
h
o
r
t-
t
e
r
m
, e
h
? 
L
e
t
’
s t
a
l
k 
a
b
o
u
t t
h
e 
r
e
s
p
i
r
a
to
r
y
o
r
g
a
n
s a 
li
tt
le
.
E
v
e
n
t
u
a
ll
y,
ev
e
r
y
t
h
i
n
g
l
e
a
d
s b
a
c
k t
o 
p
h
y
s
i
o
l
o
g
y,
d
o
e
s
n
’
t
it
?
y
e
s
t
e
r
d
a
y
, i
t 
w
a
s t
h
e h
e
a
r
t
.
.
. 
T
o
d
a
y
, i
t
’
s 
r
e
s
pi
r
a
ti
o
n
?
B
o
t
h a
r
e 
i
n
d
is
p
en
s
a
b
l
e
w
h
e
n i
t c
o
m
e
s 
t
o k
ee
p
i
n
g 
y
o
u
r bo
d
y 
a
li
v
e
.
I
’
m s
u
r
e y
o
u k
n
o
w 
t
h
e r
o
l
e t
h
a
t 
r
e
s
p
i
r
at
i
o
n
p
l
a
ys
i
n c
r
e
a
t
i
n
g e
n
e
r
g
y 
s
o y
o
u c
a
n m
o
v
e 
y
o
u
r bo
d
y a
n
d 
m
a
i
n
t
a
i
n y
o
u
r bo
d
y 
te
m
pe
r
a
t
u
r
e.
s
u
r
e
. 
O
u
r b
o
d
i
e
s 
m
a
k
e e
n
e
r
g
y b
y 
b
r
e
a
k
i
n
g d
o
w
n f
oo
d 
a
n
d o
x
y
g
e
n
. T
h
i
s i
s 
o
u
r m
e
t
a
b
o
l
i
s
m i
n 
a
c
t
i
o
n
! T
h
e w
a
s
t
e o
f 
t
h
i
s p
r
oce
ss i
s t
h
e 
c
a
r
b
o
n
di
o
x
i
de
(
C
O
2
 
) 
t
h
a
t w
e e
x
h
a
l
e
.
y
o
u
’
v
e g
o
t i
t 
j
u
s
t r
i
g
h
t
. 
O
2
 
i
s u
s
e
d i
n b
o
t
h 
t
h
e c
a
r a
n
d 
o
u
r bo
d
i
e
s
!
A
u
t
o
m
o
b
i
le
 Y
o
u c
a
n c
o
m
p
a
r
e o
u
r m
e
t
a
b
o
l
i
s
m t
o 
t
h
e c
o
m
b
u
s
t
i
o
n t
h
a
t h
a
p
p
e
n
s i
n t
h
e 
e
n
g
i
n
e o
f a c
a
r
.
P
e
r
s
on
G
a
s
o
lin
e,
 
O
2
F
ood
,
 
O
2
CO
2
 i
s 
e
x
h
a
le
d
.
F
o
o
d a
n
d O
2
 
c
o
m
b
u
s
t i
n o
u
r 
b
o
d
i
e
s t
o r
e
l
e
a
s
e 
c
h
e
m
i
c
al
e
n
e
r
g
y
.
E
x
h
a
u
s
t 
g
a
s (
m
a
i
n 
c
omp
on
e
n
t
i
s
 
C
O
2
)
G
a
s
o
l
i
n
e a
n
d 
O
2
 c
o
m
b
u
s
t i
n 
a
n e
n
g
i
n
e t
o 
r
e
l
e
a
s
e k
i
n
e
t
i
c (
o
r 
m
e
c
h
a
n
i
c
al
)
e
n
e
r
g
y
.
Fe
e
l
t
he
“
b
u
r
n
”!
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B
y t
h
e w
a
y
, d
o y
o
u 
r
e
m
e
m
b
e
r t
h
a
t i
n 
y
e
s
te
r
d
a
y
’
s
l
e
c
tu
r
e
,
w
e l
e
a
r
n
e
d t
h
a
t b
l
oo
d
, 
a
m
o
n
g i
t
s o
t
h
e
r j
o
bs
, 
t
r
a
n
s
p
o
r
t
s
o
x
y
gen
?
s
o w
h
a
t 
d
o
e
s t
h
e 
b
loo
d
d
o w
h
i
l
e 
r
e
c
e
iv
i
n
g
o
x
y
g
e
n i
n t
h
e 
l
u
n
g
s?
W
e
ll
...
I
t
’
s l
i
k
e 
t
h
i
s.
T
h
e b
l
oo
d 
r
e
c
e
iv
e
s
o
x
y
g
en
f
r
om
pu
l
m
o
n
a
r
y
a
lv
e
o
l
i
.
A
n
d a
t t
h
e 
s
a
m
e t
i
m
e
, t
h
e 
a
l
ve
o
l
i
r
e
c
e
i
ve
c
a
r
bo
n d
i
o
x
i
d
e 
f
r
o
m t
h
e 
b
l
oo
d.
T
h
at
’
s
r
i
g
h
t.
s
o
...
t
h
e e
x
c
h
a
n
g
e o
f 
o
x
y
g
e
n a
n
d c
a
r
bo
n 
d
i
o
x
i
d
e t
h
a
t o
cc
u
r
s 
i
n t
h
e a
l
v
e
o
l
i 
i
s c
a
ll
e
d 
g
a
s 
e
xc
h
a
n
g
e
.
T
h
e a
t
m
o
s
p
h
e
r
e 
h
a
s s
u
dd
e
n
l
y 
b
e
co
m
e v
e
r
y 
p
rof
e
ss
o
r
ia
l
.
.
.
L
e
t
’
s w
a
l
k a
n
d 
t
a
l
k w
h
i
l
e y
o
u 
c
oo
l
d
o
w
n
.
s
u
-h
a
h
C
ap
il
l
a
r
y
Al
v
e
o
l
us
U
h
-
oh
b
la
h
b
la
h
b
l
a
h
...
CO
2
O
2
h
ow ventila
tion works
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C
h
a
p
t
e
r 2
 
t
h
e r
e
s
p
i
r
a
t
o
r
y s
y
s
t
e
m
u
m
, 
P
rof
e
ss
o
r
.
.
.
I
 a
s
k
e
d 
a
b
o
ut
s
o
m
e
t
h
ing
e
ff
e
ct
i
v
e
f
o
r t
h
e 
m
a
r
at
h
o
n
?
O
h
, 
r
i
g
h
t
...
W
e
ll
, 
y
o
u 
und
e
r
s
t
a
nd
h
o
w a
i
r 
m
o
v
e
s i
n
t
o 
t
h
e l
u
n
g
s
, 
r
i
g
h
t?
y
u
p
. T
h
e 
lu
n
g
s
i
n
f
l
a
t
e a
n
d 
c
o
ll
a
ps
e
.
C
o
u
l
d y
o
u 
s
a
y i
t a 
li
tt
l
e
m
o
r
e
p
re
c
i
se
l
y
?
O
f 
 
c
o
u
r
s
e
.
W
e
ll
,
u
m
...
T
h
e l
u
n
g
s
, w
h
i
c
h 
a
r
e l
o
c
a
t
e
d i
n t
h
e 
t
h
o
r
a
c
i
c c
a
v
i
t
y 
f
o
r
m
e
d b
y t
h
e 
d
i
a
p
h
r
a
g
m a
n
d c
h
e
s
t 
w
a
ll
s
, i
n
f
l
a
t
e a
n
d 
co
ll
a
p
s
e d
u
e t
o 
p
r
e
ss
u
r
e c
h
a
n
g
e
s i
n 
th
a
t
th
o
r
a
c
i
c
c
a
v
i
t
y
.
G
oo
d
...
 
T
h
a
t
’
s
r
i
g
h
t.
T
h
e l
u
n
g
s d
o
n
'
t 
i
n
f
l
a
t
e o
n t
h
e
i
r 
o
w
n
. T
h
e
y n
ee
d 
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h
e b
r
a
i
n
s
t
e
m 
 
m
o
n
i
t
o
r
s c
h
a
n
g
e
s i
n 
t
h
e p
a
r
t
i
a
l p
r
e
ss
u
r
e 
o
f c
a
r
b
o
n d
i
o
x
i
d
e
. T
h
e
n 
i
t i
ss
u
e
s i
n
s
t
r
u
c
t
i
o
n
s 
t
o m
u
s
c
l
e
s l
i
k
e t
h
e 
i
nt
e
r
c
o
s
t
a
l
m
u
s
c
l
e
s
a
n
d d
i
a
p
h
r
a
g
m
. T
h
e
s
e 
m
u
s
c
l
e
s s
h
r
i
n
k a
n
d 
e
x
p
a
n
d t
h
e l
u
n
g
s a
t 
a f
a
s
t
e
r r
a
t
e o
r w
i
t
h 
g
r
e
a
t
e
r f
o
r
ce a
s 
n
ee
d
e
d
.
E
x
t
e
r
n
a
l 
in
t
e
r
co
s
t
a
l
m
u
s
c
le
s
Um
p
h
Um
p
h
Um
p
h
Dia
ph
r
a
g
m
Br
a
i
n
s
t
em
H
a
h 
 
ha
h
I
n
t
e
r
na
l
in
t
e
r
co
s
t
a
l
m
u
s
c
le
s
C
a
r
b
o
n D
i
o
x
id
e a
n
d R
e
s
p
i
r
at
o
r
y M
o
v
e
m
e
n
t
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Even More About The Respira
t
ory 
s
ystem!
The r
espir
a
t
or
y or
ga
ns f
orm a s
ys
t
em tha
t
 t
ak
es in o
xyg
en t
o pr
oduc
e ener
gy a
nd disposes 
of the r
esulting c
ar
bon dio
xide. L
et’
s l
e
arn some mor
e about
 the l
u
ngs, which ar
e the main 
pl
a
yer
s in this s
ys
t
em.
External and 
I
nternal Respira
tion
So f
ar
, w
e
’ve expl
ained 
ventil
a
tion
, which mo
ves air
 int
o a
nd out
 of the l
u
ngs. Next, w
e
’ll 
expl
ain ho
w the o
xyg
en tha
t’
s t
ak
en in b
y br
e
a
thing is tr
a
nspor
t
ed within the bod
y a
nd 
ho
w c
ar
bon dio
xide is disposed of a
t
 the s
a
me time.
This pr
oc
es
s is c
a
ll
ed 
gas ex
cha
ng
e
. G
as ex
cha
ng
e oc
cur
s in tw
o w
a
ys in the hu
ma
n 
bod
y: thr
ough ext
erna
l r
espir
a
tion a
nd int
erna
l r
espir
a
tion. 
E
xt
er
na
l r
espir
a
tion
 ha
ppens in 
the l
u
ngs, wher
e gases ar
e ex
cha
ng
ed betw
e
en bl
ood c
ells a
nd a
l
veol
i (F
igur
e 2-1). 
Al
veol
i 
ar
e micr
osc
opic cl
us
t
er
s of pock
ets l
oc
a
t
ed a
t
 the end of the air
w
a
ys (or
 br
onchiol
es). 
This 
is ho
w the bl
ood r
ec
eives o
xyg
en f
r
om the air
 w
e br
e
a
the whil
e expell
ing c
ar
bon dio
xide.
F
igur
e 2-1: Enl
ar
g
ement
 of pul
monar
y a
l
veol
i
Tha
t’
s right. 
Although a singl
e a
l
veol
us is tin
y
, ther
e is a
n enormous nu
mber
 of them: 
a
ppr
o
xima
t
el
y 700 mill
ion within a pair
 of hu
ma
n l
u
ngs. If a
ll of the a
l
veol
i w
er
e spr
e
ad 
out
 on a fl
a
t
 sur
f
ac
e, they w
oul
d c
o
ver
 a
n ar
e
a a
ppr
o
xima
t
el
y the siz
e of a badmint
on c
our
t,
 
or
 100
 
sq
uar
e met
er
s. 
The hu
ma
n bod
y uses a l
ot
 of sur
f
ac
e ar
e
a f
or
 gas ex
cha
ng
e!
Int
er
na
l r
espir
a
tion
is gas ex
cha
ng
e tha
t
is per
f
ormed within e
ach c
ell as bl
ood cir
cul
a
t
es
thr
ough the tis
sues of the entir
e bod
y
. 
This is ho
w o
xyg
en is del
iver
ed thr
ough bl
ood t
o c
ells
 
in the bod
y tha
t
 ne
ed ener
gy
. 
Y
ou c
a
n r
ef
er
 t
o F

igur
e 2-2 t
o se
e a f
ull pict
ur
e of ho
w bl
ood
 
cir
cul
a
t
es thr
oughout
 the bod
y t
o per
f
orm int
erna
l a
nd ext
erna
l r
espir
a
tion.
Trachea
Right lung
Left lung
Bronchial 
tube
Alveolus
Enlarged
The gas ex
cha
ng
e of ext
erna
l r
espir
a
tion is per
f
ormed b
y e
ach individua
l a
l
veol
us, right?
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F
igur
e 2-2: E
xt
er
na
l a
nd int
er
na
l r
espir
a
tion
Af
t
er
 bl
ood cir
cul
a
t
es 
thr
ough the bod
y
, ha
ving 
r
ec
eived c
ar
bon dio
xide 
f
r
om individua
l c
ells, it
 
he
ads back
 t
o the a
l
veol
i, 
wher
e it
 disposes of tha
t
 
c
ar
bon dio
xide a
nd t
ak
es in 
o
xyg
en. 
Then it
 r
et
urns t
o
 the he
ar
t
 a
nd r
epe
a
ts 
the c
y
cl
e.
Al
veol
us
Bl
ood 
ves
sel
Ext
erna
l
R
espir
a
tion
Int
erna
l
R
espir
a
tion
C
ell
G
as ex
cha
ng
e in ext
erna
l a
nd int
erna
l r
espir
a
tion is per
f
ormed via a pr
oc
es
s c
a
ll
ed 
diff
usion


 (se
e pag


e 107). During diff
usion, the gas spr
e
ads out
 f
r
om a c
onc
en
-
tr
a
t
ed r
egion t
o a dil
ut
e r
egion u
ntil ultima
t
el
y
, the c
onc
entr
a
tion is e
ven acr
os
s 
both r
egions.
Did 
y
ou Know?
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Partial Pressures of Gases in the Blood
Appr
o
xima
t
el
y ho
w much o
xyg
en a
nd c
ar
bon dio
xide ar
e c
ont
ained in the bl
ood, a
nd ho
w 
does the pr
opor
tion cha
ng
e during gas ex
cha
ng
e
? 
T
o a
ns
w
er
 this, w
e ne
ed t
o l
e
arn about
 
the par
tia
l pr
es
sur
es of the gases.
When y
ou ha
ve a mixt
ur
e of gases, the par
tia
l pr
es
sur
e of a singl
e gas is the pr
es
sur
e 
tha
t
 gas w
oul
d ha
ve if it
 t
ook
 up a
ll of the spac
e oc
cupied b
y the mix
ed gas. F
or
 exa
mpl
e, 
the air
 ar
ou
nd us c
ont
ains a mixt
ur
e of o
xyg
en, nitr
og
en, c
ar
bon dio
xide, a
nd other
 gases. 
The par
tia
l pr
es
sur
e of o
xyg
en is wha
t
 y
ou w
oul
d g
et
 if y
ou got
 rid of a
ll the other
 gases 
besides o
xyg
en a
nd then me
asur
ed the pr
es
sur
e of tha
t
 o
xyg
en within the s
a
me v
ol
u
me 
tha
t
 the mixt
ur
e pr
e
viousl
y fill
ed. P
ar
tia
l pr
es
sur
e is r
epr
esent
ed b
y the l
et
t
er
 
P
 (f
or
 pr
es
-
sur
e), a
nd the chemic
a
l na
me of the gas is added as a sub
script. F
or
 exa
mpl
e, the par
tia
l 
pr
es
sur
e of o
xyg
en is P
O
2
, a
nd the par
tia
l pr
es
sur
e of c
ar
bon dio
xide is P
CO
2
. 
P
ar
tia
l pr
es
sur
e is me
asur
ed b
y mill
imet
er
s of mer
cur
y
, or
 mm Hg. If w
e t
ak
e a v
ol
-
u
me of air
 u
nder
 norma
l a
t
mospheric pr
es
sur
e (1 a
t
m, or
 760 mm Hg), the par
tia
l pr
es
-
sur
e of o
xyg
en within it
 is 160 mm Hg a
nd the par
tia
l pr
es
sur
e of nitr
og
en is 600 mm Hg, 
as sho
wn in F
igur
e 2-3.
F
igur
e 2-3: C
omponents of t
he a
t
mospher
e a
nd t
heir
 par
tia
l pr
es
s
ur
es
 
 
u
nd
er
 1 a
t
mospheric pr
es
s
ur
e (760 mm Hg)
C
ar
bon dio
xide
pr
actic
a
ll
y 0%
160 mm Hg
600 mm Hg
O
xyg
en
21%
Nitr
og
en
79%
Air
760 mm Hg
In a v
ol
u
me 
of air
 u
nder
 
norma
l a
t
mospheric 
pr
es
sur
e, the 
par
tia
l pr
es
sur
e 
of o
xyg
en (P
O
2
) 
is 160 mm Hg.
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No
w l
et’
s c
ompar
e the par
tia
l pr
es
sur
es of gases in bl
ood t
o the pr
opor
tions of those
 
g
a
s
e
s
 
in the air
. 
Air
 is a mix
ed gas c
ont
aining 21 per
c
ent
 o
xyg
en, 0.03 per
c
ent
 c
ar
bon 
d
i
o
x
i
d
e
,
 
a
nd 79 per
c
ent
 other
 gases such as nitr
og
en, as sho
wn in F


igur
e 2-3. H


o
w
e
ver
, the
 
hu
ma
n bod
y does not
 use nitr
og
en a
t
 a
ll, a
nd the a
mou
nt
 of c
ar
bon dio
xide in the bod
y is
 
negl
igibl
e. 
Ther
ef
or
e, the onl
y thing w
e ne
ed t
o kno
w her
e is the par
tia
l pr
es
sur
e of
 
o
xyg
en.
So wha
t
 is the par
tia
l pr
es
sur
e of o
xyg
en in the bod
y? It
 depends on whether
 w
e
’r
e 
t
a
lking about
 o
xyg
en in veins or
 ar
t
eries. 
The par
tia
l pr
es
sur
e of o
xyg
en in ar
t
eries is
 
denot
ed b
y P
aO
2
, a
nd the par
tia
l pr
es
sur
e of c
ar
bon dio
xide in ar
t
eries is denot
ed b
y P
a
CO
2
. 
In veins, these ar
e denot
ed b
y P
v
O
2
 a
nd P
v
c
O
2
, r
espectivel
y
. In this not
a
tion, 
a
 s
t
a
nds f
or
 
ar
t
eries a
nd 
v
 s
t
a
nds f
or
 veins.
No
w l
et’
s r
ef
er
 t
o F
igur
e 2-4 a
nd l
ook
 a
t
 the tr
a
nsitions of the par
tia
l pr
es
sur
es in the 
bod
y
. 
The s
t
a
ndar
d v
a
l
ue f
or
 P
aO
2
 is 100 mm Hg. F
or
 P
a
CO
2
, it’
s 40 mm Hg, a
nd f
or
 P
v
O
2
, it’
s 
40 mm Hg. 
F
igur
e 2-4: C
ha
ng
es in t
he par
tia
l pr
es
s
ur
es of o
xyg
en a
nd c
ar
bon dio
xid
e in t
he bod
y
P
ar
tia
l P
r
es
sur
e of O
xyg
en
P
ar
tia
l P
r
es
sur
e of C
ar
bon Dio
xide
Ambient
 air
160 mm Hg
Ambient
 air
pr
actic
a
ll
y 0 mm Hg
Al
veol
us
Al
veol
us
100 mm Hg
40 mm Hg
100 mm Hg
40 mm Hg
40 mm Hg
45 mm Hg
Right
he
ar
t
Right
he
ar
t
Le
f
t
he
ar
t
Le
f
t
he
ar
t
C
ell
C
ell
40 mm Hg
45 mm Hg
100 mm Hg
40 mm Hg
The par
tia
l pr
es
sur
e of o
xyg
en dr
ops t
o 100 mm Hg 
in the a
l
veol
us sinc
e the o
xyg
en is c
ombined with air
 
a
nd w
a
t
er
 v
a
por
. O
xyg
en is then ex
cha
ng
ed t
o e
ach 
c
ell, a
nd the par
tia
l pr
es
sur
e of o
xyg
en in the bl
ood 
dr
ops t
o 40 mm Hg.
The par
tia
l pr
es
sur
e of c
ar
bon dio
xide bec
omes 
40 mm Hg in the a
l
veol
us sinc
e the c
ar
bon dio
xide 
is mix
ed with air
. C
ar
bon dio
xide is ex
cha
ng
ed f
r
om 
e
ach c
ell, a
nd the par
tia
l pr
es
sur
e of c
ar
bon dio
xide 
in the bl
ood rises t
o mm Hg.
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Acidosis and Alkalosis
pH is a me
asur
e of a l
iq
uid’
s acidit
y or
 a
lk
a
l
init
y
. Lik
e a
n
y other
 l
iq
uid, bl
ood a
lso has a pH, 
a
nd its v
a
l
ue cha
ng
es due t
o r
espir
a
tion. 
Act
ua
ll
y
, the par
tia
l pr
es
sur
es of gases hol
d the 
k
ey t
o u
nder
s
t
a
nding ho
w r
espir
a
tion aff
ects the bod
y’
s pH. If the pH l
e
vel of the bl
ood 
ex
c
e
eds a s
t
a
ndar
d v
a
l
ue, it
 will c
ause pr
obl
ems in the bod
y
. So ho
w does the bod
y r
egu
-
l
a
t
e this v
a
l
ue
?
A
 pH of 7 is neutr
a
l
. 
As the nu
mber
 decr
e
ases, a l
iq
uid bec
omes mor
e acidic, a
nd 
as the nu
mber
 incr
e
ases, a l
iq
uid bec
omes mor
e a
lk
a
l
ine. 
The pH of the hu
ma
n bod
y is 
a
ppr
o
xima
t
el
y 7.4, which me
a
ns the bod
y is sl
ight
l
y a
lk
a
l
ine. 
This pH is maint
ained a
t
 a 
ne
arl
y c
ons
t
a
nt
 v
a
l
ue. 
The mecha
nism tha
t
 maint
ains a c
ons
t
a
nt
 pH s
t
a
t
e within the bod
y 
is c
a
ll
ed 
homeos
t
asis
.
If a pr
obl
em oc
cur
s in c
er
t
ain bodil
y f
u
nctions, the pH l
e
vel ma
y ex
c
e
ed the s
t
a
ndar
d 
v
a
l
ue r
a
ng
e. 
The c
ondition in which the pH l
e
vel t
ends t
o be mor
e acidic tha
n the s
t
a
n
-
dar
d
 
v
a
l
ue is c
a
ll
ed acidosis, a
nd the c
ondition in which the pH l
e
vel t
ends t
o be mor
e
 
s
tr
ongl
y a
lk
a
l
ine is c
a
ll
ed a
lk
a
l
osis.
No, no. Sinc
e acidosis a
nd a
lk
a
l
osis ar
e both r
el
a
tive t
o the s
t
a
ndar
d v
a
l
ue of pH 7.4, a pH 
of 7.1 is t
ending t
o
w
ar
ds the acidic side. 
Ther
ef
or
e, tha
t
 w
oul
d be a c
ase of acidosis (e
ven 
though the pH l
e
vel is s
till o
ver
a
ll sl
ight
l
y a
lk
a
l
ine).
F
igur
e 2-5 sho
ws acidosis a
nd a
lk
a
l
osis r
el
a
tive t
o the bod
y’
s pH. If bodil
y pH f
a
lls 
bel
o
w 6.8 or
 rises abo
ve 7.8, ther
e is a risk
 of de
a
th. H
o
w
e
ver
, s
i
n
c
e
 
t
h
e
 
b
o
d
y
 
n
a
t
u
r
a
l
l
y
 
i
s 
sl
ight
l
y a
lk
a
l
ine, its pH r
ar
el
y dr
ops bel
o
w 7 t
o bec
ome tr
ul
y ac
dic.
So ho
w do acidosis a
nd a
lk
a
l
osis oc
cur? 
The pH of the bod
y c
a
n cha
ng
e based on 
the l
e
vel of P
a
CO
2
—the tw
o ar
e cl
osel
y r
el
a
t
ed. 
When P
a
CO
2
 is high, mor
e acid is cr
e
a
t
ed 
in the bod
y
, a
nd acidosis c
a
n oc
cur
. C
on
ver
sel
y
, when P
a
CO
2
 is l
o
w
, acid l
e
vels in the bod
y 
decr
e
ase, a
nd a
lk
a
l
osis c
a
n oc
cur
. 
Wh
y does acid incr
e
ase as P
a
CO
2
 incr
e
ases
? 
This is 
bec
ause the dis
sol
ution of c
ar
bon dio
xide in w
a
t
er
 pr
oduc
es H
+
 ions, which mak
e things 
mor
e acidic.
Sinc
e a pH of 7 is neutr
a
l, is a bod
y pH of 7.1 in a s
t
a
t
e of a
lk
a
l
osis
?
C
ar
bon dio
xide is r
e
adil
y ex
cha
ng
ed f
r
om bl
ood bec
ause ther
e is pr
actic
a
ll
y no C
O
2
 
in a
mbient
 air
, so diff
usion oc
cur
s e
asil
y a
nd r
a
pidl
y
. 
The r
el
e
ase of C
O
2
 (a
nd 
 
ther
ef
or
e a decr
e
ase in P
a
CO
2
) is intima
t
el
y r
el
a
t
ed t
o pH in the bod
y (se


e
 
 
pag
e 51).


Did 
y
ou Know?
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F
igur
e 2-5: 
Acid
osis oc
c
ur
s when t
he bod
y’
s pH t
ends t
o be acidic, a
nd a
lk
a
l
osis
 
when its pH t
ends t
o be a
lk
a
l
ine.
pH
7.2
7.3
7.4
7.5
7.6
Acidit
y
Alk
a
l
init
y
Acidosis
Alk
a
l
osis
W
ell, think
 of a c
ar
bona
t
ed be
ver
ag
e. 
The c
ar
bona
tion of a c
ar
bona
t
ed be
ver
ag
e is jus
t
 
c
ar
bon dio
xide dis
sol
ved in w
a
t
er
.
C
ar
bon dio
xide dis
sol
ves in w
a
t
er
 . . . ?
This is the chemic
a
l eq
ua
tion t
o describe ho
w c
ar
bon dio
xide dis
sol
ves in w
a
t
er
 
within the bod
y:
H
2
O + C
O
2
 « H
+
 +  HC
O
3
-
. 
If the c
onc
entr
a
tion of this h
y
dr
og
en ion (H
+
) incr
e
ases in a
n a
q
ueous sol
ution 
(such as bl
ood), the pH will t
end t
o
w
ar
d the acidic side.
Inc
ompl
et
e r
espir
a
tion (or
 
h
ypo
ventil
a
tion
) r
esults in t
oo much c
ar
bon dio
xide 
in the bod
y
. Mor
e c
ar
bon dio
xide cr
e
a
t
es a mor
e acidic en
vir
onment, which c
a
n in 
t
urn c
ause acidosis.
Hyper
ventil
a
tion
 is a c
ondition in which ventil
a
tion is ex
c
es
sive. Sinc
e it
 c
auses 
a
 
s
t
a
t
e in which a l
ot
 of c
ar
bon dio
xide is being expell
ed, the P
a
CO
2 
 l
e
vel will decr
e
ase, 
ther
eb
y c
ausing the pH of the bod
y t
o bec
ome mor
e a
lk
a
l
ine. 
Acidosis a
nd a
lk
a
l
osis 
c
a
n a
lso be c
aused b
y met
abol
ic abnorma
l
ities (se
e “
A
TP a
nd the C
itric 
Acid 
C
y
cl
e
” on pag
e 74).
Did 
y
ou Know?
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L
ungs Work
No
w l
et’
s t
ak
e a l
ook
 a
t
 the l
u
ngs. P
ul
monar
y f
u
nction t
es
ting me
asur
es the a
mou
nt
 of 
air
 y
ou c
a
n inha
l
e a
nd exha
l
e a
nd the a
mou
nt
 of f
or
c
e y
ou ne
ed t
o ex
er
t
 t
o do this. 
The 
r
esults ar
e r
epr
esent
ed in a gr
a
ph c
a
ll
ed a 
spir
ogr
a
m
 (l
ik
e the one in F
igur
e 2-6) tha
t
 
sho
ws the v
ol
u
me of air
 a
t
 diff
er
ent
 s
t
ag
es of inspir
a
tion or
 expir
a
tion. 
The initia
l sma
ll 
periodic cur
ve indic
a
t
es the int
er
v
a
l when the per
son is br
e
a
thing norma
ll
y
. 
The pe
aks ar
e 
l
oc
a
tions when inspir
a
tion ends (r
es
ting inspir
a
t
or
y v
ol
u
me), a
nd the tr
oughs ar
e l
oc
a
tions 
when expir
a
tion ends (r
es
ting expir
a
t
or
y v
ol
u
me). 
The diff
er
enc
e betw
e
en these l
e
vels is 
the r
es
ting tida
l v
ol
u
me.
F
igur
e 2-6: Und
er
s
t
a
nding t
he out
put
 of a spir
ogr
a
m
V
ol
u
me in Lit
er
s
1
2
3
4
5
Inspir
a
t
or
y r
eser
ve v
ol
u
me
S
t
a
t
e when the per
son
inha
l
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Pr
o
f
e
ss
o
r
,
t
h
e a
ci
d
i
ty o
f 
g
a
s
t
r
i
c j
u
i
ce i
s 
p
r
e
tt
y p
o
w
e
r
f
u
l
, 
isn
’
t
i
t
?
T
h
e l
i
n
i
n
g o
f t
h
e 
s
t
o
m
a
c
h d
o
e
s
n
’
t 
d
i
ss
o
l
v
e s
i
n
c
e i
t 
i
s p
r
o
t
e
c
t
e
d b
y 
m
u
c
u
s
, b
u
t i
s
n
’
t 
t
h
e i
n
t
e
s
t
i
n
e i
n 
t
r
o
u
b
le
?
N
o
pe
!
A
n
d i
t
’
s a g
oo
d 
t
h
i
n
g
,
too
!
R
i
g
h
t
, t
h
e
s
e 
f
l
u
i
d
s a
r
e t
h
e 
j
u
i
ce
s s
e
cr
e
t
e
d 
f
r
o
m t
h
e 
pa
n
c
r
e
a
s
.
W
h
e
n t
h
e a
l
k
a
l
i
n
e 
p
a
n
cr
e
a
t
i
c j
u
i
ce i
s a
dd
e
d 
t
o t
h
e v
i
s
c
o
u
s a
ci
d
i
c 
l
i
q
u
i
d f
r
o
m t
h
e s
t
o
m
a
c
h
, 
i
t n
e
u
t
r
a
l
i
z
e
s t
h
e a
ci
d
.
P
a
n
c
r
e
a
t
i
c j
u
i
c
e i
s a
n 
e
x
t
r
a
o
r
d
i
n
a
r
y l
i
q
u
i
d
. N
o
t o
n
l
y 
d
o
e
s i
t n
e
u
t
r
a
l
i
z
e s
t
o
m
a
c
h a
c
i
d
, 
b
u
t i
t a
l
s
o h
e
l
p
s t
o d
i
g
e
s
t a
ll 
t
h
r
ee o
f t
h
e m
a
j
o
r n
u
t
r
i
e
n
t
s
: 
c
a
r
b
o
h
y
d
r
a
t
e
s
, p
r
o
t
e
i
n
s
, a
n
d 
f
a
t
s
. (
W
e
’
ll d
i
s
c
u
ss t
h
i
s m
o
r
e 
o
n 


pa
g
e 6
5

.
)
E
x
a
c
t
ly
!
I
t s
u
r
e 
i
s
...
foo
d
g
e
t
s t
u
r
n
e
d 
i
n
t
o a v
i
s
co
u
s 
l
i
q
u
i
d c
a
ll
e
d 
c
h
y
m
e i
n t
h
e 
s
t
o
m
a
c
h a
n
d 
i
s m
i
x
e
d w
i
t
h 
a
l
k
a
l
i
n
e d
i
g
e
s
t
i
v
e 
f
l
u
i
d
s w
h
e
n i
t 
e
nte
r
s
t
h
e
d
u
o
de
n
u
m
.
B
r
eak
d
o
w
n
C
a
r
b
o
h
y
dr
at
e
s
P
r
o
t
e
ins
F
a
t
s 
 
(
lip
i
d
s
)
O
il
P
a
nc
r
e
a
t
ic
J
u
ic
e
A
c
i
d
ic
S
t
o
m
ac
h
A
lk
a
lin
e
I
n
t
e
sti
n
e
t
h
e d
u
o
d
e
n
u
m a
n
d t
h
e p
a
n
cr
e
a
s
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T
h
e D
i
g
e
s
t
i
v
e s
y
s
t
e
m
6
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h
a
p
t
e
r 3
 
W
o
w
, d
i
g
e
s
t
i
o
n 
s
ee
m
s l
i
k
e a
n a
w
f
u
l 
l
o
t o
f w
o
r
k
.
P
e
r
i
s
t
a
l
ti
c
m
o
ti
o
n
,
w
h
i
c
h w
e s
k
i
pp
e
d 
e
a
r
l
i
e
r
, a
l
s
o 
o
cc
u
r
s h
e
r
e
.
y
e
s
, p
e
r
i
s
t
a
l
s
i
s i
s 
A
n e
a
r
t
h
w
o
r
m
-
l
i
k
e 
m
o
v
e
m
e
n
t.
i
t m
o
v
e
s t
h
i
n
g
s 
a
l
o
n
g t
o
w
a
r
d 
t
h
e
a
n
u
s.
s
o t
h
e i
n
t
e
s
t
i
n
e 
p
e
r
f
o
r
m
s
p
e
r
i
s
t
a
l
ti
c
m
o
ti
o
n
l
i
k
e t
h
e e
s
o
p
h
a
g
u
s 
d
o
e
s,
r
i
g
h
t
?
M
o
r
e s
p
e
c
i
f
i
c
a
ll
y
, i
t
’
s 
t
h
e d
u
o
d
e
n
u
m
, j
e
j
u
n
u
m
, 
a
n
d
i
le
u
m
!
t
o
g
e
th
e
r
,
th
e
s
e
m
a
k
e u
p t
h
e s
m
a
ll 
i
nte
s
t
i
n
e.
.
.
a
n
d a
bs
o
r
p
t
i
o
n o
f 
 
d
i
g
e
s
t
e
d f
oo
d o
cc
u
r
s i
n 
t
h
e c
e
ll
u
l
a
r s
u
r
f
a
c
e o
f 
t
h
e m
u
c
u
s m
e
m
b
r
a
n
e o
f t
h
e 
s
m
a
ll
i
nte
s
t
i
n
e.
N
e
x
t
, t
h
o
s
e 
n
u
t
r
i
e
n
t
s a
r
e 
f
i
n
a
ll
y a
bs
o
r
b
e
d
, 
a
r
e
n
’
t
t
h
ey
?
I
n
d
ee
d!
O
h
!
T
h
e
s
m
a
ll 
i
nte
s
t
i
n
e
!
D
o y
o
u 
k
n
o
w w
h
i
c
h 
o
r
g
a
n i
s 
re
s
p
o
n
s
i
bl
e
f
o
r t
h
a
t 
w
o
r
k?
S
t
o
m
ac
h
Du
od
e
n
u
m
I
le
u
m
J
e
j
u
nu
m
L
a
r
g
e 
in
t
e
s
t
in
e
I
n
t
e
s
t
i
n
al
w
al
l
C
o
n
s
t
r
ic
t
io
n
s
b
e
hi
n
d
t
h
e l
u
m
p c
a
u
s
e i
t t
o 
m
o
v
e
fo
r
w
ar
d
.
the 
s
mall and 
large 
I
ntestines
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L
a
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g
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I
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t
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3
P
e
r
s
o
n
a
ll
y
, 
I
 t
h
i
n
k 
o
f t
oo
t
h
p
a
s
t
e 
b
e
i
n
g s
q
u
ee
z
e
d 
o
u
t o
f a t
u
b
e
.
W
o
w.
W
e
’
v
e
c
ov
e
r
e
d
a
ll o
f t
h
e 
d
i
g
e
st
i
v
e
o
r
g
a
n
s.
y
o
u
f
o
r
g
ot
poo
p
i
n
g
!
L
e
t
’s
sa
y
d
e
f
e
c
at
i
o
n
,
o
k
a
y
?
!
M
o
i
s
t
u
r
e i
s 
a
b
s
o
r
b
e
d b
y t
h
e 
l
a
r
g
e
i
nt
e
s
t
i
n
e.
s
o p
oo
p w
i
t
h 
a
pr
o
pe
r
c
o
n
s
i
s
t
e
n
c
y c
a
n 
b
e
f
o
r
m
e
d.
I
f y
o
u
r l
a
r
g
e 
i
nte
s
t
i
n
e
d
o
e
s
n
’t
a
b
s
o
r
b m
o
i
s
t
u
r
e 
p
r
o
p
e
r
l
y
, y
o
u
r p
oo
p 
w
i
ll b
e r
u
nn
y
.
E
n
o
u
g
h a
l
r
e
a
d
y
. 
L
e
t
’s
sa
y
s
o
ft
s
too
l
!
w
e
’
r
e a
l
m
o
s
t a
t 
t
h
e e
n
d o
f t
h
e l
i
n
e
: 
t
h
e a
n
u
s
. 
B
y t
h
e w
a
y
, b
e
c
a
u
s
e 
o
f p
e
r
i
s
t
a
l
t
i
c m
o
t
i
o
n
, y
o
u 
c
a
n e
a
t a m
e
a
l e
v
e
n i
f y
o
u
'
r
e 
s
t
a
n
d
i
n
g o
n y
o
u
r h
e
a
d o
r i
n 
a w
e
i
g
h
t
l
e
ss s
t
a
t
e
. a
n
d o
f 
co
u
r
s
e
, y
o
u c
a
n a
l
s
o p
oo
p 
i
n s
p
a
c
e
, t
oo
.
T
h
a
t
’
s a
l
s
o 
p
r
e
tt
y
c
l
o
s
e
.
s
h
e
’s n
o 
b
ett
e
r
t
h
a
n h
e 
i
s…
O
K
O
K
…
Co
u
g
h
 
co
u
g
h
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T
h
e D
i
g
e
s
t
i
v
e s
y
s
t
e
m
h
e
r
e,
 
o
n
c
e a
g
a
i
n
, o
u
r 
o
l
d
f
r
i
e
n
d
...
P
eri
s
t
a
l
t
i
c
m
o
ti
o
n
ca
u
s
e
s
de
fe
c
a
t
i
o
n
!
R
i
g
h
t.
I
n m
o
r
e d
e
t
a
i
l
,
t
h
e f
e
c
e
s a
rr
i
v
e
s 
a
t t
h
e r
e
c
t
u
m
, 
w
h
i
c
h i
s o
n
e s
t
e
p 
b
ef
o
r
e t
h
e a
n
u
s
.
F
e
c
e
s
g
r
a
d
u
a
lly
a
cc
u
m
u
l
a
t
e a
n
d 
a
pp
l
y p
r
ess
u
r
e 
o
n t
h
e r
e
c
t
u
m
.
.
.
.
.
.
a
n
d a 
r
e
f
l
e
x*
c
a
u
s
e
s t
h
e 
r
e
c
t
u
m t
o 
b
e
g
i
n t
o 
c
o
n
t
r
a
c
t.
s
o
...
T
h
e i
n
t
e
r
i
o
r a
n
a
l 
s
p
h
i
n
c
t
e
r l
oo
s
e
n
s 
a
t t
h
e s
a
m
e t
i
m
e a
s 
t
h
a
t c
o
n
t
r
a
c
t
i
o
n
.
T
h
i
s i
s a
n 
in
v
o
l
u
n
t
ar
y
m
o
v
e
m
e
n
t.
T
h
e
n y
o
u r
u
s
h t
o 
t
h
e t
o
i
l
e
t a
n
d 
s
t
r
a
in.
F
r
o
m t
h
i
s 
p
o
i
n
t o
n
, i
t
’
s 
a
ll v
o
l
u
n
t
a
r
y 
m
o
v
e
m
e
n
t,
 
r
i
g
h
t?
R
i
g
h
t
. t
h
e e
x
t
e
r
i
o
r a
n
a
l 
s
p
h
i
n
c
t
e
r l
oo
s
e
n
s
, 
a
n
d o
u
r l
o
n
g j
o
u
r
n
e
y 
t
h
r
o
u
g
h d
i
g
e
s
t
i
o
n a
n
d 
a
b
s
o
r
p
t
i
o
n i
s a
t a
n e
n
d
.
I
n o
t
h
e
r 
w
o
r
d
s,
y
o
u a
pp
l
y 
a
b
d
o
min
a
l
p
r
e
ss
u
r
e
.
Fe
c
e
s
Re
c
t
um
A
nu
s
D
e
fe
c
a
t
i
on
C
on
t
r
a
c
t
i
on
o
f t
h
e r
e
c
t
u
m 
(
i
n
v
o
l
u
n
t
a
r
y 
mo
v
emen
t
)
A
b
d
o
m
i
n
a
l
p
r
es
s
u
r
e
(
v
o
l
u
nt
a
r
y
m
o
ve
m
e
nt
)
Re
l
a
x
a
t
io
n
A
n
a
l
s
p
hi
nc
t
e
r
* A r
e
f
l
e
x i
s a
n i
n
v
o
l
u
n
t
a
r
y m
o
v
e
m
e
n
t i
n r
e
s
p
o
n
s
e 
t
o a s
t
i
m
u
l
u
s
.
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I
 co
u
l
d
n
’
t q
u
i
t
e 
und
e
r
s
t
a
nd
m
e
ta
b
o
l
i
s
m
.
 
i
t s
ee
m
e
d t
o 
 
i
n
v
o
l
v
e s
o m
u
c
h 
 
c
h
e
m
i
s
t
r
y
...
j
u
s
t
r
e
m
e
m
b
e
r
...
m
e
ta
b
o
l
i
s
m
c
o
n
s
i
s
t
s o
f 
c
h
e
m
i
c
a
l r
e
a
c
t
i
o
n
s 
t
h
a
t a
r
e c
o
n
s
t
a
n
t
l
y 
o
cc
u
rr
i
n
g i
n
s
i
d
e 
t
h
e b
o
d
y
.
W
e
ll
, 
 
f
o
r
n
o
w
...
B
u
t f
o
r n
o
w
, 
l
e
t
’
s s
t
i
c
k t
o 
t
h
e t
h
r
ee m
a
j
o
r 
n
u
t
r
i
e
n
ts
.
T
e
ll m
e a
ll 
a
bo
u
t t
h
e
m
, 
pl
e
a
s
e
!
l
e
t
'
s t
a
l
k s
o
m
e m
o
r
e 
a
b
o
u
t t
h
e n
u
t
r
i
e
n
t
s 
t
h
a
t t
h
e b
o
d
y a
bs
o
r
bs 
d
u
r
ing
d
i
g
e
s
t
i
o
n.
y
o
u m
e
a
n 
c
a
r
b
o
h
ydr
a
t
e
s
,
f
a
t
s
, a
n
d 
pr
o
te
i
n
s
?
The Three major nutrients
y
e
a
h
!
T
h
e
s
e t
h
r
ee m
a
j
o
r 
n
u
t
r
i
e
n
t
s a
r
e 
e
n
e
rg
y
so
u
r
c
e
s
.
s
o
m
e
t
i
m
e
s w
e i
n
c
l
u
d
e v
i
t
a
m
i
n
s 
a
n
d m
i
n
e
r
a
l
s
, a
n
d t
h
i
s g
r
o
u
p 
i
s c
a
ll
e
d t
h
e f
i
v
e m
a
j
o
r 
n
u
t
r
ien
t
s
.
C
a
r
b
o
h
y
dr
a
t
e
s
C
a
r
b
o
h
y
dr
a
t
e
s
Fa
t
s
P
r
o
t
e
ins
V
i
t
a
m
ins
Mi
n
e
r
al
s
W
h
e
n y
o
u c
o
u
n
t 
u
s i
n
, w
e
’
r
e 
t
h
e f
i
v
e m
a
j
o
r 
n
u
t
r
ien
t
s
.
Fa
t
s
P
r
o
t
e
ins
 
 
 
