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HORMONAL REGULAION
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Unit 1: The Endocrine System
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Part 1. Genal Roperties of the Endocrine System

Introduction: The twoenerl ategries of glands in the body
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Geneanl functions of endocrine hormones
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Hormonal Seretion: Regulation and Stimuli
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)& 7 | CRH release starts a i} #F &!+%7
% - hormone cascade R, & -R)R, (&
//’/ that triggers the 1&/) ), .# J# -R#-
[ adlrenal gllands tci_ . ; Glucocorticoid -#/&. R3R."R, & -
release glucocorticoi =) clease . YR",)(-R YR."
i 1 ) ) .
into blood : "3%)." & IR (
1 *##., 3RI& (AR "#-
: -H#I( &#H(IR#-R#("# #.
Hypothalamus releases Blood concentration 1 1" (RI&/) ), .#)#
corticotropin-releasing of glucocorticoids : &0&R )YR&0.R3
hormone (CRH) increases 1 -#(R(! #0 R-#1( &
- IR(!. !
1 DR R I#., 3RI& (
Blocd 1 (R"3%)." & I-A
H 1
ormone .
release - Correction — Q!
#t \ 4 '
Imbalance Negative Ul e Glucocorticoid
feedback | © levels in the
@ blood increase
N " 4 L4
:
Blood
—l— CRH ase
@ |]~ Hypothalamus )
o &1 glucocorticoid }Q' 2
\ >/‘ sensor //)’/
H &)
?ojf--; Glucocorticoids
©
Hypothalamus perceives Hypothalamus perceives
low blood concentrations of normal concentration of
glucocorticoids via sensors glucocorticoid and stops
in the blood vessels releasing CRH
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Hormone Class

Components

Example(s)

Amine Hormone

Amino acids with
modified groups

(e.g. norepinephrine’s
carboxyl group is
replaced with a
benzene ring)

Norepinephrine
OH
NH,

HO
OH

Peptide Hormone

Short chains of linked
amino acids

Oxytocin

@ﬁ@

Protein Hormone

Long chains of linked
amino acids

Human Growth Hormone
Ny,

Steroid Hormones

Derived from the
lipid cholesterol

Testosterone

$ F62F%!& @F(! @
* ' I8@F &F % !
HH&F ot 1"
-1, &RI& R,
O.R, +#, R-
2'#( &R'. #&KA
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- 1% F7?RA& & F'
Lipid-soluble —&——= (@ ® Copiary 0 ® ® 1CS-SF  00g +?

hormone ® \_ ® ® | R R
Y #, &3RHHH.R"
: * ) #HR)RY, ). #(-
@ Lipid-soluble —___| Q Extracellular fluid 1#).,,#(F)Q(R.) IR é&A(
hormone diffuses ., HRD)(-R #& 3
through plasma # /I-R.", JI"R"R &&
membrane (AR™R"),)
#(-R)R#.-R, *.),R#(
@ Hormone binds — Receptor-hormone ' Fif gﬁ);g‘ .I)B(R)'#(!R
with receptor in complex ’).*8; ' > AR "

cytoplasm, forming
a receptor—hormone

v )M
y*& 2R"(R(., -R."

complex (/& I-R (R#(-R)R."
LRI(R)Y(RMR A
@Receptor—hormone v (- gﬁ*:f)(R? l;." RI(
complex enters the : I.?;:#-R (-:&(. ’R#()
nucleus and triggers R -# ) R* '). #(.

gene transcription 1#."#(R." R 3.)*& -'A

@ Transcribed mRNA
is translated into
proteins that
alter cell activity
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I-* F8?R&I&F'

@ T Q <———Water-soluble ,*C'$-$
OQ ] 0 Q_'/ Q hormone | *0p'& +7
B § ., )& &RY),)(-
#jColmamana— O Wrsoubi amones are gy
receptor bind to membrane receptors. .'.)’.)( —R'/—.R’#( R)R
4, R &S&L', (
G protein (activated) —- @ The binding activates %) ARTR, %),
Adenylyl 26 protin. ol SR 13
cyclase \ W #R." R &&R#(0)&0#(!
@ The activated G protein R*, ). #(-BR (3& 3&
activates adenylyl cyclase. 3&-BR"R-)(, 3
'--(I,R3&#R
J KBR ( R¥, #(
"‘@ Adenylyl cyclase catalyzes %#( - -ARR." R5( &R-. *B
the conversion of ATP to SoR*, ). #(RYH( - -
: cAMP, the secondary xn) o3& . R%,). #(-
Protein messenger in this pathway. #(R." R 3.)*& -'AR "#-

kinase #0.-R*, ). #(-R#R."

&&R."R ,, 3R)/R."
"(I-R-* #5 R3R."
"), )(ARJ " R-* #5

Activated — @ cAMP activates protein
protein kinases.

kinase SRR
&&-#I( &#H(IR* "1 3
@ Protein kinases phospharylate . RO.R, +/#, R-
proteins in the cytoplasm. 2'#( &R #&KA
This activates these proteins,
Activated protein Inactive protein allowing them to alter
cell activity.

Comparison of the endocrine and nervous systems
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The Hypothalamus and Pituitary Gland
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hypothalamus

* Growth hormone—inhibiting
hormone (GHIH) is released to
inhibit GH release
* GHIH inhibits GH release in the
anterior pituitary

GHIH release

Y

L% F>?F*00'8& $
S IGFF* L2
» JL'R),)(RI K
#, &3R &, .-R"
. .R) R¥, ). #(R-3(." -#-
#(R-%. . &R'/- &R (
)(-AR (-/&#(L&H%

I,)1"R .),R8RJ L&KR#-
#0. R3R!, )L

")) (R (RE#(#, &3
)RR ), #)(

) R(1R*, ). #(-R#(
I-&R &&-R (R)(A

2a) Glucose-sparing effect: 2b) Growth effects: 2c) Diabetogenic effect:
+ Stimulates adipose cells * Increases uptake of amino * GH stimulates liver to
to break down stored fat, acids from the blood break down glycogen
fueling growth effects * Enhances cellular proliferation into glucose, fueling
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Part 2. Cadiac Muscle and Eleical Activity
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Part 1: An Overview of Blood
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Composition of Blood
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Chamacteristics of Blood
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Part 6: Hemostasis
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Formation of the Platelet Plug
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Coagulation
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Clotting Factors Involve in Coagulation
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Part 4. Homestatic FRegulation of the &5cular System
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Neural Regulation
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Endocrine Rgulation
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Thoracic Aorta and Major Bnches
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Part 1: The Lymphatic System

Anatomy of the Lymphatic System
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Part 2: The Immune System
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The Omanization of Immune Function
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Barrier Defenses and the Innate Immuresponse
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The Adaptive Immune ésponse

J55 >%$0,44?75%0<%=:65=%$=0 <$0,504 5G0'=$=0,5%$)$" >,[$0 >064:3$ >$&065>633,5*0: >+6*$50*<CE>+X06E $0B<Y 0> F0=F6
>+6*$50*6E>+0 5#0 3360>,4%0H<0>+$0 # :>,[$0,44?5$0<$=:65=$0>60=$5*>+$5Y0 5#0$;+$<065>6306<0$3,4,5$0>+$
>+6*$5X0 +$0,55>%$0,44?5$0=G=>$40 3=60=3$5#=0=,*5 3=0>60$33006>+%$0 # :>,[$0,44?5$0=G=>$4Y0*? #,5*0>+$40,5

+6E0>60>> "20>+$0: >+6*$5X0 +?=Y0>+$0,5%0 5#0 # :>,D$04$"+ 5,=4=0 < $0E60,4:6< > 5>0,5$9<$3 >H0 <4=060>+$

,44?75%0< $=:65=$X
+$0:<,4 < Go0$33=0>#065>630>+$ )-! [/ JI&& .'J+ )(, <$0>+$@3l:+6" G$=Z0>+$0 0 5#0 H33=YoE+,"+GEp

,5>6#?" $#0,507570Q0866#d0 S5#oB<$o#,="?==%#0,50>+$63.+ >,"0=G=>$40%3$,650% 3,$X0 0$33=06D,#% NWB& ! -