 
T
h
r
e
e
 
M
a
j
o
r
 
N
u
t
r
i
e
n
t
s
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T
h
e D
i
g
e
s
t
i
v
e s
y
s
t
e
m
F
i
r
s
t
, l
e
t
’
s 
s
t
a
r
t w
i
t
h 
c
a
r
b
o
h
ydr
a
t
e
s
.
C
a
r
b
o
h
ydr
a
t
e
s
i
n
c
lu
d
e
g
lu
c
o
s
e
,
f
r
u
c
to
s
e
,
g
a
l
a
c
to
s
e
,
l
a
c
to
s
e
,
m
a
l
t
os
e
,
su
c
r
os
e
,
a
n
d
s
ta
r
c
h
.
T
h
a
t
’
s w
h
y s
w
ee
t
s 
a
r
e i
n
d
i
s
p
e
n
s
a
b
l
e 
d
u
r
i
n
g s
t
u
d
y 
b
r
e
a
ks
!
T
h
e o
n
l
y 
e
n
e
r
g
y s
o
u
r
c
e 
f
o
r t
h
e b
r
a
i
n 
is
g
l
u
c
os
e
!
Th
e
f
o
u
n
d
a
t
i
o
n o
f 
c
a
r
b
o
h
ydr
a
t
e
s
is
g
l
u
c
os
e
!
E
v
e
n i
f y
o
u f
a
s
t f
o
r 
a c
o
u
p
l
e o
f d
a
y
s
, i
t
’
s 
u
n
l
i
k
e
l
y t
h
a
t y
o
u
r b
r
a
i
n
'
s 
e
n
e
r
g
y s
o
u
r
c
e w
i
ll b
e 
c
o
m
pl
e
t
e
l
y
d
e
pl
e
t
e
d
.
B
u
t w
h
e
n y
o
u
’
r
e 
r
e
a
ll
y h
u
n
g
r
y
, 
y
o
u
r m
i
n
d b
e
g
i
n
s 
to
w
a
n
d
e
r
.
y
o
u b
e
c
o
m
e 
a b
i
t o
f a 
b
l
o
c
kh
e
a
d
. 
B
y t
h
e w
a
y
, 
t
a
b
l
e s
u
g
a
r i
s 
su
c
r
os
e
.
h
a
r
d a
s a 
s
u
g
a
r
c
u
b
e
!
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L
e
t
’
s l
oo
k a
t a
ll
 
t
h
e d
i
ff
e
r
e
n
t 
k
i
n
d
s o
f 
c
a
r
b
o
h
y
d
r
a
t
e
s
.
T
h
e
y a
r
e 
cl
a
ss
if
i
e
d
l
i
k
e
t
h
i
s.
s
o d
i
g
e
s
t
i
o
n 
p
r
o
c
ee
d
s i
n s
t
a
g
e
s
. 
f
o
r e
x
a
m
p
l
e
, s
t
a
r
c
h 
i
s b
r
o
k
e
n d
o
w
n i
n
t
o 
m
a
lt
o
s
e
.
A
n
d t
h
e
n 
e
v
e
r
y
t
h
i
n
g i
s 
e
v
e
nt
u
a
ll
y
u
s
e
d
i
n
s
i
d
e t
h
e b
o
d
y a
s 
g
l
u
c
o
s
e
.
s
o c
a
n
d
i
e
s
, p
a
s
t
r
i
e
s
, a
n
d 
o
t
h
e
r sw
ee
t
s a
r
e a
bs
o
r
b
e
d 
q
u
i
c
k
l
y b
y t
h
e b
o
d
y s
i
n
c
e 
l
e
ss e
ff
o
r
t i
s n
ee
d
e
d t
o 
b
r
e
a
k t
h
e
m d
o
w
n
, 
 
r
i
g
h
t?
y
o
u g
o
t 
t
h
a
t p
a
r
t 
p
e
r
f
e
c
t
l
y
...
l
e
t
’
s m
o
v
e o
n 
to
f
a
ts
.
T
y
p
e
s o
f C
a
r
b
o
h
y
dr
at
e
s
Mo
n
o
s
a
c
c
ha
r
i
d
e
s
*
Dis
a
cc
h
a
r
i
d
e
s
*
*
P
o
l
y
s
a
c
c
ha
r
i
d
e
s
*
*
*
S
t
ar
c
h
G
l
u
c
o
s
e
S
uc
r
o
s
e
G
l
u
c
o
s
e + 
f
r
u
c
to
se
F
r
u
c
to
se
L
a
c
to
se
G
l
u
c
o
s
e + 
g
a
l
a
c
to
se
G
a
l
a
c
to
se
M
a
l
to
se
G
l
u
c
o
s
e × 2
* M
o
n
o
sa
cc
h
a
r
i
d
e
s
: M
o
s
t e
a
s
i
l
y a
b
s
o
r
b
e
d b
y t
h
e b
o
d
y
 
*
* D
i
sa
cc
h
a
r
i
d
e
s
: A f
o
r
m i
n w
h
i
c
h t
w
o m
o
n
o
sa
cc
h
a
r
i
d
e
s 
a
r
e j
o
i
n
e
d t
o
g
e
t
h
e
r
 
*
*
* P
o
l
y
sa
cc
h
a
r
i
d
e
s
: A f
o
r
m i
n w
h
i
c
h m
a
n
y t
y
p
e
s o
f 
m
o
no
s
a
cc
har
i
d
e
s
ar
e
j
o
i
ne
d
t
o
g
e
t
h
e
r
C
r
u
m
b
l
e
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a
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t
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T
h
e D
i
g
e
s
t
i
v
e s
y
s
t
e
m
s
p
e
a
k
i
n
g o
f f
a
t
.
.
. 
R
o
su
K
a
t
su
po
r
k
c
u
t
l
e
t i
s t
h
e 
b
e
s
t
! b
e
tt
e
r t
h
a
n 
H
i
r
e K
a
t
s
u
!
D
a
ydr
e
a
m
i
n
g
a
g
a
i
n?
I
 p
r
e
f
e
r 
Hi
re
K
a
t
s
u
.
P
o
r
k a
n
d o
t
h
e
r 
f
a
tt
y a
n
i
m
a
l 
m
e
a
t
s c
o
n
t
a
i
n 
n
e
u
t
r
a
l f
a
t
.
N
e
u
t
r
a
l f
a
t i
s 
a l
i
p
i
d
.
M
e
a
t a
l
s
o h
a
s 
c
h
ol
e
s
t
e
r
ol
.
*
D
o
n
’
t w
e h
a
v
e 
t
o e
a
t s
o
m
e f
a
t
, 
e
v
e
n i
f w
e
’
r
e 
d
i
e
t
i
n
g?
O
f c
o
u
r
s
e
.
I
t
’
s a
n e
x
c
e
ll
e
n
t 
s
o
u
r
c
e o
f e
n
e
r
g
y 
a
n
d ess
e
n
t
i
a
l f
a
tt
y 
a
c
i
d
s
.*
*
B
u
t w
h
a
t a
bo
u
t 
a
ll t
h
e c
a
l
o
r
i
e
s 
i
n
f
at
?
h
u
h
? T
h
a
t
’
s 
u
n
f
a
i
r
. F
a
t 
r
e
a
ll
y g
e
t
s a 
b
a
d r
a
p
. 
N
eu
t
r
a
l
F
at
C
h
o
l
e
s
t
e
r
o
l
* T
h
e b
l
oo
d c
o
n
t
a
i
n
s b
a
d c
h
o
l
e
s
t
e
r
o
l (
L
D
L
) t
h
a
t 
p
r
o
m
o
t
e
s a
t
h
e
r
o
s
c
l
e
r
o
s
i
s a
n
d g
oo
d c
h
o
l
e
s
t
e
r
o
l 
(
h
D
L
)
t
h
a
t
p
r
e
v
en
t
s
a
t
h
e
r
os
c
l
e
r
os
is
.
*
* E
ss
e
n
t
i
a
l f
a
tt
y a
c
i
d
s a
r
e u
n
sa
t
u
r
a
t
e
d 
f
a
tt
y a
c
i
d
s t
h
a
t t
h
e b
o
d
y c
a
nn
o
t p
r
o
d
u
c
e 
b
y i
t
s
e
l
f
, s
o m
u
s
t a
b
s
o
r
b f
r
o
m f
oo
d
.
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G
e
n
e
r
a
ll
y
,
u
n
s
a
t
u
r
a
t
e
d
f
a
tt
y a
ci
d
s a
r
e 
c
o
n
t
a
i
n
e
d i
n p
l
a
n
t
s 
a
n
d
fi
s
h
.
a
n
d s
a
t
u
r
a
t
e
d f
a
tt
y 
a
ci
d
s a
r
e c
o
n
t
a
i
n
e
d 
i
n t
h
e f
a
t
s (
l
i
p
i
d
s
) o
f 
m
amm
al
s
.
W
h
a
t y
o
u s
h
o
u
l
d 
r
e
m
e
m
b
e
r h
e
r
e i
s t
h
a
t 
v
a
r
i
o
u
s ty
p
e
s o
f f
a
tt
y 
a
ci
d
s a
r
e c
o
m
b
i
n
e
d i
n 
n
e
u
t
r
a
l
f
a
ts
.
l
e
t
’
s l
oo
k a
t 
th
e
s
tr
u
c
t
u
r
e
o
f n
e
u
t
r
a
l f
a
t
.
Tr
i
g
l
y
c
e
r
i
d
e
s,
a
c
o
mm
o
n t
y
p
e o
f 
n
e
u
t
r
a
l f
a
t
, c
o
n
s
i
s
t 
o
f g
l
y
c
e
r
o
l c
o
m
b
i
n
e
d 
w
i
t
h t
h
r
ee f
a
tt
y a
c
i
d
s
.
F
a
tt
y a
ci
d
s a
r
e 
 
c
l
a
ss
i
f
i
e
d a
s e
i
t
h
e
r 
s
a
t
u
r
a
t
e
d
o
r
u
n
s
a
t
u
r
a
t
e
d
.
T
h
e
s
e a
r
e j
o
i
n
e
d t
o
g
e
t
h
e
r 
w
i
t
h g
l
y
ce
r
o
l (
a
l
s
o c
a
ll
e
d 
g
l
y
ce
r
i
n
) t
o m
a
k
e v
a
r
i
o
u
s 
co
m
bi
n
a
t
i
o
n
s
.
T
h
a
t
’
s r
i
g
h
t
. 
Th
i
s
 
co
m
bi
n
a
t
i
o
n 
i
s c
a
ll
e
d a 
t
ri
g
l
y
c
eri
d
e
,
r
i
g
h
t?
*
* N
e
u
t
r
a
l f
a
t
s a
r
e c
l
a
ss
i
f
i
e
d b
y f
a
tt
y a
c
i
d
s t
h
a
t f
o
r
m 
t
h
e
m
, a
s w
e
ll a
s t
h
e n
u
m
b
e
r o
f c
a
r
b
o
n a
t
o
m
s a
n
d t
h
e 
c
o
nn
e
c
t
i
o
n
s b
e
t
w
ee
n t
h
e
m
. E
v
e
n b
e
y
o
n
d t
r
i
g
l
y
c
e
r
i
d
e
s
, 
t
h
e
r
e c
a
n a
l
s
o b
e m
o
n
o
- a
n
d d
i
g
l
y
c
e
r
i
d
e
s
.
N
eu
t
r
a
l
F
at
Gl
y
c
e
r
ol
Gl
y
c
e
r
ol
U
n
s
at
u
r
at
e
d
f
at
t
y
a
c
id
S
at
u
r
at
e
d
f
at
t
y
a
c
id
U
n
s
at
u
r
at
e
d
f
at
t
y
a
c
id
U
n
s
at
u
r
at
e
d
f
at
t
y
a
c
id
S
at
u
r
at
e
d
f
at
t
y
a
c
id
S
at
u
r
at
e
d
f
at
t
y
a
c
id
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L
a
s
t
, w
e
’
r
e 
g
o
i
n
g t
o 
c
o
v
e
r
pr
o
te
i
n
s
,
r
i
g
h
t?
O
f c
o
u
r
s
e
, 
t
h
e
y c
a
n a
l
s
o 
b
e u
s
e
d f
o
r 
e
n
e
r
g
y.
R
i
g
h
t.
P
e
p
s
i
n
’
s b
a
c
k
! 
A
n
d h
e
’
s o
n a 
r
a
m
pa
g
e
!
P
r
o
te
i
n
s
c
o
n
s
i
s
t o
f 
m
a
n
y a
m
i
n
o 
a
c
i
d
s l
i
n
k
e
d 
to
g
e
t
h
e
r
.
P
e
p
s
i
n b
r
e
a
k
s 
d
o
w
n
pr
o
t
e
i
n
s
i
n
t
o t
h
o
s
e 
s
m
a
ll
e
r p
i
e
ce
s
!
R
i
g
h
t
!
 
D
i
g
e
s
t
i
o
n c
a
n 
p
r
o
c
ee
d!
s
m
a
ll n
u
m
b
e
r
s 
o
f l
i
n
k
e
d a
m
i
n
o 
a
c
i
d
s a
r
e o
f
t
e
n 
c
a
ll
e
d
p
e
p
t
i
d
e
s.
P
r
o
t
e
i
n
s a
n
d a
m
i
n
o 
a
c
i
d
s s
ee
m a l
i
tt
l
e 
l
i
k
e t
o
y b
u
i
l
d
i
n
g 
b
l
o
c
k
s.
P
r
o
t
e
i
n
s a
r
e i
m
p
o
r
t
a
n
t 
n
u
t
r
i
e
n
t
s f
o
r t
h
e 
s
t
r
u
c
t
u
r
a
l co
m
p
o
n
e
n
t
s 
o
f t
h
e b
o
d
y
, s
u
c
h a
s 
m
u
s
c
l
e
, b
o
n
e
, s
k
i
n
, 
a
n
d b
l
oo
d
.
B
AM
!
P
ep
s
i
n
P
ep
s
i
n
P
ep
s
i
n
P
ep
s
i
n
A
mi
no
a
c
id
P
ep
t
id
e
P
r
o
t
ei
n
h
u
h?
B
AM
!
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F
i
r
s
t
, l
e
t
'
s 
i
m
a
g
i
n
e t
h
i
s 
b
u
i
l
di
n
g
m
a
de
o
f b
l
o
c
k
s i
s a 
p
r
o
t
e
in.
M
a
n
y d
i
ff
e
r
e
n
t 
b
lo
c
k
s
a
r
e j
o
i
n
e
d 
to
g
e
t
h
e
r
.
s
o e
a
c
h 
i
n
d
iv
i
d
u
a
l
b
l
o
c
k i
s a
n 
a
mi
no
a
c
i
d
?
T
h
i
s b
l
o
c
k i
s 
d
i
ff
e
r
e
n
t.
I
t
’
s g
r
e
a
t 
t
h
at
yo
u
no
t
i
c
e
d
t
ha
t
.
T
h
a
t i
s a
n 
esse
n
t
i
a
l
 
a
mi
no
a
c
i
d
.
L
i
k
e t
h
e 
e
ss
e
n
t
i
a
l f
a
tt
y 
a
ci
d
s w
e t
a
l
k
e
d 
a
b
o
u
t
e
a
r
li
e
r
…
T
h
e s
e
c
o
n
d p
h
a
s
e o
f 
m
e
t
a
b
o
l
i
s
m i
s c
a
ll
e
d 
a
n
a
b
o
li
s
m
. 
I
t
’s t
h
e r
e
a
ss
e
m
b
l
y 
o
f t
h
e i
n
d
i
v
i
d
u
a
l b
l
o
c
k
s (
a
m
i
n
o 
a
c
i
d
s
) i
n
t
o m
o
r
e c
o
m
p
l
e
x 
p
r
o
t
e
i
n
s.
W
h
e
n a
n
a
b
o
l
i
s
m occ
u
r
s
, n
e
w 
s
t
r
u
c
t
u
r
e
s a
r
e c
r
e
a
t
e
d t
h
a
t 
a
r
e d
i
ff
e
r
e
n
t f
r
o
m t
h
e o
r
i
g
i
n
a
l 
c
o
n
f
i
g
u
r
a
t
i
o
n (
l
i
k
e m
a
k
i
n
g a
n 
a
i
r
p
l
a
n
e o
r r
o
b
o
t f
r
o
m a p
i
l
e 
o
f
b
l
o
c
k
s)
!
M
o
r
e a
cc
u
r
a
t
e
l
y
, 
t
h
o
s
e p
a
r
t
s m
i
g
h
t b
e 
u
s
e
d t
o c
r
e
a
t
e m
u
s
c
l
e
, 
b
o
n
e
, o
r s
k
i
n
, f
o
r 
e
x
a
m
p
le
!
w
e c
a
n
’
t cr
e
a
t
e 
t
h
e
m o
u
r
s
e
l
v
e
s
, s
o 
w
e a
b
s
o
r
b t
h
e
m 
f
r
o
m f
oo
d
, r
i
g
h
t
?
T
h
e f
i
r
s
t p
a
r
t o
f t
h
e 
p
r
oce
ss o
f m
e
t
a
b
o
l
i
s
m 
(c
a
ll
e
d
c
a
ta
b
o
l
i
s
m
) 
c
o
n
s
i
s
t
s o
f b
r
e
a
k
i
n
g 
t
h
i
s b
u
i
l
d
i
n
g i
n
t
o 
p
i
e
c
e
s.
W
h
e
n t
h
i
s o
cc
u
r
s 
d
u
r
i
n
g d
i
g
e
s
t
i
o
n
, 
w
e e
n
d u
p w
i
t
h 
i
n
d
i
v
i
d
u
a
l
p
a
r
ts
.
A
mi
no
a
c
id
I
 g
e
t i
t
…
T
h
at
’
s
r
i
g
h
t!
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h
e D
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g
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v
e s
y
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e
m
Even More About The Digestive system!
L
et’
s l
ook
 a
t
 a
ll of the dig
es
tive or
ga
ns again! 
These incl
ude the or
ga
ns of the a
l
iment
ar
y 
c
a
na
l (or
 dig
es
tive tr
act) f
r
om the mouth t
o the a
nus—as w
ell as the l
iver
, ga
llbl
adder
, a
nd 
pa
ncr
e
as. If w
e l
ik
en the seq
uenc
e of pr
oc
es
ses incl
uded in dig
es
tion a
nd ab
sor
ption t
o a 
f
act
or
y
, it
 w
oul
d l
ook
 a l
it
t
l
e l
ik
e this.
The Digestive 
s
ystem in Action
Mastication (chewing)
Mastication is collaborative 
work performed by the 
teeth, jaw, and tongue.
Action time: 2-4 hour
s. 
This c
a
n diff
er
, depending on wha
t
 
y
ou’ve e
a
t
en. F
oods tha
t
 ha
ve a l
ot
 
of pr
ot
ein t
ak
e l
ong
er
 t
o dig
es
t.
Saliva
Up to 1.5 L 
per day


squeak 
squeak
Saliva
Saliva moistens the food.
It contains digestive
enzymes.
Deglutition (swallowing)
The swallowing of food that was ground 
down into finer pieces in the mouth is 
called 
deglutition
. Food passes through 
the esophagus and enters the stomach.

tap 
tap
Esophagus
Stomach

Stomach
The stomach secretes hydrochloric acid 
to begin digestion and to sterilize the 
food. It also secretes digestive enzymes 
that digest proteins and fats. These juices 
act together to break down food so that 
it can be absorbed into the body.
Gastric juice
Gastric juice
Up to 2 L 
per day

 

 

 

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Nutrient
 
del
iver
y
Lar
g
e Int
es
tine
The l
ar
g
e int
es
tine t
ak
es mois
t
ur
e 
out
 of the f
ood ma
t
t
er
, r
ecl
aiming 
w
a
t
er
 int
o the bod
y a
nd cr
e
a
ting 
a firm s
t
ool
. 
Duodenu
m
Alk
a
l
ine dig
es
tive fl
uids ar
e mix
ed int
o the ch
yme 
f
r
om y
our
 s
t
omach t
o neutr
a
l
iz
e the s
t
omach acids 
bef
or
e they ent
er
 the int
es
tines. P
a
ncr
e
a
tic juic
e 
secr
et
ed f
r
om the pa
ncr
e
as a
lso c
ont
ains dig
es
tive 
enz
ymes t
o br
e
ak
 do
wn pr
ot
eins a
nd f
a
ts. Bil
e 
secr
et
ed f
r
om the ga
llbl
adder
 hel
ps dig
es
t
 l
ipids 
(se


e F

igur
e 3-7 on pag
e 80). 


Small Intestine
Sma
ll Int
es
tine
Dig
es
tive fl
uids tha
t
 c
ar
r
y out
 the fina
l s
t
ag
e of dig
es
tion 
ar
e secr
et
ed, a
nd nutrients ar
e s
t
e
adil
y ab
sor
bed a
t
 the 
s
a
me time f
r
om nutrient
 ab
sor
ption c
ells tha
t
 l
ine the w
a
lls 
of the sma
ll int
es
tine. 
The l
ength of the sma
ll int
es
tine is 
a
ppr
o
xima
t
el
y 6 t
o 8 met
er
s in a
n adult.


clatter
Action time: 
Appr
o
xima
t
el
y 3 t
o 5 hour
s
clatter
clatter
Duodenu
m
G
a
ll-
bl
adder
Nutrient
 
del
iver
y
pat
pat
pat
pat
Lar
g
e Int
es
tine
Liver
clatter
Nutrient
P
a
ncr
e
a
tic 
juic
e
whoosh
whoosh
R
ect
u
m
The r
ect
u
m c
a
n be thought
 of as a f
ec
es 
w
aiting r
oom. 
The f
ec
es ac
cu
mul
a
t
e ther
e, 
a
nd when enough ac
cu
mul
a
t
e t
o ex
er
t
 
pr
es
sur
e, the r
ect
u
m begins t
o c
ontr
act
 
a
nd the int
erior
 a
na
l sphinct
er
 l
oosens. 
These motions ar
e in
v
ol
u
nt
ar
y a
nd send 
a mes
s
ag
e t
o y
our
 br
ain t
ell
ing y
ou tha
t
 
y
ou ne
ed t
o poop. 
When a bo
w
el mo
vement
 
begins, the ext
erior
 a
na
l sphinct
er
 opens, 
a
nd y
ou def
ec
a
t
e.
Anus
Open the 
ga
t
e!


Incr
e
ased
r
ect
a
l
pr
es
sur
e…
R
ect
u
m
Action time: 
Appr
o
xima
t
el
y 10 hour
s, 
a
lthough it
 c
a
n t
ak
e up t
o se
ver
a
l 
da
ys f
or
 f
ood t
o pas
s thr
ough the 
l
ar
g
e int
es
tine.

 

 

 

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A
TP and the Citric Acid Cycle
Our
 bodies g
et
 ener
gy f
r
om the f
oods a
nd nutrients w
e t
ak
e in. Our
 bodies s
ynthesiz
e or
 
dec
ompose such f
ood a
nd nutrients, a
nd the r
e
actions tha
t
 c
ar
r
y out
 these pr
oc
es
ses ar
e 
c
a
ll
ed 
met
a
bol
ism
. In this section, w
e will expl
ain met
abol
ism in a l
it
t
l
e mor
e det
ail
. 
F
ir
s
t, l
et’
s l
ook
 a
t
 the pr
oc
es
s tha
t
 pr
oduc
es ener
gy b
y burning nutrients tha
t
 ar
e
 
ab
sor
bed. 
Although w
e s
a
y “burning,” the ener
gy sour
c
e is not
 being set
 on fir
e inside the 
bod
y
. Ins
t
e
ad, the ener
gy is pr
oduc
ed b
y a chemic
a
l r
e
action c
a
ll
ed 
o
xida
tion
.
O
xida
tion extr
acts ener
gy f
r
om nutrients (c
ar
boh
y
dr
a
t
es, f
a
ts, a
nd pr
ot
eins) b
y using 
o
xyg
en. 
These ener
gy sour
c
es ar
e o
xidiz
ed t
o f
orm 
A
TP (
ad
enosine triphospha
t
e)
. W
e 
w
a
lk, 
dig
es
t, a
nd c
ar
r
y out
 other
 activities using the ener
gy tha
t
 is pr
oduc
ed b
y dec
omposing 
this A
TP
. 
A
TP dec
omposition is the ener
gy sour
c
e f
or
 a
ll the activit
y tha
t
 goes on inside c
ells, so 
it
 is per
f
ormed inside e
ver
y c
ell in the hu
ma
n bod
y
. 
The ener
gy obt
ained f
r
om 
A
TP dec
om
-
position is ultima
t
el
y r
el
e
ased as he
a
t, as sho
wn in F
igur
e 3-1. 
F
igur
e 3-1: 
A
TP d
ec
omposition
A
TP dec
omposition is the ener
gy sour
c
e f
or
 a
ll the activit
y tha
t
 goes on inside c
ells, so it
 is 
per
f
ormed inside e
ver
y c
ell in the hu
ma
n bod
y
. 
The ener
gy obt
ained f
r
om 
A
TP dec
omposi
-
tion is ultima
t
el
y r
el
e
ased as he
a
t, as sho
wn in F
igur
e 3-1.
The series of chemic
a
l r
e
actions tha
t
 burn nutrients t
o cr
e
a
t
e 
A
TP is c
a
ll
ed the 
citric 
acid c
y
cl
e
 (se

e F

igur
e 3-2). 


Y
ou don
’t
 ha
ve t
o r
emember
 the specific r
e
actions in the cit
-
ric acid c
y
cl
e f
or
 e
ach nutrient. F
or
 no
w
, jus
t
 r
emember
 wha
t
 the entir
e citric acid c
y
cl
e 
ac
c
ompl
ishes.
Wher
e does 
A
TP dec
omposition ha
ppen in the bod
y?
He
a
t
C
ar
bo-
h
y
dr
a
t
es
C
ar
bo-
h
y
dr
a
t
es
Fa
t
s
P
r
ot
eins
O
xida
tion
AT
P
He
a
t
A
TP dec
omposition
C
ell
ul
ar
activit
y
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F
igur
e 3-2: 
The citric acid c
y
cl
e
So ho
w does the fl
o
w of ener
gy pr
oduction oc
cur
 in the citric acid c
y
cl
e
? F
ir
s
t, e
ach
 
nutrient
 is br
ok
en do
wn b
y enz
ymes. P
r
ot
eins a
nd f
a
ts ar
e br
ok
en do
wn int
o a
mino acids
 
a
nd f
a
t
t
y acids, which ar
e e
vent
ua
ll
y tr
a
nsf
ormed int
o a mol
ecul
e c
a
ll
ed ac
et
yl-C
oA, which
 
then f
e
eds int
o the citric acid c
y
cl
e. F
or
 c
ar
boh
y
dr
a
t
es, the pr
oc
es
s is a l
it
t
l
e mor
e c
ompl
ex.
 
C
ar
boh
y
dr
a
t
es ar
e br
ok
en do
wn int
o gl
uc
ose, which is then br
ok
en do
wn f
ur
ther
 thr
ough
 
gl
y
c
ol
ysis
. G
l
y
c
ol
ysis pr
oduc
es a sma
ll a
mou
nt
 of ener
gy (2 
A
TP per
 gl
uc
ose mol
ecul
e) a
nd
 
yiel
ds p
yr
u
v
a
t
e, which is e
vent
ua
ll
y cha
ng
ed int
o ac
et
yl-C
oA.
 
Onc
e the thr
e
e major
 nutrients ar
e br
ok
en do
wn int
o ac
et
yl-C
oA, the ac
et
yl-C
oA
 
ent
er
s the citric acid c
y
cl
e. Enz
ymes use o
xyg
en t
o extr
act
 ener
gy b
y c
ausing a suc
c
es
-
sive series of o
xida
tion r
e
actions. 
This pr
oduc
es high-ener
gy mol
ecul
es tha
t
 ar
e ultima
t
el
y 
tr
a
nsf
ormed int
o 
A
TP thr
ough a
nother
 series of r
e
actions c
a
ll
ed the 
el
ectr
on tr
a
nspor
t
 
chain
. C
ar
bon dio
xide a
nd w
a
t
er
 ar
e a
lso b
y-pr
oducts of the citric acid c
y
cl
e a
nd the el
ec
-
tr
on tr
a
nspor
t
 chain. 
This c
y
cl
e is a
n int
egr
a
l par
t
 of aer
obic met
abol
ism. E
vent
ua
ll
y
, the citric acid c
y
cl
e 
a
nd other
 r
el
a
t
ed pa
th
w
a
ys cr
e
a
t
e about
 20 times mor
e 
A
TP tha
n does gl
y
c
ol
ysis a
l
one. 
O
xida
tion of ac
et
yl-C
oA
pr
oduc
es 
A
TP
, which is then
dec
omposed t
o mak
e ener
gy
f
or
 c
ells inside the bod
y
.
P
r
ot
eins
P
r
ot
eins
C
ar
bo-
h
y
dr
a
t
es
Fa
t
s
Br
ok
en do
wn 
b
y enz
ymes
Br
ok
en do
wn b
y 
enz
ymes a
nd 
gl
y
c
ol
ysis
Br
ok
en do
wn 
b
y enz
ymes
Ac
et
yl-C
oA
Ener
gy (
A
TP
),
CO
2
, a
nd H
2
O
O
2
O
2
O
2
O
2
O
2
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Digestive Fluids and Digestive Enzymes
W
e t
a
lk
ed a bit
 about
 dig
es
tive fl
uids a
nd enz
ymes e
arl
ier
. L
et’
s go o
ver
 them in mor
e 
det
ail no
w
. If y
ou check
 the o
ver
a
ll pict
ur
e of the dig
es
tive or
ga
ns sho
wn on pag
e 72, 
it
 
will be e
asier
 t
o visua
l
iz
e wha
t
 is going on.
Tha
t’
s right. In one da
y y
ou secr
et
e ar
ou
nd 8 l
it
er
s of dig
es
tive fl
uids! 
Y
ou’
d think
 y
ou’
d g
et
 
deh
y
dr
a
t
ed disgor
ging a
ll tha
t
 l
iq
uid, huh
? 
W
ell, don
’t
 w
or
r
y
. 
The mois
t
ur
e tha
t
 is c
ont
ained 
in the dig
es
tive fl
uids is ab
sor
bed b
y the a
l
iment
ar
y c
a
na
l as soon as the dig
es
tive fl
uids 
ar
e secr
et
ed. 
As a r
esult, y
ou don
’t
 g
et
 deh
y
dr
a
t
ed.
Mos
t
 dig
es
tive fl
uids c
ont
ain dig
es
tive enz
ymes—bil
e is the onl
y one tha
t
 does not. B
ut
 
it
 s
till c
a
n be c
a
ll
ed a dig
es
tive fl
uid sinc
e it
 aids dig
es
tion, acting l
ik
e soa
p t
o disper
se a
nd
 
emulsif
y f
a
ts. Bil
e is the bit
t
er
 yell
o
w l
iq
uid tha
t
 c
omes up when y
ou v
omit
 viol
ent
l
y
. If ther
e
’
s
 
nothing else t
o thr
o
w up, bil
e will be dischar
g
ed. Bil
e is f
ormed in par
t
 f
r
om the br
e
ak
do
wn
 
of ol
d r
ed bl
ood c
ells (se
e “The Liver
’
s R
ol
e in Met
abol
ism a
nd Dig
es
tion
” on pag
e 78).
Next, l
et’
s c
o
ver
 dig
es
tive enz
ymes. 
Y
our
 bod
y c
a
nnot
 e
asil
y ab
sor
b f
ood in its origina
l 
f
orm. Dig
es
tive enz
ymes pl
a
y a major
 r
ol
e in cha
nging tha
t
 f
ood t
o a s
t
a
t
e tha
t
 c
a
n be 
ab
sor
bed as nutrients b
y the bod
y
.
Don
’t
 w
or
r
y
. I’m going t
o nar
r
o
w them do
wn t
o jus
t
 thr
e
e main t
ypes of dig
es
tive enz
ymes. 
Ther
e ar
e r
ul
es tha
t
 mak
e it
 e
asier
 t
o r
emember
 the na
mes.
It
 is cus
t
omar
y f
or
 enz
yme na
mes t
o end in 
-as
e
. 
The La
tin na
me f
or
 s
t
ar
ch is 
am
y
l
um
, 
so the enz
yme tha
t
 br
e
aks do
wn c
ar
boh
y
dr
a
t
es is c
a
ll
ed 
a
m
yl
as
e
. 
P
r
ot
e
as
e
 is the enz
yme tha
t
 
br
e
aks do
wn pr
ot
ein, a
nd 
l
ipas
e
 is the enz
yme tha
t
 br
e
aks do
wn f
a
ts, or
 l
ipids (se
e F


igur
e 3-3).

Diff
er
ent
 or
ga
ns secr
et
e diff
er
ent
 dig
es
tive fl
uids, right?
Inde
ed. C
a
n y
ou na
me them in or
der? S
t
ar
t
 with the mouth.
W
ell, ther
e
’
s s
a
l
iv
a in the mouth, gas
tric juic
e in the s
t
omach, pa
ncr
e
a
tic juic
e a
nd bil
e in 
the duodenu
m, a
nd int
es
tina
l fl
uids in the sma
ll int
es
tine.
Is tha
t
 wh
y I ha
ve t
o memoriz
e them
?
The citric acid c
y
cl
e is a
lso c
a
ll
ed the 
T
C
A
 c
y
cl
e or
 the Kr
eb
s c
y
cl
e, na
med af
t
er
 
H
a
ns 
Adol
f Kr
eb
s, who r
ec
eived a Nobel P
riz
e in medicine f
or
 his w
or
k
 on the 
subject.
Did 
y
ou Know?
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F
igur
e 3-3: 
Thr
e
e main t
ypes of dig
es
tive enz
ymes
Dig
es
tive enz
ymes c
a
n be br
oadl
y cl
as
sified int
o thr
e
e t
ypes in this w
a
y
. 
Am
yl
ase 
a
nd pr
ot
e
ase c
a
n a
lso be cl
as
sified f
ur
ther
 int
o se
ver
a
l t
ypes. Sinc
e ther
e ar
e onl
y a f
ew 
impor
t
a
nt
 dig
es
tive enz
ymes, y
ou’ll be abl
e t
o r
emember
 them if w
e or
ga
niz
e them pr
op
-
erl
y
, as in 
T
abl
e 3-1.
Table 3-1: Main Digestive Enzymes and Their Effects
Enz
ymes f
or
 
br
e
aking do
wn 
c
ar
boh
y
dr
a
t
es
Enz
ymes f
or
 
br
e
aking do
wn 
pr
ot
eins
Enz
ymes f
or
 
br
e
aking do
wn 
 
fa
t
s
Sa
l
iv
a
Sa
l
iv
ar
y a
m
yl
as
e
 
s
t
ar
ch 
→
 ma
lt
ose
G
as
tric juic
e
P
epsin
 
pr
ot
eins 
→
 peptides*
P
a
ncr
e
a
tic juic
e
P
a
ncr
e
a
tic 
a
m
yl
as
e,
 
et
c
.
 
s
t
ar
ch 
→
 ma
lt
ose
T
r
ypsin, ch
ymotr
ypsin
 
pr
ot
eins 
→
 peptides 
or
 a
mino acids
P
a
ncr
e
a
tic l
ipas
e
 
f
a
ts (l
ipids) 
→
f
a
tty
acids + gl
y
c
erin
Int
es
tines
Sucr
as
e, et
c
.
 
sucr
ose, l
act
ose, et
c. 
→
 monos
ac
charide
Er
epsin
 
pr
ot
eins or
 peptides 
→
 a
mino acids
* P
eptides ar
e shor
t, l
ink
ed-t
og
ether
 chains of a
mino acids, which ha
ve f
ew
er
 mol
ecul
es tha
n pr
ot
eins.
 
Lipase
C
ar
boh
y
dr
a
t
es
P
r
ot
eins
Fa
t
s
S
t
ar
ch
Enz
yme
Enz
yme
Enz
yme
P
r
ot
ein
Fa
t
Am
yl
ase
P
r
ot
e
ase
(
am
y
l
um
)
(l
ipid)
Ther
e sur
e ar
e a l
ot, a
nd some enz
ymes don
’t
 end in 
-as
e
.
If onl
y it
 w
er
e tha
t
 e
as
y! 
Jus
t
 r
emember
 tha
t
 the enz
ymes without
 -
a
se
 br
e
ak
 do
wn 
pr
ot
eins.
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The 
L
iver’s Role in Met
abolism and Digestion
F
ina
ll
y
, l
et’
s t
a
lk
 about
 the l
iver
, which per
f
orms impor
t
a
nt
 w
or
k
 in
v
ol
ved in dig
es
tion a
nd 
met
abol
ism. 
Y
ou pr
obabl
y kno
w tha
t
 the l
iver
 is a
n int
erna
l or
ga
n tha
t'
s in
v
ol
ved in a wide 
v
ariet
y of activities—up t
o 500 diff
er
ent
 f
u
nctions!
The l
iver
 r
ec
eives bl
ood f
r
om tw
o kinds of bl
ood ves
sels: the 
hepa
tic ar
t
eries
, which 
c
ar
r
y ar
t
eria
l bl
ood c
ont
aining o
xyg
en f
r
om the aor
t
a, a
nd the 
por
t
a
l vein
, which c
ar
ries 
venous bl
ood c
ont
aining nutrients tha
t
 w
er
e ab
sor
bed f
r
om the int
es
tines. Mor
e tha
n tw
o-
thir
ds of the l
iver
’
s bl
ood suppl
y is f
r
om the por
t
a
l vein, suppl
ying it
 with about
 ha
l
f of the 
o
xyg
en the l
iver
 ne
eds, as w
ell as the nutrients critic
a
l f
or
 v
arious met
abol
ic activities.
Sinc
e the l
iver
 is in
v
ol
ved in so ma
n
y diff
er
ent
 activities, I’ll expl
ain jus
t
 a f
ew of the 
major
 activities one a
t
 a time. 
The f
u
nction of the l
iver
 is sho
wn in F
igur
e 3-4.
F
igur
e 3-4: 
T
w
o of t
he l
iver
’
s major
 activities ar
e d
et
o
xific
a
tion a
nd met
a
bol
ism.
The l
iver
 g
ets 
mor
e bl
ood f
r
om
the por
t
a
l vein tha
n
f
r
om the hepa
tic
ar
t
er
y
.
The l
iver
 r
ec
eives 
bl
ood f
r
om the 
por
t
a
l vein a
nd 
hepa
tic ar
t
eries.
T
o the 
he
ar
t
H
epa
tic
veins
D
et
o
xific
a
tion
Po
r
t
a
l
vein
H
epa
tic
ar
t
er
y
O
2
, et
c.
Mesent
eric veins
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One job is det
o
xific
a
tion of a
lc
ohol or
 other
 t
o
xic sub
s
t
a
nc
es tha
t
 ha
ve ent
er
ed the 
bod
y
. P
oisons ent
er
 the bod
y mos
t
 f
r
eq
uent
l
y thr
ough the mouth. 
They ar
e then ab
sor
bed 
b
y the a
l
iment
ar
y c
a
na
l a
nd sent
 f
r
om ther
e t
o the l
iver
 thr
ough the bl
ood ves
sel c
a
ll
ed 
the por
t
a
l vein.
Another
 job of the l
iver
 is met
abol
ism. Nutrients t
ak
en f
r
om the a
l
iment
ar
y c
a
na
l ar
e 
used as ma
t
eria
ls t
o s
ynthesiz
e or
 br
e
ak
 do
wn pr
ot
eins, chol
es
t
er
ol, f
a
ts, a
nd hormones 
(se
e F
igur
e 3-5). 
The l
iver
 is r
esponsibl
e f
or
 a v
as
t
 nu
mber
 of other
 cr
ucia
l f
u
nctions, f
r
om 
maint
aining pr
oper
 bl
ood cl
ot
ting t
o pr
oducing gr
o
w
th hormones. 
F
igur
e 3-5: 
The l
iver
 r
el
e
as
es gl
uc
os
e when t
he bod
y ne
eds it.
The f
our
th job is cr
e
a
ting bil
e. 
The bil
e tha
t
 is cr
e
a
t
ed in the l
iver
 is c
onc
entr
a
t
ed 
a
nd s
t
or
ed b
y the ga
llbl
adder
. 
This bil
e aids the action of the dig
es
tive enz
ymes a
nd the 
ab
sor
ption of f
a
ts. In other
 w
or
ds, the l
iver
 a
lso pl
a
ys a
n impor
t
a
nt
 r
ol
e in dig
es
tion. Inci
-
dent
a
ll
y
, the yell
o
wish c
ol
or
 of bil
e c
omes f
r
om 
bil
ir
ubin
, which is a w
as
t
e pr
oduct
 pr
oduc
ed 
b
y the met
abol
ism of the hemogl
obin in r
ed bl
ood c
ells (se
e F
igur
e 3-6; se
e a
lso “R
ed 
Bl
ood C
ells” on pag

e 112).

Jus
t
 think
 ho
w t
er
ribl
e it
 w
oul
d be if y
ou did
n
’t
 ha
ve a l
iver! 
Y
ou c
oul
d
n
’t
 met
abol
iz
e 
ab
sor
bed nutrients a
nd y
ou c
oul
d
n
’t
 cr
e
a
t
e bil
e. P
oisons w
oul
d cir
cul
a
t
e thr
oughout
 the 
bod
y without
 being det
o
xified, a
nd ther
e w
oul
d be no s
t
or
ehouse f
or
 nutrients tha
t
 ar
e 
r
eq
uir
ed a
t
 critic
a
l times.
It’
s a
lso r
el
e
ased when 
y
ou’r
e f
e
el
ing se
ver
e s
tr
es
s.
Ener
gy suppl
y is 
insufficient! Send 
emer
g
enc
y gl
uc
ose no
w!!
Lea
ve it
t
o me!
I’m hu
ngr
y 
a
nd ha
ve 
no ener
gy
.
Help!
No
w I f
e
el
ener
giz
ed.
A
 dis
tr
es
s signa
l
c
a
lls the l
iver
t
o action!
G
l
uc
ose
r
el
e
ased!!
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F
igur
e 3-6: 
The l
iver
 br
e
aks hemogl
obin d
o
wn int
o bil
ir
ubin 
 
t
o mak
e bil
e, which is t
hen s
t
or
ed in t
he ga
llbl
add
er
.
G
a
llbl
adder
C
ha
ng
e this 
hemogl
obin...
...t
o bil
ir
ubin!
H
emogl
obin
Bil
e
The l
iver
 has so ma
n
y job
s. 
Wha
t
 w
oul
d ha
ppen if y
ou l
os
t
 par
t
 of y
our
 l
iver?
The l
iver
 has a
n a
mazing abil
it
y t
o r
eg
ener
a
t
e. E
ven if a doct
or
 r
emo
ves as much as 
thr
e
e-f
our
ths of it
 during a
n oper
a
tion, it
 will r
eg
ener
a
t
e t
o its origina
l siz
e!
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I
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u
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ff 
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r
g
a
n
izi
n
g
f
o
r
too
l
o
n
g
.
I
’
v
e g
o
t t
o 
f
i
g
u
r
e o
u
t 
w
h
a
t t
o g
e
t 
r
i
d
o
f.
L
oo
k
s l
i
k
e j
u
n
k 
t
o m
e
. W
h
y n
o
t j
u
s
t 
c
h
u
c
k i
t a
ll i
n t
h
e 
tr
a
s
h
?
W
a
s
te
pr
o
d
u
c
t
s
a
cc
u
m
u
l
a
t
e i
n a 
p
e
r
s
o
n
’
s bo
d
y i
n 
th
e
s
a
m
e
w
ay
.
T
h
e k
i
d
n
e
y
s 
h
e
l
p d
i
s
p
o
s
e 
o
f t
h
o
s
e w
a
s
t
e 
p
r
o
d
u
c
ts
.
U
nn
e
c
ess
a
r
y 
w
a
s
t
e i
s 
d
i
s
c
a
r
de
d
fr
o
m
t
h
e k
i
d
n
e
y
s i
n 
t
h
e f
o
r
m o
f 
u
r
i
n
e.
T
h
at
’
s
r
i
g
h
t.
E
l
i
mi
n
a
t
i
ng
u
nn
e
c
ess
a
r
y 
s
u
b
s
t
a
n
c
e
s f
r
o
m 
t
h
e bo
d
y i
n t
h
i
s 
w
a
y i
s c
a
ll
e
d 
e
x
c
r
et
i
o
n
.
K
idne
y
s
U
r
i
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e
r
u
l
a
r 
fi
l
t
r
a
t
e p
e
r d
a
y
T
h
e k
i
d
n
e
y
s c
o
n
t
i
n
u
e t
o 
w
o
r
k a
l
l t
h
e t
i
m
e . . .
s
o
 
m
u
c
h
 
s
t
u
f
f
Wa
s
t
e
R
ea
b
s
o
r
be
d
!
R
e
a
b
s
o
r
p
ti
o
n
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Even More About the Kidneys!
B
esides w
a
t
er
, urine c
ont
ains c
omponents such as sodiu
m a
nd other
 miner
a
ls, ur
e
a, uric 
acid, a
nd cr
e
a
tinine. In a he
a
lth
y per
son, urine is pa
l
e yell
o
w a
nd tr
a
nspar
ent
 sinc
e it
 
c
ont
ains no pr
ot
eins or
 sugar
s. H
o
w
e
ver
, the pr
oper
ties of urine ar
e not
 a
l
w
a
ys c
ons
t
a
nt
 
as urine has a cl
ose r
el
a
tionship with homeos
t
asis.
Urine and 
h
omeost
asis in the Body 
Tha
t’
s right. 
Tha
t’
s bec
ause the en
vir
onment
 inside the bod
y—such as the a
mou
nt
 of w
a
t
er
 
or
 pH—is being k
ept
 in a s
t
abl
e, c
ons
t
a
nt
 c
ondition. 
T
o k
e
ep the bod
y in this s
t
abl
e c
ondition, the kid
neys of
t
en ha
ve t
o el
imina
t
e diff
er
ent
 
a
mou
nts a
nd c
onc
entr
a
tions of ma
t
eria
l
. 
The f
ood a
nd drink
 tha
t
 w
e c
onsu
me, the a
mou
nt
 
of activit
y w
e engag
e in, a
nd ho
w much w
e per
spir
e a
ll v
ar
y f
r
om da
y t
o da
y
, a
nd the 
sub
s
t
a
nc
es tha
t
 ar
e disposed of as urine v
ar
y ac
c
or
dingl
y
.
If y
ou don
’t
 drink
 much w
a
t
er
 or
 if y
ou r
el
e
ase a l
ot
 of l
iq
uid as per
spir
a
tion, y
ou 
will urina
t
e a sma
ll
er
 v
ol
u
me of mor
e c
onc
entr
a
t
ed, dar
k
er
 urine bec
ause y
our
 bod
y will 
w
a
nt
 t
o dispose of as l
it
t
l
e l
iq
uid as pos
sibl
e. If y
ou drink
 a l
ot
 of w
a
t
er
, y
ou will urina
t
e a 
gr
e
a
t
er
 v
ol
u
me of pa
l
er
 urine bec
ause y
our
 bod
y will s
t
e
adil
y dispose of tha
t
 ex
c
es
s w
a
t
er
 
as urine.
A
 he
a
lth
y adult
 pr
oduc
es about
 1 t
o 2 l
it
er
s of urine a da
y
, which c
a
n be about
 1
 
mill
i
-
l
i
t
e
r
 of urine per
 minut
e. If urine w
er
e dischar
g
ed as f
as
t
 as it’
s pr
oduc
ed, w
e
’
d ha
ve t
o 
w
e
ar
 dia
per
s a
ll da
y! Ins
t
e
ad, the bl
adder
 s
t
or
es up urine u
ntil it
 s
t
ar
ts t
o g
et
 f
ull, a
nd 
tha
t’
s when y
ou ha
ve t
o urina
t
e. L
et’
s l
ook
 a
t
 wha
t
 ha
ppens t
o urine in the bod
y
. Urine 
is pr
oduc
ed in the kid
ney
, a
nd then it
 pas
ses thr
ough the ur
et
er
 a
nd ac
cu
mul
a
t
es in the 
bl
adder
. 
When y
ou ar
e s
t
a
nding or
 sit
ting, urine na
t
ur
a
ll
y f
a
lls int
o the bl
adder
 bec
ause of 
gr
a
vit
y
. B
ut
 urine is tr
a
nspor
t
ed t
o the bl
adder
 e
ven if y
our
 bod
y is horiz
ont
a
l or
 if y
ou ar
e 
a
n as
tr
onaut
 in a s
t
a
t
e of w
eight
l
es
snes
s. 
This is bec
ause the ur
et
er
 per
f
orms peris
t
a
ltic 
motion t
o send urine t
o the bl
adder
. 
W
e s
a
w peris
t
a
ltic motion e
arl
ier
 in the a
l
iment
ar
y 
c
a
na
l, t
oo.
The r
egul
a
tion of urine v
ol
u
me is mainl
y aff
ect
ed b
y tw
o hormones. One is c
a
ll
ed the 
a
ntidiur
etic hor
mone (
ADH)
, a
nd is secr
et
ed f
r
om the pos
t
erior
 pit
uit
ar
y gl
a
nd (se
e “Main 
Endocrine Or
ga
ns a
nd H
ormones” on pag
e 221)
.
 
I
t
 
i
s
 
a
l
s
o
 
k
n
o
w
n
 
a
s
 
v
a
s
o
p
r
e
s
s
i
n
.
 
T
h
e 
other
 hormone is c
a
ll
ed 
a
l
d
os
t
er
one
, which is secr
et
ed f
r
om the adr
ena
l c
or
t
ex (se
e “The
 
Adr
ena
l G
l
a
nds” on pag
e 215).
ADH is primaril
y secr
et
ed when bl
ood v
ol
u
me is l
o
w a
nd bl
ood is mor
e c
onc
entr
a
t
ed 
(se
e “O
smotic P
r
es
sur
e
” on pag
e 106 f
or
 mor
e on bl
ood v
ol
u
me), such as when the bod
y 
The c
ol
or
 a
nd odor
 of urine c
a
n cha
ng
e q
uit
e a l
ot. 
Af
t
er
 I r
u
n a mar
a
thon, the c
ol
or
 of m
y 
urine g
ets r
e
a
ll
y dar
k, but
 when I drink
 a l
ot
 of w
a
t
er
, I urina
t
e a l
ar
g
e a
mou
nt
 of a
l
mos
t
 
c
ol
orl
es
s urine.
So ho
w is the v
ol
u
me of urine in the bod
y r
egul
a
t
ed?
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is deh
y
dr
a
t
ed. It
 s
timul
a
t
es the r
e
ab
sor
ption of w
a
t
er
 thr
ough the r
ena
l c
oll
ecting duct. 
This incr
e
ases the w
a
t
er
 v
ol
u
me in the bl
ood so tha
t
 the urine is c
onc
entr
a
t
ed a
nd the 
v
ol
u
me decr
e
ases.
Secr
etion of a
l
dos
t
er
one is simil
arl
y trigg
er
ed b
y decr
e
ases in bl
ood v
ol
u
me a
nd e
ven 
bl
ood pr
es
sur
e. 
Al
dos
t
er
one s
timul
a
t
es the r
e
ab
sor
ption of sodiu
m f
r
om the r
ena
l t
ubul
e 
int
o the bl
oods
tr
e
a
m. 
Thr
ough osmosis, w
a
t
er
 f
oll
o
ws the sodiu
m a
nd is r
e
ab
sor
bed int
o 
the bl
oods
tr
e
a
m (se
e F
igur
e 4-1), r
educing the urine v
ol
u
me as a r
esult.
F
igur
e 4-1: 
W
a
t
er
 r
e
a
b
sor
ption f
r
om urine
The Process of Urina
tion
L
et’
s go o
ver
 wha
t
 ha
ppens during urina
tion. 
When ther
e
’
s r
oom in the bl
adder
 t
o s
t
or
e 
mor
e urine, the smooth muscl
es in the w
a
ll of the bl
adder
 r
el
ax whil
e both the int
erna
l 
sphinct
er
 (smooth muscl
es) a
nd ext
erna
l sphinct
er
 (sk
el
et
a
l muscl
es) l
oc
a
t
ed a
t
 the exit
 
of the bl
adder
 c
ontr
act, hol
ding the urine in. 
When a
ppr
o
xima
t
el
y 200 t
o 300 mill
il
it
er
s of 
urine ha
ve ac
cu
mul
a
t
ed, the bl
adder
 w
a
lls s
tr
et
ch out
 a
nd a mes
s
ag
e is sent
 t
o the br
ain, 
Antidiur
etic
hormone (
ADH)
Bl
ood
ves
sel
Al
dos
t
er
one
R
ena
l
t
ubul
e
Wa
t
e
r
Wa
t
e
r
G
l
omer
ul
us
G
l
omer
ul
us
H
omeos
t
asis a
nd the B
od
y’
s C
risis Ma
nag
ement
 S
ys
t
em
Living cr
e
a
t
ur
es mus
t
 maint
ain homeos
t
asis despit
e cha
ng
es inside a
nd outside 
the bod
y
. H
omeos
t
asis is a
n active a
nd d
yna
mic pr
oc
es
s: the bod
y r
egul
a
t
es its 
t
emper
a
t
ur
e a
nd pH, fights off in
v
ading pa
thog
ens, a
nd he
a
ls w
ou
nds. Ma
n
y dif
-
f
er
ent
 s
ys
t
ems, f
r
om the aut
onomic s
ys
t
em t
o the endocrine s
ys
t
em, w
or
k
 t
og
ether
 
t
o maint
ain a del
ic
a
t
e eq
uil
ibriu
m. In addition t
o the ma
n
y bodil
y f
u
nctions tha
t
 go 
u
nnotic
ed, the drive f
or
 homeos
t
asis c
a
n aff
ect
 the w
a
y w
e f
e
el a
nd act. 
The bod
y 
bec
omes hu
ngr
y when bl
ood sugar
 dr
ops a
nd thir
s
t
y when deh
y
dr
a
t
ed, f
or
 exa
mpl
e.
 
If the en
vir
onment
 inside the bod
y g
ets out
 of ba
l
a
nc
e, the bod
y will a
t
t
empt
 t
o
 
r
et
urn t
o its norma
l s
t
a
t
e. 
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trigg
ering the ur
g
e t
o urina
t
e. 
When y
ou r
ush t
o the ba
thr
oom t
o pe
e, the muscl
es in the 
bl
adder
 w
a
lls c
ontr
act, the int
erna
l a
nd ext
erna
l sphinct
er
s r
el
ax, a
nd y
ou urina
t
e (se
e 
F
igur
e 4-2). 
F
igur
e 4-2: Bl
add
er
 muscl
es c
ontr
oll
ing t
he r
el
e
as
e of urine
U
sua
ll
y
, onc
e urina
tion begins, it
 c
ontinues u
ntil a
ll urine is expell
ed f
r
om the bl
ad
-
der
. H
o
w
e
ver
, if a pr
obl
em oc
cur
s, some urine c
a
n r
emain inside the bl
adder
. 
This is c
a
ll
ed 
r
esidua
l urine
, a
nd it
 c
a
n c
ause a
n incr
e
ased risk
 of inf
ection or
 e
ven kid
ney d
ysf
u
nction.
When y
ou w
a
nt
 t
o urina
t
e, the muscl
es in 
the w
a
lls of the bl
adder
 c
ontr
act, a
nd the 
int
erna
l a
nd ext
erna
l sphinct
er
s open t
o 
r
el
e
ase urine.
Oof
Ahhhhhhh
Whil
e urine ac
cu
mul
a
t
es, the bl
adder
 is 
s
tr
et
ched. 
The smooth muscl
es in the 
w
a
lls of the bl
adder
 r
el
ax, a
nd both the 
int
erna
l a
nd ext
erna
l sphinct
er
 c
ontr
act.
Urgh
Appr
o
xima
t
el
y ho
w much urine c
a
n the bl
adder
 hol
d?
Norma
ll
y
, when a
ppr
o
xima
t
el
y 200 t
o 300 mill
il
it
er
s of urine has ac
cu
mul
a
t
ed, y
ou g
et
 
the ur
g
e t
o urina
t
e. H
o
w
e
ver
, if y
ou r
e
a
ll
y hol
d it
 in, y
ou c
a
n s
t
or
e up t
o 500 mill
il
it
er
s. 
In f
act, u
nder
 some cir
cu
ms
t
a
nc
es, the bl
adder
 is s
aid t
o be abl
e t
o hol
d up t
o 
800 t
o 
1000
 
mill
il
it
er
s
!
The 
Urinar
y T
r
act
T
og
ether
 the kid
neys, ur
et
er
, bl
adder
, a
nd ur
ethr
a mak
e up the urinar
y tr
act. 
The 
bl
adder
 a
nd int
erna
l sphinct
er
 ar
e smooth muscl
es (in
v
ol
u
nt
ar
y muscl
es), a
nd the 
ext
erna
l sphinct
er
 is a sk
el
et
a
l muscl
e (v
ol
u
nt
ar
y muscl
e). 
Ther
ef
or
e, urina
tion is 
a c
ompl
ex, high-l
e
vel oper
a
tion in which in
v
ol
u
nt
ar
y actions a
nd v
ol
u
nt
ar
y actions 
ar
e int
er
twined.
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Tha
t’
s right. 
The ma
l
e ur
ethr
a is 16 t
o 18 c
entimet
er
s (6 t
o 7 inches) l
ong, whil
e the 
f
ema
l
e ur
ethr
a is onl
y 3 t
o 4 c
entimet
er
s (1 t
o 1.5 inches) l
ong.
This is one of the r
e
asons wh
y f
ema
l
es ar
e mor
e susc
eptibl
e t
o c
ys
titis or
 a urinar
y 
tr
act
 inf
ection (U
TI). Bact
eria c
a
n ent
er
 thr
ough the ur
ethr
a
l orific
e, r
e
ach the bl
adder
, a
nd 
c
ause inf
ection (se
e F
igur
e 4-3). 
F
igur
e 4-3: Diff
er
ent
 l
engt
hs of ma
l
e a
nd f
ema
l
e ur
et
hr
as
Monit
oring Blood in the Kidneys
No, the kid
neys secr
et
e hormones r
el
a
t
ed t
o bl
ood pr
es
sur
e a
nd the cr
e
a
tion of bl
ood. 
Sinc
e bl
ood is filt
er
ed in the kid
neys, a l
ar
g
e v
ol
u
me of bl
ood is a
l
w
a
ys pas
sing thr
ough 
them. 
They monit
or
 the bl
ood fl
o
wing in, a
nd if they disc
o
ver
 a pr
obl
em, they secr
et
e a 
hormone t
o r
esol
ve tha
t
 pr
obl
em. It’
s a w
ell-ba
l
a
nc
ed s
ys
t
em, isn
’t
 it?
The ur
ethr
a is diff
er
ent
 in ma
l
es a
nd f
ema
l
es, isn
’t
 it?
Bl
adder
Bl
adder
3
–
4 cm
16
–
18 cm
The kid
neys ar
e a
lso endocrine or
ga
ns tha
t
 secr
et
e hormones.
Wha
t? 
They don
’t
 jus
t
 cr
e
a
t
e urine
?
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The kid
neys c
ar
ef
ull
y monit
or
 tw
o f
act
or
s in par
ticul
ar: bl
ood pr
es
sur
e a
nd o
xyg
en 
c
onc
entr
a
tion (se
e F
igur
e 14-4). If bl
ood pr
es
sur
e dr
ops, the bl
ood c
a
n no l
ong
er
 be fil
-
t
er
ed pr
operl
y in the r
ena
l c
or
puscl
e. 
When this ha
ppens, the kid
neys secr
et
e the hormone 
r
enin, which then infl
uenc
es the hormones a
ngiot
ensin a
nd a
l
dos
t
er
one, which in t
urn 
r
aise the bl
ood pr
es
sur
e.
F
igur
e 4-4: 
The kid
neys s
ecr
et
e hor
mones t
o r
egul
a
t
e bl
ood pr
es
s
ur
e a
nd o
xyg
en c
onc
entr
a
tion.
L
o
w o
xyg
en c
onc
entr
a
tion of the bl
ood fl
o
wing int
o the kid
neys indic
a
t
es tha
t
 ther
e 
ar
e not
 enough r
ed bl
ood c
ells c
ar
r
ying o
xyg
en. 
The kid
neys will then secr
et
e the hormone 
er
y
thr
opoietin t
o infl
uenc
e the cr
e
a
tion of mor
e r
ed bl
ood c
ells in the bone mar
r
o
w
.
One mor
e job tha
t
 the kid
neys per
f
orm is vit
a
min D activ
a
tion, which a
ll
o
ws us t
o 
met
abol
iz
e c
a
lciu
m a
nd s
tr
engthen our
 bones. 
Vit
a
min D c
a
n be ab
sor
bed f
r
om the f
oods 
w
e e
a
t
 or
 cr
e
a
t
ed in the skin when the skin is exposed t
o the su
n. H
o
w
e
ver
, it
 c
a
nnot
 
s
tr
engthen bones dir
ect
l
y
. F
ir
s
t, it
 mus
t
 be c
on
ver
t
ed b
y the kid
neys t
o the active f
orm
 
of vit
a
min D
, a sub
s
t
a
nc
e c
a
ll
ed c
a
lcitriol, bef
or
e the bod
y c
a
n met
abol
iz
e c
a
lciu
m (se


e
 
F
igur
e
 
4-5).


The tw
o kid
neys ar
e l
oc
a
t
ed on the l
ef
t
 a
nd right
 sides of the bod
y
, a
t
 the l
o
w
er
 
back. 
When f
u
nctioning norma
ll
y
, a singl
e kid
ney is enough t
o w
or
k
 f
or
 the entir
e 
bod
y! 
Tha
t
 me
a
ns a pa
tient
 suff
ering f
r
om end-s
t
ag
e r
ena
l dise
ase ma
y be el
igibl
e 
t
o r
ec
eive a kid
ney f
r
om a sibl
ing, a
nd both of the sibl
ings c
a
n then l
ive with 
a
 
singl
e kid
ney
.
Kidney Fun Facts!
Mr
. Er
y
thr
opoietin
Mr
. Er
y
thr
opoietin
Raise the 
blood pressure!
Mr
. Kid
ney
(f
act
or
y ma
nag
er)
Yes
, sir!
Bl
ood
f
low
Crea
te more
red blood 
cells!
Mr
. R
enin
Right
awa
y
!
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F
igur
e 4-5: 
The kid
neys c
on
ver
t
 vit
a
min D int
o c
a
lcitriol, which is nec
es
s
ar
y f
or
 t
he met
a
bol
ism of c
a
lciu
m.
When the Kidneys 
s
t
op Working
The kid
neys el
imina
t
e w
as
t
e pr
oducts tha
t
 ar
e pr
oduc
ed in the bod
y
, as w
ell as ex
c
es
s 
l
iq
uids a
nd miner
a
ls. 
The a
ver
ag
e a
mou
nt
 of urine pr
oduc
ed in a da
y f
or
 a he
a
lth
y adult
 is 
betw
e
en 1 a
nd 1.5 l
it
er
s. H
o
w
e
ver
, this v
ol
u
me c
a
n cha
ng
e depending on ho
w much w
a
t
er
 
is dr
u
nk
 or
 ho
w much the bod
y has per
spir
ed, so it
 c
a
n be l
es
s tha
n 1 l
it
er
 or
 as much as 
2 l
it
er
s. 
The pr
oduction of l
es
s tha
n 400 mill
il
it
er
s of urine per
 da
y is c
a
ll
ed 
ol
iguria
. Ol
iguria 
c
a
n
 
c
ause serious he
a
lth c
ompl
ic
a
tions bec
ause a
t
 l
e
as
t
 400 mill
il
it
er
s of urine ar
e r
eq
uir
ed 
t
o dispose of the w
as
t
e pr
oducts pr
oduc
ed in the bod
y in a da
y
. 
Anuria
 oc
cur
s if the dail
y 
urine v
ol
u
me is bel
o
w 50 mill
il
it
er
s. 
Tha
t
 is c
a
ll
ed 
r
ena
l ins
ufficienc
y
o
r 
r
ena
l f
ail
ur
e


 (se
e F
igur
e 4-6). 


Ther
e ar
e v
arious degr
e
es 
of se
verit
y
, r
a
nging f
r
om mil
d c
ases t
o c
onditions in which kid
ney f
u
nction is a
l
mos
t
 c
om
-
pl
et
el
y l
os
t.
R
ena
l insufficienc
y oc
cur
s when the kid
neys c
a
n
’t
 per
f
orm their
 f
u
nctions bec
ause
 
they ar
e dise
ased, inf
ect
ed, or
 o
verl
oaded with t
o
xins or
 bec
ause their
 bl
ood suppl
y is
 
int
er
r
upt
ed due t
o injur
y
. 
When r
ena
l insufficienc
y oc
cur
s, w
a
t
er
, acid, pot
as
siu
m, a
nd
 
w
as
t
e pr
oducts ar
e not
 disposed of eff
ectivel
y a
nd c
a
n ac
cu
mul
a
t
e in the bod
y
. 
This is
 
simil
ar
 t
o wha
t
 ha
ppens when a s
wimming pool filt
er
 br
e
aks do
wn a
nd the w
a
t
er
 s
t
e
adil
y 
g
ets dir
tier
. If w
as
t
e pr
oducts ar
e not
 el
imina
t
ed, the ensuing buil
dup of t
o
xins c
a
n l
e
ad t
o 
ur
emia
, a serious a
nd e
ven de
adl
y ill
nes
s.
Calcium
met
abolism!!
Zap

Transform!
Active
Active
D
D
Wha
t
 ha
ppens when the kid
neys s
t
op w
or
king
?
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F
igur
e 4-6: R
ena
l ins
ufficienc
y
R
ena
l insufficienc
y c
a
n a
lso me
a
n tha
t
 ex
c
es
s w
a
t
er
 is not
 disposed of
, in which c
ase 
the bl
ood v
ol
u
me will incr
e
ase, the he
ar
t
 will ha
ve t
o w
or
k
 har
der
, a
nd he
ar
t
 f
ail
ur
e ma
y 
oc
cur
. H
e
ar
t
 f
ail
ur
e c
a
n in t
urn c
ause the l
u
ngs t
o bec
ome fl
ooded—a c
ondition c
a
ll
ed 
pul
-
monar
y ed
ema
, which c
a
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B
o
d
y F
l
u
i
d
s
S
e
m
i
p
e
r
m
e
a
b
l
e
M
e
m
b
r
a
n
e
W
a
t
er
mo
v
emen
t
C
on
c
e
n
t
r
a
t
e
d
D
i
l
u
t
e
d
C
on
c
e
n
t
r
a
t
e
d
D
i
l
u
t
e
d
O
s
m
o
t
i
c
P
res
s
u
re
h
mm
, b
e
f
o
r
e 
I
 g
o a
n
y 
f
u
r
th
e
r
…
I
 s
h
o
u
l
d 
e
x
p
l
a
i
n o
s
m
o
t
i
c 
p
r
ess
u
r
e 
 
to
y
o
u
.
A
h
, 
I
 k
n
o
w a b
i
t 
a
b
o
u
t
os
m
os
is
f
ro
m
c
oo
k
i
n
g
...
w
e p
r
e
p
a
r
e 
 
p
i
c
k
l
e
d
c
u
c
u
m
b
er
s
b
y r
u
bb
i
n
g t
h
e
m 
w
i
t
h s
a
l
t t
o d
r
y 
t
h
e
m o
u
t
!
B
u
t 
I
’
ll l
e
a
v
e 
 
t
h
e d
e
t
a
i
l
s 
 
t
o y
o
u
, 
p
rof
e
ss
o
r
.
O
k
a
y
...
 
l
e
t
’s
s
ee.
O
s
m
o
t
i
c p
r
e
ss
u
r
e 
co
m
e
s i
n
t
o p
l
a
y 
w
h
e
n t
h
e
r
e a
r
e t
w
o 
v
o
l
u
me
s
o
f
l
i
q
uid
…
A
n
d t
h
o
s
e t
w
o 
l
i
q
u
i
d
s h
a
v
e d
i
ff
e
r
e
n
t 
co
n
c
e
n
t
r
a
t
i
o
n
s o
f 
a s
o
l
u
t
e
, l
i
k
e s
a
l
t
, 
a
n
d a
r
e s
e
p
a
r
a
t
e
d 
b
y a s
e
m
i
p
e
r
m
e
a
b
l
e 
me
m
b
r
a
ne
.
A
se
m
i
p
er
m
e
a
bl
e
m
e
m
b
r
a
n
e a
ll
o
w
s 
c
e
r
t
a
i
n
m
o
le
c
u
le
s
t
o p
a
ss t
h
r
o
u
g
h
, 
b
u
t n
o
t o
t
h
e
r
s
, 
r
i
g
h
t?
A
r
e
n
’
t c
e
ll
u
l
a
r 
me
m
b
r
a
ne
s
se
m
i
p
er
m
e
a
bl
e
?
T
h
at
’
s
c
o
rr
e
c
t.
 
I
n t
h
i
s s
i
t
u
a
t
i
o
n
, 
t
h
e w
a
t
e
r w
i
t
h 
l
e
ss s
o
l
u
t
e i
n i
t 
w
i
ll m
o
v
e t
h
r
o
u
g
h 
t
h
e
se
m
i
p
er
m
e
a
bl
e
m
e
m
b
r
a
n
e u
n
t
i
l 
b
o
t
h s
i
d
e
s e
n
d 
u
p w
i
t
h t
h
e s
a
m
e 
c
on
c
e
n
t
r
a
t
i
on
.
O
s
m
o
ti
c
 
p
r
e
ss
u
r
e i
s t
h
e 
 
f
o
r
ce t
h
a
t l
e
t
s w
a
t
e
r 
f
l
o
w f
r
o
m o
n
e s
i
d
e
 
t
o 
th
e
o
th
e
r
th
r
o
u
g
h
t
h
e
s
e
m
i
p
e
r
m
e
a
b
l
e m
e
m
b
r
a
n
e 
t
o e
v
e
n o
u
t 
 
th
e
c
o
n
c
e
n
tr
a
t
i
o
n
.
O
smotic Pressure
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O
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1
0
7
O
s
m
o
t
i
c
P
res
s
u
re
I
s
ee.
W
h
e
n y
o
u m
a
k
e 
p
i
c
k
l
e
d c
u
c
u
m
b
e
r
s
, 
t
h
i
s i
s t
h
e p
r
i
n
c
i
p
l
e 
t
h
a
t d
r
a
w
s o
u
t t
h
e 
mo
i
s
t
ur
e
.
O
h
!
A
c
t
u
a
ll
y
, t
h
e
y
’
r
e a b
i
t 
d
i
ff
e
r
e
n
t
. D
i
ff
u
s
i
o
n i
s 
t
h
e p
h
e
n
o
m
e
n
o
n i
n w
h
i
c
h 
p
a
r
t
i
c
l
e
s s
p
r
e
a
d o
u
t f
r
o
m 
a h
i
g
h
l
y co
n
c
e
n
t
r
a
t
e
d a
r
e
a 
t
o a l
e
ss c
o
n
c
e
n
t
r
a
t
e
d 
a
r
e
a
. 
I
n o
s
m
o
s
i
s t
h
e 
p
a
r
t
ic
l
es
m
ov
e
 f
r
o
m a l
o
w 
co
n
c
e
n
t
r
a
t
i
o
n t
o a h
i
g
h 
c
on
c
e
n
t
r
a
t
i
on
.
I
 h
a
v
e a 
f
o
ll
o
w
-up
q
u
e
st
i
o
n
!
I
f y
o
u h
a
v
e a h
i
g
h 
c
o
n
c
e
n
t
r
a
t
i
o
n o
f 
s
o
l
u
t
e
s i
n a l
i
q
u
i
d
, 
i
s t
h
e o
s
m
o
t
i
c 
p
r
ess
u
r
e h
i
g
h
e
r
?
T
h
at
’
s
e
x
a
c
t
ly
r
i
g
h
t.
T
h
e s
t
r
e
n
g
t
h o
f 
o
s
m
o
t
i
c p
r
e
ss
u
r
e i
s 
p
r
o
p
o
r
t
i
o
n
a
l t
o t
h
e 
n
u
m
b
e
r o
f p
a
r
t
i
c
l
e
s 
i
n t
h
e l
i
q
u
i
d
.
A
n
d t
h
o
s
e 
p
a
r
t
i
c
l
e
s d
o
n
’
t 
n
e
c
e
ss
a
r
i
l
y
h
a
v
e t
o b
e t
h
e 
s
a
m
e t
y
p
e
.
O
s
m
os
is
 i
s t
h
e m
o
v
e
m
e
n
t o
f 
w
a
te
r
p
a
r
t
i
c
l
e
s
bet
w
e
e
n
t
wo
v
o
l
u
m
e
s o
f l
i
q
u
i
d (
s
e
p
a
r
a
t
e
d b
y a s
e
m
i
p
e
r
m
e
a
b
l
e m
e
m
b
r
a
n
e
) 
w
i
t
h d
i
f
f
e
r
e
n
t c
o
n
c
e
n
t
r
a
t
i
o
n
s o
f a s
o
l
u
t
e
. T
h
e m
o
v
e
m
e
n
t o
f 
w
a
t
e
r i
s 
f
r
om
l
o
w
c
on
c
e
n
t
r
a
ti
on
t
o
h
i
g
h
c
on
c
e
n
t
r
a
ti
on
. 
D
i
ff
us
i
o
n
 i
s t
h
e m
o
v
e
m
e
n
t o
f 
s
o
l
u
te
 p
a
r
t
i
c
l
e
s a
s t
h
e
y s
p
r
e
a
d 
o
u
t
. T
h
e m
o
v
e
m
e
n
t o
f p
a
r
t
i
c
l
e
s i
s 
f
r
o
m h
i
g
h c
o
n
c
e
n
t
r
a
t
i
o
n t
o 
l
o
w
c
on
c
e
n
t
r
a
ti
on
.
t
h
e w
a
t
e
r 
 
i
n
s
i
d
e t
h
e c
u
c
u
m
b
e
r
, 
 
w
h
e
r
e t
h
e s
a
l
t 
 
c
o
n
ce
n
t
r
a
t
i
o
n i
s l
o
w
, 
m
o
v
e
s o
u
t o
f t
h
e c
u
c
u
m
b
e
r 
t
o w
h
e
r
e t
h
e s
a
l
t 
c
o
n
ce
n
t
r
a
t
i
o
n i
s h
i
g
h u
n
t
i
l 
t
h
e c
o
n
ce
n
t
r
a
t
i
o
n i
s t
h
e s
a
m
e 
i
n
s
i
d
e a
n
d o
u
t
. 
I
s i
t l
i
k
e t
h
e 
w
a
y g
a
s d
i
ffu
s
e
s
, e
x
p
a
n
d
i
n
g 
t
o f
i
ll a s
p
a
ce
?
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B
o
d
y F
l
u
i
d
s
S
e
m
i
p
e
r
m
e
a
b
l
e
M
e
m
b
r
a
n
e
P
r
o
t
ei
n
S
a
m
e
C
on
c
e
n
t
r
a
t
i
on
S
pl
as
h
P
r
o
t
ei
n
F
o
r e
x
a
m
p
l
e
, b
o
d
y 
f
l
u
i
d
s c
o
n
t
a
i
n 
e
l
e
c
t
r
o
l
y
t
e
s
* s
u
c
h 
a
s p
o
t
a
ssi
u
m 
(K
+
)
 a
n
d 
s
o
di
u
m
(N
a
+
)
, a
s w
e
ll 
a
s g
l
u
c
o
s
e a
n
d 
p
r
o
t
e
i
n
s.
w
a
t
e
r a
n
d 
e
l
e
c
t
r
o
ly
t
e
s
m
o
v
e f
r
o
m t
h
e 
d
i
l
u
t
e v
o
l
u
m
e o
f 
l
i
q
u
i
d t
o t
h
e m
o
r
e 
c
o
n
c
e
nt
r
a
te
d
v
o
l
u
m
e.
Af
t
e
r
os
m
os
is
o
cc
u
r
s
, w
e e
n
d u
p w
i
t
h 
t
w
o l
i
q
u
i
d
s w
i
t
h t
h
e 
s
a
m
e c
o
n
c
e
n
t
r
a
t
i
o
n
, b
u
t 
d
i
ff
e
r
e
nt
v
o
l
u
m
e
s
!
y
o
u
g
o
t i
t
!
* A
n 
e
l
e
c
t
r
o
ly
t
e
 i
s a s
u
b
s
t
a
n
c
e t
h
a
t i
s d
i
v
i
d
e
d i
n
t
o p
o
s
i
t
i
v
e 
a
n
d n
e
g
a
t
i
v
e i
o
n
s w
h
e
n d
i
ss
o
l
v
e
d i
n a l
i
q
u
i
d s
u
c
h a
s w
a
t
e
r 
a
n
d t
h
e
r
e
f
o
r
e c
a
rr
i
e
s a
n e
l
e
c
t
r
i
c
a
l c
h
a
r
g
e
. 
s
o
d
i
u
m a
n
d 
p
o
t
a
ss
i
u
m a
r
e b
o
t
h e
x
a
m
p
l
e
s o
f e
l
e
c
t
r
o
l
y
t
e
s
.
P
r
o
t
e
i
n
s c
a
n
'
t p
a
ss 
t
h
r
o
u
g
h t
h
e o
p
e
n
i
n
g
s 
i
n t
h
e s
e
m
i
p
e
r
m
e
a
b
l
e 
m
e
m
b
r
a
n
e
s o
f c
e
ll
s
, 
s
i
n
c
e t
h
e
i
r m
o
l
e
c
u
l
e
s 
a
r
e t
oo l
a
r
g
e
.
I
n o
t
h
e
r w
o
r
d
s
, 
o
s
m
o
t
i
c p
r
e
ss
u
r
e i
s a 
m
e
a
s
u
r
e o
f t
h
e f
o
r
ce 
t
h
a
t d
r
a
w
s t
h
e w
a
t
e
r 
a
n
d e
l
e
c
t
r
o
l
y
t
e
s 
th
r
o
u
g
h
th
e
s
e
m
i
p
er
m
e
a
bl
e
m
e
m
b
r
a
n
e f
r
o
m t
h
e 
o
t
h
e
r
s
i
d
e,
r
i
g
ht
?
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1
0
9
A
l
b
um
i
n
I
’
m a 
p
r
o
te
i
n
!
O
n
c
o
t
i
c P
r
e
s
s
u
r
e o
r 
C
o
l
l
o
i
d
O
s
m
o
t
i
c
P
res
s
u
re
T
h
e
r
e
’s t
oo 
m
u
c
h w
a
t
e
r 
t
o b
r
i
n
g i
n
!
h
2
O
h
2
O
h
2
O
B
l
ood
W
e c
a
n
’
t 
k
ee
p
u
p.
S
e
r
u
m
A
l
b
um
i
n
S
em
i
p
er
me
a
b
l
e
M
em
br
a
n
e
In
t
e
r
s
t
i
t
i
a
l
F
l
ui
d
h
2
O
h
2
O
h
2
O
F
o
r b
o
d
y f
l
u
i
d
s
, 
o
s
m
o
t
i
c p
r
e
ss
u
r
e i
s 
p
a
r
t
i
c
u
l
a
r
l
y a
ff
e
c
t
e
d 
b
y t
h
e c
o
n
c
e
n
t
r
a
t
i
o
n 
o
f p
r
o
t
e
i
n
s
, 
s
p
e
c
i
f
i
c
a
ll
y
a
l
b
u
min.
O
s
m
o
t
i
c p
r
e
ss
u
r
e 
c
a
u
s
e
d b
y a
l
b
u
m
i
n 
i
s c
a
ll
e
d o
n
co
t
i
c 
p
r
e
ss
u
r
e o
r c
o
ll
o
i
d 
o
s
m
o
t
i
c
p
r
e
ss
u
r
e
.
s
o a
l
b
u
m
i
n i
n t
h
e 
b
l
oo
d c
r
e
a
t
e
s 
o
n
co
t
i
c p
r
e
ss
u
r
e
, 
w
h
i
c
h d
r
a
w
s 
f
l
u
i
d i
n
t
o t
h
e 
b
l
oo
d
s
t
r
e
a
m f
r
o
m 
t
h
e
s
urr
o
u
n
d
ing
ti
ss
u
e
?
T
h
at
’
s
 
r
i
g
h
t!
A
-
h
a!
W
h
e
n 
I
 
o
v
e
r
s
l
ee
p 
a
n
d m
y f
a
c
e 
g
e
t
s p
u
ff
y
, 
t
h
a
t m
u
s
t b
e 
h
y
p
o
pr
o
t
e
i
n
e
m
i
a
,
r
i
g
h
t?
T
h
at
’
s
j
u
s
t o
v
e
r
-
s
lee
pi
n
g
.
.
.
I
f a
n i
ll
n
e
ss r
e
d
u
ce
s 
t
h
e a
m
o
u
n
t o
f 
p
r
o
t
e
i
n
s i
n t
h
e b
l
oo
d 
(
h
yp
o
p
r
o
t
e
i
n
e
m
i
a
)
,
th
e
o
n
c
o
t
i
c p
r
e
ss
u
r
e o
f 
b
l
oo
d w
i
ll b
e l
o
w
e
r
, a
n
d 
t
h
e
r
e w
i
ll b
e l
e
ss f
o
r
ce 
d
r
a
w
i
n
g m
o
i
s
t
u
r
e f
r
o
m 
t
h
e i
n
t
e
r
s
t
i
t
i
a
l f
l
u
i
d i
n
t
o 
th
e
b
loo
d
s
tr
e
a
m
.
T
h
i
s
c
a
u
s
e
s i
n
t
e
r
s
t
i
t
i
a
l f
l
u
i
d 
t
o b
u
i
l
d u
p (
c
a
ll
e
d 
e
d
em
a
).
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B
o
d
y F
l
u
i
d
s
Even More about Body Fluids 
 
and the Blood!
W
a
t
er
 is es
sentia
l in a
ll the norma
l f
u
nctions of the hu
ma
n bod
y
. 
Y
ou ne
ed w
a
t
er
 t
o cir
cu
-
l
a
t
e bl
ood thr
oughout
 the bod
y
, maint
ain bod
y t
emper
a
t
ur
e, dispose of u
nne
eded w
as
t
e 
pr
oducts, a
nd secr
et
e dig
es
tive fl
uids.
Keeping 
h
ydra
ted
Appr
o
xima
t
el
y 60 per
c
ent
 of hu
ma
n bod
y w
eight
 is made up of w
a
t
er
. 
Y
our
 bod
y ne
eds t
o 
maint
ain tha
t
 pr
opor
tion, so l
iq
uids tha
t
 ar
e expell
ed f
r
om the bod
y ne
ed t
o be r
epl
ac
ed 
(se
e F
igur
e 5-1). Liq
uids ar
e t
ak
en int
o the bod
y f
r
om both w
a
t
er
 a
nd other
 drinks, a
nd 
f
r
om par
ticul
ar
 f
oods, l
ik
e veg
et
abl
es, me
a
t, a
nd gr
ains. 
An adult
 ma
l
e c
y
cl
es ar
ou
nd 
2600
 
mill
il
it
er
s per
 da
y: tha
t’
s 2.6 l
it
er
s going in a
nd 2.6 l
it
er
s going out! 
F
igur
e 5-1: 
A
ver
ag
e v
ol
u
me of l
iq
uid ent
ering a
nd exiting bod
y per
 da
y (f
or
 a
n adult
 ma
l
e)
Inc
oming
Liq
uids
Out
going
Liq
uids
* 
W
a
t
er
 pr
oduc
ed b
y 
o
xidizing c
ar
boh
y
dr
a
t
es.
Drinks
Urine
F
ood
P
er
spir
a
tion
Met
abol
ic w
a
t
er*
R
espir
a
tion
F
ec
es
1500 mL
1500 mL
800 mL
600 mL
300 mL
400 mL
100 mL
2600 mL
2600 mL
In a he
a
lth
y per
son, the a
mou
nt
 of l
iq
uid ent
ering a
nd exiting the bod
y ar
e the s
a
me, 
ar
en
’t
 they?
Tha
t’
s right. If the a
mou
nt
 of l
iq
uid out
put
 is t
oo l
it
t
l
e, edema oc
cur
s, a
nd if it
 is t
oo much, 
deh
y
dr
a
tion oc
cur
s.
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W
h
a
t
’
s i
n B
l
oo
d
?
 
1
1
1
D
eh
y
dr
a
tion c
a
n c
ause v
arious pr
obl
ems. C
ir
cul
a
t
or
y f
ail
ur
e, impair
ed c
onsciousnes
s, a
nd 
a
n incr
e
ase in bod
y t
emper
a
t
ur
e c
a
n a
ll r
esult
 f
r
om serious deh
y
dr
a
tion. D
eh
y
dr
a
tion c
a
n 
e
ven l
e
ad t
o de
a
th.
D
eh
y
dr
a
tion c
a
n oc
cur
 in se
ver
a
l w
a
ys. 
Intr
ac
ell
ul
ar
 d
eh
y
dr
a
tion
 is mainl
y c
aused b
y 
ex
c
es
sive per
spir
a
tion or
 a
n insufficient
 int
ak
e of l
iq
uids. 
As this oc
cur
s, the c
onc
entr
a
tion 
of sol
ut
es in the extr
ac
ell
ul
ar
 fl
uid bec
omes gr
e
a
t
er
, incr
e
asing the extr
ac
ell
ul
ar
 osmol
arit
y
. 
This in t
urn c
auses w
a
t
er
 t
o mo
ve f
r
om the intr
ac
ell
ul
ar
 spac
e t
o the extr
ac
ell
ul
ar
 spac
e, 
a
nd the per
son f
e
els thir
s
t
y as a r
esult. 
When the c
onc
entr
a
tion of extr
ac
ell
ul
ar
 fl
uid is t
oo 
high, it’
s c
a
ll
ed h
yper
t
onicit
y
.
On the other
 ha
nd, 
extr
ac
ell
ul
ar
 d
eh
y
dr
a
tion
 oc
cur
s when the cir
cul
a
ting bl
ood v
ol
u
me 
decr
e
ases, c
ausing bl
ood pr
es
sur
e t
o dr
op signific
a
nt
l
y
. 
This c
a
n be c
aused b
y a deficienc
y 
of sodiu
m in the bl
oods
tr
e
a
m; sodiu
m hel
ps r
et
ain l
iq
uid in intr
ac
ell
ul
ar
 fl
uids (especia
ll
y 
bl
ood pl
asma). If pur
e w
a
t
er
 w
er
e inf
used int
o the bl
oods
tr
e
a
m in a
n intr
a
venous drip, it
 
w
oul
d be t
oo h
ypot
onic f
or
 the bod
y (tha
t
 is, it
 w
oul
d
n
’t
 ha
ve enough sol
ut
es, l
ik
e s
a
lt
 a
nd 
other
 el
ectr
ol
y
t
es), a
nd c
ells might
 s
w
ell a
nd die as r
esult. In a drip, el
ectr
ol
y
t
es mus
t
 be 
added t
o the w
a
t
er
 in or
der
 f
or
 the bod
y t
o s
af
el
y t
ol
er
a
t
e it.
Wha
t’s in Blood?
So f
ar
, w
e
’ve be
en t
a
lking about
 w
a
t
er
 a
nd fl
uids in the bod
y in g
ener
a
l
. It’
s time w
e s
t
ar
t
 
t
a
lking in det
ail about
 one bod
y fl
uid in par
ticul
ar: bl
ood. Bl
ood has ma
n
y impor
t
a
nt
 char
-
act
eris
tics a
nd pl
a
ys ma
n
y vit
a
l r
ol
es in the bod
y
. 
L
et’
s s
t
ar
t
 b
y thinking about
 ho
w y
ou w
oul
d dr
a
w a
nd exa
mine a bl
ood s
a
mpl
e in 
a l
ab. 
When bl
ood is dr
a
wn, a
n a
ntic
oagul
a
nt
 is added a
nd the t
es
t
 t
ube is c
entrif
ug
ed. 
The bl
ood c
ells will sink
 t
o the bot
t
om, a
nd a cl
e
ar
 l
iq
uid will rise t
o the t
op, as sho
wn in 


F
igur
e
 
5-2. (


When a l
iq
uid set
t
l
es on t
op of a
nother
 l
iq
uid or
 a sol
id, the upper
 l
a
yer
 is 
r
ef
er
r
ed t
o as 
s
uper
na
t
a
nt
.) 
This cl
e
ar
 l
iq
uid a
t
 the t
op is 
bl
ood pl
asma
. Bl
ood pl
asma is the extr
ac
ell
ul
ar
 fl
uid tha
t
 
c
ar
ries bl
ood c
ells thr
oughout
 the bod
y a
nd hel
ps r
emo
ve w
as
t
e pr
oducts. It
 is mos
t
l
y made
 
up of w
a
t
er
 but
 a
lso c
ont
ains es
sentia
l pr
ot
eins l
ik
e a
ntibodies a
nd enz
ymes.
 
The bl
ood c
ells a
t
 the bot
t
om of the t
ube c
a
n be divided int
o thr
e
e g
ener
a
l c
a
t
egories: 
r
ed bl
ood c
ells, whit
e bl
ood c
ells, a
nd pl
a
t
el
ets. 
The majorit
y of bl
ood c
ells ar
e r
ed bl
ood 
c
ells, which is wh
y bl
ood a
ppe
ar
s r
ed. 
A
 t
es
t
 tha
t
 finds the per
c
ent
ag
es of the v
arious c
ells 
in the bl
ood is c
a
ll
ed a 
hema
t
ocrit
. I’ll no
w intr
oduc
e e
ach of these kinds of bl
ood c
ells one 
b
y one.
Wha
t
 ha
ppens when the bod
y is deh
y
dr
a
t
ed?
Sinc
e l
iq
uids ac
c
ou
nt
 f
or
 a gr
e
a
t
er
 pr
opor
tion of the bod
y w
eight
 of inf
a
nts, a
nd
 
babies l
ose mor
e l
iq
uids t
o per
spir
a
tion a
nd r
espir
a
tion tha
n adults or
 ol
der
 chil
dr
en 
do, inf
a
nts c
a
n e
asil
y suff
er
 deh
y
dr
a
tion. El
derl
y peopl
e with a r
educ
ed sense 
of thir
s
t
 or
 l
es
s abil
it
y t
o c
onser
ve w
a
t
er
 ar
e a
lso a
t
 risk
 of deh
y
dr
a
ting.
Who'
s a
t Risk?
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F
igur
e 5-2: 
The c
omponents of bl
ood a
nd t
heir
 dis
tribution
Red Blood Cells
The mos
t
 c
ommon t
ype of bl
ood c
ell is the 
r
ed bl
ood c
ell
. R
ed bl
ood c
ells ar
e cr
e
a
t
ed in 
bone mar
r
o
w
. 
They don
’t
 ha
ve a c
ell nucl
eus, me
a
ning they c
a
n
’t
 subdivide t
o mak
e mor
e 
c
ells, a
nd they ha
ve a c
onc
a
ve disk
 sha
pe. 
This sha
pe is ad
v
a
nt
ag
eous bec
ause it
 incr
e
ases 
the c
ell’
s sur
f
ac
e ar
e
a, a
ll
o
wing it
 t
o bond t
o mor
e o
xyg
en mol
ecul
es. R
ed bl
ood c
ells c
a
n 
a
lso el
onga
t
e t
o ent
er
 a c
a
pill
ar
y tha
t’
s thinner
 tha
n the bl
ood c
ell’
s usua
l dia
met
er
, as 
sho
wn in F
igur
e 5-3.
F
igur
e 5-3: H
o
w big is a r
ed bl
ood c
ell?
R
ed bl
ood c
ells tr
a
nspor
t
 o
xyg
en using 
hemogl
obin
. H
emogl
obin is a c
ombina
tion of a 
pigment
 c
a
ll
ed heme, which c
ont
ains ir
on, a
nd a pr
ot
ein c
a
ll
ed gl
obin. H
emogl
obin bonds 
e
asil
y t
o o
xyg
en, which it
 picks up in the a
l
veol
i of the l
u
ngs. 
When hemogl
obin picks up 
o
xyg
en, it
 bec
omes a bright
 r
ed c
ol
or
 (se

e F


igur
e 5-4). 