1&& "1 -2 $,>+$<o# R >B0G0>> "2,5%0 156<4 306<0#,=$ =$#0!6#G0$33=Y06<0,BH>&0G0%$3%=,5*0"+$4," 3=0>60$5+ 5%

447580" $330)75%,65X0 0$33=06D #$ .&(+ %JE 2J5.1FJI&& .| -2 | Go:6#?"5%0 5 >16#,$=0>60> *0: >+6*$5=0p<

#$=><?">,650,50>+%$0!366#0 5B +X

J'4  SJ(J3-3 ) 1J&& I )LB 4% )41 -2 6)o>+$0 # :>,[$0,4475%0 <$=:65=$i, >=0 !,3;G0>6
=:$"I" 33oR'6*5,H$0 5#04 2 $0 0$=:65=%0 * ,5=>0 OE  #$0D<,$>Gofo: >+6*$5=i,=0,>=0*8 >0="$5*>+X
"-l Yo>+$0=4 330"+$430*6?:=06)>$50 ==6", >B0E >+0: >+6*$5=0 5#0>+$,<06#?" >=Y0$0$" 6*5,H$#0!Go 0 5#0

5, >0Sbho +$64:+ >,"0 G=>$4Y&=,=> 5"$0y044?5, >G@adSS



B4:+6" G$=Xo +$0 # :>,[30,4475$0<$=:65=$0>60>+$=$05*$5=0,=0=6HE- >,3$0>+070"50<$=:65#0>605% 350 550: >+6*$5X
+,=0 1,3, >G0>68%6*5,H%0 S5#o#,=>,5*?,=+0=?"+0 04?3>?#%060 5>,*$5=0,=0!% ?=%$060>=0,5%5,67=0E Gopo#IH36:,5%0 =
45 Go =0ONOQ®#5>0 0 5#0 0"$33=X0 "+0 0 5#0 0$330,=075,;?%0 5#0!$=04" $:>6<=0650;=0=7<) $0>+>0"50<$" 6*5,H$
65350 0=,53%06:$060 5>,*$5X®H0>+,=0EHE0 0+6=>m6t,)$<$5>0 0 5#0 0"$33=0%0:<$: < $#0!Go>+$0!6B0>68=:65#0>60 5G
5 >*$5=0 50,5#,D,#? 304 Go$5675>$<0,50>+$,<8$3,43[073>,4 >$B/0=64$00 >+$=$$33=04G 0 58B<0 $H50!$05%#$#Xc0,=
>+%$0,5$<" >,65060>+$0=+ :$0f>+%0 5,*$50 5#0>+$084:3$4$5 > <Go=+ :$0§o>+%0: <»,"?3 <0 5>,*$5¢!,5#,5*0< $" $:>6<065
>+$0 0 5#0 0"$330>*0 "' 6?75 >=<0>+$0"+%$4,"30! =,=0§0=:%",I", >G0,50>+$0 # :>$0,44?530<$=:65=$X