This is wh
y ar
t
eria
l bl
ood is bright
 
r
ed, whil
e peripher
a
l venous bl
ood (bl
ood whose o
xyg
en has be
en tr
a
nspor
t
ed t
o other
 
par
ts of the bod
y) is dar
k
 r
ed.
Whit
e bl
ood c
ells
Bl
ood pl
asma
R
ed bl
ood 
c
ells
Pl
a
t
el
ets
55%
45%
Dia
met
er: 7.5 µm
1 µm (micr
omet
er):  1/1000 of 1 mill
imet
er
2 µm
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F
igur
e 5-4: 
When o
xyg
en finds hemogl
obin, t
hey immedia
t
el
y bond, a
nd t
he 
 
hemogl
obin bec
omes bright
 r
ed.
Tha
t’
s tr
ue. Sinc
e ir
on is a
n ingr
edient
 of hemogl
obin, someone who does not
 t
ak
e in
 
enough ir
on will not
 mak
e enough hemogl
obin, a
nd in t
urn the nu
mber
 of r
ed bl
ood c
ells 
will decr
e
ase.
B
ec
ause w
omen ha
ve mens
tr
ua
l c
y
cl
es a
nd l
ose a fix
ed a
mou
nt
 of bl
ood e
ver
y month,
 
they ar
e mor
e l
ik
el
y t
o bec
ome a
nemic. 
W
omen a
lso na
t
ur
a
ll
y ha
ve a l
o
w
er
 nu
mber
 of r
ed 
bl
ood c
ells a
nd l
o
w
er
 hemogl
obin c
onc
entr
a
tion tha
n men.
Y
ep. 
The l
if
e spa
n of a r
ed bl
ood c
ell is r
oughl
y 120 da
ys. 
When they a
ppr
oach the end of 
their
 l
if
e spa
ns, r
ed bl
ood c
ells ar
e br
ok
en do
wn a
nd r
ec
y
cl
ed b
y the l
iver
 a
nd spl
e
en. F


ig
-
ur


e 5-5 sho


ws ho
w heme bec
omes bil
ir
ubin a
nd is ex
cr
et
ed in bil
e. Ir
on is r
emo
ved f
r
om 
heme a
nd s
t
or
ed f
or
 l
a
t
er
 use.
Dearest 
Hemoglobin!

Oh my!
When ther
e
’
s not
 enough ir
on in the bl
ood, a
nemia oc
cur
s. Isn
’t
 ir
on-deficienc
y a
nemia 
mor
e c
ommon in w
omen tha
n men
?
Wha
t
Is Anemia
?
Anemia
 is a c
ondition c
aused b
y a r
eduction in the abil
it
y t
o tr
a
nspor
t
 o
xyg
en due 
t
o a r
eduction in hemogl
obin. It
 oc
cur
s when the hemogl
obin c
onc
entr
a
tion, or
 the 
nu
mber
 of r
ed bl
ood c
ells, has dr
opped bel
o
w norma
l
. 
Ir
on-d
eficienc
y a
nemia
 is the 
mos
t
 c
ommon t
ype of a
nemia, but
 ther
e ar
e other
, mor
e serious t
ypes of a
nemia, 
such as hemol
y
tic a
nemia, c
aused b
y a
n abnorma
l br
e
ak
do
wn of r
ed bl
ood c
ells, 
a
nd a
pl
as
tic a
nemia, c
aused b
y a disor
der
 of the bone mar
r
o
w tha
t
 int
er
f
er
es with 
its pr
oduction of r
ed bl
ood c
ells.
R
ed bl
ood c
ells ha
ve a par
ticul
ar
 l
if
e spa
n, don
’t
 they?
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F
igur
e 5-5: H
eme being br
ok
en d
o
wn int
o bil
ir
ubin, which is t
hen s
ecr
et
ed in bil
e.
Bil
e is s
t
or
ed in 
the ga
llbl
adder
.
R
ed bl
ood c
ells a
t
 the end 
of their
 l
if
e spa
ns ar
e br
ok
en 
do
wn b
y the l
iver
 a
nd spl
e
en, 
wher
e they t
urn heme int
o 
bil
ir
ubin.
Liver
Spl
e
en
Bil
ir
ubin
The l
iver
 pr
oc
es
ses bil
ir
ubin
a
nd secr
et
es it
 in bil
e.
Bottoms up!
Bil
ir
ubin
G
a
llbl
adder
Liver



Bl
ood is cl
as
sified int
o the 
ABO bl
ood t
ypes ac
c
or
ding t
o 
a
ntig
ens
 in the mem
-
b
r
a
n
e
s
 
of r
ed bl
ood c
ells. 
The a
ntig
en f
or
 e
ach t
ype is l
ik
e a specia
l signa
t
ur
e, a
nd
 
t
h
e
 
i
m
m
u
n
e
 s
ys
t
em will a
t
t
ack
 a
ll c
ells with a
ntig
ens tha
t
 don
’t
 ma
t
ch the a
ntig
ens 
c
or
r
esponding t
o the per
son
’
s o
wn bl
ood t
ype. 
Tha
t’
s wh
y y
ou c
a
n r
ec
eive bl
ood 
onl
y f
r
om someone with the s
a
me bl
ood t
ype as y
ou in a bl
ood tr
a
nsf
usion. 
The mos
t
 c
ommon bl
ood t
ypes ar
e O a
nd 
A, whil
e 
AB is r
ar
er
. 
Blood Fun Facts
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White Blood Cells
Bl
ood c
ont
ains a
ppr
o
xima
t
el
y 5000 t
o 8000 
whit
e bl
ood c
ells
 per
 micr
ol
it
er
. 
Whit
e bl
ood 
c
ells act
 as the bod
y’
s def
ense f
or
c
es. One of their
 job
s is t
o r
epel f
or
eign enemies such as 
in
v
ading bact
eria a
nd vir
uses.
Whit
e bl
ood c
ells ar
e br
oadl
y divided int
o gr
a
nul
oc
y
t
es, monoc
y
t
es, a
nd l
ymphoc
y
t
es, 
as sho
wn in F
igur
e 5-6. 
These ar
e f
ur
ther
 cl
as
sified int
o nu
mer
ous t
ypes, e
ach with dif
-
f
er
ent
 char
act
eris
tics a
nd r
esponsibil
ities. 
All ar
e extr
emel
y skill
f
ul a
t
 c
ooper
a
ting t
o  r
epel 
in
v
ader
s.
F
igur
e 5-6: 
T
ypes of whit
e bl
ood c
ells
G
r
a
nul
oc
y
t
es
 ar
e char
act
eriz
ed b
y intr
ac
ell
ul
ar
 par
ticl
es c
a
ll
ed 
gr
a
nul
es
. 
The thr
e
e t
ypes
 
of gr
a
nul
oc
y
t
es ar
e neutr
ophils, eosinophils, a
nd basophils. 
The majorit
y of gr
a
nul
oc
y
t
es ar
e
 
neutr
ophils, which des
tr
o
y a
n
y exis
ting in
v
ader
s b
y engul
fing a
nd de
v
ouring them. 
This is
 
c
a
ll
ed 
phagoc
y
t
osis
. 
The pus tha
t
 sometimes ex
udes f
r
om a w
ou
nd par
t
l
y c
onsis
ts of neu
-
tr
ophils tha
t
 ha
ve per
f
ormed phagoc
y
t
osis a
nd died. 
Ther
e ar
e r
el
a
tivel
y f
ew eosinophils a
nd
 
basophils, but
 these t
ypes of gr
a
nul
oc
y
t
es c
ontribut
e t
o phagoc
y
t
osis a
nd a
ll
er
gic r
e
actions.
L
ymphoc
y
t
es
—which incl
ude B c
ells, 
T
 c
ells, a
nd NK
 c
ells (or
 na
t
ur
a
l kill
er
 c
ells)—ar
e 
major
 act
or
s in the immu
ne s
ys
t
em. 
The 
T
 c
ells dir
ect
 the immu
ne r
esponse, a
nd B c
ells 
pr
epar
e a
nd r
el
e
ase the a
ppr
opria
t
e a
ntibodies. 
Al
ong with the NK
 c
ells, the 
T
 c
ells a
lso 
des
tr
o
y a
n
y inf
ect
ed c
ells.
Monoc
y
t
es
 ar
e l
ar
g
e, r
ou
nd c
ells when they ar
e f
ou
nd in bl
ood ves
sels. H
o
w
e
ver
, 
when they mo
ve thr
ough the bl
ood ves
sel w
a
ll int
o tis
sue, they cha
ng
e sha
pe a
nd bec
ome 
macr
ophag
es. 
Macr
ophag
es
 ext
end t
ent
acl
es t
o gr
ab a
nd de
v
our
 in
v
ader
s. 
This is a
nother
 
f
orm of phagoc
y
t
osis.
L
ymphoc
y
t
es
G
r
a
nul
oc
y
t
es
Monoc
y
t
es
Specia
l
is
t
 B C
ells 
Onc
e a f
or
eign enem
y l
ik
e bact
eria in
v
ades, B c
ells r
emember
 inf
orma
tion about
 
it. So if tha
t
 sub
s
t
a
nc
e in
v
ades a sec
ond time, the bod
y c
a
n q
uick
l
y identif
y it
 a
nd 
r
el
e
ase a l
ar
g
e nu
mber
 of a
ntibodies t
o r
epel it. H
o
w
e
ver
, a singl
e B c
ell c
a
n onl
y 
r
emember
 a singl
e f
or
eign enem
y so mill
ions of B c
ells exis
t
 in the hu
ma
n bod
y t
o 
fight
 off the ma
n
y pot
entia
l a
t
t
ack
er
s.
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When a f
or
eign sub
s
t
a
nc
e in
v
ades, neutr
ophils a
nd macr
ophag
es (which c
a
n be
 
thought
 of as sc
outing par
ties) r
ush in fir
s
t
 a
nd v
or
aciousl
y de
v
our
 them. 
The
 
macr
o
 
phag
es then pr
esent
 the f
r
agments of the de
v
our
ed enem
y t
o the 
T
 hel
per
 
c
ells, (which ar
e the “
c
omma
nding offic
er
s”) t
o s
a
y
, “This is wha
t
 w
e
’r
e f
acing!” 
Then
 
the g
ener
a
l off
ensive begins (se
e F
igur
e 5-7).
F
igur
e 5-7: 
The whit
e bl
ood c
ell d
ef
ens
e f
or
c
es
Onc
e the macr
ophag
es pr
esent
 inf
orma
tion about
 the in
v
ading 
f
or
c
es t
o the 
T
 hel
per
 c
ells, the 
T
 hel
per
 c
ells ins
tr
uct
 the 
B c
ells t
o pr
epar
e a
ntibodies designed t
o fight
 tha
t
 specific 
f
or
eign sub
s
t
a
nc
e.
Prep
are
weap
on Y
.
 
Waaa Waaa
Yessir!
B c
ell
T
 hel
per
 c
ell
Bact
eriu
m
Macr
ophag
es
Chomp
chomp
The B c
ells pr
epar
e the a
ntibodies a
nd r
el
e
ase them int
o the 
bl
ood. 
The a
ntibodies t
ag a
nd neutr
a
l
iz
e the f
or
eign sub
s
t
a
nc
es, 
a
nd the macr
ophag
es then de
v
our
 a
nd el
imina
t
e the neutr
a
l
iz
ed 
enem
y
.
The 
T
 hel
per
 c
ells or
der
 the kill
er
 
T
 c
ells t
o des
tr
o
y a
n
y c
ells 
tha
t
 w
er
e inf
ect
ed or
 da
mag
ed b
y the f
or
eign sub
s
t
a
nc
e.
destroy the 
infected cells!
Yessir!
Ugh...
Kill
er
T
c
ells
It'
s over!!
Suppr
es
sor
T
c
ell
Suppr
es
sor
T
c
ell
Onc
e the f
or
eign sub
s
t
a
nc
e is entir
el
y el
imina
t
ed, the suppr
es
sor
 
T
 c
ells c
a
ll a s
t
op t
o the def
ensive r
esponse. 


Antibodies
Antibodies


H
o
w do our
 bodies r
epel f
or
eign sub
s
t
a
nc
es
?
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Pla
telets
A 
pl
a
t
el
et
 is a c
ell in
v
ol
ved in hemos
t
asis, which is the pr
oc
es
s tha
t
 s
t
ops bl
e
eding. It
 has 
no nucl
eus a
nd is pr
oduc
ed in a bone mar
r
o
w megak
ar
y
oc
y
t
e (me
a
ning 
l
ar
g
e nucl
eus c
ell
). 
One micr
ol
it
er
 of bl
ood c
ont
ains a
ppr
o
xima
t
el
y 300,000 pl
a
t
el
ets. 
This might
 sou
nd l
ik
e 
a l
ot, but
 it
 is ver
y f
ew c
ompar
ed t
o the nu
mber
 of r
ed bl
ood c
ells. 
When bl
ood is c
entri
-
f
ug
ed, the pl
a
t
el
et
 l
a
yer
 is extr
emel
y thin.
When a bl
ood ves
sel is da
mag
ed a
nd bl
e
eding oc
cur
s, the pl
a
t
el
ets ar
e the fir
s
t
 t
o act.
 
F
ir
s
t, they ga
ther
 a
t
 the da
mag
ed l
oc
a
tion t
o f
orm a t
empor
ar
y pl
ug. 
Then the pl
a
t
el
ets
 
bur
s
t
 open a
nd r
el
e
ase sub
s
t
a
nc
es tha
t
 spe
ed up hemos
t
asis. 
Those sub
s
t
a
nc
es r
e
act
 a
nd
 
e
vent
ua
ll
y t
urn fibrinog
en (a sub
s
t
a
nc
e c
ont
ained in bl
ood pl
asma) in the bl
ood int
o a fibr
ous
 
sub
s
t
a
nc
e c
a
ll
ed 
fibrin
, which f
orms a mesh a
t
 the sit
e of the w
ou
nd. R
ed bl
ood c
ells bec
ome
 
c
aught
 in the mesh a
nd cl
u
mp t
og
ether
 t
o f
orm a r
obus
t
 da
m t
o s
t
op the bl
e
eding. 
This
 
cl
u
mp is c
a
ll
ed a 
bl
ood cl
ot
 (F
igur
e 5-8).
F
igur
e 5-8: C
l
osing a w
ou
nd t
hr
ough hemos
t
asis
F
ibrin thr
e
ads bec
ome ent
a
ngl
ed 
t
o f
orm a mesh, a
nd r
ed bl
ood c
ells 
ar
e entwined t
o f
orm the cl
ot.
Bl
ood ves
sel
Pl
a
t
el
et
Whit
e 
bl
ood c
ell
R
ed 
bl
ood c
ell
Pl
a
t
el
ets aggr
ega
t
e t
o fill up 
the w
ou
nd.
Bl
ood cl
ot
An 
All
er
gy Is a
n Over
r
e
action of the Immu
ne S
ys
t
em
An 
a
ll
er
gy
 c
a
n be thought
 of as a r
u
na
w
a
y immu
ne f
u
nction. Ins
t
e
ad of r
epell
ing 
in
v
ading vir
uses or
 bact
eria, the immu
ne s
ys
t
em is r
e
acting t
o a sub
s
t
a
nc
e tha
t
 is 
not
 act
ua
ll
y harmf
ul, such as f
ood or
 poll
en.
 F
ood a
nd poll
en ar
e c
ommon c
auses of a
ll
er
gic r
e
actions. 
All
er
gy t
o poll
en, 
of
t
en c
a
ll
ed ha
y f
e
ver
, r
esults in nas
a
l infl
a
mma
tion or
 c
onju
nctivitis. Br
onchia
l 
as
thma a
nd a
t
opic derma
titis (a
lso kno
wn as 
ecz
ema
) ar
e a
lso c
ommon a
ll
er
gic 
r
e
actions. 
The pr
e
v
a
l
enc
e of a
ll
er
gies is incr
e
asing in both in adults a
nd chil
dr
en. 
Although en
vir
onment
a
l f
act
or
s (such as diet, r
educ
ed ph
ysic
a
l activit
y
, bet
t
er
 
h
ygiene, or
 e
ven cha
ng
es in home he
a
ting a
nd ventil
a
tion s
ys
t
ems) ar
e thought
 
t
o be in
v
ol
ved with the incr
e
ase in these c
onditions, the act
ua
l r
e
ason is not
 yet
 
kno
wn.
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Y
es, pr
es
sur
e c
ons
tricts the c
a
pill
aries a
nd bl
ood ves
sels, sl
o
wing do
wn the bl
e
eding. 
This 
gives the bl
ood time t
o cl
ot. 
Y
ou c
a
n sometimes s
t
op bl
e
eding f
r
om c
a
pill
aries or
 sl
ender
 
veins jus
t
 b
y a
ppl
ying pr
es
sur
e.
Bl
ood tha
t’
s be
en dr
a
wn na
t
ur
a
ll
y sol
idifies jus
t
 l
ik
e bl
ood tha
t’
s r
el
e
ased b
y bl
e
eding. 
The sol
idific
a
tion of bl
ood is c
a
ll
ed 
c
oagul
a
tion
. During a
n exa
mina
tion of dr
a
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ood, 
chemic
a
ls ar
e of
t
en mix
ed int
o the bl
ood t
o pr
e
vent
 it
 f
r
om sol
idif
ying. Bl
ood c
oagul
a
t
es 
bec
ause bl
ood pl
asma itsel
f has cl
ot
ting pr
oper
ties, as sho
wn in F
igur
e 5-9.
F
igur
e 5-9: C
oagul
a
tion in dr
a
wn bl
ood
Bl
ood is dr
a
wn a
nd 
mo
ved t
o a t
es
t
 t
ube.
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When l
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 a
l
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c
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a
t
e.
2. 
The cl
u
mps will 
bec
ome sma
ll
er
, 
a
nd a tr
a
nspar
ent, 
pa
l
e yell
o
w l
iq
uid 
will se
ep out. 
This 
l
iq
uid is ser
u
m.
3. 
The cl
u
mps will 
dis
sol
ve a
nd r
et
urn 
t
o l
iq
uid tha
nks t
o a 
phenomenon c
a
ll
ed 
fibrinol
ysis.
  
4. 
Af
t
er
 bl
ood c
oagul
a
t
es, a pr
oc
es
s c
a
ll
ed 
fibrinol
ysis
 will e
vent
ua
ll
y br
e
ak
 do
wn a
n
d
 
dis
sol
ve the bl
ood cl
ots. 
This mecha
nism pr
e
vents bl
ood cl
ots f
r
om s
p
r
e
a
d
-
ing a
nd c
ausing pr
obl
ems in the bod
y
.
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ou Know?
Appl
ying pr
es
sur
e is a
n eff
ective w
a
y t
o s
t
op bl
e
eding, isn
’t
 it?
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b
r
a
i
n
?
s
o t
h
a
t
’
s w
h
e
n 
I
 e
x
p
e
r
i
e
n
c
e
d 
t
h
e h
e
a
t
?
N
o
t
y
e
t
...
R
i
g
h
t.
T
h
a
t m
a
k
e
s 
se
n
se
.
I
t
’
s l
i
k
e a 
 
d
i
r
e
c
t h
o
t
l
i
n
e 
f
o
r a d
a
n
g
e
r 
s
i
g
n
a
l.
T
h
e
n
...
T
h
e s
e
n
s
o
r
y i
n
f
o
r
m
a
t
i
o
n 
a
rr
i
v
e
d a
t y
o
u
r 
ce
r
e
b
r
u
m a
r
o
u
n
d t
h
e 
 
s
a
m
e t
i
m
e t
h
a
t y
o
u p
u
ll
e
d 
a
w
a
y y
o
u
r h
a
n
d
. 
A s
p
i
n
a
l r
e
f
l
e
x 
o
cc
u
r
s i
n 
r
e
s
p
o
n
s
e t
o a 
s
t
i
m
u
l
u
s t
h
a
t i
s 
d
a
n
g
e
r
o
u
s t
o 
t
h
e h
u
m
a
n bo
d
y
, 
s
u
c
h a
s p
a
i
n f
r
o
m 
a b
u
r
n
.
T
h
i
s i
s w
h
e
n y
o
u 
c
o
n
s
ci
o
u
s
l
y 
r
e
c
o
g
n
i
z
e
d t
h
e h
e
a
t 
a
n
d
p
a
in.
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1
2
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C
h
a
p
t
e
r 6
 
T
h
e B
r
a
i
n a
n
d N
e
r
v
o
u
s 
s
y
s
t
e
m
B
u
l
l
e
t t
r
a
i
n 
 
(
~
3
00
k
m/
h
)
M
o
t
o
r n
e
r
v
e
h
o
w f
a
s
t d
o 
t
h
e
s
e s
i
g
n
a
l
s 
t
r
a
v
e
l?
A
l
t
h
o
u
g
h i
t v
a
r
i
e
s 
d
e
p
e
n
d
i
n
g o
n t
h
e 
s
t
r
u
c
t
u
r
e o
f t
h
e 
n
e
r
v
e
, t
h
e t
o
p s
p
ee
d 
f
o
r f
a
s
t f
i
b
e
r
s i
s 
a
r
o
u
n
d 1
2
0 m
/
s
.
T
h
at
’
s
 
4
3
2 km
/
h
!
!
I
t
’
s f
a
s
t
e
r 
th
a
n
th
e
S
hi
nk
a
n
s
e
n
 
b
u
ll
et
t
r
a
i
n
!
m
y a
u
t
o
n
o
m
i
c 
n
e
r
v
e
s f
l
e
w i
n
t
o 
a
c
t
i
o
n B
e
c
a
u
s
e m
y 
s
y
m
p
a
t
h
e
t
i
c n
e
r
v
e
s 
w
e
r
e e
x
ci
t
e
d
!
T
h
e
y p
e
r
k
e
d u
p 
m
y c
i
r
c
u
l
a
t
o
r
y 
o
r
g
a
n
s.
I
t
’
s a
m
a
z
i
n
g
, 
i
s
n
’
t
i
t
?
T
h
e s
i
g
n
a
l g
o
e
s 
f
r
o
m y
o
u
r h
a
n
d 
t
o y
o
u
r b
r
a
i
n i
n 
a
n i
n
s
t
a
n
t
!
y
o
u f
e
l
t s
t
a
r
t
l
e
d w
h
e
n 
y
o
u
r b
r
a
i
n r
e
co
g
n
i
z
e
d t
h
e 
p
a
i
n
f
u
l h
e
a
t s
e
n
s
a
t
i
o
n a
n
d 
y
o
u
r h
e
a
r
t r
a
t
e a
n
d b
l
oo
d 
p
re
ss
u
re
p
r
o
b
a
bl
y
r
o
se
.
A s
t
i
m
u
l
u
s i
s 
t
r
a
n
s
m
itt
e
d
a
l
o
n
g a n
e
r
v
e 
a
t e
x
t
r
e
m
e
l
y 
h
i
g
h s
p
ee
d
.
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T
h
e n
e
r
v
o
u
s s
y
s
t
e
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1
2
7
L
oo
k
.
y
o
u
r c
e
r
e
b
r
u
m i
ss
u
e
d 
a c
o
mm
a
n
d t
o l
oo
k a
t 
t
h
e h
a
n
d t
h
a
t r
e
c
e
i
v
e
d 
t
h
e h
o
t s
t
i
m
u
l
u
s
.
T
o c
a
rr
y o
u
t t
h
i
s 
a
c
t
i
o
n
, y
o
u m
o
v
e
d y
o
u
r 
h
a
n
d
, f
a
c
e
, a
n
d e
y
e
s
.
y
o
u
r r
e
t
i
n
a
s s
e
n
s
e
d t
h
e 
r
e
d a
pp
e
a
r
a
n
c
e o
f y
o
u
r 
h
a
n
d a
n
d d
e
l
i
v
e
r
e
d t
h
i
s 
i
n
f
o
r
m
a
t
i
o
n t
h
r
o
u
g
h 
t
h
e n
e
r
v
e
s t
o t
h
e v
i
s
u
a
l 
c
o
r
t
e
x o
f y
o
u
r c
e
r
e
b
r
u
m
. 
t
h
e
n y
o
u
r c
e
r
e
b
r
u
m 
s
t
a
r
t
e
d t
o p
u
t t
h
e 
i
n
f
o
r
m
a
t
i
o
n t
o
g
e
t
h
e
r
: 
 
“
m
y h
a
n
d t
u
r
n
e
d r
e
d f
r
o
m 
t
h
e h
e
a
t o
f t
h
e t
e
a
c
u
p
.
”
y
o
u
r h
a
n
d 
t
u
r
n
ed
r
ed
.
B
l
o
w 
o
n i
t
.
P
uff
p
uff
s
p
o
t o
n
! 
 
B
u
t n
o
t j
u
s
t 
t
h
a
t…
 .
.
.
T
h
i
n
k o
f 
a
ll t
h
e o
t
h
e
r 
a
c
t
i
o
n
s y
o
u
r 
n
e
r
v
o
u
s s
y
s
t
e
m 
i
n
iti
a
t
e
d
,
 
t
oo
.
A
ll t
h
a
t 
ha
pp
e
ne
d
p
r
e
tt
y f
a
s
t
, 
too
!
I
 g
u
ess 
m
y b
r
a
i
n 
k
n
o
w
s w
h
a
t 
i
t
’
s d
o
i
n
g 
s
o
me
t
i
me
s
a
ft
e
r
a
ll
.
y
o
u
s
a
i
d
i
t!
a
n
d t
h
e
r
e
'
s 
m
o
r
e
...
T
h
e c
e
r
e
b
r
u
m u
s
e
s 
p
a
s
t e
x
p
e
r
i
e
n
c
e 
a
n
d i
n
f
o
r
m
a
t
i
o
n 
t
o r
e
s
p
o
n
d t
o t
h
e 
s
i
t
u
a
t
i
o
n
—
i
n t
h
i
s c
a
s
e
, 
i
t i
ss
u
e
s a c
o
mm
a
n
d 
t
o “
b
l
o
w o
n y
o
u
r 
h
a
n
d t
o c
oo
l i
t
.
”
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P
uff
p
uff
I
t
’
s n
o 
l
o
n
g
e
r
h
o
t.
T
i
m
e t
o 
r
e
la
x
!
A
h
...
G
r
u
m
b
le
g
r
u
m
b
le
y
o
u
r
f
i
n
g
e
rt
i
p
s
a
n
d e
y
e
s c
o
n
t
i
n
u
e
d 
t
o s
e
n
d s
e
n
s
o
r
y 
i
n
f
o
r
m
a
t
i
o
n t
o t
h
e 
c
e
r
e
b
r
u
m
...
t
h
e c
e
r
e
b
r
u
m r
e
a
l
i
z
e
d 
t
h
a
t y
o
u
r h
a
n
d w
a
s
n
'
t h
o
t 
a
n
ym
o
r
e
.
s
o y
o
u s
t
o
pp
e
d b
l
o
w
i
n
g 
o
n y
o
u
r h
a
n
d
.
T
h
e a
c
t
i
v
i
t
y o
f t
h
e s
y
m
p
a
t
h
e
t
i
c 
n
e
r
v
e
s r
e
c
e
d
e
d
, y
o
u
r h
e
a
r
t r
a
t
e 
a
n
d b
l
oo
d p
r
e
ss
u
r
e f
e
ll
, a
n
d 
y
o
u
r f
a
c
i
a
l e
x
p
r
e
ss
i
o
n s
o
f
t
e
n
e
d
.
a
n
d T
h
i
s b
a
r
e
l
y 
t
o
u
c
h
e
s o
n 
t
h
e c
o
u
n
t
l
e
ss 
a
c
t
i
v
i
t
i
e
s t
h
a
t a
r
e 
c
oo
r
d
i
n
a
t
e
d b
y t
h
e 
n
e
r
v
o
u
s s
y
s
t
e
m a
ll
 
t
h
e
ti
m
e
!
t
h
e n
e
r
v
o
u
s s
y
s
t
e
m 
r
e
s
p
o
n
d
e
d i
n s
u
c
h a 
c
o
m
p
l
e
x w
a
y
, w
i
t
h a 
m
i
x
t
u
r
e o
f c
o
m
p
l
e
t
e
l
y 
a
u
t
o
m
a
t
i
c r
e
a
c
t
i
o
n
s a
n
d 
m
o
r
e r
a
t
i
o
n
a
l d
e
ci
s
i
o
n
s 
b
a
s
e
d o
n m
e
m
o
r
i
e
s a
n
d 
e
x
p
e
r
i
e
n
c
e.
.
.
A
n
d i
t a
ll 
ha
pp
e
ne
d
s
o f
a
s
t
!
T
h
e h
u
m
a
n b
r
a
i
n 
 
r
e
a
ll
y i
s a
m
a
z
i
n
g
, 
 
isn
’
t
i
t
?
A
n
d t
h
e m
o
r
e 
y
o
u l
e
a
r
n
, t
h
e 
m
o
r
e p
o
w
e
r
f
u
l 
i
t b
e
c
o
m
e
s
!
I
 h
o
p
e m
y b
r
a
i
n i
s 
p
o
w
e
r
f
u
l e
n
o
u
g
h 
t
o p
a
ss t
h
i
s 
m
a
k
e
u
p
t
e
s
t.
M
a
y
b
e i
f 
I
 
m
e
m
o
r
ize
e
n
o
u
g
h o
f m
y 
t
e
xt
b
oo
k
…
U
mm
, n
o
t 
s
o f
a
s
t
.
y
o
u
’
r
e b
o
u
n
d t
o r
e
t
a
i
n 
s
o
m
e i
n
f
o
r
m
a
t
i
o
n t
h
r
o
u
g
h 
in
d
i
s
c
r
imin
a
t
e
,
r
o
t
e
m
e
m
o
r
i
z
a
t
i
o
n
, b
u
t y
o
u
’
ll 
r
e
m
e
m
b
e
r i
t b
e
tt
e
r i
f y
o
u 
r
e
l
a
t
e t
h
e i
n
f
o
r
m
a
t
i
o
n t
o 
a m
e
a
n
i
n
g
f
u
l s
e
tt
i
n
g o
r 
ex
pe
r
i
e
n
c
e.
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h
m
R
aee
l
e
B
a
ng
S
u
m
me
r
 
    
F
e
s
tiv
a
l
W
h
a
—
?!
K
y
aaa
~
s
o i
f 
I
 r
e
l
a
t
e 
t
h
i
s i
n
f
o
r
m
a
t
i
o
n 
t
o m
y o
w
n bo
d
y
, 
I
’
ll u
n
d
e
r
s
t
a
n
d 
a
n
d r
e
m
e
m
b
e
r i
t 
b
ett
e
r
?
T
h
a
t
’s
e
xa
c
t
l
y
r
i
g
h
t!
D
o
n
’
t w
o
rr
y
, 
M
s
. K
a
r
a
d
a
. 
I
 
t
h
i
n
k y
o
u
’
ll 
p
a
ss y
o
u
r 
m
a
k
e
u
p e
x
a
m 
w
i
t
h f
l
y
i
n
g 
c
o
l
o
r
s.
Th
a
n
k
s
t
o y
o
u
, 
P
rof
e
ss
o
r
.
.
.
p
h
ys
i
o
l
o
g
y
s
ee
m
s s
o 
i
nte
r
e
s
t
i
n
g
n
o
w
.
h
a
h
a
, i
t
’
s 
b
ee
n a
n 
h
o
n
o
r
.
W
h
y d
o
n
’
t w
e 
g
e
t o
u
t
s
i
d
e 
f
o
r a b
i
t
?
B
u
t 
I
 t
h
i
n
k 
y
o
u
’
ll m
a
k
e 
m
o
r
e p
r
o
g
r
ess
 
i
f y
o
u r
e
l
a
x a 
li
tt
l
e
i
n
s
t
e
a
d
o
f j
u
s
t s
t
u
d
y
i
n
g 
a
ll t
h
e t
i
m
e
.
I
s h
e a
s
k
i
n
g 
m
e o
u
t
?
! 
T
a
-
d
a
!
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T
h
e B
r
a
i
n a
n
d N
e
r
v
o
u
s 
s
y
s
t
e
m
Even More About the Nerv
ous 
s
ystem!
Y
ou a
lr
e
ad
y kno
w tha
t
 the ner
v
ous s
ys
t
em is divided int
o the c
entr
a
l ner
v
ous s
ys
t
em a
nd 
peripher
a
l ner
v
ous s
ys
t
em. 
The ner
ves in the br
ain a
nd spina
l c
or
d (the c
entr
a
l ner
v
ous 
s
ys
t
em) r
el
a
y a
nd c
oll
ect
 inf
orma
tion, mak
e decisions, a
nd is
sue ins
tr
uctions. 
T
og
ether
, 
they c
a
n be thought
 of as the main c
ontr
ol c
ent
er
 of the bod
y
. Sinc
e the br
ain a
nd spina
l 
c
or
d ar
e such cr
ucia
l or
ga
ns, they ar
e en
vel
oped b
y mening
es (membr
a
nes) a
nd fl
oa
t
 in
 
c
er
ebr
ospina
l fl
uid t
o pr
ot
ect
 them f
r
om impact. 
The br
ain c
oll
ects a
nd or
ga
niz
es a
ll of our
 
thoughts, emotions, per
c
eptions, a
nd beha
vior
s, so l
et’
s begin with a discus
sion of the br
ain.
Parts of the Brain
When y
ou he
ar
 the w
or
d 
br
ain
, y
ou ma
y think
 of the c
er
ebr
u
m—the main mas
s of the 
br
ain tha
t
 is f
ou
nd u
nder
 the sk
ull—but
 tha
t’
s not
 r
e
a
ll
y a
ll ther
e is. 
The br
ain is made 
up of the c
er
ebr
u
m, dienc
epha
l
on (int
er
br
ain), mesenc
epha
l
on (midbr
ain), pons, medull
a 
obl
onga
t
a, a
nd c
er
ebell
u
m, as sho
wn in F
igur
e 6-1. 
F
igur
e 6-1: 
The c
entr
a
l ner
v
ous s
ys
t
em
The mesenc
epha
l
on (midbr
ain), pons, a
nd medull
a obl
onga
t
a ar
e a
lso c
a
ll
ed the 
br
ains
t
em
. 
The br
ains
t
em is the innermos
t
 par
t
 of the br
ain a
nd is r
esponsibl
e f
or
 the 
es
sentia
l activities of l
if
e, such as r
espir
a
tion a
nd cir
cul
a
tion. 
The par
t
 of the br
ain jus
t
 abo
ve the br
ains
t
em, c
a
ll
ed the 
c
er
ebr
a
l l
imbic s
ys
t
em
, is 
r
esponsibl
e f
or
 ins
tinctive f
u
nctions, such as a
ppetit
e, sex
ua
l desir
e, pl
e
asur
e, disc
omf
or
t, 
a
nd emotions. 
The dienc
epha
l
on (int
er
br
ain), betw
e
en the c
er
ebr
u
m a
nd the br
ains
t
em, incl
udes the 
tha
l
a
mus, h
ypotha
l
a
mus, a
nd pit
uit
ar
y gl
a
nd. It
f
u
nctions as the c
ontr
ol c
ent
er
of the aut
o
-
nomic ner
v
ous s
ys
t
em a
nd endocrine s
ys
t
em.
C
er
ebr
u
m
C
er
ebr
a
l l
imbic s
ys
t
em
Mening
es
C
er
ebr
ospina
l fl
uid
Dienc
epha
l
on
(int
er
br
ain)
Br
ains
t
em
P
ons
Medull
a obl
onga
t
a{
Mesenc
epha
l
on
(midbr
ain)
C
er
ebell
u
m
Spina
l c
or
d
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s
t
r
u
c
t
u
r
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h
e B
r
a
i
n
 
1
3
1
s
tructure of the Brain
If y
ou t
ak
e a cr
os
s section of the br
ain, y
ou’ll se
e it
 divided int
o gr
a
y ma
t
t
er
 a
nd whit
e 
ma
t
t
er
, as sho
wn in F
igur
e 6-2. 
The out
er
 l
a
yer
 of gr
a
y ma
t
t
er
 is mor
e f
orma
ll
y c
a
ll
ed the 
c
er
ebr
a
l c
or
t
ex
. It
 a
ppe
ar
s gr
a
y bec
ause of the neur
a
l c
ell bodies ther
e, wher
e
as the whit
e 
inner
 l
a
yer
 is mos
t
l
y made up of ner
ve fiber
s (ax
ons). 
Those ax
ons ar
e whit
e bec
ause they 
c
ont
ain mor
e f
a
t
 tis
sue, which hel
ps insul
a
t
e the ax
ons so tha
t
 they c
a
n tr
a
nsmit
 signa
ls 
mor
e q
uick
l
y
. 
F
igur
e 6-2: C
r
os
s s
ection of t
he br
ain
The out
ermos
t
 l
a
yer
 of the c
er
ebr
a
l c
or
t
ex is c
a
ll
ed the 
neoc
or
t
ex
. 
Neo-
 me
a
ns “new
,” 
as the neoc
or
t
ex is the mos
t
 e
v
ol
utionaril
y r
ec
ent
 addition t
o the br
ain. 
The neoc
or
t
ex 
ac
c
ou
nts f
or
 about
 thr
e
e-f
our
ths of the hu
ma
n br
ain
’
s mas
s.
The neoc
or
t
ex is r
esponsibl
e f
or
 the ad
v
a
nc
ed c
ognitive f
u
nctions tha
t
 mos
t
 dis
tin
-
guish hu
ma
n thinking f
r
om tha
t
 of other
 a
nima
ls. 
W
or
r
ying about
 f
ail
ing a
n exa
m a
nd 
s
t
ud
ying f
or
 a r
et
es
t
 ar
e both job
s of the neoc
or
t
ex. Mas
t
ering the kno
wl
edg
e a
nd skills 
ne
eded t
o be a r
egis
t
er
ed nur
se, as
ses
sing pa
tients a
nd pl
a
nning their
 c
ar
e, a
nd enjo
ying 
y
our
 time with f
riends ar
e a
lso a
ll job
s of the neoc
or
t
ex. 
Notic
e in F
igur
e 6-2 ho
w the sur
f
ac
e of the c
er
ebr
a
l c
or
t
ex is f
ol
ded int
o ma
n
y wrink
l
es.
 
This dr
a
ma
tic
a
ll
y incr
e
ases its sur
f
ac
e ar
e
a so tha
t
 a l
ot
 mor
e neoc
or
t
ex c
a
n fit
 inside the 
sk
ull
. Our
 high c
a
pacit
y f
or
 int
ell
ig
enc
e o
w
es a l
ot
 t
o the wrink
l
es in our
 br
ain.
In addition t
o the neoc
or
t
ex, the c
er
ebr
a
l c
or
t
ex c
ont
ains the 
pa
l
eoc
or
t
ex
 a
nd the 
ar
chic
or
t
ex
. 
The pa
l
eoc
or
t
ex a
nd ar
chic
or
t
ex de
vel
oped much e
arl
ier
 in the e
v
ol
utionar
y 
timel
ine, a
nd they ar
e r
esponsibl
e f
or
 basic f
u
nctions tha
t
 w
e ha
ve in c
ommon with other
 
a
nima
ls, such as a
ppetit
e, sex
ua
l desir
e, a
nd the sens
a

tion of pain. F
igur
e 6-3 sho

ws ho
w 
the br
ains
t
em, pa
l
eoc
or
t
ex
/
ar
chic
or
t
ex, a
nd neoc
or
t
ex s
t
ack
 up acr
os
s snak
es, dogs, a
nd 
hu
ma
ns.
Gr
ay matter
(c
er
ebr
al co
rt
ex)
Whit
e matt
er
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F
igur
e 6-3: Diff
er
enc
es bet
w
e
en t
he c
or
t
ex
es of a
nima
ls a
nd hu
ma
ns
G
et
ting back
 t
o the neoc
or
t
ex, diff
er
ent
 ar
e
as of this s
tr
uct
ur
e ar
e r
esponsibl
e f
or
 
diff
er
ent
 f
u
nctions, such as vision, spe
aking, w
a
lking, r
u
nning, other
 mot
or
 skills, a
nd so
 
on. 
This is c
a
ll
ed 
l
oc
a
l
iz
a
tion
 of br
ain f
u
nctions, or
 
f
u
nctiona
l specia
l
iz
a
tion
. F
igur
e 6-4
 
sho
ws the mos
t
 impor
t
a
nt
 ar
e
as of f
u
nctiona
l specia
l
iz
a
tion. 
The c
entr
a
l sulcus mar
k
ed
 
in F
igur
e 6-4 is a de
ep f
ol
d tha
t
 r
u
ns acr
os
s the middl
e of the br
ain, r
oughl
y f
r
om e
ar
 
t
o e
ar
. 
This f
e
a
t
ur
e separ
a
t
es the f
r
ont
a
l a
nd pariet
a
l l
obes, a
nd the mot
or
 a
nd sensor
y
 
c
or
t
ex
es.
F
igur
e 6-4: F
u
nctiona
l specia
l
iz
a
tion of t
he neoc
or
t
ex
The neoc
or
t
ex ha
ndl
es 
thought
 a
nd c
ognition, 
whil
e the pa
l
eoc
or
t
ex 
a
nd ar
chic
or
t
ex ha
ndl
e 
mor
e basic f
u
nctions 
w
e ha
ve in c
ommon 
with other
 a
nima
ls.
Neoc
or
t
ex
P
a
l
eoc
or
t
ex a
nd 
ar
chic
or
t
ex
Snak
e
Dog
H
um
an
Br
ains
t
em
W
ernick
e
’
s ar
e
a
The mot
or
 c
or
t
ex, 
which is
sues 
ins
tr
uctions t
o 
mo
ve the bod
y
, 
is in f
r
ont
 of the 
c
entr
a
l sulcus.
P
ariet
a
l l
obe
The sensor
y 
c
or
t
ex, which 
r
ec
eives bodil
y 
sens
a
tions, is 
pos
t
erior
 t
o the 
c
entr
a
l sulcus.
F
r
ont
a
l l
obe
O
c
cipit
a
l l
obe
The audit
or
y 
c
or
t
ex, in the 
t
empor
a
l l
obe, 
is r
esponsibl
e
f
or
 our
 sense 
of he
aring.
T
empor
a
l l
obe
The visua
l 
c
or
t
ex, in the 
oc
cipit
a
l l
obe, 
r
ec
eives visua
l 
inf
orma
tion.
Br
oc
a
’
s ar
e
a
C
entr
a
l sulcus
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F
u
nctions of the mot
or
 c
or
t
ex a
nd sensor
y c
or
t
ex ar
e f
ur
ther
 divided, with r
egions 
cl
oser
 t
o the t
op of the br
ain r
esponsibl
e f
or
 the f
e
et
 a
nd r
egions cl
oser
 t
o the t
empor
a
l 
par
t
 of the br
ain (the side) r
esponsibl
e f
or
 the f
ac
e a
nd he
ad.
Tha
t’
s right. L
et’
s tr
y t
o think
 of which ar
e
as ar
e r
eq
uir
ed t
o ha
ndl
e l
a
nguag
e. 
The methods w
e use t
o int
er
pr
et
 l
a
nguag
e incl
ude r
e
ading char
act
er
s a
nd u
nder
-
s
t
a
nding sou
nds as w
or
ds. Sinc
e e
ach of these methods uses diff
er
ent
 sense or
ga
ns a
nd 
diff
er
ent
 t
ypes of inf
orma
tion, separ
a
t
e l
oc
a
tions ar
e r
esponsibl
e f
or
 them.
The main ar
e
a r
esponsibl
e f
or
 u
nder
s
t
a
nding l
a
nguag
e is 
W
er
nick
e
’
s ar
e
a
. H
o
w
e
ver
, 
when w
e spe
ak
 w
e mus
t
 sha
pe the w
or
ds b
y mo
ving our
 mouth a
nd t
ongue a
nd ja
w 
a
nd so on. 
The ar
e
a r
esponsibl
e f
or
 these f
u
nctions is 
Br
oc
a
’
s ar
e
a
. B
oth of these spe
ech 
c
ent
er
s ar
e in the l
ef
t
 c
er
ebr
a
l hemispher
e. 
When br
ain da
mag
e c
auses pr
obl
ems with 
l
a
nguag
e, the s
ympt
oms diff
er
 depending on wher
e the da
mag
e oc
cur
s. F
or
 exa
mpl
e, if 
Br
oc
a
’
s ar
e
a is da
mag
ed, a per
son ma
y not
 be abl
e t
o spe
ak
 c
oher
ent
l
y
, or
 a
t
 a
ll, e
ven if 
the per
son s
till u
nder
s
t
a
nds other
 peopl
e
’
s spe
ech.
Y
es, the c
er
ebell
u
m c
oor
dina
t
es y
our
 mo
vements. It
 is bel
o
w the c
er
ebr
u
m a
nd behind the
 
br
ains
t
em, c
ompar
es the mo
vement
 ins
tr
uctions is
sued b
y the c
er
ebr
a
l c
or
t
ex with the 
mo
vements y
ou act
ua
ll
y mak
e a
nd is
sues signa
ls t
o fine-t
u
ne the mo
vement. 
As y
ou 
r
epe
a
t
edl
y pr
actic
e a mo
vement, y
ou bec
ome mor
e skill
f
ul a
t
 it. 
This is the r
esult
 of fine-
t
u
ning b
y the c
er
ebell
u
m.
Brain 
I
njuries
So does this me
a
n tha
t
 e
ven when I’m jus
t
 ha
ving a c
on
ver
s
a
tion, se
ver
a
l r
egions ar
e 
per
f
orming diff
er
ent
 f
u
nctions a
t
 the s
a
me time
?
The l
ef
t
 hemispher
e of the c
er
ebr
a
l c
or
t
ex is r
esponsibl
e f
or
 mo
vement
 a
nd sens
a
-
tion on the right
 side of the bod
y
, a
nd the right
 hemispher
e is r
esponsibl
e f
or
 
mo
vement
 a
nd sens
a
tion on the l
ef
t
 side of the bod
y
. 
Brain Fun Facts
The c
er
ebr
u
m is
sues ins
tr
uctions f
or
 t
ell
ing the bod
y t
o mo
ve. B
ut
 isn
’t
 the c
er
ebell
u
m 
in
v
ol
ved with mo
vement
 as w
ell?
Wha
t
 about
 when the br
ain s
t
ops f
u
nctioning
? 
Wha
t’
s the diff
er
enc
e betw
e
en a veg
et
a
tive 
s
t
a
t
e a
nd br
ain de
a
th
?
In a veg
et
a
tive s
t
a
t
e c
er
t
ain par
ts of the br
ain ar
e s
till f
u
nctioning, wher
e
as br
ain de
a
th 
is a
n ir
r
e
ver
sibl
e s
t
a
t
e in which a
ll br
ain f
u
nctions ar
e l
os
t. 
This incl
udes in
v
ol
u
nt
ar
y f
u
nc
-
tions tha
t
 k
e
ep the bod
y a
l
ive, so when br
ain de
a
th oc
cur
s, the bod
y dies t
oo. 
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This is bec
ause not
 onl
y is the per
son u
nabl
e t
o spe
ak
 or
 e
a
t, but
 spont
a
neous r
es
-
pir
a
tion c
e
ases a
nd the he
ar
t
 q
uick
l
y s
t
ops. 
When someone is in a veg
et
a
tive s
t
a
t
e, on the 
other
 ha
nd, the br
ains
t
em is s
till a
l
ive, a
nd ther
ef
or
e r
espir
a
tion c
a
n oc
cur
 a
nd the he
ar
t
 
c
ontinues be
a
ting. H
o
w
e
ver
, the per
son is not
 c
onscious a
nd c
a
nnot
 r
espond. F
igur
e 6-5 
sho
ws the diff
er
enc
e in the br
ain betw
e
en these tw
o c
onditions.
F
igur
e 6-5: Diff
er
enc
e bet
w
e
en br
ain d
e
a
t
h a
nd a veg
et
a
tive s
t
a
t
e
The br
ain is ver
y susc
eptibl
e t
o o
xyg
en depriv
a
tion. If r
espir
a
tion s
t
ops a
nd the suppl
y 
of o
xyg
en is cut
 off
, c
ells will begin t
o sus
t
ain da
mag
e in jus
t
 3 t
o 4 minut
es. 
This is wh
y 
it’
s so impor
t
a
nt
 t
o begin c
ar
diopul
monar
y r
esuscit
a
tion as soon as pos
sibl
e if someone 
suff
er
s c
ar
diac ar
r
es
t
 a
nd the he
ar
t
 is u
nabl
e t
o send o
xyg
en-c
ar
r
ying bl
ood t
o the br
ain.
the 
s
pinal cord
The main job of the spina
l c
or
d is t
o r
el
a
y ins
tr
uctions is
sued f
r
om the br
ain t
o peripher
a
l 
ner
ves a
nd r
el
a
y inf
orma
tion f
r
om peripher
a
l ner
ves t
o the br
ain. H
o
w
e
ver
, it
 has other
 
impor
t
a
nt
 f
u
nctions as w
ell
. 
The 
spina
l c
or
d
 is a
n ell
iptic
a
ll
y sha
ped c
or
d a
ppr
o
xima
t
el
y 1 c
entimet
er
 thick
 ext
end
-
ing f
r
om the bot
t
om of the br
ain thr
ough the spina
l c
ol
u
mn t
o the l
u
mbar
 (l
o
w
er
 back)
 
r
e
g
i
o
n
.
 
W
h
e
n
 a bab
y fir
s
t
 de
vel
ops in the w
omb, the spina
l c
ol
u
mn a
nd br
ain s
t
ar
t
 off as a 
singl
e holl
o
w t
ube. 
As this t
ube gr
o
ws, the c
ells a
t
 the tip (he
ad) incr
e
ase a
nd bec
ome the 
c
er
ebr
a
l c
or
t
ex (F
igur
e 6-6), a
nd the r
es
t
 bec
ome the spina
l c
or
d.
Inside the spina
l c
or
d, ner
ve c
ells a
nd ner
ve fiber
s f
orm a bu
ndl
e. R
emember
 f
r
om 
e
arl
ier


 (se
e pag


e 122), tha

t
 neur
ons c
onsis
t
 of ner
ve fiber
s (dendrit
es a
nd ax
ons) a
nd c
ell 
bodies. Lik
e the br
ain, the spina
l c
or
d is divided int
o whit
e ma
t
t
er
, which is mos
t
l
y ner
ve 
fiber
s, a
nd gr
a
y ma
t
t
er
, which c
ont
ains mos
t
l
y c
ell bodies. B
ut
 in the spina
l c
or
d, the pa
t
-
t
ern is r
e
ver
sed—the whit
e ma
t
t
er
 f
orms the out
er
 l
a
yer
, a
nd the gr
a
y ma
t
t
er
 is a
t
 the 
c
ent
er
 of the c
or
d.
Ve
getative sta
te
Some 
fu
nction
s
r
emain
Br
ain deat
h
The br
ain c
onsu
mes a l
ar
g
e a
mou
nt
 of o
xyg
en bec
ause it
 c
ons
t
a
nt
l
y burns gl
u
-
c
ose as a
n ener
gy sour
c
e. In f
act, gl
uc
ose is norma
ll
y the onl
y ener
gy sour
c
e of 
the br
ain; a
lthough if gl
uc
ose l
e
vels ar
e t
oo l
o
w
, the br
ain ma
y use mol
ecul
es 
c
a
ll
ed k
et
one bodies as a
n a
lt
erna
tive ener
gy sour
c
e. 
Brain Fun Facts
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F
igur
e 6-6: 
The c
er
ebr
u
m a
nd spina
l c
or
d d
e
vel
op in t
he pos
t
na
t
a
l period.
In the spina
l c
or
d, the pa
th
w
a
ys f
or
 sending inf
orma
tion a
nd r
ec
eiving inf
orma
tion ar
e 
separ
a
t
e so tha
t
 sensor
y inf
orma
tion a
nd ins
tr
uctions f
r
om the br
ain do not
 int
er
f
er
e with 
e
ach other
, as sho
wn in F
igur
e 6-7.
F
igur
e 6-7: H
o
w inf
or
ma
tion is r
out
ed t
hr
ough t
he spina
l c
or
d
Pa
thw
a
ys Through The Body
I’ll expl

ain this using F
igur
e 6-8. Ner

ve fiber
s tha
t
 desc
end a
l
ong the spina
l c
or
d del
iver
 
the ins
tr
uctions f
r
om the br
ain t
o ner
ve c
ells in the gr
a
y ma
t
t
er
 in the f
r
ont
 of the spina
l 
c
or
d (c
a
ll
ed the 
ventr
a
l r
oot
o
r 
a
nt
erior
 r
oot
). Spina
l ner
ves ext
ending f
r
om the a
nt
erior
 
r
oot
 del
iver
 the ins
tr
uction t
o the peripher
a
l par
ts of the bod
y
. Me
a
n
whil
e, ner
ve fiber
s 
tha
t
 r
ec
eive sensor
y inf
orma
tion f
r
om the peripher
a
l par
ts of the bod
y ent
er
 the r
e
ar
 of 
the spina
l c
or
d (the 
d
or
s
a
l r
oot
o
r 
pos
t
erior
 r
oot
 of a spina
l ner
ve) a
nd del
iver
 the inf
orma
-
tion t
o the gr
a
y ma
t
t
er
 ner
ve c
ells ther
e. 
Then those ner
ve fiber
s del
iver
 the inf
orma
tion 
Po
stnata
l
Ce
r
ebr
um
Spinal 
co
rd
Pr
enata
l
Spina
l C
or
d B
uil
ding
Inf
o
Inf
o
Ins
tr
uction
Ins
tr
uction
Ins
tr
uction
Ins
tr
uction
Ins
tr
uction
Ins
tr
uction
H
o
w exact
l
y does the spina
l c
or
d r
el
a
y ins
tr
uctions a
nd inf
orma
tion betw
e
en the br
ain a
nd 
peripher
a
l ner
ves
?
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t
o the br
ain. 
All of these signa
ls ar
e el
ectric
a
ll
y tr
a
nsmit
t
ed a
l
ong these v
arious ner
ve 
fiber
s b
y w
a
y of action pot
entia
l impulses. 
W
e c
a
n a
lso c
a
ll this pr
oc
es
s of pr
opaga
ting 
action pot
entia
l 
firing
.
F
igur
e 6-8: Ner
ve c
ell pa
t
hs t
o a
nd f
r
om t
he spina
l c
or
d
The ner
ves in the whit
e ma
t
t
er
 of the spina
l c
or
d ar
e separ
a
t
ed ac
c
or
ding t
o their
 
f
u
nction. The 
eff
er
ent
 pa
ths tha
t
 tr
a
nsmit
 ins
tr
uctions f
r
om the br
ain a
nd the 
aff
er
ent
 
pa
ths tha
t
 tr
a
nsmit
 sens
a
tions t
o the br
ain ar
e pr
ecisel
y divided. 
Those sets of fiber
s ar
e 
c
a
ll
ed 
c
onduction pa
t
h
w
a
ys
.
Mos
t
 c
onduction pa
th
w
a
ys cr
os
s o
ver
 betw
e
en the l
ef
t
 a
nd right
 sides somewher
e 
in the c
entr
a
l ner
v
ous s
ys
t
em. 
Tha
t’
s wh
y the l
ef
t
 hemispher
e of the c
er
ebr
a
l c
or
t
ex is 
r
esponsibl
e f
or
 the right
 side of the bod
y a
nd the right
 hemispher
e is r
esponsibl
e f
or
 the 
l
ef
t
 side of the bod
y
.
Ah yes, in tha
t
 c
ase the signa
l t
ak
es a shor
t
cut. 
An impulse indic
a
ting “hot!” w
as sent
 t
o 
y
our
 spina
l c
or
d. Sinc
e this is a
n 
aff
er
ent
 pa
th
w
a
y
, the impulse ent
er
ed f
r
om the r
e
ar
 of 
the spina
l c
or
d. Norma
ll
y
, the impulse c
ontinues a
l
ong a
n aff
er
ent
 pa
th
w
a
y t
o a
nother
 
ner
ve c
ell, which pas
ses the inf
orma
tion t
o the br
ain. B
ut
 ins
t
e
ad, it
 t
ook
 a shor
t
cut
 
thr
ough the spina
l c
or
d (F
igur
e 6-9), a
nd the inf
orma
tion w
as del
iver
ed s
tr
aight
 t
o the 
ner
ve c
ells of the 
eff
er
ent
 pa
th
w
a
y on the f
r
ont
 side. 
This c
aused y
our
 arm muscl
es t
o 
c
ontr
act, pull
ing y
our
 ha
nd a
w
a
y bef
or
e y
ou w
er
e e
ven a
w
ar
e of wha
t
 had ha
ppened.
Muscl
e
Br
ain
R
e
ar
 side
(back)
Skin
Inf
orma
tion t
o the br
ain
Spina
l c
or
d
G
r
a
y ma
t
t
er
Whit
e ma
t
t
er
Ins
tr
uctions f
r
om the br
ain
F
r
ont
 side
(abdomen)
So wha
t
 kind of r
out
e does a signa
l t
ak
e during a spina
l r
efl
ex, l
ik
e the one tha
t
 c
aused me 
t
o pull m
y ha
nd a
w
a
y the ins
t
a
nt
 I t
ouched the hot
 t
e
acup
?
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F
igur
e 6-9: S
pina
l r
efl
ex shor
t
c
uts
Cranial and 
s
pinal Nerves
The br
ain a
nd spina
l c
or
d f
orm the c
entr
a
l ner
v
ous s
ys
t
em, a
nd the ner
ves tha
t
 l
ink
 those 
c
entr
a
l ner
ves with the peripher
a
l par
ts of the bod
y f
orm the peripher
a
l ner
v
ous s
ys
t
em. 
E
arl
ier
, I t
ol
d y
ou tha
t
 the peripher
a
l ner
ves ar
e cl
as
sified int
o mot
or
 ner
ves tha
t
 tr
a
nsmit
 
mo
vement
 ins
tr
uctions f
r
om the br
ain, sensor
y ner
ves tha
t
 tr
a
nsmit
 sensor
y inf
orma
tion 
t
o
 
the br
ain f
r
om the peripher
a
l par
ts of the bod
y
, a
nd aut
onomic ner
ves tha
t
 c
ontr
ol int
er
-
na
l or
ga
ns. H
o
w
e
ver
, these ner
ves c
a
n a
lso be divided a
l
ong a
na
t
omic
a
l l
ines int
o cr
a
nia
l 
ner
ves s
t
emming f
r
om the br
ain a
nd spina
l ner
ves s
t
emming f
r
om the spina
l c
or
d (se
e 

F
igur

e 6-10). 

The spina
l ner
ves a
nd br
ain ner
ves, a
l
ong with the as
socia
tion ner
ves (which
 
c
ar
r
y impulses betw
e
en mot
or
 a
nd sensor
y ner
ves), f
orm the 
soma
tic ner
v
ous s
ys
t
em
.
Ther
e ar
e 12 pair
s of 
cr
a
nia
l ner
ves
, e
ach of which has a na
me a
nd nu
mber
. Mos
t
 of 
our
 cr
a
nia
l ner
ves ar
e either
 mot
or
 ner
ves tha
t
 send mo
vement
 ins
tr
uctions t
o the f
ac
e, 
t
ongue, eyeba
lls, a
nd so on or
 sensor
y ner
ves tha
t
 tr
a
nsmit
 the five sens
a
tions f
r
om the 
he
ad a
nd skin. 
The 
v
agus ner
ve
 is dis
tinct
 f
r
om either
 of these, ho
w
e
ver
. It
 br
a
nches do
wn 
f
r
om the neck
 t
o r
egul
a
t
e the int
erna
l or
ga
ns of the ches
t
 a
nd abdomen. 
The v
agus ner
ve 
oper
a
t
es mainl
y as a
n aut
onomic ner
ve.
Ther
e ar
e 31 pair
s of 
spina
l ner
ves
, which s
t
em f
r
om the spina
l c
or
d thr
ough open
-
ings betw
e
en ver
t
ebr
ae. 
This gr
oup incl
udes a mix of ner
ves tha
t
 c
ar
r
y mot
or
, sensor
y
, 
a
nd aut
onomic signa
ls. 
Ins
tr
uction
t
o c
ontr
act
Spina
l c
or
d
R
e
ar
 side
(back)
Inf
orma
tion about
the hot
 t
e
a
Shor
t
cut
F
r
ont
 side
(abdomen)
Af
t
er
 bir
th, the spina
l c
or
d l
engthens as the spina
l c
ol
u
mn (ver
t
ebr
ae) de
vel
ops. 
H
o
w
e
ver
, sinc
e bone gr
o
w
th out
pac
es spina
l c
or
d gr
o
w
th, in adults the ar
e
a 
bel
o
w the l
u
mbar
 ver
t
ebr
ae c
ont
ains onl
y spina
l fl
uid.
Did 
y
ou Know?
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F
igur
e 6-10: C
r
a
nia
l ner
ves a
nd spina
l ner
ves
T
og
ether
, the cr
a
nia
l ner
ves a
nd spina
l ner
ves ac
c
ou
nt
 f
or
 the mo
vements a
nd sens
a
-
tions of e
ver
y inch in the bod
y
. P
ok
e ar
ou
nd a
n
ywher
e on y
our
 bod
y
, f
r
om the tip of y
our
 
l
it
t
l
e t
oe t
o the tip of y
our
 l
it
t
l
e fing
er
 t
o the t
op of y
our
 he
ad, a
nd y
ou w
on
’t
 find a spot
 
tha
t
 has no sens
a
tion. 
Tha
t’
s pr
et
t
y a
mazing, isn
’t
 it? 
Jus
t
 think
 of ho
w e
asil
y the ha
ndf
ul 
of c
or
ds tha
t
 c
onnect
 a 
T
V
, D
VD pl
a
yer
, a
nd c
abl
e bo
x g
ets t
a
ngl
ed up. Me
a
n
whil
e, y
our
 
ner
ves r
u
n thr
oughout
 y
our
 entir
e bod
y without
 e
ver
 g
et
ting a
n
y wir
es cr
os
sed, ex
cha
ng
-
ing a hug
e v
ol
u
me of diff
er
ent
 kinds of inf
orma
tion betw
e
en the c
entr
a
l a
nd peripher
a
l 
ner
v
ous s
ys
t
em.
The Aut
onomic Nerv
ous 
s
ystem
The w
or
d 
aut
onomic
 me
a
ns in
v
ol
u
nt
ar
y a
nd aut
oma
tic. Ma
n
y bodil
y f
u
nctions ar
e c
on
-
tr
oll
ed b
y the aut
onomic ner
v
ous s
ys
t
em without
 our
 being c
onscious of them. 
The
 
aut
onomic ner
v
ous s
ys
t
em has tw
o major
 par
ts: the 
s
ympa
t
hetic ner
v
ous s
ys
t
em (SNS)
, 
which has t
o do with ex
cit
a
tion a
nd action, a
nd the 
par
as
ympa
t
hetic ner
v
ous s
ys
t
em
 
(PNS)
, which has t
o do with c
a
l
ming a
nd r
el
axa
tion.
Diff
er
ent
 par
ts of the aut
onomic ner
v
ous s
ys
t
em r
e
act
 depending on the sit
ua
tion. 
L
et’
s suppose a her
d of her
biv
or
es ar
e e
a
ting pl
a
nts on a s
a
v
a
nnah. 
They ar
e r
el
ax
ed a
nd 
When spina
l ner
ves s
t
em f
r
om the spina
l c
or
d, they divide int
o br
a
nches or
 mer
g
e 
with spina
l ner
ves abo
ve a
nd bel
o
w them t
o cr
e
a
t
e a meshl
ik
e s
tr
uct
ur
e 
c
a
ll
ed a 
ner
ve pl
ex
us
.
Did 
y
ou Know?
Spina
l c
or
d
Br
ain
C
r
a
nia
l ner
ves
(12 pair
s)
Spina
l ner
ves
(31 pair
s)
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ha
ve no ne
ar
b
y pr
eda
t
or
s t
o f
e
ar
. In this r
el
ax
ed s
t
a
t
e (nickna
med “r
es
t
 a
nd dig
es
t”), the 
par
as
ympa
thetic ner
v
ous s
ys
t
em is pr
edomina
nt
l
y a
t
 w
or
k
 (se
e F
igur
e 6-11). 
The neur
o
-
tr
a
nsmit
t
er
 
ac
et
ylchol
ine
 is r
el
e
ased f
r
om par
as
ympa
thetic ner
ves.
F
igur
e 6-11: 
When you ar
e r
el
a
x
ed, t
he par
as
ympa
t
hetic ner
v
ous s
ys
t
em is primaril
y in c
ontr
ol
.
Then some pr
eda
t
or
s a
ppe
ar
 on the sc
ene. 
The her
biv
or
es suddenl
y bec
ome ner
v
ous, 
a
nd either
 r
u
n a
w
a
y or
 fight
 t
o pr
ot
ect
 themsel
ves. In this agit
a
t
ed s
t
a
t
e (nickna
med “fight
 
or
 fl
ight”), the s
ympa
thetic ner
v
ous s
ys
t
em is pr
edomina
nt
l
y a
t
 w
or
k
 (se
e F
igur
e 6-12). 
When a s
ympa
thetic ner
ve is ex
cit
ed, 
nor
epinephrine
 a
nd 
epinephrine
 (adr
ena
l
ine) ar
e 
secr
et
ed f
r
om the adr
ena
l medull
a, maint
aining the s
timul
a
t
ed s
t
a
t
e of the bod
y
.
F
igur
e 6-12: 
When you ar
e sc
ar
ed or
 agit
a
t
ed, t
he s
ympa
t
hetic ner
v
ous s
ys
t
em kicks in.
S
ympa
thetic
P
ar
as
ympa
thetic
Ar
en
’t
 y
ou l
ooking f
or
w
ar
d
t
o the exa
m...?
Gasp!
No!!
Thumping 
heart
S
ympa
thetic
P
ar
as
ympa
thetic
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C
h
a
p
t
e
r 6
 
T
h
e B
r
a
i
n a
n
d N
e
r
v
o
u
s 
s
y
s
t
e
m
Tha
t’
s right. 
The her
biv
or
e tha
t
 bel
ie
ves it
 is about
 t
o be a
t
t
ack
ed b
y the pr
eda
t
or
 mus
t
 
ex
er
t
 a
ll its ener
gy t
o r
u
n a
w
a
y or
 def
end itsel
f
.
When this ha
ppens, the he
ar
t
 r
a
t
e a
nd bl
ood pr
es
sur
e incr
e
ase. 
The tr
ache
a expa
nds 
so tha
t
 l
ots of o
xyg
en c
a
n be t
ak
en in, gl
y
c
og
en tha
t
 w
as s
t
or
ed in the l
iver
 is br
ok
en do
wn,
 
a
nd a l
ar
g
e a
mou
nt
 of gl
uc
ose is r
el
e
ased int
o the bl
ood. 
A
t
 such times, y
ou t
ypic
a
ll
y don
’t
 
e
a
t
 or
 ex
cr
et
e w
as
t
e pr
oducts. 
The bl
ood fl
o
w t
o y
our
 dig
es
tive or
ga
ns decr
e
ases, a
nd the 
secr
etion of dig
es
tive fl
uids a
nd mo
vement
 of y
our
 a
l
iment
ar
y c
a
na
l sl
o
w do
wn.
F
igur
e 6-13: If t
he s
ympa
t
hetic ner
v
ous s
ys
t
em is active f
or
 a l
ong time, f
a
tigue s
ets in.
It’
s es
sentia
l f
or
 both the par
as
ympa
thetic ner
v
ous s
ys
t
em a
nd the s
ympa
thetic ner
-
v
ous s
ys
t
em t
o oper
a
t
e in a w
ell-ba
l
a
nc
ed ma
nner

 (F
igur
e 6-14). 

The aut
onomic ner
ves 
ar
e dis
tribut
ed a
mong the int
erna
l or
ga
ns such as the he
ar
t
 a
nd l
iver
, int
erna
l secr
et
or
y 
or
ga
ns such as the pa
ncr
e
as a
nd adr
ena
l gl
a
nds, the tr
ache
a a
nd br
onchia
l t
ube, the
 
dig
es
tive s
ys
t
em, the urinar
y bl
adder
, a
nd the ar
t
eries thr
oughout
 the bod
y
. In mos
t
 c
ases,
 
the s
ympa
thetic ner
ves a
nd par
as
ympa
thetic ner
ves ar
e dis
tribut
ed t
o ex
er
t
 opposit
e, 
c
ompl
ement
ar
y eff
ects on a
ll these s
ys
t
ems.
When the s
ympa
thetic ner
v
ous s
ys
t
em bec
omes pr
edomina
nt, m
y he
ar
t
 s
t
ar
ts thu
mping 
a
nd m
y bl
ood pr
es
sur
e rises.
C
ome on, Ms. K
ar
ada. 
P
o
w
er
 thr
ough. 
Yeow!
S
ympa
thetic
P
ar
as
ympa
thetic
EXAM
And whil
e I’m u
nl
ik
el
y t
o be a
t
t
ack
ed b
y a pr
eda
t
or
, I f
e
el “
a
t
t
ack
ed” b
y m
y t
es
t, right? I f
e
el 
s
tr
es
sed!
Exact
l
y
. 
Although hu
ma
ns ar
e not
 a
t
t
ack
ed b
y pr
eda
t
or
s ver
y of
t
en, they s
till r
espond simi
-
l
arl
y t
o thr
e
a
t
ening or
 u
n
w
elc
ome sit
ua
tions. 
Also, if this s
tr
es
s c
ontinues f
or
 a l
ong time, a 
per
son
’
s bod
y a
nd mind will bec
ome f
a
tigued, as sho
wn in F
igur
e 6-13.
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F
igur
e 6-14: Ba
l
a
nc
e bet
w
e
en t
he par
as
ympa
t
hetic a
nd s
ympa
t
hetic ner
ves
The Ent
eric Ner
v
ous S
ys
t
em
The thir
d par
t
 of the aut
onomic ner
v
ous s
ys
t
em, c
a
ll
ed the 
ent
eric ner
v
ous s
ys
t
em
, 
hel
ps c
oor
dina
t
e the actions of the gas
tr
oint
es
tina
l s
ys
t
em. It
 is of
t
en c
a
ll
ed the
 
“sec
ond br
ain
” bec
ause it
 c
ont
ains about
 100 mill
ion neur
ons, mor
e tha
n the spina
l 
c
or
d or
 peripher
a
l ner
v
ous s
ys
t
em. 
The ent
eric ner
v
ous s
ys
t
em uses mor
e tha
n 30 neur
otr
a
nsmit
t
er
s, a
nd mor
e 
tha
n 90 per
c
ent
 of the bod
y’
s ser
ot
onin is f
ou
nd in the gut.
Sigh...
Thump
thump
Ba
l
a
nc
e...?
S
ympa
thetic
P
ar
as
ympa
thetic
Is something wr
ong
?
No . . . not
 a
t
 a
ll!
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7
Wo
w!
T
h
ere
a
re
s
o m
a
n
y s
t
a
ll
s 
a
n
d f
oo
d s
t
a
n
d
s
.
h
o
w
e
x
c
iti
n
g
!
I
t
’
s p
e
r
f
e
c
t 
f
o
r t
a
k
i
n
g a 
b
r
e
a
k f
r
o
m 
s
t
u
d
y
ing
.
O
h
, y
o
u 
th
i
n
k
s
o
?
T
h
a
n
k
y
o
u
...
T
h
at
y
u
k
a
ta
 
s
u
i
t
s
y
o
u
...
T
h
e 
s
e
n
s
o
r
y 
N
e
r
v
o
u
s 
s
y
s
t
e
m
P
a
i
n
, O
t
h
er S
e
n
s
a
t
i
o
n
s
, 
a
n
d O
u
r S
p
e
c
i
a
l S
e
n
s
e
s
b
l
u
s
h
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y
e
a
h
, 
I
 l
o
v
e 
t
h
e
p
a
tt
e
r
n
!
T
h
a
t
’
s
r
i
g
h
t.
T
h
e
r
e.
W
h
a
t i
s t
h
i
s
?
W
h
at
 
t
h
e
...
?
D
o
n
’
t w
o
rr
y
, 
d
o
n
’
t
w
o
rr
y
...
c
l
o
s
e y
o
u
r 
e
y
e
s f
o
r a 
s
e
c
o
n
d!
J
u
s
t a 
 
s
e
c
o
n
d
...
T
h
i
s d
e
s
i
g
n l
oo
k
s 
a l
i
tt
l
e l
i
k
e a 
n
e
u
r
o
n
...
N
e
u
r
ons
?
!
h
u
h?
P
lo
p
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T
o
d
a
y w
e
’
r
e 
g
o
i
n
g t
o 
s
t
u
d
y t
h
e 
s
e
n
s
o
r
y
o
r
g
a
n
s.
s
o t
h
e 
q
u
e
st
i
o
n
i
s
...
W
h
at
s
e
n
s
at
i
o
n
s
a
r
e
t
h
ey
?
s
e
ns
a
t
i
o
ns
?
U
m
, i
t
’
s a l
i
tt
l
e 
co
l
d a
n
d
.
.
.
?
D
i
d
n
’
t y
o
u j
u
s
t 
s
a
y w
e w
e
r
e 
t
a
k
i
n
g a b
r
e
a
k 
fr
o
m
s
t
u
dy
i
n
g
!
!
W
h
a
t a 
s
c
a
r
y f
a
c
e
.
.
.
w
h
a
t e
l
s
e 
d
o y
o
u 
f
ee
l?
O
k
, r
o
u
g
h
.
.
. 
W
h
at
e
l
s
e
?
I
t h
a
s s
o
m
e 
po
i
n
t
y
p
a
r
t
s t
oo
.
G
r
e
a
t
, 
O
K
. 
W
h
a
t i
n 
 
t
h
e
w
o
r
l
d?
!
y
o
u c
a
n o
p
e
n 
y
o
u
r e
y
e
s n
o
w
.
.
.
.
t
h
e s
u
r
f
a
c
e i
s 
a l
i
tt
l
e r
o
u
g
h
.
T
h
e s
k
i
n o
f 
y
o
u
r h
a
n
d i
s 
p
e
r
c
e
i
v
ing
v
ar
i
o
u
s
s
e
n
s
a
t
i
o
n
s n
o
w
.
Wa
h
!
u
mm
...
y
o
u
’r
e
t
ry
i
n
g
to
te
a
c
h
m
e,
a
r
e
n
’
t
yo
u
?
!
h
E
y
!
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14
6
Ch
a
p
t
e
r
7
h
i
t
h
ere
!
h
e
llo
!
C
o
ld
Wa
r
m
g
r
a
i
ny
s
o
ft
B
u
m
py
Po
i
nt
y
R
o
ug
h
S
u
pe
r
fic
i
a
l
S
e
ns
a
t
i
o
ns
O
h c
u
t
e
! 
♡
s
ee h
o
w m
u
c
h 
i
n
f
o
r
m
at
i
o
n
yo
u
l
e
a
r
n
e
d j
u
s
t b
y 
h
o
l
d
i
n
g t
h
a
t l
i
tt
l
e 
g
u
y
? A
ll t
h
a
t 
i
n
f
o
r
m
a
t
i
o
n w
a
s 
p
e
r
c
e
i
v
e
d b
y t
h
e 
s
u
p
e
r
f
i
c
i
a
l s
e
n
s
o
r
y 
r
e
c
e
p
t
o
r
s 
 
o
f t
h
e s
k
i
n
.
W
h
a
t o
t
h
e
r k
i
n
d
s 
o
f s
u
p
e
r
f
i
c
i
a
l 
s
e
n
s
a
t
i
on
s
c
a
n
 
y
o
u t
h
i
n
k o
f
?
h
m
, t
h
i
n
g
s 
I
 c
a
n 
f
ee
l w
i
t
h m
y 
s
ki
n
,
h
u
h
?
A
h
, w
a
r
m a
n
d 
sof
t
a
n
d
.
.
.
T
h
e
r
e a
r
e 
q
u
i
t
e a l
o
t o
f 
t
h
e
m
, a
r
e
n
’
t 
th
e
r
e
?
g
r
a
i
ny
a
n
d
...
b
u
m
py
a
n
d
...
A
l
w
a
ys
t
h
in
k
in
g
a
b
o
ut
f
oo
d
...
s
e
n
s
a
t
i
on
s
t
h
a
t
a
r
e p
e
r
c
e
i
v
e
d 
b
y t
h
e s
k
i
n a
r
e 
c
a
ll
e
d s
u
p
e
r
f
i
c
i
a
l 
s
e
n
s
a
t
i
on
s
.
I
 w
o
n i
t a
t t
h
e 
K
a
m
e
-
s
u
k
u
i
* 
b
oot
h
.
* T
u
r
t
l
e s
c
oo
p
i
n
g a
n
d g
o
l
d
f
i
s
h 
s
c
oo
pi
n
g
(
K
i
n
g
y
o-
s
u
k
ui
) a
r
e 
c
o
mm
o
n g
a
m
e
s a
t J
a
p
a
n
e
s
e 
s
u
mm
e
r f
e
s
t
i
v
a
l
s
. 
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s
u
pe
r
f
i
c
i
a
l
s
e
n
s
a
t
i
on
s
i
n
c
l
u
d
e
p
r
ess
u
r
e
, w
a
r
m
t
h
, 
c
o
l
d
, a
n
d p
a
i
n
.
s
o h
o
w d
o 
I
 kn
o
w 
i
f 
I
’
m t
o
u
c
h
i
n
g 
s
o
m
e
t
h
i
n
g r
o
u
g
h 
or
sm
oo
t
h
?
B
ut
P
rof
e
ss
o
r
.
.
.
I
t
’
s g
r
e
a
t t
h
a
t 
y
o
u n
o
t
i
c
e
d 
t
h
i
s.
W
h
a
t a
b
o
u
t w
h
e
n y
o
u 
s
e
n
s
e t
h
e w
e
i
g
h
t 
o
f s
o
m
e
t
h
i
n
g
. T
h
a
t 
s
ee
m
s v
e
r
y d
i
ff
e
r
e
n
t 
f
r
o
m f
ee
l
i
n
g p
a
i
n o
r 
t
e
m
p
e
r
a
t
u
r
e.
T
h
e
r
e a
r
e f
o
u
r k
i
n
d
s 
o
f r
e
c
e
p
t
o
r
s f
o
r 
t
o
u
c
h
, a
n
d e
a
c
h o
n
e 
t
e
ll
s y
o
u
r b
r
a
i
n 
s
o
m
e
t
h
i
n
g d
i
ff
e
r
e
n
t
. 
y
o
u
r b
r
a
i
n p
u
t
s a
ll t
h
i
s 
i
n
f
o
r
m
a
t
i
o
n t
o
g
e
t
h
e
r 
t
o u
n
d
e
r
s
t
a
n
d e
x
a
c
t
l
y 
w
h
a
t t
h
e s
u
r
f
a
c
e 
f
ee
l
s l
i
k
e
.
R
e
c
e
p
t
o
r
s l
o
c
a
t
e
d 
a
t t
h
e e
n
d
s o
f 
s
e
n
s
o
r
y n
e
r
v
e
s i
n t
h
e 
s
k
i
n p
e
r
c
e
i
v
e t
h
e
s
e 
s
e
n
s
a
t
i
o
n
s a
n
d s
e
n
d 
i
n
f
o
r
m
a
t
i
o
n a
bo
u
t 
t
h
e
m t
o t
h
e b
r
a
i
n
.
P
a
in
P
res
s
u
re
Wa
r
m
t
h
C
o
ld
Types of 
s
ensa
tions
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W
h
e
n s
o
m
e
t
h
i
n
g 
f
ee
l
s h
e
a
v
y o
r l
i
g
h
t
, 
t
h
a
t
’
s a d
iff
e
r
e
n
t 
k
i
n
d o
f s
e
n
s
a
t
i
o
n
.
C
l
o
s
e y
o
u
r 
e
y
e
s f
o
r a 
m
om
en
t
.
W
e
ll
...
A
h
!
T
h
at
’
s
 
r
i
g
h
t!
I
 g
u
e
ss t
h
a
t
’
s 
i
t
s o
w
n k
i
n
d 
o
f
s
e
n
s
at
i
o
n
—
h
o
w 
I
 p
e
r
c
e
i
v
e 
t
h
e
p
o
s
iti
o
n
o
f m
y o
w
n 
b
o
d
y?
W
h
at
’
s
ha
pp
e
n
i
ng
n
o
w?
I
t s
ee
m
s l
i
k
e 
y
o
u
’
r
e t
r
y
i
n
g t
o 
t
a
k
e m
y c
a
n
d
y 
a
pp
l
e
…
I
’
m n
o
t 
t
a
k
i
n
g
i
t.
B
u
t y
o
u c
a
n 
t
e
ll t
h
a
t 
I
 
r
a
i
s
e
d y
o
u
r 
h
a
n
d
,
r
i
g
h
t
?
B
u
t w
h
a
t
’
s g
o
i
n
g 
o
n w
h
e
n y
o
u 
p
e
r
c
e
i
v
e t
h
e 
p
o
s
i
t
i
o
n o
f y
o
u
r 
o
w
n
a
r
m?
W
e
ll
, o
f 
co
u
r
s
e 
I
 
c
a
n
. T
h
a
t
’
s 
b
e
c
a
u
s
e i
t
’
s m
y 
o
w
n h
a
n
d
.
s
o 
I
’
m 
g
o
i
n
g t
o b
e 
y
o
u
r g
u
i
n
e
a 
pi
g
a
g
a
i
n
?
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P
o
s
i
t
i
o
n o
r 
M
o
v
emen
t
V
i
b
r
a
t
i
on
D
e
ep
S
e
n
s
at
i
o
n
S
u
pe
r
fic
i
a
l
s
e
ns
a
t
i
o
n
D
e
ep
s
e
n
s
at
i
o
n
S
u
p
e
r
fi
c
i
al
s
e
n
s
a
t
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i
s s
o s
m
a
ll t
h
a
t i
t 
d
o
e
s
n
'
t r
e
g
i
s
t
e
r a
s 
a s
e
n
s
a
t
i
o
n
. 
W
h
e
n y
o
u f
i
r
s
t 
 
s
e
n
s
e t
h
e p
o
k
e
, t
h
a
t i
s 
t
h
e t
h
r
e
s
h
o
l
d v
a
l
u
e f
o
r 
y
o
u
r t
o
u
c
h r
e
ce
p
t
o
r
s
. 
W
h
e
n i
t s
t
a
r
t
s t
o h
u
r
t 
I
s
 
T
h
E T
h
R
E
s
h
O
L
D v
a
l
u
e F
O
R 
P
A
I
N
R
E
C
E
P
T
O
R
s
.
L
ow
F
e
l
t e
v
e
n w
i
t
h a 
w
e
a
k s
t
i
m
u
l
u
s 
(s
e
n
si
t
i
v
e
)
Hi
gh
F
e
l
t o
n
l
y w
i
t
h a 
s
t
r
o
n
g s
t
i
m
u
l
u
s 
(
ins
e
ns
i
t
i
v
e
)
T
h
res
h
o
l
d
Va
l
u
e
P
h
e
w 
p
h
ew
W
eak
D
o
es
n
't
h
u
r
t
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D
o
e
s
n
’
t h
u
r
t 
a
n
y
m
or
e
S
e
n
s
o
r
y 
A
d
ap
t
at
i
o
n
St
i
ll
do
e
s
n
’t
h
u
r
t
T
h
res
h
o
l
d
v
a
lu
e
B
mmm
B
oo
m
Po
p
po
p
T
u
r
n
y
o
u
r s
e
n
s
i
t
i
v
i
ty t
o a 
s
t
i
m
u
l
u
s c
a
n c
h
a
n
g
e 
o
v
e
r t
i
m
e
, t
oo
.
F
o
r e
x
a
m
p
l
e
, i
f t
h
e
r
e i
s a 
s
t
i
m
u
l
u
s a
b
o
v
e t
h
e t
h
r
e
s
h
o
l
d 
t
h
a
t r
e
m
a
i
n
s c
o
n
s
t
a
n
t
—
l
i
k
e i
f 
I
 p
o
k
e y
o
u a
n
d k
ee
p m
y f
i
n
g
e
r 
t
h
e
r
e
—
a
f
t
e
r a w
h
i
l
e y
o
u m
a
y 
n
o l
o
n
g
e
r s
e
n
s
e i
t
.
M
s.
K
a
r
a
da
?
T
h
i
s i
s a
n e
x
a
m
p
l
e 
o
f s
e
n
s
o
r
y 
a
d
a
p
ta
t
i
o
n
.
h
u
h
? 
 
W
h
e
r
e
’d
t
h
o
s
e t
w
o 
g
u
ys
g
o
?
t
h
e
y m
u
s
t h
a
v
e 
g
o
tte
n
lo
s
t
.
.
.
O
oo
o
, w
h
a
t a 
s
p
e
c
ta
c
u
l
a
r
s
h
o
w
...
M
s
. K
a
r
a
d
a
, i
t
’
s 
y
o
u
r f
i
r
s
t t
i
m
e 
a
t t
h
e f
e
s
t
i
v
a
l
, 
i
s
n
’
t
i
t
?
y
e
s
, i
t
’
s 
b
e
au
t
i
f
ul
.
I
 h
o
p
e i
t w
a
s 
a n
i
c
e s
t
u
d
y 
b
r
e
a
k
.
.
.
e
v
e
n i
f 
w
e s
t
u
d
i
e
d a 
li
tt
le
.
.
.
W
e
ll
, 
I
 s
t
i
ll 
h
a
d a g
r
e
a
t 
t
i
me
t
o
ni
g
h
t
.
h
e
y,
P
r
o
f
ess
o
r
! 
C
o
m
e o
v
e
r
, 
q
u
i
c
k!
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Even More About the 
s
ensory
 
Nerv
ous 
s
ystem!
So f
ar
 w
e
’ve discus
sed super
ficia
l, de
ep, a
nd visc
er
a
l sens
a
tions. B
ut
 ther
e is a f
our
th 
major
 c
a
t
egor
y of sens
a
tions: specia
l senses, which incl
ude the senses of sight, he
aring, 
ba
l
a
nc
e, smell, a
nd t
as
t
e. 
All of them ha
ve specia
l
iz
ed or
ga
ns as
socia
t
ed with them, such 
as the eyes, e
ar
s, a
nd nose. L
et’
s go thr
ough e
ach of these specia
l senses.
s
ight and the Eye
L
et’
s s
t
ar
t
 with sight. 
The basic s
tr
uct
ur
e of the eye is a l
ot
 l
ik
e tha
t
 of a fil
m c
a
mer
a (se
e 
F
igur
e 
7-1). The 
cr
ys
t
a
ll
ine l
ens 
of the eye is l
ik
e a c
a
mer
a l
ens, the 
iris 
the a
per
t
ur
e, a
nd 
the 
r
etina 
the fil
m. 
F
igur
e 7-1: 
The ey
e is l
ik
e a c
a
mer
a.