H&+ 231,37 && ' %(! %I &+ 2B && .( %(! %J&&(+ 2 ,=0 56>+$<0!$5$1>080 # :>,D $0,44?5, X0 +$
,44?75$0=G=>$4F0I<=>dB6=7<$0>60 0:>+6*$50,=0'33%t0 )+!&+ 2J )-! [ J+)(, 6<)+&+ 2J1&& "I+ )(, X
G4:>64=06)0 0l<=>0,%'>,65Y033%0:<,4 < Go#,=$3$Y0 $0 E G=083 >,BHoLp<t0!$" ?=$0>0> $=0>,4$09<0 50,57, 3
#:>,D $0,44?5%0<$=:65=%0>60 0: >+6*$50>60!$64%$0%))$" >,[3X
1650 < $g$F:6=7<$0 >60 >+$0 = 4%0 >+6*$5Y , (' + 23 ) 1 JI+)(, 6<, (" + 2J1&& I+ )(, =
*$55< >PtYOE+,"+0,=0865% $<0 5#0) =>$<0>+ 50>+$0:<,4G08=:65=$X0 +$0=$65# < G0,44?5$0<$=:65=$06)>$50%$3,4,5 >$=0
>+6*$50!$)6<$070"50" ?=$0=,*5,I" 5 >0>,==?$0# 4 *$06<0 H0=G4:>64=X0,>+6?>0=G4:>64=Y0>+x=0560#,=8pY0 5#
>+$0,5#,D,#? 30,=056B8%0 E <$0§0>+$0,%)' >,65X0 +,=02$5# < Go%=:65=$0,=0#?$0>60>+FH#2" >,65060 05:$060 0 5#0
"$33=Y0d560 = & &(+ 2] %%@,="?==H0!$3E dXo +$=$04$46G0$33=6%40>+$0! =,=0P 1&& . %(! %JI& &(+ 2YOE+"+
<6>$ >=0?7=0§40* $>>,5*0#,=$=%$=04:$ >$t350)840>+$0=4%0: >+6*$5X0G0>+,=04% 5,=4Y0 50,5#,D,#? 3r0F.6=?<$0>6
>+6*$5=0% 350,50%9=: <$=0>+$0:$<=65@40>+$=$0#,=%$=03>$<0,503,)
J'JJI% 2&) (2-, H "I JrrJg+d (B %=, >$0>+%,<o¥P$5" $=0,50)?5%,65Y0!6>+0 0 5#0 db33=0%
<$=:65=,D$0>60 5,*$50 S5#0#H$36:0,50=,4,3 <OEG=X0/D%0 0 5#0 0"$33=pt6=$0>+0+004 >?$#0,50:<,4 <GO34:+6,#
> ==?%0!?>0 50 56>0%>0 $56?5 >$$#0 >+3$,<04>"+,5%*0 5 >,*$5d0o !$ 64%0 " > D>%to E+$50 >+Fo I<=>&%6*5,H$0 o =:F'I"
)6<$,*50 5 >,*$50,5034:+056#$=06<06>+$<d-@o# < Gd34:+6,#0>,==?$X0 +$0 5,*$50!,5#=0>60>+$0='$'0=7<) " $0$§" $:>6<=
650>+%$0 06<0 $33=0 5#0=3$3%-0>+0%$336%0)?=+$<0#536:4$5 >080(' %J, % -!(' dXo 5830>+6=%$0"365%$3064:+6" G>$=
E+6=%0%"$:>6<=0 €0 ">,D>%0!G0>+%$0 5*$50 <$0=>,473>$0>60:83,5< >$0<#3 Go 5#064:3% >$0>+$,<0¥P$E5>, >,65X
+,=0:<63,< >,6506034:+6" G>$=0,=033% %(' %J 1)"'!( 5#0,=05% $== <Go >6$5%$< >$0 3 x$05?4!$<=06)0=:$",I"
H4:+6" G$=0>604 $0>+%$0,44?5%0 $=:65=30=>65*0 $567* +0>60 $}" > [$35065>630 0: >+6*$5X0 +$0"365$=YODE, >+
>+$,<075,;7$08" $:>6<Y0o#)$<$5>, >$0,560!6>+0Pp" >6<0 5#04$46<G0$33=X0 +$ -(+J %%, c3=6025€50 =0K' > ,D>H
B4:+6" G>$€oE,330k>0>+$0"?88>0,53" >,650 5#0>+$04$46<G0$33=0E,330p62, >#0,50=1=$?$5 >0,5" >,65=0>685%< >$
>+$0=$65# < G0,44?5$0$=:65=$0c$50 ,*?<$oMdX &(+ 2J %%<$0365*g3 B0 5#0" 50$0$50:$<=,=>6)0 03h>,4$X0 $46< G
"$33=0%0 :<,45#0>60 >0 #3 X0 +?7=Y0 G0 =?!=$?$5 >0 F:6=7<$0>60 >+$0>+6*$50 E,330 $37H 0 H<Go £#0 06<0 0" $33
<$=:65=$X0 +,=0%#Y0=$ 65# < G0,44?5$0$=:65=$0*$5$< >$=03*%$05?4!$<=06)0$)$" >6<0 06<0 B33=404$46< G0$33=
=60) =>0>+0>+3$0>+6*$50,=0F$50 EB<E+$34$ #0!$)6<$0>0"50" ?=%0 5G0=G4:>64=080#,=$-$X0 +,=0,=0E+0,=04% >0G
4475, >G0>60 o#,=%HX
J %% ! - && I (B J %%, <$0:<>"?3 <350,4:6<>5>Y0 =0>EH 56>0 668 65>630 04?337#$0 6
,44?5%0< $=:65=%=0#,$" >8¥0!?>0 3=685>630 0$330,4475%$08=:65=%$=0,504 5 G0'=$=0 =0EB33X0 +?=Y 04 ZOF0>+$0#$=,65=
167>0+6 E0>60>> "20 0: >+6*$50 <$04 #$0 >0>+$0 db330BH3Y0 S5#0 2FBH* $0 §o >+$,<0)?5%,65 306:$=0,=0"<?", 30>6
?5#$<=> 5#,5*0>+%$0)?5%,65,5*0 5#0%$*?3 >,65060 # :>,D $0,44?5$0<$=:65=$=0 =0 OE+635X
-l G)F, Y ' %%,B 0" $33=d0653G08=:65#0>60 5>,*$5=0>+>0 $0:<$=$5>%0>60>+$40650>+$0="40§0!6# G0$33=[
)6<0+$3:$<@" $33=Y0>+,=0,=0>+Pat@gB3P ' -! ' G)+,' -I'J %%, c = dXo =0%:<$=$5>050,4:6<> 5>03,520! $$5
>+$0,55>%0 5#0 # :>,D%$0,44?5%0 <$=:65=$X0 +$=$0=>,4?36<=0)® >+$0$3394%, >H0 $=:65=$0,5"3?#$04 "<6:+* $=Y
#$5#<,>,"0'$33=Y0 5#0$33=X0 +$=%$0 =0$5*?3)0>+$>+6*$5Y0#$=6&030 5#0#,=:3G0 0=4 3364:65%$5 >0§0>+%$0:6" $==
>+6*$50 G0 5 >,*$5d0 650 >+$,<0 =?<FX0 $5#<>,"0'$33=0 5#04 "6:+* $=0$5*?3)0:>+6*$5=0,50,5%$<=>, 30>,==?$=0 5#
I<,5%0 5 >*$5=0>6@%,65 30#<,5,5*03G4:+056#$=0>60k $=$5>10>+$40>60>+$0%83=0>604625 50,44?5$0<$=:65=$X0 0$33=
3=60:%$=%$5>0 5>,*$5=0>60 0$33=Y0>60E:38330*,D>,65060 0"$33=0 =0#$="8 #03>$X06<0'G>6>¢","0 0"$33=Y0>5$5=0 $
< $=$5>$0>60>+$40650>+$0="4Pg0,5B" >#0"$33=06<0 !56<4 30+6="483=Y0=""+0 =0>?46BIB=X