F
igur


e 7-2 sho
ws the s
tr
uct
ur
e of the eye in mor
e det
ail
. Light
 tha
t
 ent
er
s the eye is 
r
ef
r
act
ed (or
 bent) b
y the 
c
or
ne
a 
a
nd l
ens, a
nd is pr
oject
ed ont
o the r
etina as a
n imag
e, 
which is both upside-do
wn a
nd backw
ar
d. 
T
w
o t
ypes of c
ells, c
a
ll
ed c
ones a
nd r
ods, ar
e 
tight
l
y ar
r
a
ng
ed in the r
etina. 
These c
ells c
a
n per
c
eive when l
ight
 hits them a
nd send sig
-
na
ls t
o the c
er
ebr
a
l c
or
t
ex thr
ough the 
optic ner
ve
. 
Y
our
 br
ain then int
er
pr
ets the signa
ls 
as l
ight
 a
nd puts t
og
ether
 the imag
e, r
e
ver
sing it
 t
o the c
or
r
ect
 orient
a
tion.
H
a
ve y
ou e
ver
 had t
o w
e
ar
 a
n eye pa
t
ch
? 
Y
ou might
 ha
ve notic
ed tha
t
 y
ou l
os
t
 y
our
 
d
ept
h 
per
c
eption
, or
 sense of dis
t
a
nc
e. 
When y
ou f
ocus on a
n object
 with both eyes, the imag
es 
per
c
eived b
y e
ach eye ar
e sl
ight
l
y off
set
 f
r
om e
ach other
 horiz
ont
a
ll
y
. H
o
w much these 
Aper
t
ur
e
=
Iris
L
ens
=
C
r
ys
t
a
ll
ine l
ens
Fi
l
m
=
R
etina
Is ther
e a par
ticul
ar
 r
e
ason wh
y hu
ma
ns, a
l
ong with so ma
n
y other
 a
nima
ls, ha
ve 
tw
o
 
eyes
?
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imag
es ar
e off
set
 depends on ho
w cl
ose or
 f
ar
 a
w
a
y the object
 is. 
Y
our
 br
ain a
lso a
na
l
yz
es 
a f
ew other
 cl
ues (l
ik
e siz
e, t
ext
ur
e, a
nd so on) t
o det
ermine depth inf
orma
tion so tha
t
 y
ou 
c
a
n se
e objects thr
e
e-dimensiona
ll
y
. 
F
igur
e 7-2: S
tr
uct
ur
e of t
he ey
e
Light
 inf
orma
tion is del
iver
ed t
o the visua
l c
or
t
ex (which is par
t
 of the c
er
ebr
a
l
 
c
o
r
t
ex), wher
e the tw
o imag
es f
r
om e
ach eye ar
e int
egr
a
t
ed so tha
t
 the object
 is “se
en.” 
B
ut
 the l
ight
 g
ets f
r
om the r
etina t
o the visua
l c
or
t
ex b
y sl
ight
l
y diff
er
ent
 r
out
es, depend
-
ing on which eye a
nd which par
t
 of the eye, r
ec
eived the inf
orma
tion. 
The imag
e pr
oject
ed 
ont
o the out
er
 ha
l
f of the r
etina (cl
oser
 t
o y
our
 e
ar
s) is sent
 t
o the visua
l c
or
t
ex on the
 
s
a
me side of the br
ain as the eye tha
t
 per
c
eived it. Me
a
n
whil
e, the imag
e pr
oject
ed ont
o
 
the inner
 ha
l
f of the r
etina (cl
oser
 t
o y
our
 nose) is sent
 acr
os
s t
o the visua
l c
or
t
ex on the
 
opposit
e side of the br
ain. 
The par
t
 of the br
ain wher
e these r
out
es cr
os
s o
ver
 is c
a
ll
ed the 
optic chiasm

 (F
igur
e 7-3).

This me
a
ns tha
t
 if y
ou hol
d up both ha
nds in f
r
ont
 of y
ou, the imag
e of y
our
 right
 
ha
nd is sent
 t
o y
our
 br
ain
’
s l
ef
t
 hemispher
e (which c
ontr
ols tha
t
 ha
nd!), a
nd the imag
e of 
y
our
 l
ef
t
 ha
nd is sent
 t
o the right
 hemispher
e (which c
ontr
ols tha
t
 one!). In other
 w
or
ds, 
when y
ou c
a
t
ch a ba
ll c
oming f
r
om y
our
 l
ef
t
 with y
our
 l
ef
t
 ha
nd, it’
s y
our
 right
 br
ain tha
t
 
both se
es the ba
ll a
nd dir
ects y
our
 l
ef
t
 ha
nd t
o c
a
t
ch it. 
This w
a
y
, y
ou put
 both sides of 
y
our
 visua
l fiel
d t
og
ether
 as one pict
ur
e, whil
e the par
ts of y
our
 br
ain tha
t
 ne
ed t
o se
e
 
a
n
d
 
r
espond t
o objects in f
r
ont
 of y
ou ar
e cl
ose t
og
ether
. 
Optic disc
Ciliar
y bod
y
R
etina
Extr
aocula
r 
muscl
e
Iris
Fo
vea c
entr
alis
C
orne
a
Vitr
eous
bod
y
Macul
a
Optic ner
ve
L
ens
When y
ou l
ook
 a
t
 something, y
ou don
’t
 jus
t
 t
urn y
our
 f
ac
e; y
our
 eyeba
lls mo
ve, t
oo. 
The r
ot
a
tion of y
our
 eyeba
lls is c
ontr
oll
ed b
y a t
ot
a
l of six muscl
es, c
a
ll
ed the extr
a
-
ocul
ar
 muscl
es.
The pupil is the hol
e in the iris tha
t
 l
ets in l
ight. It
 c
ontr
acts when ther
e is l
ots of
 
l
ight, a
nd it
 bec
omes l
ar
g
er
 in the dar
k. 
The pupils ar
e c
ontr
oll
ed b
y aut
onomic
 
ner
ves, a
nd in the ab
senc
e of dise
ase they ar
e the s
a
me siz
e in both
 
eyes.
 
Did 
y
ou Know?
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F
igur
e 7-3: H
o
w inf
or
ma
tion tr
a
ver
s
es t
he optic chiasm a
nd ho
w vis
ua
l inf
or
ma
tion tr
a
vels
My
opia and 
O
ther Common Conditions
Y
es, tha
t
 c
a
n be one c
ause of m
y
opia. 
M
y
opia
 (ne
ar
sight
ed
nes
s) is when y
ou c
a
nnot
 f
ocus 
on dis
t
a
nt
 objects—its l
it
er
a
l me
a
ning is “tr
ying t
o se
e l
ik
e a mol
e.” 
Hyper
opia
 (f
ar
sight
ed
-
nes
s) is when a cl
e
ar
 imag
e c
a
nnot
 be pr
oject
ed on the r
etina, so tha
t
 y
ou c
a
nnot
 f
ocus on 
objects cl
oseb
y
. 
B
oth of these c
onditions of
t
en arise bec
ause the siz
e of the eyeba
ll has cha
ng
ed. If 
the eyeba
ll g
ets l
ong
er
, the dis
t
a
nc
e f
r
om the l
ens t
o the r
etina incr
e
ases, a
nd it
 bec
omes 
mor
e difficult
 t
o se
e dis
t
a
nt
 objects (c
ausing m
y
opia). On the other
 ha
nd, if the e
y
e
b
a
l
l
 
i
s 
t
oo shor
t, the dis
t
a
nc
e betw
e
en the r
etina a
nd the l
ens decr
e
ases, a
nd ne
ar
b
y objects ar
e
 
difficult
 t
o se
e (c
ausing h
yper
opia).
 
Whil
e w
e
’r
e t
a
lking of c
ommon eye tr
oubl
es, 
as
tigma
tism
 is a c
ondition in which the
 
r
ef
r
active index of the c
orne
a diff
er
s in the ver
tic
a
l a
nd horiz
ont
a
l dir
ections; thus, the l
ens
 
bends l
ight
 as a
n o
v
a
l, r
a
ther
 tha
n as a
n e
ven cir
cl
e, dis
t
or
ting the imag
e.
 
B
ut
 the eye doesn
'
t
 a
l
w
a
ys w
or
k
 per
f
ect
l
y
. M
y
opia oc
cur
s when the l
ens c
a
n
’t
 adjus
t
 its 
thicknes
s t
o f
ocus pr
operl
y
, right?
T
o right
 c
er
ebr
a
l hemispher
e
The imag
e 
is int
egr
a
t
ed b
y y
our
 
visua
l c
or
t
ex so tha
t
 the 
whol
e object
 is se
en, 
e
ven though e
ach 
side of y
our
 br
ain is 
t
aking c
ar
e of ha
l
f of it.
L
ef
t
 eyeba
ll
Right
 eyeba
ll
Optic chiasm
T
o l
ef
t
 c
er
ebr
a
l hemispher
e
Br
ain
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F
ina
ll
y
, 
pr
esb
y
opia
 (so-c
a
ll
ed ag
e-r
el
a
t
ed f
ar
sight
ed
nes
s) is a c
ondition in which the 
thicknes
s of the cr
ys
t
a
ll
ine l
ens c
a
n
’t
 adjus
t
 b
y s
tr
et
ching a
nd r
el
axing a
n
y mor
e. 
This is 
of
t
en bec
ause of aging, but
 this c
a
n a
lso ha
ppen due t
o other
 f
act
or
s.
Colors and 
L
ight in the Eye
Tha
t’
s the r
ol
e of r
ods a
nd c
ones in the r
etina. 
C
one c
ells
 dis
tinguish c
ol
or
s. 
Ther
e ar
e thr
e
e
 
t
ypes of c
one c
ells, a
nd e
ach one c
or
r
esponds t
o one of the primar
y c
ol
or
s of l
ight: r
ed, 
gr
e
en, or
 bl
ue. 
R
od c
ells
, on the other
 ha
nd, onl
y dis
tinguish l
ight
 f
r
om dar
knes
s, r
egar
dl
es
s
 
of the c
ol
or
 of the l
ight. 
The r
ods ar
e mor
e sensitive, ho
w
e
ver
, a
nd signa
l one a
nother
 if ver
y
 
l
it
t
l
e l
ight
 is ent
ering the eye. 
As a r
esult, in dar
k
er
 sit
ua
tions, the c
ones c
a
n
n
o
t
 
d
e
t
e
c
t
 
a
n
y
 
l
ight, a
nd w
e se
e mos
t
l
y using the r
ods, giving the sens
a
tion tha
t
 things ar
e l
es
s c
ol
or
f
ul or
 
mor
e “bl
ack-a
nd-whit
e.” 
The r
ods a
nd c
ones ar
e ar
r
a
ng
ed thr
oughout
 the r
etina, but
 they 
ar
e par
ticul
arl
y dense in a
nd ar
ou
nd the 
mac
ul
a
, the c
entr
a
l por
tion of the r
etina wher
e 
the l
ens pr
ojects the middl
e of a
n imag
e. 
The c
ent
er
 of the macul
a, the f
o
ve
a c
entr
a
l
is, is 
wher
e the c
ent
er
 of the fiel
d of vision is f
ocused.
h
earing and the Ear
Y
our
 e
ar
s ar
e r
esponsibl
e not
 onl
y f
or
 y
our
 sense of he
aring but
 a
lso f
or
 y
our
 sense of ba
l
-
a
nc
e. L
et’
s t
ak
e a l
ook
 a
t
 the e
ar
’
s s
tr
uct
ur
e (F

igur
e 7-4).

The e
ar
 is divided int
o the out
er
 e
ar
, middl
e e
ar
, a
nd inner
 e
ar
. 
The out
er
 e
ar
 c
onsis
ts 
of the auricl
e (the main bulk
 of c
ar
til
ag
e a
t
t
ached t
o the side of y
our
 he
ad) a
nd the e
ar
 
c
a
na
l
. 
The e
ar
dr
u
m (t
ympa
nic membr
a
ne) a
nd the audit
or
y os
sicl
es behind it
 mak
e up the 
middl
e e
ar
. 
The audit
or
y os
sicl
es ar
e a sma
ll set
 of bones c
a
ll
ed the ma
ll
eus, incus, a
nd
 
s
t
a
pes (La
tin f
or
 ha
mmer
, a
n
vil, a
nd s
tir
r
up, r
espectivel
y). 
The inner
 e
ar
 is embedded de
ep 
inside the sk
ull, a
nd it
 incl
udes the semicir
cul
ar
 c
a
na
ls a
nd ves
tibul
e, which mak
e up the 
ves
tibul
ar
 s
ys
t
em, a
nd the snail-sha
ped c
ochl
e
a. 
Although a
ll of these par
ts hel
p per
c
eive 
sou
nd, onl
y y
our
 inner
 e
ar
 (specific
a
ll
y the ves
tibul
ar
 s
ys
t
em) is in
v
ol
ved in y
our
 bod
y’
s 
per
c
eption of ba
l
a
nc
e.
H
o
w do w
e dis
tinguish c
ol
or
s
?
Visua
l Acuit
y
Vis
ua
l ac
uit
y
 describes the shar
pnes
s a
nd ac
cur
ac
y of a per
son
’
s vision. It
 me
asur
es 
the abil
it
y t
o r
ec
ogniz
e l
ight
 a
nd dar
knes
s, c
ol
or
, dis
t
a
nc
e, a
nd mo
ving objects.
Visua
l acuit
y is of
t
en t
es
t
ed using a
n eye char
t
of l
et
t
er
s a
nd s
ymbols ar
r
a
ng
ed 
f
r
om l
ar
g
es
t
 t
o sma
ll
es
t, which t
es
ts whether
 a
n eye c
a
n dis
tinguish det
ails a
t
 a 
c
er
t
ain dis
t
a
nc
e. Other
 t
es
ts c
a
n dis
tinguish the abil
it
y t
o r
ec
ogniz
e c
ol
or
, dis
t
a
nc
e, 
a
nd mo
ving objects, as w
ell as the pr
esenc
e of a
n
y pr
obl
ema
tic “bl
ind spots” in the 
visua
l fiel
d, or
 r
egions in which a per
son
’
s eyes or
 br
ain c
a
nnot
 det
ect
 l
ight.
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F
igur
e 7-4: S
tr
uct
ur
e of t
he e
ar
 
Sou
nd is jus
t
 vibr
a
tions of the air
. 
The e
ar
 is a
n a
ppar
a
t
us tha
t
 a
mpl
ifies those vibr
a
-
tions a
nd then c
on
ver
ts them int
o ner
ve impulses. 
The sha
pe of the auricl
e hel
ps r
efl
ect
 
sou
nd int
o the e
ar
, wher
e the t
ubul
ar
 e
ar
 c
a
na
l hel
ps dir
ect
 those vibr
a
tions t
o
w
ar
d the 
e
ar
dr
u
m, which vibr
a
t
es in r
esponse. 
The thr
e
e tin
y audit
or
y os
sicl
es inside the middl
e 
e
ar
 mak
e those vibr
a
tions int
o l
ar
g
er
 mo
vements a
nd tr
a
nsmit
 them t
o the inner
 e
ar
. 
The c
ochl
e
a in the inner
 e
ar
 is fill
ed with l
ymph fl
uid, a
nd when tha
t
 fl
uid vibr
a
t
es, r
ec
ep
-
t
or
 c
ells inside the c
ochl
e
a ar
e abl
e t
o dis
tinguish f
r
eq
uencies a
nd c
on
ver
t
 them t
o ner
ve 
impulses.
Ther
e ar
e se
ver
a
l kinds of he
aring l
os
s depending on wher
e the pr
obl
em oc
cur
s in the e
ar
.
Sinc
e the out
er
 e
ar
 a
nd middl
e e
ar
 c
onduct
 sou
nd, they ar
e sometimes r
ef
er
r
ed t
o 
as the sou
nd c
onduction s
ys
t
em. 
A
 pr
obl
em in these par
ts of the e
ar
 is c
a
ll
ed 
c
onductive 
he
aring l
os
s
. Specific exa
mpl
es incl
ude bl
ock
ag
e of the out
er
 e
ar
, per
f
or
a
tion of the e
ar
-
dr
u
m, or
 l
os
s of mobil
it
y in the audit
or
y os
sicl
es.
C
onductive he
aring l
os
s c
a
n be a
ll
e
via
t
ed b
y pr
oducts tha
t
 aid bone c
onduction. B
one 
c
onduction is the del
iver
y of vibr
a
tions t
o the inner
 e
ar
 thr
ough the sk
ull (r
a
ther
 tha
n 
A
udit
or
y os
sicl
es
The audit
or
y os
sicl
es (ma
ll
eus, incus, a
nd 
s
t
a
pes) ar
e the sma
ll
es
t
 bones in the 
hu
ma
n bod
y
, a
nd they ar
e u
nusua
l in 
tha
t
 they pl
a
y no s
tr
uct
ur
a
l r
ol
e.
Out
er
 e
ar
Middl
e
ea
r
Inner
 e
ar
T
o the
c
er
ebr
u
m
A
uricl
e
Semicir
cul
ar
 c
a
na
ls
V
es
tibul
e
C
ochl
e
a (has a 
spir
a
l sha
pe l
ik
e a snail
)
E
ar
dr
u
m
E
a
r
c
an
al
Wha
t
 c
auses he
aring l
os
s
?
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thr
ough the out
er
 a
nd middl
e e
ar), as sho
wn in F
igur
e 7-5. 
Ther
ef
or
e, as l
ong as the inner
 
e
ar
 is s
till int
act, sou
nd c
a
n s
till be per
c
eived. E
ar
phones tha
t
 use this t
echniq
ue ha
ve 
r
ec
ent
l
y a
ppe
ar
ed on the mar
k
et.
Sinc
e the inner
 e
ar
 “per
c
eives sou
nd,” it
 is sometimes r
ef
er
r
ed t
o as the sou
nd per
-
c
eption s
ys
t
em. 
The inabil
it
y t
o r
ec
ogniz
e sou
nd due t
o a pr
obl
em in the ner
ves in the 
inner
 e
ar
 or
 c
er
ebr
u
m is c
a
ll
ed 
s
ensorineur
a
l he
aring l
os
s
.
F
igur
e 7-5: B
one c
onduction
Balance and the 
I
nner Ear
The inner
 e
ar
 per
c
eives tw
o t
ypes of motion: r
ot
a
tiona
l motion a
nd incl
ina
tion of the he
ad. 
R
ot
a
tiona
l motion is per
c
eived b
y the 
s
emicir
c
ul
ar
 c
a
na
l s
ys
t
em
, whil
e the incl
ina
tion of the 
he
ad is per
c
eived b
y the 
ves
tibul
e
, which is the par
t
 bel
o
w the semicir
cul
ar
 c
a
na
ls.
C
ochl
e
a
Vibr
a
tion
B
one
T
o the br
ain
T
ell me mor
e about
 the ves
tibul
ar
 s
ys
t
em. H
o
w does it
 per
c
eive ba
l
a
nc
e
?
E
ar
s H
el
p E
q
ua
l
iz
e P
r
es
sur
e!
F
or
 the e
ar
dr
u
m t
o mo
ve f
r
e
el
y
, the pr
es
sur
e on the out
er
 e
ar
 (a
t
mospheric pr
es
-
sur
e) a
nd the pr
es
sur
e on the middl
e e
ar
 ne
eds t
o be simil
ar
. 
The E
us
t
achia
n t
ube, 
which c
onnects the middl
e e
ar
 t
o the back
 of y
our
 nas
a
l c
a
vit
y
, l
ets fl
uid dr
ain or
 air
 
mo
ve back
 a
nd f
or
th t
o eq
ua
l
iz
e the pr
es
sur
es. B
ut
 if the air
 pr
es
sur
e ar
ou
nd y
ou 
cha
ng
es r
a
pidl
y
, as during a
n air
pl
a
ne ride or
 whil
e scuba diving, the diff
er
enc
e in 
pr
es
sur
es ma
y c
ause a ringing sou
nd. Some peopl
e find tha
t
 making a
n eff
or
t
 t
o 
bl
o
w their
 nose whil
e hol
ding their
 nos
trils shut
 c
a
n push air
 int
o the E
us
t
achia
n 
t
ube, popping it
 open a
nd eq
ua
l
izing the pr
es
sur
es t
o s
t
op the ringing. 
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The semicir
cul
ar
 c
a
na
ls ar
e thr
e
e l
oops ar
r
a
ng
ed a
t
 per
pendicul
ar
 a
ngl
es t
o e
ach 
other
. 
When y
our
 he
ad t
urns in a
n
y dir
ection, l
ymph fl
uid inside the semicir
cul
ar
 c
a
na
ls 
pushes a
nd bends specia
l
iz
ed ner
ve c
ells a
t
 the base of e
ach l
oop. 
These ner
ves, in t
urn, 
send signa
ls t
o the br
ain tha
t
 c
ause a f
e
el
ing of motion in tha
t
 par
ticul
ar
 dir
ection. 
This is 
sho
wn in F
igur
e 7-6.
F
igur
e 7-6: 
As t
he l
ymph fl
uid fl
o
w
s, specia
l
iz
ed ner
ve c
ells d
et
ect
 t
he r
ot
a
tion.
Me
a
n
whil
e, the ves
tibul
e c
ont
ains a
n a
ppar
a
t
us f
or
 det
ecting which w
a
y is up (se
e
 
F
igur
e 7-7). In the ves
tibul
e, tin
y par
ticl
es ride on a simil
ar
 fl
uid so tha
t
 when y
ou tilt
 y
our
 
he
ad b
y bending y
our
 neck, the fl
uid is mo
ved b
y gr
a
vit
y
, a
nd ner
ve c
ells per
c
eive the
 
dir
ection tha
t
 gr
a
vit
y is pull
ing “
do
wn.” 
With this inf
orma
tion, y
our
 br
ain c
a
n t
ell which w
a
y
 
is
 
“up
” a
nd, b
y c
omparison, the tilt
 of y
our
 he
ad. 
F
igur
e 7-7: P
ar
ticl
es rid
e on t
he fl
uid a
nd d
et
ect
 ho
w t
he dir
ection of t
he f
or
c
e of gr
a
vit
y 
 
cha
ng
es as your
 he
ad tilts.
s
mell and the Nose
Smell is per
c
eived b
y the ol
f
act
or
y epithel
iu
m, a
n ar
e
a about
 the siz
e of a fing
er
tip l
oc
a
t
ed 
a
t
 the t
op of the nas
a
l c
a
vit
y (se
e F

igur
e 7-8). 

This ar
e
a is pack
ed with chemic
a
l r
ec
ept
or
s. 
R
ot
a
tion
L
ymph fl
uid r
e
v
ol
ves.
R
ec
ept
or
s sense the cha
ng
e.
R
ec
ept
or
s sense 
the cha
ng
e.
T
ilt
 y
our
 he
ad.
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F
igur
e 7-8: 
The mecha
nism f
or
 t
he s
ens
e of smell
When a
n 
od
or
a
nt
 (a
n
y chemic
a
l c
ompou
nd tha
t
 these r
ec
ept
or
s c
a
n det
ect) ent
er
s the 
nas
a
l c
a
vit
y a
nd c
omes in c
ont
act
 with the ol
f
act
or
y epithel
iu
m, these c
ells send sensor
y 
inf
orma
tion t
o the br
ain.
This sensor
y inf
orma
tion pas
ses thr
ough the r
oof of the nas
a
l c
a
vit
y a
nd ent
er
s the 
l
imbic s
ys
t
em (se
e “P
ar
ts of the Br
ain


” on pag

e 130), wher
e it
 is pr
oc
es
sed b
y the ol
f
ac
-
t
or
y bulb
s in the br
ain. 
The
 
l
imbic s
ys
t
em a
lso c
ont
ains s
tr
uct
ur
es tha
t
 ar
e r
esponsibl
e f
or
 
basic drives a
nd emotions such as a
ppetit
e a
nd sex
ua
l desir
e, motiv
a
tion, a
nd pl
e
asur
e or
 
displ
e
asur
e. B
ec
ause the sense of smell is pr
oc
es
sed so cl
ose t
o this emotiona
l c
ent
er
 of 
the br
ain, c
er
t
ain smells of
t
en ha
ve s
tr
ong ties with specific emotions.
Smells c
a
n a
lso be cl
osel
y l
ink
ed t
o memories. H
as the sc
ent
 of a c
er
t
ain f
a
mil
iar
 f
r
a
-
gr
a
nc
e e
ver
 ins
t
a
nt
l
y br
ought
 t
o mind a sc
ene f
r
om y
our
 pas
t
 in vivid det
ail? Onc
e again, 
this is r
el
a
t
ed t
o the ph
ysic
a
l pr
o
ximit
y of the ol
f
act
or
y bulb
s a
nd other
 s
tr
uct
ur
es in the 
l
imbic s
ys
t
em tha
t
 de
a
l with memor
y (se
e F
igur
e 7-9).
F
igur
e 7-9: 
Ar
omas c
a
n e
v
ok
e s
tr
ong memories.
Inf
orma
tion per
c
eived b
y 
the ol
f
act
or
y epithel
iu
m 
immedia
t
el
y ent
er
s the 
l
imbic s
ys
t
em.
Limbic s
ys
t
em
Ol
f
act
or
y
epithel
iu
m
Ar
oma
tic
par
ticl
es
Delicious!
Ah...
Nori se
a
w
e
ed
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When y
our
 nose is cl
ogg
ed bec
ause of a c
ol
d or
 ha
y f
e
ver
, y
ou c
a
n
’t
 t
as
t
e y
our
 f
ood 
as w
ell
. 
Tha
t’
s bec
ause a major
 par
t
 of the sens
a
tion w
e think
 of as “t
as
t
e
” is r
e
a
ll
y smell
. 
Although our
 sense of t
as
t
e is ob
viousl
y per
c
eived b
y the t
ongue, w
e c
a
nnot
 r
ec
ogniz
e the 
f
ull “t
as
tines
s” of f
ood without
 our
 sense of smell, as sho
wn in F
igur
e 7-10.
F
igur
e 7-10: 
Y
our
 s
ens
e of t
as
t
e is dull
ed when you c
a
n
’t
 smell
.
Although our
 sense of smell is no ma
t
ch f
or
 tha
t
 of a dog, it’
s s
till q
uit
e impr
es
sive. 
Hu
ma
ns ha
ve the abil
it
y t
o dis
tinguish mor
e tha
n 10,000 dis
tinct
 odor
s.
Sensor
y ada
pt
a
tion r
e
adil
y oc
cur
s f
or
 our
 sense of smell
. 
Tha
t
 is, if y
ou ar
e sur
-
r
ou
nded b
y a
n odor
, y
ou ma
y q
uick
l
y gr
o
w ac
cus
t
omed t
o it
 a
nd bec
ome t
empor
aril
y 
u
nabl
e t
o per
c
eive it. H
o
w
e
ver
, e
ven af
t
er
 ada
pting t
o a smell, y
ou might
 s
till be q
uit
e 
sensitive t
o cha
ng
es in the int
ensit
y of the odor
 a
nd r
emain per
c
eptive of other
 odor
s.
Taste and the T
ongue
Hu
ma
ns c
a
n per
c
eive five t
as
t
es: s
a
ltines
s, s
w
e
etnes
s, bit
t
ernes
s, sournes
s, a
nd u
ma
mi (a 
“s
a
v
or
y” t
as
t
e, such as of the a
mino acids gl
ut
a
ma
t
e a
nd aspar
t
a
t
e). It
 used t
o be thought
 
tha
t
 e
ach t
as
t
e w
as onl
y per
c
eived b
y a c
er
t
ain ar
e
a of the t
ongue (f
or
 exa
mpl
e, s
a
lti
-
nes
s w
as per
c
eived onl
y b
y the tip of the t
ongue a
nd bit
t
ernes
s b
y the back
 par
t), but
 this 
theor
y has sinc
e be
en r
epudia
t
ed. 
Y
our
 sense of t
as
t
e is impor
t
a
nt
 bec
ause it
 gives y
ou a 
cha
nc
e t
o per
c
eive both the nutrients a
nd t
o
xins or
 poisons in f
ood.
The sense of t
as
t
e is mainl
y per
c
eived b
y t
as
t
e buds on the sur
f
ac
e of the t
ongue. 
E
ach t
as
t
e bud is l
ik
e a l
it
t
l
e pock
et
 tha
t
 c
ont
ains c
ells tha
t
 per
c
eive fl
a
v
or
s. 
When fl
a
v
or
 
c
omponents such as s
a
lt
 or
 sugar
 mix with s
a
l
iv
a a
nd spr
e
ad thr
oughout
 the mouth, they 
ar
e per
c
eived b
y t
as
t
e buds, which send this sensor
y inf
orma
tion t
o the br
ain.
Sinc
e a t
as
t
e bud is a tin
y a
ppar
a
t
us (se
e F
igur
e 7-11), l
ar
g
e mol
ecul
es of f
ood, l
ik
e 
c
ar
boh
y
dr
a
t
es in ric
e or
 br
e
ad, ne
ed t
o be br
ok
en do
wn int
o sma
ll
er
 mol
ecul
es in or
der
 t
o 
be t
as
t
ed. C
hewing a
nd enz
ymes l
ik
e a
m
yl
ase in y
our
 s
a
l
iv
a hel
p br
e
ak
 do
wn f
ood f
or
 y
our
 
t
as
t
e buds.
I can’t t
aste 
this very ...
I can’t t
aste 
this very well...
Hahaha
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F
igur
e 7-11: S
tr
uct
ur
e of a t
as
t
e bud
T
as
t
e buds ar
e par
ticul
arl
y nu
mer
ous in the l
it
t
l
e bu
mps c
a
ll
ed pa
pill
ae on the sur
f
ac
e of 
the t
ongue. H
o
w
e
ver
, t
as
t
e buds ar
e a
lso f
ou
nd in the mucus membr
a
ne of the mouth a
nd 
thr
oa
t.
E
ach t
as
t
e bud has a
sma
ll opening thr
ough
which f
ood par
ticl
es
c
a
n r
e
ach the
t
as
t
e r
ec
ept
or
s.
T
as
t
e bud
T
as
t
e par
ticl
es ent
er
 her
e
Wher
e ar
e t
as
t
e buds l
oc
a
t
ed on the t
ongue
?
Ther
e ar
e f
our
 kinds of pa
pill
ae on the t
ongue. F
il
if
orm pa
pill
ae ar
e the mos
t
 
nu
mer
ous kind, a
nd they ar
e l
ar
g
el
y r
esponsibl
e f
or
 the r
oughnes
s of the t
ongue
’
s 
sur
f
ac
e. H
o
w
e
ver
, u
nl
ik
e the other
 kinds of pa
pill
ae, they do not
 c
ont
ain a
n
y t
as
t
e 
buds. 
They ar
e jus
t
 ther
e t
o grip a
nd br
e
ak
 up f
ood! 
The t
emper
a
t
ur
e of f
ood aff
ects ho
w the t
as
t
e buds per
c
eive fl
a
v
or
s. 
The 
w
armer
 a f
ood is when ser
ved, the mor
e sensitive y
ou might
 be t
o its s
w
e
etnes
s
 
or
 
bit
t
ernes
s. 
This is wh
y melt
ed ic
e cr
e
a
m c
a
n t
as
t
e t
oo s
w
e
et
 a
nd w
arm 
be
er
 might
 t
as
t
e extr
a bit
t
er
.
Mouth Fun Facts
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F
u
nn
y m
ee
t
i
n
g 
y
o
u a
g
a
i
n
!
h
u
n
t
i
n
g m
o
r
e 
b
u
g
s,
e
h
?
C
h
i
rp!
c
h
i
rp!
T
h
e M
u
s
c
u
l
o
s
k
e
l
e
t
a
l 
s
y
s
t
e
m
M
u
s
c
l
e
s
, B
o
n
e
s
, a
n
d J
o
i
n
t
s
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y
o
u
b
e
t!
y
o
u m
u
s
t b
e 
T
r
a
i
n
i
ng
har
d
.
I
 w
a
n
t t
o 
i
n
c
r
e
a
s
e m
y 
m
u
sc
l
e
e
l
a
s
t
i
c
i
t
y
s
o 
I
 d
o
n
’
t i
n
j
u
r
e 
m
ys
e
l
f
!
y
o
u
’
r
e
d
o
i
n
g s
o
m
e 
s
t
re
t
ch
e
s
,
I
 s
ee
.
y
e
a
h
...
G
oo
d f
o
r 
yo
u
!
W
e
ll
, u
m
.
.
. 
p
re
tt
y
m
u
ch
.
J
u
s
t i
n c
a
s
e
, 
c
a
n y
o
u g
o 
o
v
e
r
i
t
?
I
'
m a l
i
tt
l
e 
r
u
s
t
y.
I
 b
e
t y
o
u k
n
o
w 
a
ll a
bo
u
t m
u
s
c
l
e 
f
i
b
e
r
s a
n
d h
o
w 
t
h
e
y u
s
e e
n
e
r
g
y
, 
r
i
g
h
t?
O
f c
o
u
r
s
e
!
D
o y
o
u k
n
o
w 
w
ha
t
’
s
ha
pp
e
n
i
ng
w
h
e
n m
u
s
c
l
e
s 
c
o
n
t
r
a
ct
?
h
u
h?
W
e
ll
, 
 
w
h
e
n y
o
u f
l
e
x 
r
e
a
ll
y h
a
r
d
, t
h
e 
m
u
s
c
l
e g
e
t
s 
ro
c
k
so
l
i
d
.
Muscle Fibers
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S
k
e
l
e
t
a
l 
M
u
scl
e
M
u
scl
e
fi
b
e
r
N
uc
le
u
s
S
t
r
i
a
t
i
on
C
on
t
r
a
c
t
i
on
E
n
e
r
g
y i
s 
app
l
i
e
d
.
T
h
e fi
b
e
r 
 
s
h
or
t
e
n
s
.
N
o
, n
o
, a m
o
r
e 
s
c
ien
t
i
f
i
c
e
x
p
l
a
n
at
i
o
n
pl
e
a
s
e
!
h
ere
’
s
a
c
l
o
se
-
u
p o
f a g
r
o
u
p 
o
f s
k
e
l
e
t
a
l 
m
u
s
c
l
e
f
i
b
e
r
s
.*
T
h
a
t e
x
p
l
a
i
n
s w
h
y 
m
u
s
c
l
e
s b
u
l
g
e 
w
h
e
n y
o
u f
l
e
x t
h
e
m
, 
r
i
g
h
t
? 
I
t
’
s s
o
r
t 
o
f l
i
k
e w
h
e
n y
o
u 
s
h
u
ff
l
e
c
a
r
d
s.
T
h
a
t
’
s
r
i
g
h
t!
W
h
e
n t
h
e m
u
s
c
l
e 
c
o
n
t
r
a
c
t
s
, bo
t
h 
s
i
d
e
s s
l
i
d
e t
o 
t
h
e m
i
dd
l
e
.
L
oo
k
! 
y
o
u 
c
a
n s
ee a 
h
o
r
i
z
o
n
ta
l
s
t
ri
p
e
d
p
a
tt
er
n
.
I
f w
e z
oo
m i
n f
u
r
t
h
e
r 
o
n t
h
e h
o
r
i
z
o
n
t
a
l 
s
t
r
i
a
t
i
o
n
, w
e c
a
n s
ee a 
c
o
n
f
i
g
u
r
a
t
i
o
n
o
f
c
o
m
b
-
s
h
a
p
e
d p
i
e
c
e
s o
n e
i
t
h
e
r 
s
i
d
e
, w
i
t
h a
l
t
e
r
n
a
t
i
n
g 
s
l
i
t
s i
n t
h
e m
i
dd
l
e
.
T
h
i
s p
a
tt
e
r
n 
i
s c
a
ll
e
d 
s
t
r
i
a
t
i
o
n
.
L
e
t
’
s z
oo
m i
n 
o
n t
h
e k
i
n
d o
f 
m
u
s
c
l
e f
i
b
e
r
s 
y
o
u
’
d f
i
n
d i
n 
yo
u
r
a
r
m
.
S
k
e
l
e
t
a
l 
M
u
scl
e
s
T
h
e
s
e m
u
s
c
l
e
s a
r
e a
t
t
a
c
h
e
d t
o b
o
n
e
s
. T
h
e
y 
a
r
e a
l
s
o c
a
l
l
e
d 
vo
l
u
nt
ar
y
m
u
s
c
l
e
s
 s
i
n
c
e t
h
e
y 
c
a
n
 
b
e c
o
n
s
c
i
o
u
s
l
y m
o
v
e
d
.
S
m
o
o
t
h 
M
u
scl
e
s
T
h
e
s
e m
u
s
c
l
e
s a
r
e f
o
u
n
d i
n b
l
o
o
d v
e
s
s
e
l
s 
a
n
d v
a
r
i
o
u
s i
n
t
e
r
n
a
l o
r
g
a
n
s
. T
h
e
y a
r
e c
a
l
l
e
d 
in
v
o
lu
n
t
a
r
y
m
us
cl
e
s
 s
i
n
c
e t
h
e
y c
a
n
n
o
t b
e 
c
o
n
s
c
i
ou
s
l
y
c
o
nt
r
o
l
l
e
d
.
U
nl
i
k
e
s
k
el
e
t
al
a
n
d
c
a
r
d
i
a
c m
u
s
c
l
e
, t
h
e
y h
a
v
e n
o s
t
r
i
a
t
i
o
n
s
.
C
a
r
d
i
a
c 
M
u
scl
e
s
T
h
e
s
e a
r
e t
h
e m
u
s
c
l
e
s i
n t
h
e h
e
a
r
t
. T
h
e
y 
r
e
p
e
a
t
e
d
l
y c
o
n
t
r
a
c
t a
n
d e
x
p
a
n
d r
h
y
t
h
m
i
c
a
l
l
y 
w
i
t
h
o
u
t a
n
y c
o
n
s
c
i
o
u
s c
o
n
t
r
o
l
.
* T
h
e
r
e a
r
e t
h
r
ee k
i
n
d
s o
f m
u
s
c
l
e
, s
h
o
w
n i
n t
h
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e
m
i
n
d
s
m
e
.
.
.
t
o
m
o
rr
o
w i
s 
y
o
u
r f
i
r
s
t a
c
t
u
a
l 
l
e
c
t
u
r
e
,
i
s
n
’t
i
t
!
I
’
m r
e
a
ll
y 
l
oo
k
ing
f
o
rw
a
r
d t
o i
t
!
h
mm
. 
 
I
 w
o
n
d
e
r i
f 
h
e
’
s
O
K
a
y.
I
 h
o
p
e 
I
 c
a
n 
s
t
i
ll r
u
n t
h
a
t 
m
a
r
a
t
h
o
n
...
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Even More About Muscles and Bones!
L
et’
s t
a
lk
 a bit
 about
 ho
w the bod
y g
ener
a
t
es he
a
t. 
Y
our
 bod
y is c
ons
t
a
nt
l
y extr
acting ener
gy
 
f
r
om o
xyg
en a
nd f
ood a
nd burning tha
t
 ener
gy
, r
el
e
asing he
a
t. 
Y
our
 bod
y pr
oduc
es a
nd 
r
adia
t
es he
a
t
 e
ven when y
ou’r
e sl
e
eping or
 sit
ting a
t
 y
our
 desk
 s
t
ud
ying f
or
 a t
es
t. 
The 
mor
e ener
gy y
ou use, the mor
e he
a
t
 is g
ener
a
t
ed, so y
our
 bod
y g
ets much w
armer
 when
 
y
ou s
t
ar
t
 ex
er
cising, as sho
wn in F
igur
e 8-1.
F
igur
e 8-1: 
Y
our
 bod
y g
ener
a
t
es he
a
t
 e
ven when you'r
e sl
e
eping, a
nd t
he mor
e active you ar
e, t
he mor
e he
a
t
 it
 g
ener
a
t
es.
Regula
ting Body Tempera
ture
Y
ou’ve pr
obabl
y notic
ed tha
t
 when y
ou ex
er
cise, y
our
 bod
y he
a
ts up. 
Tha
t’
s bec
ause he
a
t
 is 
pr
oduc
ed when sk
el
et
a
l muscl
es c
ontr
act. 
When it’
s c
ol
d, y
our
 muscl
es c
ontr
act
 r
a
pidl
y a
nd 
y
ou shiver


 (se
e F
igur
e 8-2). 


This pr
oduc
es he
a
t
 tha
t
 the bl
ood c
ar
ries thr
oughout
 the bod
y 
t
o maint
ain the bod
y’
s t
emper
a
t
ur
e.
Sk
el
et
a
l muscl
es ar
e the main pr
oduc
er
s of he
a
t
 in the bod
y
, but
 they ar
en
’t
 the onl
y 
ones. 
The dig
es
tive s
ys
t
em, he
ar
t, br
ain, a
nd l
iver
 a
ll pr
oduc
e he
a
t
 as w
ell—in f
a
c
t
,
 
a
n
y
 
a
c
t
i
v
e
 
c
ell pr
oduc
es he
a
t
 t
o some ext
ent. 
The bod
y g
ets w
armer
 af
t
er
 a me
a
l, not
 onl
y if the f
ood 
is w
arm, but
 a
lso bec
ause of the incr
e
ased activit
y of the dig
es
tive s
ys
t
em.
Hu
ma
ns ar
e 
homeot
her
ms
, which me
a
ns our
 bod
y t
emper
a
t
ur
e has t
o s
t
a
y within 
a c
er
t
ain r
a
ng
e. If our
 bod
y t
emper
a
t
ur
e is t
oo high or
 t
oo l
o
w
, our
 bodies c
a
n
’t
 f
u
nction 
pr
operl
y
.
Sl
e
eping
Sit
ting
Ex
er
cising
A
 specia
l kind of f
a
t
 tis
sue c
a
ll
ed 
br
o
wn f
a
t
 c
onsis
ts of c
ells with extr
a mit
ochondria, 
pl
us a par
ticul
ar
 t
ype of pr
ot
ein tha
t
 aff
ects the pr
oduction of 
A
TP
. 
The r
esult
 is tha
t
 
as br
o
wn f
a
t
 c
onsu
mes c
a
l
ories, it
 pr
oduc
es he
a
t
 ins
t
e
ad of 
A
TP
. 
This t
ype of 
tis
sue is par
ticul
arl
y c
ommon in new
borns a
nd hiberna
ting a
nima
ls.
Did 
y
ou Know?
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F
igur
e 8-2: 
W
e shiver
 when w
e
’r
e c
ol
d. 
Thes
e r
a
pid muscl
e c
ontr
actions pr
oduc
e he
a
t! 
Tha
t’
s right. 
Y
our
 bod
y t
emper
a
t
ur
e mus
t
 be maint
ained a
t
 a
ppr
o
xima
t
el
y 96.8
 
–
 
100.4
 
degr
e
es F
ahr
enheit
 (36
 
–38 degr
e
es C
elsius). 
The bod
y c
ools as he
a
t
 is disper
sed. H
e
a
t
 
c
a
n l
e
a
ve the bod
y b
y esc
a
ping thr
ough the skin, b
y r
espir
a
tion, a
nd b
y per
spir
a
tion (se

e
 
F
igur
e
 
8-3). 


When y
ou ex
er
cise vigor
ousl
y a
nd s
t
ar
t
 he
a
ting up, y
our
 bod
y s
t
ar
ts per
-
spiring mor
e t
o c
ool do
wn.
F
igur
e 8-3: Met
hods of dis
sipa
ting bod
y he
a
t
Shiver
shiver
Chatter
chatter
Our
 bodies ha
ve t
o k
e
ep f
r
om o
verhe
a
ting t
oo, right? Isn
’t
 tha
t
 wha
t
 per
spir
a
tion is f
or
, t
o 
hel
p disper
se he
a
t?
When per
spir
a
tion e
v
a
por
a
t
es 
f
r
om y
our
 skin, it
 t
ak
es some 
he
a
t
 a
w
a
y with it. 
Ha
 
a
Ha
 
a
The bl
ood ves
sels u
nder
 the 
skin expa
nd t
o a
ll
o
w mor
e he
a
t
 
f
r
om the bl
ood t
o dis
sipa
t
e int
o 
the air
.
Y
ou c
a
n disper
se he
a
t
 thr
ough 
r
espir
a
tion.
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When it’
s hot
 outside, y
our
 skin fl
ushes bec
ause the bl
ood ves
sels u
nder
 y
our
 skin 
expa
nd. 
This a
ll
o
ws mor
e bl
ood t
o fl
o
w out
 t
o the sur
f
ac
e of the skin so tha
t
 the he
a
t
 in 
y
our
 bl
ood c
a
n r
adia
t
e f
r
om y
our
 skin t
o the air
 ar
ou
nd y
ou. P
er
spir
a
tion a
lso c
ools y
our
 
bod
y thr
ough a pr
oc
es
s c
a
ll
ed 
e
v
a
por
a
tive c
ool
ing
. In f
act, when the air
 t
emper
a
t
ur
e is 
higher
 tha
n y
our
 bod
y t
emper
a
t
ur
e, s
w
e
a
ting is the onl
y w
a
y t
o el
imina
t
e tha
t
 bod
y he
a
t. 
Also, s
w
e
a
t
 gl
a
nds, l
ik
e muscl
es, c
a
n g
et
 l
ar
g
er
 a
nd mor
e pr
oductive if y
ou use them mor
e 
of
t
en, so ex
er
cising r
egul
arl
y will hel
p y
our
 bod
y ada
pt
 bet
t
er
 t
o the su
mmer
 he
a
t! It’
s 
impor
t
a
nt
 t
o s
t
a
y h
y
dr
a
t
ed when it’
s hot
 out, bec
ause y
our
 bod
y l
oses a l
ot
 of l
iq
uid as it
 
s
wea
t
s
.
If the bod
y t
emper
a
t
ur
e ex
c
e
eds 107.6 degr
e
es F
ahr
enheit, the pr
ot
eins in the bod
y begin 
t
o deg
ener
a
t
e, a
nd the bod
y c
a
n no l
ong
er
 f
u
nction. (In f
act, ol
d mer
cur
y thermomet
er
s 
of
t
en onl
y go up t
o this t
emper
a
t
ur
e!)
The bod
y’
s t
emper
a
t
ur
e is r
egul
a
t
ed b
y the thermor
egul
a
t
or
y c
ent
er
 of the h
ypotha
l
a
-
mus. 
The h
ypotha
l
a
mus uses se
ver
a
l mecha
nisms t
o maint
ain bod
y t
emper
a
t
ur
e. 
When 
y
ou’r
e t
oo c
ol
d, the pos
t
erior
 por
tion of the h
ypotha
l
a
mus c
oor
dina
t
es r
esponses such as 
shivering, c
ontr
oll
ing bl
ood fl
o
w t
o the skin, a
nd secr
eting hormones l
ik
e nor
epinephrine 
a
nd epinephrine. 
When y
ou’r
e t
oo hot, the a
nt
erior
 h
ypotha
l
a
mus c
oor
dina
t
es the opposit
e 
r
esponses. 
Bones and Bone Met
abolism
The main r
ol
e of the a
ppr
o
xima
t
el
y 206 bones in the hu
ma
n bod
y is s
tr
uct
ur
a
l suppor
t. If 
ther
e w
er
e no bones, the bod
y w
oul
d c
oll
a
pse, a
nd it
 w
oul
d
n
’t
 be abl
e t
o mo
ve. B
ut
 this is 
not
 the onl
y r
ol
e tha
t
 bones pl
a
y
. 
They a
lso s
t
or
e c
a
lciu
m, a
nd they c
ont
ain bone mar
r
o
w
, 
which cr
e
a
t
es new bl
ood c
ells.
Do y
ou kno
w wh
y the bod
y c
a
n
’t
 f
u
nction a
t
 a t
emper
a
t
ur
e higher
 tha
n 107.6 degr
e
es 
F
ahr
enheit
 (42 degr
e
es C
elsius)?
Hmm . . . wh
y is tha
t?
The c
ar
otid ar
t
er
y
, axill
ar
y ar
t
er
y
, a
nd f
emor
a
l ar
t
er
y ar
e thr
e
e thick
 ar
t
eries tha
t
 
r
u
n ne
ar
 the sur
f
ac
e of the bod
y in the neck, armpit, a
nd gr
oin, r
espectivel
y
. C
ool
-
ing or
 w
arming these ar
e
as c
a
n ha
ve a s
tr
ong impact
 on bod
y t
emper
a
t
ur
e 
b
y
 
cha
nging the t
emper
a
t
ur
e of the bl
ood as it
 fl
o
ws thr
ough the ar
t
eries. 
Did 
y
ou Know?
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B
ones ar
e designed t
o be both s
tr
ong a
nd l
ightw
eight. Ma
n
y bones use a
n int
erna
l 
mesh
w
or
k
 s
tr
uct
ur
e c
a
ll
ed 
tr
a
bec
ul
ar
 bone
, which l
ooks l
ik
e a spong
e. 
T
r
abecul
ar
 bone 
(a
lso c
a
ll
ed 
c
a
nc
ell
ous bone
) is of
t
en f
ou
nd a
t
 the ends of l
ong bones a
nd in bones with 
c
ompl
ic
a
t
ed sha
pes l
ik
e the shoul
der
 bl
ade (sc
a
pul
a), ver
t
ebr
ae, a
nd pel
vis. 
The s
tr
ong 
ext
erior
 of bones is made of 
c
or
tic
a
l bone
, which is much mor
e c
ompact. In the c
ase of a 
l
ong bone l
ik
e the f
emur
, the shaf
t
 of the bone is c
or
tic
a
l bone with a holl
o
w c
ent
er
 (c
a
ll
ed 
a 
medull
ar
y c
a
vit
y
). C
or
tic
a
l a
nd tr
abecul
ar
 bone w
or
k
 t
og
ether
 t
o give bones their
 incr
ed
-
ibl
e s
tr
ength. 
The t
ypes of bone ar
e ill
us
tr
a
t
ed in F
igur
e 8-4.
F
igur
e 8-4: Basic s
tr
uct
ur
e of bone
T
r
abecul
ar
 bone
Medull
ar
y c
a
vit
y
C
or
tic
a
l bone
B
one Mar
r
o
w
B
one mar
r
o
w is f
ou
nd inside our
 bones. If y
ou ga
ther
ed a
ll the bone mar
r
o
w in a 
singl
e hu
ma
n bod
y t
og
ether
, it
 w
oul
d be about
 the s
a
me siz
e as the l
iver
. Mar
r
o
w is 
f
ull of 
pr
og
enit
or
 c
ells
, which e
vent
ua
ll
y specia
l
iz
e int
o specific t
ypes of bl
ood c
ells, 
l
ik
e r
ed bl
ood c
ells, whit
e bl
ood c
ells, a
nd pl
a
t
el
ets. 
This abil
it
y of pr
og
enit
or
 c
ells 
t
o mor
ph int
o wha
t
e
ver
 specific c
ells the bod
y ne
eds is a
n active ar
e
a of int
er
es
t
 t
o 
s
t
em c
ell r
ese
ar
cher
s who w
a
nt
 t
o find a w
a
y t
o tr
e
a
t
 dise
ase with u
nspecia
l
iz
ed, 
multipur
pose c
ells tha
t
 c
a
n r
eg
ener
a
t
e da
mag
ed or
ga
ns. 
Bl
ood c
ells ar
e c
ons
t
a
nt
l
y being cr
e
a
t
ed in the mar
r
o
w of fl
a
t
 bones l
ik
e the 
pel
vis a
nd s
t
ernu
m, but
 l
ong a
nd nar
r
o
w bones, l
ik
e those in the l
egs a
nd arms, 
don
’t
 pr
oduc
e ma
n
y bl
ood c
ells. In f
act, l
ong bones onl
y pr
oduc
e bl
ood u
ntil ar
ou
nd 
20 ye
ar
s of ag
e. 
Af
t
er
 tha
t
 time, the mar
r
o
w bec
omes inactive a
nd l
oses its r
ed 
c
ol
or
a
tion, a
nd the r
ed mar
r
o
w bec
omes yell
o
w mar
r
o
w
.
When a f
et
us is de
vel
oping in the w
omb, its bl
ood c
ells ar
e cr
e
a
t
ed in the l
iver
 
a
nd spl
e
en. 
These or
ga
ns ar
e abl
e t
o r
esu
me the pr
oduction of bl
ood c
ells l
a
t
er
 in 
l
if
e if bone mar
r
o
w c
a
nnot
 pr
oduc
e enough bl
ood. 
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A
t
 the micr
osc
opic l
e
vel, bone is made up of a f
r
a
mew
or
k
 of a pr
ot
ein c
a
ll
ed 
c
oll
ag
en
 
(pou
nd f
or
 pou
nd, it’
s as s
tr
ong as s
t
e
el
). C
oll
ag
en bec
omes c
a
lcified in such a w
a
y tha
t
 it
 
has fl
exibil
it
y ins
t
e
ad of being t
ot
a
ll
y rigid. 
This abil
it
y t
o bend without
 sna
pping hel
ps y
our
 
bones withs
t
a
nd extr
emel
y po
w
er
f
ul ext
erna
l f
or
c
es.
Tha
t’
s right. E
ven af
t
er
 y
ou s
t
op gr
o
wing, y
our
 bones ar
e a
l
w
a
ys dis
sol
ving a l
it
t
l
e a
t
 a time 
(
r
esor
ption
), a
nd new bone is being r
ef
ormed ther
e (
os
sific
a
tion
). It’
s s
aid tha
t
 b
y the time 
y
ou’r
e about
 tw
o ye
ar
s ol
d, a
ll the origina
l bones in y
our
 bod
y ha
ve be
en r
epl
ac
ed.
B
ones ar
e dis
sol
ved a
nd r
eg
ener
a
t
ed b
y c
ells c
a
ll
ed os
t
eocl
as
ts a
nd os
t
eobl
as
ts.
 
O
s
t
eocl
as
ts
 dis
sol
ve a
nd br
e
ak
 do
wn the bone s
tr
uct
ur
e l
it
t
l
e b
y l
it
t
l
e. 
O
s
t
eobl
as
ts
 r
eg
ener
-
a
t
e the bone b
y a
t
t
aching c
a
lciu
m. 
This whol
e pr
oc
es
s is c
a
ll
ed 
bone met
a
bol
ism
, which 
both enabl
es a
nd pr
u
nes bone gr
o
w
th, a
l
w
a
ys k
e
eping the micr
osc
opic s
tr
uct
ur
e in or
der
 
(se
e F
igur
e 8-5). 
F
igur
e 8-5: O
s
t
eocl
as
ts a
nd os
t
eobl
as
ts a
t
 w
or
k
O
s
t
eobl
as
t
(c
ell tha
t
 cr
e
a
t
es bone)
O
s
t
eocl
as
t
(c
ell tha
t
 dis
sol
ves bone)
Who knew bones w
er
e so c
ompl
ex! B
one is a
l
w
a
ys r
epl
acing itsel
f t
oo, isn
’t
 it?
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Of c
our
se, when os
t
eocl
as
ts br
e
ak
 do
wn bone, they ar
en
’t
 jus
t
 being a nuis
a
nc
e. 
They 
r
emo
ve ol
d bone tha
t
 has de
vel
oped micr
osc
opic cr
acks o
ver
 time. 
They a
lso extr
act
 c
a
l
-
ciu
m f
r
om bones in or
der
 t
o maint
ain the c
or
r
ect
 c
onc
entr
a
tion of c
a
lciu
m in y
our
 bl
ood.
B
one c
ont
ains 99 per
c
ent
 of the c
a
lciu
m in the hu
ma
n bod
y
. B
one met
abol
ism has 
a cl
ose r
el
a
tionship with es
tr
og
en, which sl
o
ws the r
esor
ption of bone. 
As a r
esult, 
af
t
er
 menopause—when w
omen pr
oduc
e signific
a
nt
l
y l
es
s es
tr
og
en—w
omen ar
e 
 
vul
ner
abl
e t
o da
ng
er
ous bone l
os
s c
a
ll
ed 
os
t
eopor
osis
, which c
a
n l
e
a
ve 
 
bones brit
t
l
e.
Did 
y
ou Know?
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I
 d
i
d
n
’
t t
h
i
n
k 
t
h
i
s m
a
n
y 
p
e
o
pl
e
w
o
u
l
d
s
h
o
w
u
p.
y
i
k
e
s
!
C
r
e
a
k
.
.
.
C
li
c
k
C
e
ll
s
, G
e
n
e
s
, a
n
d 
Rep
r
o
d
u
c
t
i
o
n
S
t
o
r
i
n
g a
n
d r
ep
l
i
c
a
t
i
n
g 
bi
o
l
o
g
ic
a
l
b
l
u
e
p
r
i
n
t
s
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C
e
ll
s
, G
e
n
e
s
, a
n
d R
e
p
r
o
d
u
c
t
i
o
n
G
r
e
at
 
t
u
r
n
o
u
t,
 
h
u
h?
y
-
y
e
s
...
W
h
oa
,
 
s
h
e s
p
o
k
e 
 
t
o m
e
. T
h
a
t
’
s 
 
a
f
i
r
s
t.
T
h
e
y a
ll c
a
m
e o
u
t 
f
o
r j
u
n
i
o
r
’
s f
i
r
s
t 
l
e
ct
u
r
e
.
h
u
h
? W
h
a
t
’s u
p 
w
i
t
h t
h
i
s “
j
u
n
i
o
r
” 
s
t
u
ff a
g
a
i
n
? T
h
e 
d
o
r
m m
o
t
h
e
r w
a
s 
a
l
s
o c
a
ll
i
n
g h
i
m 
“J
u
n
i
o
r
.
”
T
h
a
t g
u
y o
v
e
r 
t
h
e
r
e i
s 
s
a
t
o
, 
t
h
e
w
r
e
st
l
e
r
!
A
n
d h
e
’
s 
M
i
z
us
h
i
m
a
,
th
e
s
w
i
mm
e
r!
!
q
u
i
e
t
!
s
t
a
r
at
h
l
e
t
e
s
?
?
K
o
u
jo
M
e
di
ca
l
S
c
ho
ol
S
hhhh
N
e
w D
e
p
a
r
t
m
e
n
t o
f S
p
o
r
ts 
 
a
n
d H
e
a
l
t
h S
c
i
e
n
c
e 
 
O
p
e
n C
a
m
p
u
s A
u
g
u
s
t 3
F
e
a
t
u
r
i
n
g a 
Q
&
A w
i
th s
t
a
r 
a
t
h
l
e
t
e
s
!
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C
e
ll
s a
r
e t
h
e 
s
m
a
ll
e
s
t u
n
i
t
s o
f 
l
i
f
e a
n
d a
r
e o
f
t
e
n 
c
a
ll
e
d t
h
e b
u
i
l
d
i
n
g 
b
l
o
c
k
s o
f t
h
e 
h
u
m
a
n
b
o
d
y.
O
u
r b
o
d
i
e
s 
co
n
t
a
i
n t
r
i
ll
i
o
n
s 
o
f
c
e
ll
s.
G
r
e
a
t
, h
e
’
s 
c
o
v
e
r
i
n
g
c
e
lls
!
T
h
e ce
ll m
e
m
b
r
a
n
e i
s 
a s
e
m
i
p
e
r
m
e
a
b
l
e w
a
ll 
t
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o
r
m
e
r 
O
l
y
m
p
i
c 
a
t
h
l
e
t
e
s
...
A
h
e
m
, s
o 
I
 w
a
s 
s
a
y
i
n
g
...
I
t w
o
u
l
d b
e 
w
o
n
d
e
r
f
u
l i
f w
e 
c
o
u
l
d e
s
t
a
b
l
i
s
h 
b
e
tt
e
r t
r
a
i
n
i
n
g 
m
e
t
h
o
d
s o
r 
n
u
t
r
i
ti
o
n
a
l
s
u
pp
l
e
m
e
n
t
s b
a
s
e
d 
o
n r
e
s
u
l
t
s f
r
o
m 
g
e
n
e
t
ic
r
es
e
a
r
c
h
.
B
u
t i
t
’
s n
o
t a
ll g
e
n
e
t
i
c
s
. 
I
 w
o
r
k
e
d l
o
n
g a
n
d h
a
r
d 
t
o b
e a t
o
p w
r
e
s
t
l
e
r
!
I
'
d
pa
r
t
i
c
i
pa
t
e
i
n a
n
y r
e
s
e
a
r
c
h 
s
t
u
d
y f
o
r y
o
u
, 
O
s
amu
!
Co
u
g
h
F
l
e
x
G
e
t o
u
t 
o
f
h
ere
.
I
’
m
s
o
rr
y.
t
o l
oo
k f
o
r a g
e
n
e
t
i
c 
b
a
s
i
s f
o
r c
h
a
r
a
c
t
e
r
i
s
t
i
c
s 
s
u
c
h a
s “
e
x
p
l
o
s
i
v
e
n
e
ss
” 
 
o
r
“
e
n
d
u
r
a
n
c
e
.”
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I
s
n
'
t t
h
e
r
e 
s
o
m
e
t
r
u
th
to
t
h
a
t
?
O
f 
c
o
u
r
s
e.
I
n f
a
c
t
, 
I
’
d s
a
y t
h
e 
s
a
m
e a
pp
l
i
e
s t
o 
a
c
a
de
m
i
c
a
p
t
i
t
u
de
.
I
 a
l
w
a
y
s w
o
n
d
e
r
e
d 
a
b
o
u
t
t
h
a
t.
W
e
ll
, t
h
i
s co
n
c
l
u
d
e
s 
t
h
e D
e
p
a
r
t
m
e
n
t o
f 
s
p
o
r
t
s a
n
d 
h
e
a
l
t
h 
s
c
i
e
n
c
e o
p
e
n c
a
m
p
u
s 
l
e
c
t
u
r
e f
o
r t
h
e co
u
r
s
e 
t
h
a
t w
i
ll b
e o
ff
e
r
e
d 
n
ex
t
te
r
m
.
G
e
n
e
s c
o
n
t
r
o
l ce
r
t
a
i
n 
 
t
r
a
i
t
s
, b
u
t a
r
e
n
’
t t
h
e
r
e 
m
a
n
y o
t
h
e
r f
a
c
t
o
r
s t
h
a
t 
d
e
t
e
r
m
i
n
e y
o
u
r a
b
i
l
i
ty a
s 
a
n a
t
h
l
e
t
e
, l
i
k
e t
r
a
i
n
i
n
g 
t
e
c
h
n
i
q
u
e
s a
n
d h
a
r
d w
o
r
k
? 
h
u
h?
Cl
a
p
 
cl
a
p
Cl
a
p
 
cl
a
p
I
 c
a
n
’
t b
e
l
i
e
v
e 
I
 d
i
d
n
’
t kn
o
w 
t
h
e P
r
o
f
e
ss
o
r 
i
s t
h
e s
o
n o
f 
t
h
e u
n
i
v
e
r
s
i
t
y 
p
r
e
s
i
d
e
n
t.
M
y p
a
r
e
n
t
s w
e
r
e 
b
o
t
h g
oo
d 
s
t
u
d
e
n
ts
.
B
u
t 
I
 t
h
i
n
k 
t
h
e
r
e
’
s m
o
r
e t
o i
t
. 
T
h
ey
en
c
o
u
r
a
ge
d
m
e t
o s
t
u
d
y 
har
d
.
I
 w
o
n
d
e
r i
f 
h
i
s t
e
a
c
h
i
n
g 
s
k
i
ll
s a
r
e 
gen
e
t
i
c.
.
.
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Even More About Cells
, Genes
, 
 
and Reproduction!
H
er
edit
y
 is a phenomenon in which char
act
eris
tics a
nd tr
aits ar
e pas
sed on f
r
om c
ell t
o 
c
ell or
 f
r
om par
ent
 t
o chil
d. In this section, w
e
’ll t
a
lk
 about
 the tw
o mecha
nisms tha
t
 a
ll
o
w 
g
enes t
o be pas
sed on t
o new c
ells or
 off
spring: c
ell division a
nd r
epr
oduction.
Cell Division
As c
ells in the skin, bone, a
nd c
er
t
ain other
 par
ts of the bod
y deg
ener
a
t
e, new r
epl
ac
e
-
ment
 c
ells ar
e cr
e
a
t
ed b
y 
c
ell division
. C
ell division is a
lso the pr
oc
es
s tha
t
 a
ll
o
ws a singl
e, 
f
er
til
iz
ed egg c
ell t
o gr
o
w int
o a bab
y during pr
egna
nc
y (which w
e
’ll c
ome back
 t
o a bit
 
l
a
t
er).
Chromosomes
B
ef
or
e w
e t
a
lk
 about
 c
ell division, though, w
e ha
ve t
o l
e
arn a bit
 about
 chr
omosomes. 
C
hr
omosomes
 ar
e ver
y l
ong s
tr
a
nds of DNA
 wr
a
pped ar
ou
nd pr
ot
eins. 
Y
ou c
a
n think
 of 
them as bu
ndl
es of DNA
 pack
ag
ed ne
a
t
l
y t
o mak
e them mor
e ma
nag
e
abl
e in the c
ell
. 
Hu
ma
ns ha
ve 46 chr
omosomes in 23 pair
s. H
a
ving pair
s ensur
es tha
t
 y
ou ha
ve tw
o
 
c
o
p
ies of a
ll the es
sentia
l DNA
 y
our
 bod
y ne
eds. C
ells tha
t
 ha
ve tw
o c
opies of e
ach chr
o
-
mosome ar
e c
a
ll
ed 
dipl
oid
.  
Of the 23 pair
s, one pair
(tw
o chr
omosomes) ar
e specia
l 
s
ex chr
omosomes
(a
lso c
a
ll
ed 
a
ll
osomes
), whil
e the other
 22 pair
s (44 chr
omosomes) ar
e c
a
ll
ed 
aut
osomes
. In f
ema
l
es, 
both sex chr
omosomes ar
e 
X
 chr
omosomes, whil
e ma
l
es ha
ve one 
X
 chr
omosome a
nd one 
Y
 chr
omosome. 
U
sua
ll
y DNA
 is mos
t
l
y u
n
w
ou
nd a
nd sc
a
t
t
er
ed a
ll o
ver
 the nucl
eus, but
 when a c
ell 
is pr
eparing t
o divide it
 pack
ag
es up e
ach s
tr
a
nd of DNA
 ne
a
t
l
y int
o chr
omosomes. 
A
t
 
tha
t
 point, w
e c
a
n use a micr
osc
ope t
o l
ook
 a
t
 the sha
pe of the 46 chr
omosomes a
nd t
ell 
whether
 the c
ell has tw
o 
Xs or
 a
n 
X
 a
nd a 
Y
. 
The nu
mber
 of chr
omosomes diff
er
s ac
c
or
ding t
o the t
ype of or
ga
nism.
 
Hu
ma
ns ha
ve 46 chr
omosomes, but
 dogs ha
ve 78 a
nd f
r
uit
 fl
ies ha
ve onl
y 8.
Did 
y
ou Know?
C
ongr
a
t
ul
a
tions, It’
s a . . .
The sex chr
omosome of a sperm c
a
n be either
 
X
 or
 
Y
, but
 the sex chr
omosome of 
a
n egg is a
l
w
a
ys 
X. 
Tha
t
 me
a
ns tha
t
 when a
n egg is f
er
til
iz
ed, the sex chr
omosome 
of the sperm det
ermines the sex of the bab
y—if the sperm has a
n 
X
 chr
omosome, 
the chil
d will be f
ema
l
e, a
nd if it
 has a 
Y
 chr
omosome, the chil
d will be ma
l
e.
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Mit
osis
Tha
t’
s right. Norma
ll
y DNA
 is ar
r
a
ng
ed in l
ong, thin c
oils so tha
t
 the c
ell c
a
n r
e
ad a
nd use 
the DNA
 c
ode, but
 these c
oils ar
e bu
ndl
ed up int
o chr
omosomes during a t
ype of c
ell divi
-
sion c
a
ll
ed 
mit
osis
. L
et’
s w
a
lk
 thr
ough tha
t
 pr
oc
es
s.
F
ir
s
t, bef
or
e mit
osis begins, DNA
 is r
epl
ic
a
t
ed in the nucl
eus. 
Then the nucl
e
ar
 mem
-
br
a
ne disint
egr
a
t
es, a
nd DNA
 bu
ndl
es up t
o f
orm chr
omosomes sha
ped l
ik
e the l
et
t
er
 
X
. 
E
ach 
X
 c
ont
ains tw
o s
tr
a
nds of identic
a
l c
ode, the origina
l a
nd a dupl
ic
a
t
e, which ar
e side 
b
y side a
nd hel
d t
og
ether
 a
t
 the middl
e. 
Those dupl
ic
a
t
e sets of chr
omosomes ar
e then 
l
ined up in the c
ent
er
 of the c
ell, a
nd e
ach set
 of dupl
ic
a
t
e chr
omosomes is pull
ed a
par
t
 b
y 
thr
e
adl
ik
e s
tr
uct
ur
es c
a
ll
ed 
micr
ot
ubul
es
 so tha
t
 e
ach c
ell will g
et
 onl
y one c
op
y
. F
ina
ll
y
, the 
c
ent
er
 of the c
ell sq
ue
ez
es tight
 u
ntil the c
ell spl
its. 
The end r
esult
 is tw
o identic
a
l c
ells, as 
sho
wn in F
igur
e 9-1.
F
igur
e 9-1: F
l
o
w
char
t
 of mit
osis
Hmm, so w
e c
a
n onl
y se
e the sha
pe of the chr
omosomes during c
ell division.
4. H
a
l
f of e
ach chr
omosome is 
pull
ed t
o either
 side b
y micr
ot
ubul
es.
Nucl
e
ar
 membr
a
ne
DNA
C
hr
omosome
1. DNA
 r
epl
ic
a
t
es.
2. Nucl
e
ar
 membr
a
ne disint
egr
a
t
es
a
nd chr
omosomes a
ppe
ar
.
3. C
hr
omosomes l
ine up
in the middl
e of the c
ell
.
6. 
The c
ell spl
its int
o tw
o c
ells, 
e
ach identic
a
l t
o the fir
s
t.
5. 
The middl
e is c
ons
trict
ed.
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Meiosis
Right, bec
ause egg a
nd sperm c
ells onl
y ne
ed ha
l
f the chr
omosomes of a r
egul
ar
 bod
y c
ell
. 
Norma
l c
ell division pr
oduc
es c
ells with the s
a
me nu
mber
 of chr
omosomes as the origina
l 
c
ell
. G
erm c
ells, ho
w
e
ver
, ha
ve ha
l
f as ma
n
y chr
omosomes as a norma
l c
ell a
nd ar
e pr
o
-
duc
ed thr
ough a specia
l kind of c
ell division c
a
ll
ed 
meiosis
. 
Meiosis begins with a c
ell tha
t
 has dupl
ic
a
t
ed a
ll its DNA, jus
t
 as in mit
osis. B
ut
 then, 
ins
t
e
ad of dividing jus
t
 onc
e, the c
ell divides twic
e. 
The r
esult
 is f
our
 g
erm c
ells, e
ach with 
23 chr
omosomes. 
These g
erm c
ells ar
e 
ha
pl
oid 
c
ells, as opposed t
o dipl
oid c
ells, which
 
ha
ve 23
 
pair
s 
of chr
omosomes. 
s
exual Reproduction
In or
der
 t
o r
epr
oduc
e, singl
e-c
ell
ed or
ga
nisms l
ik
e bact
eria or
 a
l
gae simpl
y divide in tw
o. 
With this t
ype of r
epr
oduction, c
a
ll
ed 
as
ex
ua
l
 r
epr
oduction, the new
, independent
 or
ga
nism 
is exact
l
y the s
a
me as the par
ent. B
y c
ontr
as
t, a
l
mos
t
 a
ll multic
ell
ul
ar
 or
ga
nisms (incl
uding 
hu
ma
ns) r
el
y on sex
ua
l r
epr
oduction, which pr
oduc
es off
spring diff
er
ent
 f
r
om either
 of its 
par
ents. 
Sex
ua
l r
epr
oduction depends on ga
met
es: the sperm a
nd egg c
ells. Sperm c
ells ar
e 
pr
oduc
ed in the t
es
ticl
es of a ma
l
e, whil
e egg c
ells ar
e pr
oduc
ed a
nd ma
t
ur
ed in the
 
o
v
a
ries of a f
ema
l
e. 
F
ema
l
es ar
e born with one t
o tw
o mill
ion 
o
v
aria
n f
oll
icl
es
. E
ach o
v
aria
n f
oll
icl
e is a gr
oup 
of c
ells tha
t
 sur
r
ou
nd a singl
e, imma
t
ur
e egg c
ell (a
lso c
a
ll
ed a
n 
ov
u
m
). 
Af
t
er
 the onset
 of 
puber
t
y
, e
ach month a singl
e o
v
aria
n f
oll
icl
e ma
t
ur
es a
nd bec
omes r
e
ad
y f
or
 f
er
til
iz
a
tion, 
whil
e se
ver
a
l thous
a
nd other
 o
v
aria
n f
oll
icl
es ar
e s
t
e
adil
y r
e
ab
sor
bed b
y the bod
y
. E
vent
u
-
a
ll
y the suppl
y of o
v
aria
n f
oll
icl
es r
u
ns out.
When a
n o
v
aria
n f
oll
icl
e ma
t
ur
es, the egg c
ell is r
el
e
ased f
r
om the f
oll
icl
e a
nd pushed 
out
 of the o
v
ar
y
. 
This pr
oc
es
s is c
a
ll
ed 
o
vul
a
tion


 (se
e F
igur
e 9-2). 


The egg c
ell is then 
Y
ou kno
w tha
t
 r
epr
oductive c
ells (a
lso c
a
ll
ed 
g
er
m c
ells
o
r 
ga
met
es
) u
nder
go specia
l c
ell 
division, right?
The t
es
ticl
es pr
oduc
e new sperm a
ll the time, but
 the nu
mber
 of eggs in the o
v
aries is 
finit
e, isn
’t
 it?
In
t
er
phase
So f
ar
 w
e
’ve be
en t
a
lking about
 ho
w c
ells divide, c
a
ll
ed the 
division phas
e
, but
 mos
t
 
of the time c
ells ar
e in a s
t
ag
e of 
int
er
phas
e
. In int
er
phase, c
ells use the inf
orma
-
tion in DNA
 t
o gr
o
w
, c
oll
ect
 nutrients, mak
e pr
ot
eins, a
nd per
f
orm their
 specia
l
iz
ed 
f
u
nctions in the bod
y
. 
Whene
ver
 nec
es
s
ar
y
, a c
ell in int
er
phase c
a
n initia
t
e a
nother
 
division phase t
o cr
e
a
t
e tw
o c
ells, which then s
t
ar
t
 in int
er
phase. 
T
og
ether
, int
er
-
phase a
nd the division phase mak
e up the c
ompl
et
e c
ell c
y
cl
e.
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guided b
y the 
fimbria
e
, a kind of f
ring
e of tis
sue, int
o the 
f
a
ll
opia
n t
ube
 wher
e it
 might
 
enc
ou
nt
er
 sperm. Me
a
n
whil
e, the o
v
aria
n f
oll
icl
e tha
t
 pr
oduc
ed the egg cha
ng
es sha
pe a
nd 
bec
omes a 
c
or
pus l
ut
eu
m
. If the egg c
ell enc
ou
nt
er
s a sperm c
ell, t
h
e
 
e
g
g
 
i
s
 
f
e
r
t
i
l
i
z
e
d
 
a
n
d 
will then send a mes
s
ag
e t
o the c
or
pus l
ut
eu
m, which will c
ontinue t
o pl
a
y a cr
ucia
l r
ol
e b
y
 
secr
eting impor
t
a
nt
 hormones t
o pr
omot
e pr
egna
nc
y (se
e “Sex H
ormones” on pag
e 219).
F
igur
e 9-2: 
The o
vul
a
tion pr
oc
es
s
No
w l
et’
s t
urn back
 t
o the sperm. 
When sperm c
ells ent
er
 the v
agina, a vigor
ous 
c
ompetition t
o r
e
ach the egg ensues (se


e F
igur
e 9-3).


The nu
mber
 of sperm ejacul
a
t
ed a
t
 one time r
a
ng
es f
r
om t
ens of mill
ions t
o a hu
ndr
ed 
mill
ion. During the c
ompetition, some sperm po
w
er
 ahe
ad whil
e other
s l
ose their
 w
a
y a
nd 
dr
op out. 
The nu
mber
 of sperm tha
t
 t
ypic
a
ll
y r
e
ach the f
a
ll
opia
n t
ubes is es
tima
t
ed t
o be 
in the t
ens of thous
a
nds, a
nd about
 100 ma
nag
e t
o ar
rive in the vicinit
y of the egg. Onl
y 
one singl
e sperm is c
a
pabl
e of ultima
t
el
y f
er
til
izing the egg, but
 it’
s entir
el
y pos
sibl
e tha
t
 
none will mak
e it.
Onl
y one sperm c
a
n f
er
til
iz
e the egg, right? H
o
w ma
n
y sperm ar
e usua
ll
y c
ompeting
?
During ovulation, an ov
arian f
ollicle 
re
leases 
a ma
tu
re
 egg, which ent
er
s the 
fa
llopian t
ube. 
The f
ollicle tha
t 
sur
ro
unded the egg then changes 
int
o a 
co
rpus lu
te
um
.
Fa
llopian t
ube
Ov
ar
y
Co
rpus
lu
te
um
Fi
mbriae
Eg
g
Ov
aria
n
fo
llicle
The l
if
espa
n of a ma
t
ur
e egg is betw
e
en ha
l
f a da
y a
nd one da
y
, a
nd the l
if
e 
spa
n of a sperm is a
ppr
o
xima
t
el
y tw
o t
o thr
e
e da
ys.
Did 
y
ou Know?
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F
igur
e 9-3: 
The f
er
til
iz
a
tion r
ac
e
C
il
ia a
l
ong the inner
 sur
f
ac
e of the f
a
ll
opia
n t
ube c
ar
r
y the egg t
o the ut
er
us, a
nd if it’
s 
be
en f
er
til
iz
ed, the egg begins ma
n
y r
ou
nds of c
ell division a
nd s
t
ar
ts t
o gr
o
w
. 
The f
er
til
-
iz
ed egg then impl
a
nts itsel
f wher
e
ver
 it
 l
a
nds on the 
end
ometriu
m
 (the inner
 w
a
ll of the 
ut
er
us), a
nd tha
t’
s wher
e it
 will de
vel
op thr
oughout
 pr
egna
nc
y
, as sho
wn in F


igur
e 9-4. 


R
el
a
tivel
y f
ew sperm r
e
ach the vicinit
y of the egg. 
The ver
y fir
s
t
 sperm t
o r
e
ach the egg will f
er
til
iz
e it. 
On y
our marks. Get set
.
 
Go!
So long, 
sucker!
 
sucker!
B
etw
e
en 10 a
nd 100 mill
ion sperm s
t
ar
t
 a
t
 the s
a
me time.
The sperm r
ac
e t
o the w
omb. Some g
et
 l
os
t
 or
 die a
l
ong 
the w
a
y
.
I’m going
this w
a
y
.
F
a
ll
opia
n
t
ubes
Y
ou ar
e her
e.
Eg
g
Hey!
Which w
a
y
do I go?!
I win!
Let’s make 
a baby!
Eg
g
Aaagh!!
Sperm c
ontinue t
o push on af
t
er
 deciding whether
 t
o go
l
ef
t
 or
 right
 a
t
 the entr
a
nc
e t
o the f
a
ll
opia
n t
ubes.




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F
igur
e 9-4: F
r
om f
er
til
iz
a
tion t
o impl
a
nt
a
tion
B
ut
 c
ell division s
t
ar
ts e
ven bef
or
e the f
er
til
iz
ed egg r
e
aches the ut
er
us, right?
Tha
t’
s right. C
ell division begins immedia
t
el
y af
t
er
 f
er
til
iz
a
tion, a
nd then the c
ells s
t
ar
t
 t
o 
specia
l
iz
e ar
ou
nd the time of impl
a
nt
a
tion in the ut
er
us.
The f
er
til
iz
ed egg tr
a
vels
f
or
 a
ppr
o
xima
t
el
y se
ven
da
ys betw
e
en f
er
til
iz
a
tion
a
nd impl
a
nt
a
tion.
F
er
til
iz
a
tion
Ut
er
us
Impl
a
nt
a
tion
G
es
t
a
tion P
eriod
F
r
om the time of f
er
til
iz
a
tion, it
 t
ak
es a
ppr
o
xima
t
el
y 38 w
e
eks f
or
 the f
er
til
iz
ed egg 
t
o de
vel
op int
o a bab
y c
a
pabl
e of sur
viving outside the w
omb. B
ut
 the pr
egna
nc
y 
period is of
t
en c
onsider
ed t
o begin on the fir
s
t
 da
y of the l
as
t
 mens
tr
ua
l period, 
which is r
oughl
y tw
o w
e
eks bef
or
e o
vul
a
tion a
nd f
er
til
iz
a
tion oc
cur
. 
Tha
t
 mak
es f
or
 
a t
ot
a
l timel
ine of 40 w
e
eks.
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d m
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t r
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e b
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 c
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c
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t r
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b
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s l
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c
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b
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d
c
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n b
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c
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e p
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l c
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c
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s b
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c
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c
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b
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e c
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c
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c
e
)
, 
t
h
e p
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c
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d d
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e d
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e c
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l c
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c
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n
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d p
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c
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c
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l
l
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D
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u
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e
r
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h
e b
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i
c
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T
h
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i
c
l
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e
c
r
e
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g
e
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a
l
e h
o
r
m
o
n
e
s
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d p
r
o
d
u
c
e s
p
e
r
m
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M
o
s
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f t
h
e
s
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g
l
a
n
d
s h
a
v
e m
a
n
y 
f
u
n
c
t
i
o
n
s
, b
u
t 
h
e
r
e
'
s a q
u
i
c
k 
o
v
e
rv
i
e
w
.
Wha
t 
I
s the Endocrine 
s
ystem?
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c
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h
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d
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e p
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c
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s b
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c
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c
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d t
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e l
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c
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c
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o r
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c
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d
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c
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d o
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c
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d c
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 A
ll o
f t
h
i
s h
a
pp
e
n
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co
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c
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s
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o
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n
’t
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e
l
i
b
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l t
h
e e
n
d
o
c
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t
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.
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c
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i
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e k
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w d
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e
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e
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s
i
g
n
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l
s t
o s
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e
c
i
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c 
o
r
g
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r
e j
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h
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m
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o
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ll
y d
o 
h
a
v
e s
o
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e s
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t t
o d
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L
e
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o 
a
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s o
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c
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g
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f c
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o
n
l
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e
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s c
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n r
e
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e
i
v
e 
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h
e h
o
r
m
o
n
e
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i
ns
t
r
u
c
t
i
o
ns
.
I
 s
ee
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I
t
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o
r
t o
f l
i
k
e a 
k
e
y
h
o
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e
. A h
o
r
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e 
a
c
t
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n a
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r
g
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t
s k
e
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h
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e c
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i
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d
o
c
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e
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. A
n
d e
v
e
n t
r
a
c
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a
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o
u
n
t
s o
f a h
o
r
m
o
n
e c
a
n 
h
a
v
e a s
i
g
n
i
f
i
c
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t e
ff
e
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W
o
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, i
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s a r
e
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nt
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c
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y
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f t
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c
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c
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o b
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c
e
ll
s h
a
v
e r
e
c
e
p
t
o
r
s 
t
h
a
t r
e
s
p
o
n
d o
n
l
y t
o 
c
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p
s
t
r
e
a
m 
s
o
u
r
ce
s l
i
k
e t
h
e h
y
p
o
t
h
a
l
a
m
u
s 
c
o
n
t
r
o
l
s h
o
r
m
o
n
e s
e
cr
e
t
i
o
n 
d
o
w
n
s
t
r
e
a
m i
n p
l
a
ce
s l
i
k
e 
th
e
 
th
y
r
o
i
d
.
I
 s
ee
, 
 
t
h
e
y b
oo
s
t 
t
h
yr
o
i
d
h
o
r
m
o
n
e 
s
e
cr
e
t
i
o
n 
f
u
r
th
e
r
d
o
w
n
s
t
r
e
a
m
.
T
h
a
t
’
s
c
o
rr
e
c
t.
T
h
e n
e
g
a
t
i
v
e 
 
f
ee
d
b
a
c
k
me
c
ha
ni
s
m
!
I
 k
n
o
w
! 
 
I
kn
o
w
!
t
h
e g
l
a
n
d
s a
d
j
u
s
t 
t
h
e
i
r s
e
c
r
e
t
i
o
n 
le
v
e
l
.
y
e
s
, t
h
a
t
’
s 
r
i
g
h
t
. A
s a
n 
e
x
a
m
pl
e
.
.
.
L
oo
k a
t t
h
e t
h
y
r
o
i
d 
gl
a
n
d
h
o
r
m
on
e
s
.
T
h
a
t
’
s h
o
w h
o
r
m
o
n
e 
l
e
v
e
l
s a
r
e a
d
j
u
s
t
e
d 
i
n t
h
e b
l
oo
d
. 
I
f t
h
e 
l
e
v
e
l
s g
e
t t
oo h
i
g
h 
o
r t
oo l
o
w
.
.
.
L
e
t
’
s c
a
ll t
h
e 
h
yp
o
th
a
l
a
m
u
s
a
n
d
p
it
u
it
a
r
y
h
o
r
m
o
n
e
s
u
p
s
t
r
e
a
m s
i
n
ce t
h
e
y 
c
o
m
e e
a
r
l
i
e
r i
n 
t
h
e c
a
u
s
a
l c
h
a
i
n
.
Balancing 
h
ormone 
L
evels
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I
t
’s s
o
r
t o
f 
 
l
i
k
e h
o
w t
h
e
r
e a
r
e 
d
i
ff
e
r
e
n
t w
a
y
s t
o 
s
t
u
d
y f
o
r a t
e
s
t
! 
I
 u
s
e
d 
t
o f
o
c
u
s o
n r
o
t
e 
m
e
m
o
r
i
z
a
t
i
o
n
, b
u
t n
o
w 
I
’
m t
a
k
i
n
g m
o
r
e t
i
m
e t
o 
u
n
d
e
r
s
t
a
n
d t
h
e c
o
n
c
e
p
t
s 
b
e
h
i
n
d e
a
c
h l
e
ss
o
n
.
I
t c
a
n
’
t 
b
e!
I
t
’
s a
l
r
e
a
d
y 
t
h
at
l
at
e
?
!
I
'
ll l
e
n
d 
a h
a
n
d
.
I
'
v
e g
o
t 
t
h
is
en
d
.
L
e
t m
e 
h
e
l
p.
F
o
r e
x
a
m
p
l
e
, s
e
v
e
r
a
l 
d
i
ff
e
r
e
n
t h
o
r
m
o
n
e
s c
a
n 
i
n
cr
e
a
s
e b
l
oo
d s
u
g
a
r 
l
e
v
e
l
s (
p
a
g
e 2
2
1
) i
n
c
l
u
d
i
n
g 
g
l
u
c
a
g
o
n
, a
d
r
e
n
a
l
i
n
e
, a
n
d 
g
l
u
c
o
co
r
t
i
c
o
i
d
.
 
 
T
h
e
y a
ll h
a
v
e a s
i
m
i
l
a
r eff
e
c
t 
o
n t
h
e b
l
oo
d s
u
g
a
r l
e
v
e
l
, b
u
t 
t
h
e
y u
s
e d
i
ff
e
r
e
n
t m
e
c
h
a
n
i
s
m
s
.
 
 
T
h
e
y c
o
m
e f
r
o
m d
i
ff
e
r
e
n
t 
s
o
u
r
ce
s t
oo
—
g
l
u
c
a
g
o
n i
s 
s
e
cr
e
t
e
d b
y t
h
e p
a
n
cr
e
a
s
, 
w
h
i
l
e a
d
r
e
n
a
l
i
n
e a
n
d 
g
l
u
c
oc
o
r
t
i
c
o
i
d
s a
r
e s
e
cr
e
t
e
d 
b
y t
h
e a
d
r
e
n
a
l g
l
a
n
d
s
.
D
i
f
f
e
r
e
n
t h
o
r
m
o
n
e
s c
a
n c
o
n
t
r
i
b
u
t
e 
 
t
o t
h
e s
a
m
e o
u
t
c
o
m
e
.
B
l
ood
s
u
ga
r
le
v
e
l
A
c
c
e
l
e
r
a
t
o
r
Br
a
k
e
Gl
u
c
a
go
n
dee
p
 
no
d
y
i
k
e
s
!
!
w
h
oo
s
h
A
d
r
e
na
lin
e
G
l
u
coco
r
t
i
co
i
d
I
t
’
s l
i
k
e h
o
r
m
o
n
e 
p
r
o
d
u
ct
i
o
n
c
o
n
t
i
n
u
a
lly
a
cc
e
l
e
r
a
t
e
s a
n
d 
b
r
a
k
e
s t
o s
t
a
y 
n
e
a
r a c
o
n
s
t
a
n
t 
l
e
v
e
l
.
T
h
at
’
s
r
i
g
h
t
!
I
t
’
s a
l
s
o t
r
u
e t
h
a
t 
s
e
v
e
r
a
l d
iff
e
r
e
n
t 
h
o
r
m
o
n
e
s c
a
n h
a
v
e t
h
e 
s
a
m
e k
i
n
d o
f e
ff
e
c
t
.
d
r
e
a
m
y
.
.
.
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!
C
a
n 
I
 
 
s
t
a
r
t r
i
g
h
t 
a
w
a
y?
W
h
at
’
s
g
o
i
n
g o
n 
h
e
r
e
? 
y
o
u
r 
o
u
t
f
i
t
...
N
o,
n
o,
n
o
t a
t 
a
ll.
I
 s
u
pp
o
s
e y
o
u 
c
a
n b
e
g
i
n
. 
B
e
tt
e
r
h
u
rr
y
...
s
h
ee
s
h
!
I
 w
a
s
n
’
t j
u
s
t 
m
e
m
o
r
izi
n
g
f
a
c
ts
a
n
y
w
a
y
!
W
h
i
l
e y
o
u c
a
n 
s
t
i
ll r
e
m
e
m
b
e
r 
s
o
m
e
t
h
i
n
g f
r
o
m 
y
o
u
r l
a
s
t
-
m
i
n
u
t
e 
c
r
a
m s
e
ssi
o
n
.
I
 h
o
p
e y
o
u 
k
e
p
t y
o
u
r 
p
ri
o
ri
t
i
e
s
s
t
r
a
i
g
h
t.
y
o
u h
a
v
e 
y
o
u
r w
o
r
k 
c
u
t
o
u
t
f
o
r y
o
u
.
.
.
I
’
m r
u
nn
i
n
g i
n 
th
e
m
a
r
a
th
o
n
t
o
d
a
y.
I
s t
h
i
s s
o
m
e 
k
i
n
d o
f 
j
o
k
e?
Ba
m
A
h
...
B
le
hh
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s
m
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i
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P
r
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s
u
r
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C
on
c
e
n
ll
t
r
a
t
e
d 
D
i
lu
t
e
d
Ta
p
S
c
r
i
bb
le
 
s
c
r
i
bb
le
S
c
r
i
bb
le
H
a h
a 
ha
E
n
do
c
ri
ne
S
ys
t
e
m
h
U
rr
A
y
!
h
u
h?
C
li
c
k
 
c
li
c
k
U
h
-
o
h
!
 