OS®m5, >0Sho +$64:+ >,"0 G=>$4Y$=,=> 5"$0y044?5, >G



% F=?2F$&$

$ '&F & FO(&+'&
"FF 1%('1, +?
&&R#, (#.R#(R
&&-RI1#."R-* #5

, *), -BR"R &&R,
&& R&)(-AR"R &)(-
1#'R, *), -R-*#5
)R (# (-R)(R."
*"™M({R, R&.R),
(R 2¢( RX

O R1#.'R."

(# (A

J %%J2),J"'J- 1+ L-eB 0" $33=d50" 65> ,50"$330 #+$=,65046383%=0>+>0%%$:0>+$0 0'$330,50"36=566> " >0E>+
>+$0 5>,*$5¢:< $=$5>,5*0"$33dbo# 8" >&0!,5#,5*0>60>+$05*$59:< $=$5>,5*0%" $:>6<0c I % ,J 6< J%,J do650=
4%$41<  5$X0 +$<$0 B0k 604 ,50>G:$=060 0"$330! =F0650>+$=$$330 #+$=,65046383%=20$+$<0 Ro6<0 V04633$"?3%=0C
<$)$<=0>60 3?=>%$306) )$<$5>, >,650Xdo 3>+6P8>+$B<$3 >,650,=056>0 !=63?>$Y0 Rg'$,5*0 0" $33=0%0 ==6", >Hf0E >+
+$3:$<0)?5">,65=0 5#0 Vg!$ <,5%0 0" $33=0%0 ==6", >H0E >+0C6>6,", XX