T
h
e m
a
r
a
t
h
o
n 
h
a
s a
l
r
e
a
d
y 
s
t
a
r
t
e
d.
I
 a
l
w
a
y
s 
 
h
a
v
e s
u
c
h a h
a
r
d 
t
i
m
e w
i
t
h t
h
a
t 
a
w
f
u
l e
n
d
ocr
i
n
e 
s
y
s
t
e
m
.
B
u
t y
e
s
t
e
r
d
a
y
, 
I
 
g
o
t i
t a
ll u
n
d
e
r 
co
n
t
r
o
l
, t
h
a
n
k
s 
t
o P
r
o
f
e
ss
o
r 
K
a
i
se
i.
N
o t
a
l
k
i
n
g d
u
r
i
n
g 
th
e
e
x
a
m
!
I
 c
a
n h
e
a
r 
t
h
e s
t
a
r
t
e
r 
p
i
s
t
o
l
...
W
h
a-
 
w
h
at
’
s
t
h
at
?
!
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!
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rof
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Even more about the Endocrine 
s
ystem!
No
w tha
t
 y
ou ha
ve a g
ener
a
l u
nder
s
t
a
nding of the endocrine s
ys
t
em, I’ll t
a
lk
 mor
e about
 
the main endocrine gl
a
nds, one a
t
 a time. 
A
t
 the end of the cha
pt
er
, y
ou’ll find a ha
nd
y
 
su
mmar
y with the na
mes a
nd actions of the hormones secr
et
ed b
y e
ach endocrine
 
gl
a
nd.
The 
h
yp
othalamus and Pituit
ary Gland
L
et’
s s
t
ar
t
 with the h
ypotha
l
a
mus a
nd pit
uit
ar
y gl
a
nd. It’
s hel
pf
ul t
o think
 of these as the 
he
adq
uar
t
er
s or
 c
ontr
ol c
ent
er
 of the endocrine s
ys
t
em. Ma
n
y of the hormones r
el
e
ased 
b
y the h
ypotha
l
a
mus a
nd pit
uit
ar
y gl
a
nd act
 as signa
ls t
o other
 endocrine gl
a
nds, t
ell
-
ing them t
o secr
et
e their
 o
wn hormones. 
The 
h
ypot
ha
l
a
mus
, which is l
oc
a
t
ed abo
ve 
the pit
uit
ar
y gl
a
nd, int
er
acts with both the ner
v
ous s
ys
t
em a
nd the endocrine s
ys
t
em 
(F
igur
e
 
10-1).
F
igur
e 10-1: Hypot
ha
l
a
mus a
nd pit
uit
ar
y gl
a
nd
The 
pit
uit
ar
y gl
a
nd
 c
onsis
ts mainl
y of a
n a
nt
erior
 l
obe a
nd a pos
t
erior
 l
obe. 
The a
nt
e
-
rior
 l
obe pr
oduc
es a
nd r
el
e
ases six hormones tha
t
 s
timul
a
t
e other
 endocrine gl
a
nds. 
These 
hormones, whose r
el
e
ase is r
egul
a
t
ed b
y the h
ypotha
l
a
mus, ar
e a c
ontr
ol mecha
nism f
or
 
the endocrine s
ys
t
em as a whol
e.
The pos
t
erior
 l
obe of the pit
uit
ar
y gl
a
nd secr
et
es tw
o t
ypes of hormones. H
o
w
e
ver
, 
the pos
t
erior
 pit
uit
ar
y does not
 pr
oduc
e these hormones. Ins
t
e
ad, they ar
e cr
e
a
t
ed b
y spe
-
cia
l
iz
ed neur
ons tha
t
 s
tr
et
ch do
wn f
r
om the h
ypotha
l
a
mus, tr
a
nspor
ting mol
ecul
es do
wn 
their
 ax
ons t
o the pos
t
erior
 pit
uit
ar
y
, wher
e they ar
e r
el
e
ased int
o the bl
ood. In other
 
w
or
ds, the pos
t
erior
 pit
uit
ar
y is simpl
y a r
el
e
ase out
l
et


 (se
e F
igur
e 10-2).


Other
 endocrine gl
a
nds
Th
yr
oid gl
a
nd
Adr
ena
l gl
a
nd
T
es
ticl
es, o
v
aries, et
c.
Some hormones act
 as signa
ls 
tha
t
 s
timul
a
t
e other
 endocrine 
gl
a
nds, which, in t
urn, send out
 
hormones t
o aff
ect
 the 
t
ar
g
et
 or
ga
ns.
Hypotha
l
a
mus
H
ormones
P
it
uit
ar
y 
gl
a
nd


[image: background image]
T
h
e T
h
y
r
o
i
d a
n
d P
a
r
a
t
h
y
r
o
i
d
 
2
1
3


F
igur
e 10-2: 

The h
ypot
ha
l
a
mus s
ends hor
mones t
o t
he pos
t
erior
 pit
uit
ar
y
.
The Thyroid and Para
thyroid
The 
t
h
yr
oid gl
a
nd
 (or
 simpl
y the 
t
h
yr
oid
) is l
oc
a
t
ed in the neck. It’
s r
egul
a
t
ed b
y the 
th
yr
oid-s
timul
a
ting hormone (TSH), which is secr
et
ed b
y the a
nt
erior
 pit
uit
ar
y
.
F
igur
e 10-3: L
oc
a
tion of t
he t
h
yr
oid gl
a
nd
Hypotha
l
a
mus
H
ormones ar
e s
ynthesiz
ed b
y neur
on 
c
ell bodies in the h
ypotha
l
a
mus a
nd 
then tr
a
nspor
t
ed do
wn the ax
ons t
o 
the pos
t
erior
 pit
uit
ar
y
, wher
e they ar
e 
r
el
e
ased int
o the bl
ood.
P
it
uit
ar
y gl
a
nd
A
xo
n
Ant
erior
 l
obe
P
os
t
erior
 l
obe
G
r
o
w
th H
ormone Disor
der
s
One of the hormones pr
oduc
ed b
y the pit
uit
ar
y gl
a
nd is 
gr
o
w
t
h hor
mone
. If t
oo 
much gr
o
w
th hormone is pr
oduc
ed during chil
dhood, l
ong bones such as those in 
the l
egs will c
ontinue t
o gr
o
w
, c
ausing a per
son t
o bec
ome extr
aor
dinaril
y t
a
ll
. 
This 
c
ondition is c
a
ll
ed 
giga
ntism
. If gr
o
w
th hormone is pr
oduc
ed ex
c
es
sivel
y in a
n adult
 
(due t
o a pit
uit
ar
y t
u
mor
, f
or
 exa
mpl
e), then a per
son
’
s ha
nds, f
e
et, a
nd ja
w bec
ome 
enl
ar
g
ed. 
This c
ondition is c
a
ll
ed 
acr
omega
l
y
. It’
s tr
e
a
t
ed primaril
y with s
ynthetic 
f
orms of soma
t
os
t
a
tin, a hormone tha
t
 inhibits gr
o
w
th hormone.
Th
yr
oid glan
d
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The th
yr
oid hormones incl
ude 
t
h
yr
o
xine
 (T4) a
nd 
triiod
ot
h
yr
onine
 (T3)—the nu
mber
s 
r
epr
esent
 the q
ua
ntit
y of iodine a
t
oms per
 mol
ecul
e in tha
t
 hormone. 
These th
yr
oid hor
-
mones ac
c
el
er
a
t
e 
bas
a
l met
a
bol
ism
—the a
mou
nt
 of ener
gy the bod
y uses whil
e a
t
 r
es
t. 
If ther
e
’
s a
n ex
c
es
s of these hormones, the bod
y will c
onsu
me ener
gy as if it
 w
er
e highl
y 
active e
ven if it’
s a
t
 r
es
t, pot
entia
ll
y l
e
ading t
o f
a
tigue. 
As sho
wn in F
igur
e 10-4, this ma
y 
be ac
c
ompa
nied b
y s
ympt
oms such as t
ach
y
c
ar
dia (a
n abnorma
ll
y f
as
t
 r
es
ting he
ar
t
 r
a
t
e), 
pr
otr
uding eyeba
lls, a
nd a
n enl
ar
g
ed th
yr
oid. 
G
r
a
ves
’ dis
e
as
e
 (a
lso c
a
ll
ed 
Bas
ed
o
w s
yn
-
dr
ome
) is a w
ell-kno
wn t
ype of h
yper
th
yr
oidism tha
t
 c
a
n pr
oduc
e such s
ympt
oms. 
On the other
 ha
nd, if the th
yr
oid hormone l
e
vel is t
oo l
o
w
, a per
son experienc
es a 
dr
op in met
abol
ism, which in t
urn c
a
n c
ause l
is
t
l
es
snes
s, a decr
e
ase in bod
y t
emper
a
t
ur
e, 
edema (s
w
ell
ing of bod
y tis
sues), a
nd a decr
e
ase in per
spir
a
tion (se
e F
igur
e 10-4). 
F
igur
e 10-4: S
ympt
oms of a
n o
ver- or
 u
nd
er
active t
h
yr
oid
F
our
 sma
ll endocrine gl
a
nds, c
a
ll
ed 
par
a
t
h
yr
oid gl
a
nds
, ar
e a
t
t
ached t
o the th
yr
oid 
gl
a
nd. 
The par
a
th
yr
oid gl
a
nds ar
e na
med f
or
 their
 pr
o
ximit
y t
o the th
yr
oid, but
 they ar
e 
c
ompl
et
el
y independent
 a
nd ser
ve a diff
er
ent
 f
u
nction tha
n the th
yr
oid. 
They secr
et
e a 
par
a
t
hor
mone (P
TH)
, which incr
e
ases the bl
ood c
a
lciu
m l
e
vel (se


e F
igur
e 10-5).


C
ol
d int
ol
er
a
nc
e
Hyper
th
yr
oidism
P
r
otr
uding eyeba
lls
T
ach
y
c
ar
dia
H
e
a
v
y br
e
a
thing
P
er
spir
a
tion
Thump
Thump
Ha ha
Hypoth
yr
oidism
Ugh
Lis
t
l
es
snes
s
L
o
w bod
y
t
emper
a
t
ur
e
E
dema
Over
ac
tive P
ar
a
th
yr
oid Gl
a
nds
If the par
a
th
yr
oid gl
a
nds ar
e t
oo active, t
oo much bone will be br
ok
en do
wn, mak
-
ing the bones brit
t
l
e. 
This w
oul
d a
lso l
e
ad t
o 
h
yper
c
a
lc
emia
, or
 t
oo much c
a
lciu
m in 
the bl
ood, which c
a
n c
ause bone pain, w
e
aknes
s, a
nd f
a
tigue, a
nd a
n incr
e
ased risk
 
of kid
ney s
t
ones.
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F
igur
e 10-5: F
u
nctions of par
a
t
hor
mone (P
TH)
It
 sur
e is. 
C
a
lciu
m
 is indispens
abl
e t
o f
u
nctions l
ik
e muscl
e c
ontr
action, ner
ve tr
a
nsmis
sion, 
a
nd bl
ood c
oagul
a
tion. If ther
e is t
oo l
it
t
l
e c
a
lciu
m in the bl
ood, muscl
es c
a
n no l
ong
er
 
mo
ve smoothl
y
. P
ar
a
thormones k
e
ep the bl
ood c
a
lciu
m l
e
vel f
r
om dr
opping t
oo l
o
w
.
The Adrenal Glands
The adr
ena
l gl
a
nds, sit
ua
t
ed on t
op of the kid
neys, c
onsis
t
 of a
n 
adr
ena
l c
or
t
ex
 a
nd a
n 
adr
ena
l medull
a
, e
ach of which secr
et
es diff
er
ent
 hormones (F
igur
e 10-6).
F
igur
e 10-6: 
Adr
ena
l c
or
t
ex a
nd adr
ena
l medull
a
P
TH pr
omot
es ab
sor
ption of c
a
lciu
m f
r
om 
bones a
nd the int
es
tines, a
nd suppr
es
ses 
ex
cr
etion of c
a
lciu
m f
r
om urine, which 
incr
e
ases the bl
ood c
a
lciu
m l
e
vel
.
B
one
A
b
sor
ption
Dig
es
tive
tr
act
A
b
sor
ption
Bl
ood
Kid
ney
Suppr
es
sion
P
TH
Adr
enal medulla
Adr
enal glands
Adr
enal 
co
rt
ex
Kidney
The bl
ood c
a
lciu
m l
e
vel is extr
emel
y impor
t
a
nt, isn
’t
 it?
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The adr
ena
l c
or
t
ex secr
et
es 
s
t
er
oid hor
mones
, me
a
ning tha
t
 they ar
e s
ynthesiz
ed 
f
r
om chol
es
t
er
ol
. 
Although chol
es
t
er
ol has a bad r
eput
a
tion, it
 is a nec
es
s
ar
y c
omponent
 
of
 
the hu
ma
n bod
y
. 
The thr
e
e t
ypes of hormones secr
et
ed b
y the adr
ena
l c
or
t
ex ar
e gl
uc
o
-
c
or
tic
oids, miner
a
l
oc
or
tic
oids, a
nd a
ndr
og
ens—e
ach of these c
omes f
r
om a diff
er
ent
 l
a
yer
 
of the c
or
t
ex (F
igur
e 10-7). 
F
igur
e 10-7: F
u
nctions of t
he adr
ena
l c
or
t
ex hor
mones
G
l
uc
oc
or
tic
oids
 ar
e in
v
ol
ved in mobil
izing gl
uc
ose int
o the bl
oods
tr
e
a
m, which is wh
y 
g
lu
co
 is par
t
 of their
 na
me. 
They a
lso suppr
es
s infl
a
mma
tion a
nd other
 immu
ne s
ys
t
em 
r
esponses, a
nd ar
e widel
y used in pharmac
eutic
a
l dr
ugs.
Miner
a
l
oc
or
tic
oids
 aff
ect
 the ba
l
a
nc
e of w
a
t
er
 a
nd sodiu
m in the bod
y
. 
The mos
t
 impor
-
t
a
nt
 hormone in this c
a
t
egor
y is a
l
dos
t
er
one. 
A
l
d
os
t
er
one
 infl
uenc
es the r
ena
l t
ubul
e of the
 
kid
neys t
o pr
omot
e the r
e
ab
sor
ption of sodiu
m int
o the bl
oods
tr
e
a
m. 
This dr
a
ws w
a
t
er
 int
o
 
the bl
oods
tr
e
a
m as w
ell a
nd r
educ
es the v
ol
u
me of urine, k
e
eping mor
e fl
uid in the bod
y
 
(se
e “R
e
ab
sor
bing 
W
a
t
er
 a
nd Nutrients” on pag
e 87).
Andr
og
ens
 ar
e secr
et
ed b
y the adr
ena
l c
or
t
ex. 
Andr
og
ens ar
e of
t
en c
a
ll
ed “ma
l
e hor
-
mones,” but
 these hormones ar
e pr
oduc
ed b
y the adr
ena
l c
or
t
ex in both ma
l
es a
nd f
ema
l
es.
 
 
Tha
t’
s right. 
And if t
oo ma
n
y gl
uc
oc
or
tic
oids ar
e secr
et
ed b
y the adr
ena
l c
or
t
ex, the a
mou
nt
 
of adr
enoc
or
tic
otr
opic hormone is r
educ
ed t
o ba
l
a
nc
e things out. 
This is a
n exa
mpl
e of a
 
nega
tive f
e
edback
 mecha
nism (as sho
wn in “Ba
l
a
ncing H
ormone L
e
vels” on pag
e 207).
Andr
og
ens (ma
l
e hormones) 
ar
e a
lso secr
et
ed in f
ema
l
es
Adr
ena
l c
or
t
ex
G
l
uc
oc
or
tic
oids
Suppr
es
s infl
a
mma
tion a
nd
incr
e
ase bl
ood sugar
 l
e
vel
Adr
ena
l medull
a
Miner
a
l
oc
or
tic
oids
P
r
omot
e r
e
ab
sor
ption of 
sodiu
m
Andr
og
ens
The adr
ena
l c
or
t
ex hormones ar
e r
egul
a
t
ed b
y the 
adr
enoc
or
tic
otr
opic hor
mone
, which is 
secr
et
ed b

y the a
nt
erior
 pit
uit
ar
y
, right?
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Next, l
et’
s t
a
lk
 about
 the adr
ena
l medull
a, which secr
et
es 
adr
ena
l
ine
. The 
adr
ena
l 
medull
a r
el
e
ases mor
e adr
ena
l
ine when it’
s trigg
er
ed b
y the s
ympa
thetic ner
v
ous s
ys
t
em 
(as par
t
 of wha
t’
s of
t
en c
a
ll
ed a fight-or-fl
ight
 r
esponse). In other
 w
or
ds, adr
ena
l
ine l
e
vels 
incr
e
ase when y
ou ar
e ex
cit
ed, sc
ar
ed, or
 in the middl
e of s
tr
enuous activit
y
. 
The adr
ena
l 
medull
a is a
l
mos
t
 l
ik
e a
n ext
ension of the s
ympa
thetic ner
v
ous s
ys
t
em (se
e F
igur
e 10-8).
F
igur
e 10-8: 
The adr
ena
l medull
a a
nd s
ympa
t
hetic ner
v
ous s
ys
t
em w
or
k
 
 
t
og
et
her
 t
o r
el
e
as
e high l
e
vels of adr
ena
l
ine.
The Pancreas
The 
pa
ncr
e
as
 f
u
nctions as both a
n ex
ocrine gl
a
nd a
nd a
n endocrine gl
a
nd. 
An 
ex
ocrine 
gl
a
nd
 secr
et
es fl
uid b
y w
a
y of a duct
 t
o a
nother
 ar
e
a either
 inside or
 outside the bod
y
. In 
this c
ase, the fl
uid is a dig
es
tive pa
ncr
e
a
tic juic
e secr
et
ed int
o the duodenu
m via the pa
n
-
cr
e
a
tic duct. B
ut
 as a
n 
end
ocrine gl
a
nd
, the pa
ncr
e
as a
lso secr
et
es hormones dir
ect
l
y int
o 
the bl
oods
tr
e
a
m. 
This endocrine f
u
nction is per
f
ormed b
y cl
us
t
er
s of c
ells tha
t
 ar
e s
c
a
t
-
t
er
ed thr
oughout
 the pa
ncr
e
as l
ik
e isl
a
nds. 
T
og
ether
 they ar
e c
a
ll
ed the 
isl
ets of L
a
ng
erha
ns
 


(F
igur
e 10-9). 

The isl
ets of La
ng
erha
ns incl
ude 
A
 c
ells (a
l
pha c
ells) tha
t
 secr
et
e gl
uc
agon 
a
nd B c
ells (bet
a c
ells) tha
t
 secr
et
e insul
in.
We work
t
ogether!
S
ympa
thetic
ner
v
ous
s
ys
t
em
Adr
ena
l
medull
a
Andr
os
t
enedione: 
A
 Se
x H
ormone P
r
ecur
sor
Andr
os
t
enedione
 is a
n a
ndr
og
en secr
et
ed b
y the adr
ena
l gl
a
nds tha
t
 is c
on
ver
t
ed 
int
o t
es
t
os
t
er
one a
nd es
tr
og
en in f
a
t
 a
nd other
 tis
sues ar
ou
nd the bod
y
. 
The l
e
vel of 
es
tr
og
en pr
oduc
ed b
y the adr
ena
l gl
a
nds is tin
y c
ompar
ed t
o tha
t
 pr
oduc
ed b
y the 
o
v
aries in y
ou
ng
er
 w
omen, but
 this sma
ll a
mou
nt
 is nec
es
s
ar
y in men a
nd pos
t
-
menopaus
a
l w
omen. 
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F
igur
e 10-9: 
The pa
ncr
e
as c
ont
ains mor
e t
ha
n a mill
ion isl
ets of L
a
ng
erha
ns.
Ins
ul
in
 r
egul
a
t
es the bod
y’
s bl
ood sugar
 l
e
vel
. If the bl
ood sugar
 l
e
vel incr
e
ases, the 
pa
ncr
e
as r
el
e
ases mor
e insul
in, which l
o
w
er
s the bl
ood sugar
 l
e
vel (F
igur
e 10-10). 
F
igur
e 10-10: Ins
ul
in asks muscl
e a
nd f
a
t
 c
ells t
o a
b
sor
b ex
c
es
s gl
uc
os
e t
o r
educ
e s
ugar
 l
e
vels in t
he bl
ood.
Y
ou ar
e c
or
r
ect. L
ots of hormones incr
e
ase the bl
ood sugar
 l
e
vel (incl
uding adr
ena
l
ine, 
gr
o
w
th hormones, gl
uc
oc
or
tic
oid, a
nd th
yr
oid hormones), but
 insul
in is the onl
y one tha
t
 
l
o
w
er
s it
 (F
igur
e 10-11). 
This is wh
y insul
in is so impor
t
a
nt.
F
igur
e 10-11: Ins
ul
in is t
he onl
y hor
mone t
ha
t
 l
o
w
er
s bl
ood gl
uc
os
e l
e
vels.
Pa
ncr
ea
s
Islets of Langerhans
Ding
dong
C
ell
Please t
ake
some glucose.
Thanks!
Here
y
ou go.
Here
y
ou go.
G
l
uc
ose
G
l
uc
ose
C
ell
If I’m not
 mis
t
ak
en, insul
in is the onl
y hormone tha
t
 decr
e
ases the bl
ood sugar
 l
e
vel, right?
F
ood
Insul
in
Th
yr
oid gl
a
nd
 hormones
Adr
ena
l
ine
G
r
o
w
th 
hormone
G
l
uc
oc
or
tic
oid
G
l
uc
agon
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If ther
e
’
s not
 enough insul
in or
 if c
ells don
’t
 pr
operl
y r
espond t
o the insul
in, the bl
ood 
sugar
 l
e
vel will rise. 
This c
ondition is c
a
ll
ed 
dia
bet
es mell
it
us
. P
eopl
e with this c
ondition 
mus
t
 c
ar
ef
ull
y r
egul
a
t
e their
 diet
 a
nd ma
y ne
ed t
o t
ak
e medic
a
tion or
 adminis
t
er
 extr
a 
insul
in b
y injection.
G
l
uc
agon
 does the opposit
e of insul
in: it
 r
aises the bl
ood sugar
 l
e
vel b
y br
e
aking do
wn 
gl
y
c
og
en in the l
iver
, which r
el
e
ases gl
uc
ose int
o the bl
oods
tr
e
a
m (F
igur
e 10-12). 
F
igur
e 10-12: 
When bl
ood s
ugar
 l
e
vels dr
op, gl
y
c
og
en is br
ok
en 
 
d
o
wn in t
he l
iver
 t
o pr
oduc
e gl
uc
os
e a
nd r
el
e
as
e it
 int
o t
he bl
ood. 
s
ex 
h
ormones
F
ina
ll
y
, w
e ha
ve the sex hormones, which ar
e r
esponsibl
e f
or
 the de
vel
opment
 of pri
-
mar
y a
nd sec
ondar
y sex char
act
eris
tics. 
P
rimar
y s
ex char
act
eris
tic
s
 ar
e those tha
t
 ar
e 
a
lr
e
ad
y f
ormed a
nd r
ec
ogniz
abl
e a
t
 bir
th, such as g
enit
a
ls. 
Sec
ondar
y s
ex char
act
eris
tic
s
, 
on the other
 ha
nd, a
ppe
ar
 l
a
t
er
 in l
if
e, mos
t
l
y s
t
ar
ting with puber
t
y
. Ma
l
e sec
ondar
y sex 
Diabet
es 
T
ypes 1 a
nd 2 
Diabet
es mell
it
us is cl
as
sified as either
t
ype 1 or
t
ype 2. 
T
ype 1 is c
aused b
y the l
os
s 
of the abil
it
y t
o pr
oduc
e insul
in. It
 usua
ll
y fir
s
t
 a
ppe
ar
s in chil
dhood. 
Whil
e incur
abl
e, 
it
 c
a
n be ma
nag
ed b
y the adminis
tr
a
tion of insul
in injections se
ver
a
l times a da
y
. 
P
eopl
e with diabet
es me
asur
e their
 bl
ood sugar
 l
e
vels t
o kno
w when t
o either
 e
a
t
 
something or
 inject
 insul
in. 
T
ype 2 diabet
es oc
cur
s when c
ells s
t
op r
esponding w
ell t
o insul
in a
nd ther
ef
or
e 
t
ak
e l
es
s gl
uc
ose f
r
om the bl
oods
tr
e
a
m. 
This dise
ase usua
ll
y fir
s
t
 a
ppe
ar
s l
a
t
er
 in 
l
if
e, a
nd it’
s as
socia
t
ed with l
if
es
t
yl
e risk
 f
act
or
s a
nd other
 met
abol
ic disor
der
s l
ik
e 
obesit
y
. 
T
r
e
a
t
ments t
ar
g
et
 diff
er
ent
 par
ts of the gl
uc
ose-r
egul
a
ting s
ys
t
em: sugar
 
int
ak
e in the diet, the c
ells tha
t
 ha
ve bec
ome l
es
s sensitive t
o insul
in, the l
iver
 
(which r
el
e
ases gl
uc
ose), a
nd the pa
ncr
e
as (which is s
till pr
oducing insul
in). 
G
l
uc
ose
The blood sugar level dropped! 
Time t
o get busy
, liver.
G
l
uc
agon
Here I go!
Liver
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char
act
eris
tics incl
ude a de
epened v
oic
e a
nd ac
c
el
er
a
t
ed gr
o
w
th of bod
y a
nd f
acia
l hair
. In 
f
ema
l
es, hormones trigg
er
 the de
vel
opment
 of br
e
as
ts a
nd mens
tr
ua
tion. 
Ma
l
e hormones (a
lso c
a
ll
ed 
a
ndr
og
ens
) ar
e mainl
y secr
et
ed b
y the t
es
ticl
es, but
 sma
ll
er
 
a
mou
nts ar
e a
lso secr
et
ed b
y the adr
ena
l c
or
t
ex. F
ema
l
e hormones incl
ude 
es
tr
og
en
 a
nd 
pr
og
es
t
er
one
. B
oth ar
e secr
et
ed b
y the o
v
aries a
nd ar
e r
egul
a
t
ed b
y 
gonad
otr
opins
 f
r
om the
 
pit
uit
ar
y gl
a
nd.
Y
es, the mens
tr
ua
l c
y
cl
e oc
cur
s as a r
esult
 of f
ema
l
e hormones, whose main f
u
nction is t
o 
as
sis
t
 with c
onc
eption a
nd chil
dbir
th. 
The o
v
aries a
nd ut
er
us pr
epar
e themsel
ves f
or
 the 
pos
sibil
it
y of a pr
egna
nc
y
, s
t
ar
ting o
ver
 e
ver
y c
y
cl
e if a
n egg is not
 f
er
til
iz
ed. 
L
et’
s t
a
lk
 about
 es
tr
og
en a
nd pr
og
es
t
er
one in a l
it
t
l
e mor
e det
ail
. 
As sho
wn in F
ig
-
ur
e
 
10-13, es
tr
og
en secr
et
ed b
y the o
v
ar
y c
auses a
n o
vu
m (egg) in the o
v
ar
y t
o ma
t
ur
e 
u
ntil it’
s r
e
ad
y t
o be r
el
e
ased on its journey t
o
w
ar
d the ut
er
us, other
wise kno
wn as 
o
vul
a
tion
. 
A
t
 the s
a
me time, es
tr
og
en c
auses the endometriu
m, the l
ining of the ut
er
us, t
o thick
en in
 
pr
epar
a
tion f
or
 a f
er
til
iz
ed egg. In other
 w
or
ds, es
tr
og
en w
or
ks t
o enabl
e c
onc
eption.
Af
t
er
 o
vul
a
tion oc
cur
s, the o
v
aria
n f
oll
icl
e bec
omes the c
or
pus l
ut
eu
m, which secr
et
es 
pr
og
es
t
er
one t
o enrich the endometriu
m (F
igur
e 10-13). 
This mak
es it
 e
asier
 f
or
 a f
er
til
-
iz
ed egg t
o impl
a
nt
 itsel
f
. If the egg isn
’t
 f
er
til
iz
ed, the endometriu
m is no l
ong
er
 ne
eded, 
a
nd is br
ok
en do
wn during mens
tr
ua
tion.
F
igur
e 10-13: E
s
tr
og
en a
nd pr
og
es
t
er
one per
f
or
m diff
er
ent
 f
u
nctions.
W
e
’ve gone o
ver
 ma
n
y diff
er
ent
 hormones. 
The diagr
a
m sho
wn on pag
e 221 pr
o
-
vides a su
mmar
y of the primar
y eff
ects of the major
 hormones. Not
e tha
t
 ma
n
y ha
ve 
abbr
e
via
tions; hormones ar
e of
t
en r
ef
er
r
ed t
o b
y their
 abbr
e
via
tions in a cl
inic
a
l set
ting.
P
eriods ar
e c
aused b
y es
tr
og
en a
nd pr
og
es
t
er
one, right?
P
r
og
es
t
er
one s
trives t
o mak
e a c
omf
or
t
abl
e bed 
in the ut
er
us t
o pr
ot
ect
 the impl
a
nt
ed f
er
til
iz
ed egg.
Ovu
m (egg)
F
er
til
iz
ed egg
E
s
tr
og
en
P
r
og
es
t
er
one
E
s
tr
og
en hel
ps the o
vu
m ma
t
ur
e u
ntil
it
 is r
e
ad
y f
or
 o
vul
a
tion.
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n a r
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’
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c
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o t
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Look!
Don’t they all ha
ve
cool names?
 
*
Uhh...
Kager
o
Ageha
Hot
aru
Akiak
ane
Hachir
o
* From left t
o right: 
Kagero
 = Ma
yfl
y; 
Ageha
 
(chou)
 = Sw
allowt
ail butterfl
y; 
Hot
aru
 = Firefl
y; 
Akiakane
 = Red dragonfl
y; 
Hachi
 = Bee 


A
f
t
e
r
w
o
r
d:
 
C
r
e
a
t
i
n
g T
h
i
s B
oo
k
Wha
t’
s the bes
t
 w
a
y t
o l
e
arn about
 ph
ysiol
ogy? 
Tha
t’
s wha
t
 w
e ask
ed our
sel
ves when writ
-
ing this book, a
nd I hope tha
t
 O
s
a
mu a
nd K
u
mik
o ha
ve sho
wn tha
t
 the bes
t
 w
a
y t
o l
e
arn 
ph
ysiol
ogy is not
 thr
ough r
ot
e memoriz
a
tion a
l
one.
K
u
mik
o soon finds tha
t
 ph
ysiol
ogy is so much mor
e int
er
es
ting when y
ou t
ak
e a per
-
sona
l int
er
es
t
 a
nd identif
y with the pr
oc
es
ses y
ou’r
e l
e
arning about. 
Also, whil
e ph
ysiol
ogy 
c
er
t
ainl
y r
eq
uir
es some memoriz
a
tion, it’
s impor
t
a
nt
 t
o ha
ve a wider
 u
nder
s
t
a
nding of ho
w 
the diff
er
ent
 par
ts of our
 bodies w
or
k
 as a whol
e. E
ach or
ga
n has its o
wn f
u
nctions, but
 the 
or
ga
ns a
lso act
 in c
onju
nction with e
ach other
. Simil
arl
y
, bl
ood, o
xyg
en, ner
ves, hormones, 
a
nd l
ymph fl
uid w
or
k
 
t
o
g
et
h
er
 t
o c
ar
r
y out
 v
arious f
u
nctions in a hug
e netw
or
k. R
e
ading this
 
book
 will hel
p y
ou u
nder
s
t
a
nd these r
el
a
tionships, a
nd so bet
t
er
 u
nder
s
t
a
nd the hu
ma
n 
b
o
d
y
.
W
e w
er
e a
w
ar
e f
r
om the s
t
ar
t
 tha
t
 c
o
vering such a
n ext
ensive ac
ademic subject
 in a 
singl
e book
 w
oul
d be a f
ormidabl
e ende
a
v
or
. F
or
 tha
t
 r
e
ason, w
e used memor
abl
e ill
us
tr
a
-
tions a
nd sc
enes, ins
t
e
ad of difficult
 diagr
a
ms a
nd a
na
t
omic
a
l char
ts, t
o hel
p r
e
ader
s se
e 
ph
ysiol
ogy as a
n int
er
es
ting fiel
d a
nd t
o win o
ver
 those who pr
e
viousl
y disl
ik
ed the subject.
This ma
nga shoul
d
n
’t
 be the onl
y t
ext
 y
ou w
or
k
 f
r
om when s
t
ud
ying f
or
 y
our
 ph
ysiol
ogy 
exa
m, but
 w
e
’
d be extr
emel
y pl
e
ased if it
 w
er
e t
o give y
ou a
n int
er
es
t
 a
nd basic educ
a
tion in 
ph
ysiol
ogy a
nd enc
our
ag
e y
ou t
o k
e
ep s
t
ud
ying.
Las
t
 but
 not
 l
e
as
t, w
e w
oul
d l
ik
e t
o t
ak
e this oppor
t
u
nit
y t
o expr
es
s our
 sinc
er
e tha
nks 
t
o P
r
of
es
sor
 E
tsur
o 
T
a
nak
a of 
T
ok
y
o Univer
sit
y of 
Agricult
ur
e, who pr
o
vided edit
oria
l super
vi
-
sion in a
ll det
ails of this book; Ms. 
Y
asuk
o Suzuki, a medic
a
l writ
er
 who c
oll
abor
a
t
ed; a
nd 
e
ver
y
one in the D
e
vel
opment
 D
epar
t
ment
 a
t
 Ohmsha, Lt
d.
B
e
C
o
m c
o
.
, 
L
t
d
. 
O
c
to
b
e
r
2
0
1
1
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A
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etic hormone), 
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ar
t
eria
l bl
ood, 27, 112
ar
t
eries
bod
y t
emper
a
t
ur
e a
nd, 180
c
or
onar
y
, 15, 25–26
defined, 28
par
tia
l pr
es
sur
e of o
xyg
en, 49
pul
monar
y
, 19
asex
ua
l r
epr
oduction, 198
aspir
a
ting f
ood, 58
as
tigma
tism, 158
a
t
mospher
e, 48
a
t
opic derma
titis (ecz
ema), 117
A
TP (adenosine triphospha
t
e)
br
o
wn f
a
t
 a
nd, 178
citric acid c
y
cl
e a
nd, 74–75
dec
omposition, 74
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or
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ex, 132
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es, 159–160
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v
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ys
t
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cul
a
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y s
ys
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em a
nd, 24–25
c
ompar
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o endocrine 
s
ys
t
em, 205–206
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ys
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v
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s
ys
t
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ys
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y ar
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B
B c
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w s
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r
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e, 76, 79, 80
bil
ir
ubin, 79, 80, 114
bl
adder
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bl
ind spots, 159
bl
ood
ar
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l, 27, 112
bl
ood t
ypes, 114
cl
ots, 117
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, 111, 112
as extr
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ell
ul
ar
 fluid, 104
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er
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titia
l fluid a
nd, 104–105
pl
asma, 111, 118
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ets, 117–118
pul
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cul
a
tion, 13–15, 
26–28
r
ed bl
ood c
ells, 112–114
s
ys
t
emic cir
cul
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tion, 13–15, 
26–28
venous, 27, 112
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e bl
ood c
ells, 115–116
bl
ood pr
es
sur
e
defined, 29
dias
t
ol
ic pr
es
sur
e, 30
f
act
or
s tha
t
 det
ermine, 29
kid
neys a
nd, 96
K
or
otk
off sou
nds, 30
me
asuring, 30–31
s
ys
t
ol
ic pr
es
sur
e, 30
u
nits of me
asur
ement, 31
bod
y fluids, 99–118
a
ver
ag
e v
ol
u
me of l
iq
uid 
c
y
cl
ing thr
ough bod
y per
 
da
y
, 110
bl
ood, 104, 111–118
deh
y
dr
a
tion, 111
extr
ac
ell
ul
ar
 fluid, 102, 
104–105
h
y
dr
a
tion, 110
int
er
s
titia
l fluid, 102, 103–105
intr
ac
ell
ul
ar
 fluid, 102, 104
I
n
d
ex
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I
n
d
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bod
y fluids, 
c
o
n
tin
u
e
d
intr
a
v
ascul
ar
 fluid, 102
osmotic pr
es
sur
e, 106–109
w
a
t
er
, 102–105, 110–111
bod
y t
emper
a
t
ur
e
ar
t
eries a
nd, 180
e
v
a
por
a
tive c
ool
ing, 180
per
spir
a
tion, 179–180
r
egul
a
ting, 178
shivering, 179
sk
el
et
a
l muscl
es a
nd, 178
bone c
onduction, he
aring, 161
bone met
abol
ism
es
tr
og
en, 183
os
sific
a
tion, 182
os
t
eobl
as
ts, 182
os
t
eocl
as
ts, 182–183
os
t
eopor
osis, 183
r
esor
ption, 182
bones
bone mar
r
o
w
, 181
c
a
lciu
m, 183
c
oll
ag
en, 182
c
or
tic
a
l bone, 181
medull
ar
y c
a
vit
y
, 181
r
ol
e of
, 180
tr
abecul
ar
 (c
a
nc
ell
ous) 
bone,
 
181
B
o
wma
n
’
s c
a
psul
e, 85–86
br
achia
l ar
t
er
y
, 28
br
ad
y
c
ar
dia, 24
br
ain. 
S
e
e a
l
s
o
 ner
v
ous s
ys
t
em
aut
onomic ner
v
ous s
ys
t
em, 
138–141
c
onduction pa
th
w
a
ys, 136
injuries t
o, 133–134
par
ts of
, 130
soma
tic ner
v
ous s
ys
t
em, 
137–138
spina
l c
or
d a
nd, 134–137
s
tr
uct
ur
e of
, 131–133
br
ain de
a
th, 134
br
ain f
r
e
ez
e, 151
-
152
br
ains
t
em, 43, 45, 130
br
e
a
thing
abdomina
l, 40, 42
thor
acic, 40
-
41
Br
oc
a
’
s ar
e
a, 132, 133
br
o
wn f
a
t, 178
B
u
ndl
e of His, 17, 19, 22
C
c
a
lcitriol, 96
c
a
lciu
m
in bones, 183
h
yper
c
a
lc
emia, 214
met
abol
ism of
, 97
par
a
thormones a
nd, 215
c
a
nc
ell
ous (tr
abecul
ar) bone, 181
c
ar
boh
y
dr
a
t
es, 66–67
c
ar
bon dio
xide, 37, 43–45, 48–49
c
ar
diac muscl
e (m
y
oc
ar
diu
m), 
15–18, 22, 169
c
ar
otid ar
t
er
y
, 28, 180
c
ar
til
ag
e, 174
c
a
t
abol
ism, 71
c
ecu
m, 57
c
ell bod
y
, 122
c
ell division
chr
omosomes, 196
meiosis, 198
mit
osis, 197
c
ell membr
a
ne, 187
c
ells, 105, 185–190. 
S
e
e a
l
s
o
 DNA
c
ell division, 196–198
c
ell membr
a
ne, 187
chr
omosomes, 196
c
onnective tis
sue, 190
c
y
t
opl
asm, 187
defined, 187
epithel
ia
l tis
sue, 190
G
ol
gi a
ppar
a
t
us, 187
intr
ac
ell
ul
ar
 fluid, 102, 104
meiosis, 198
mit
ochondria, 187–188
mit
osis, 197
muscl
e tis
sue, 190
ner
v
ous tis
sue, 190
nucl
eus, 187–188
or
ga
nell
es, 187
osmotic pr
es
sur
e, 106–109
ribosomes, 187–188
sex
ua
l r
epr
oduction, 198–201
tis
sue, 190
c
entr
a
l ner
v
ous s
ys
t
em, 130
c
entr
a
l sulcus, 132
c
er
ebell
u
m, 130, 133
c
er
ebr
a
l c
or
t
ex (gr
a
y ma
t
t
er), 
131, 133
c
er
ebr
a
l l
imbic s
ys
t
em, 130, 163
c
er
ebr
ospina
l fluid, 130
c
er
ebr
u
m, 130
ner
v
ous s
ys
t
em a
nd, 125–128
pr
ena
t
a
l a
nd pos
tna
t
a
l, 135
ches
t
l
e
ads, el
ectr
oc
ar
diogr
a
m, 23
chewing (mas
tic
a
tion), 57, 72
chol
es
t
er
ol, 68
chr
omosomes, 196
ch
yme, 61, 73
cil
ia, 200
cir
cul
a
t
or
y s
ys
t
em
aff
ect
 of ner
v
ous s
ys
t
em on, 
24–25
bl
ood pr
es
sur
e, 29–31
c
or
onar
y ar
t
eries, 25–26
el
ectr
oc
ar
diogr
a
ms, 23–24
he
ar
t
 mo
vements a
nd w
a
ve
-
f
orms, 18–20
impulse c
onduction s
ys
t
em of 
he
ar
t, 12–17, 22–23
l
ympha
tic s
ys
t
em, 31–32
pul
monar
y cir
cul
a
tion, 26–28
s
ys
t
emic cir
cul
a
tion, 26–28
citric acid c
y
cl
e (Kr
eb
s c
ylc
e), 
74–76, 170
cl
ots, bl
ood, 117
c
oagul
a
tion, 118
c
ochl
e
a, 160
c
oll
ag
en, 182
c
oll
ecting t
ubul
e, 97–98
c
oll
oid osmotic pr
es
sur
e (onc
otic 
pr
es
sur
e), 109
c
ol
or
s a
nd l
ight, 159
c
onduction pa
th
w
a
ys, 136
c
onductive he
aring l
os
s, 160–161
c
one c
ells, 156, 159
c
onnective tis
sue, 190
c
orne
as, 156
c
or
onar
y ar
t
eries, 15, 25–26
c
or
pus l
ut
eu
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c
or
tic
a
l bone, 181
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a
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cr
a
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l ner
ves, 137–138
cr
e
a
tine, 170
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e
a
tinine, 83
c
ys
titis, 95
c
y
t
opl
asm, 187
D
de
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a
tions, 149
def
ec
a
tion, 63–64
degl
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w
a
ll
o
wing), 58, 72
deh
y
dr
a
tion, 111
dendrit
es, 138–141
deo
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eic acid. 
Se
e
 DNA
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c
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o
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a
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, 98
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dias
t
ol
ic pr
es
sur
e, 30
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l
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es
tive s
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t
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t
e, 
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a
l
iment
ar
y c
a
na
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a
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y
cl
e, 74–76
degl
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tive enz
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es
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duodenu
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l
ar
g
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l
iver
 a
nd, 78–80
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tic
a
tion, 72
met
abol
ism a
nd, 65–71
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e
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r
ect
u
m, 64, 73
s
a
l
iv
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es
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s
t
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ells, 196
dis
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charides, 67
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t
a
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v
ol
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ed t
ubul
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e
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a
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g
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s
a
l ar
t
er
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s
a
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t
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ner
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E
e
ar
dr
u
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ympa
nic 
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a
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e
ar
s, 159–161
eq
ua
l
izing pr
es
sur
e, 161
inner
, 159
middl
e, 159
out
er
, 159
s
tr
uct
ur
e of
, 160
ecz
ema (a
t
opic derma
titis), 117
edema, 98, 109, 214
eff
er
ent
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onduction pa
th
w
a
ys, 136
egg c
ells, 198–199
el
ectr
oc
ar
diogr
a
ms (EK
Gs), 18–20
ches
t
 l
e
ads, 23–24
l
imb l
e
ads, 23–24
P w
a
ve, 19
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S c
ompl
ex, 19
T
 w
a
ve, 20
el
ectr
ol
y
t
es, 108
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on tr
a
nspor
t
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end ar
t
eries, 26
endocrine s
ys
t
em
adr
ena
l c
or
t
ex, 221
adr
ena
l gl
a
nds, 204, 215–217
adr
ena
l medull
a, 221
a
nt
erior
 pit
uit
ar
y 
hormones,
 
221
ba
l
a
ncing hormone l
e
vels, 
207–208
c
ompar
ed t
o aut
onomic 
ner
v
ous s
ys
t
em, 205–206
gr
o
w
th hormone 
disor
der
s,
 
213
hormones, 205–206
h
ypotha
l
a
mus, 204, 212–213
kid
neys, 95–96
o
v
aries, 204, 221
pa
ncr
e
as, 204, 217–219, 221
par
a
th
yr
oid gl
a
nds, 
214–215,
 
221
pit
uit
ar
y gl
a
nd, 204, 212–213
pos
t
erior
 pit
uit
ar
y 
hormones, 221
sex hormones, 219–220
t
es
ticl
es, 204, 221
th
yr
oid gl
a
nd, 204, 
213–214, 221
endometriu
m, 200, 220
ent
eric ner
v
ous s
ys
t
em, 141
eosinophils, 115
epigl
ot
tis, 58
epinephrine (adr
ena
l
ine), 139, 
208, 217, 221
epithel
ia
l tis
sue, 190
eq
ua
l
izing e
ar
 pr
es
sur
e, 161
er
y
thr
opoietin, 96
esophagus, 57, 59–60
es
sentia
l a
mino acids, 71
es
sentia
l f
a
t
t
y acids, 68
es
tr
og
en, 183, 220, 221
E
us
t
achia
n t
ube, 161
e
v
a
por
a
tive c
ool
ing, 180
ex
cr
etion, 83–84
ex
ocrine gl
a
nd, 217
ext
ensor
 muscl
es, 176
ext
erior
 a
na
l sphinct
er
, 64
ext
erna
l int
er
c
os
t
a
l muscl
es, 
41,
 
45
ext
erna
l r
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