W+IJ %%,J'J- +J2-(  $!'.B  633E,50>+$,<0,5$<" > 650E>+0 5>,*$50650>+$0=2<Bbho =Y -l / -  +$3:$<
0" $33=0cdYo!%,5*0>+$0 R0463%$"?3$Y0E,3304*0,5$">,650!G, + -I' 2-( $", >+>0">0>60%$5+5%06>+%$<0,44?5%
<$=:65=%=0c,*?<$0\WX0 +$B0 <$0E 60"3 ==$=0© +0"$33=Y0 5#03& " >0650#)$<$5>064:65%5 >=0>+$0,44?5$04=:65=$X
+$=$0"$33=0$056>0#,=>,5*?,=+#B! G0>+$,<0=?<P1463%$73$=0!?>0>+$0"+ ¥ >$<,=>,"0=H00'G>62,5$=0>+S0=,$>$X

5, >0Sho +$64:+ >,"0 G=>$4Y&=,=> 5"$0y0447?5, >CuadSU



L% F>?R8,! &
* +& I'&? JKR ;R#-
-)#. RI#'R" &,

(R, /&), 3RR &&-A
(R2., &&J/& R (# (
#R*) - R(

* - (. RH(R." RH#(#(!

& R)IRR&--R R

& /& BR (R."#-

#., #HR#-

-, ("(R3R"R ;

Y& /& ARJ KR ?R#-
~)#. RI#'R3).) 2#
R &&-ARR (# (R) R (
#(, &&J& R*."! (R#-
* -(_ R3RR&-R

R)& /&BR (R ?

#(, -RI#'REA

7 "$33=0%0 086:306 %) +JJ %% >+ >0=%$>$=0G>62,5$=0>+08*?3 >$0>+$0* D;Go 5#0#EH36:4$5 >0§0 0B<,$>Gop
"$33=Y0,5"3?#,5%04 &+ * $=0 5#06>+$<6>$=06§0 0"$33=X
8 "$33=Y0650>+$06>+$<0+ BHVG>62,5$9=$<$>,5*0"$33=0>*0 ">0650 0$33=0>60#89B+$,<0#P<$5>, >,650,560:3 =4
" $33=0>*04 2%0 5>!6# X0 +$0+$3:$<0 $33=0>4H6<$0:3 Go 50,5$*<3083%0,50>+%0,44?5%&=:65=%0! Go=>,473>,5*0"$33=
, 5063B#0,50!6>+0>+%$0,55%0 5#0 # :>,D0%$0,44?75, >X
2-(-( 1133 %%,B" >D>% 2-(-( 11JJ %%, c "do!$<,5*0>+$0 V0463$"23$=0 $0 0"$33=0>*04,*< >$0>60>+$0%$0H
,5)$" >,650>60>*%>0 !156<4 30" $33=0,50>+$0BEO="7"+0 =0D,<?=F5>rH0"$33=Y6" $<0%$33=0 5#05<:3 5 >H0"$33=X0 !156<4 3
16%# Go%$33=0%0%" 6*5,H$#0!GoG>6>6-,"0 0"$33=0!$ ?=$0>+H0"<<GdH<$,*50 5 >,*$5=0650>+$,<0="<$X0 G6>6-,"0 0"$33=02,33
>+$=$0 !56<4 30"$33=@0,5#7?",5*0>+$,<0 :6:>6=,=Y0>0,=Y@B% 44$ #0"$330#$+07=,5*0G>6>6,"0t $3392,33,5*dBRI3$=dX
50 ##,>,65Y0 =0365%0 =0>+$9°$50,=® 6*5,H$#0!Go>+$833Yt%0 "0"$330502,33046%0>+ 5065$0>*$>0$33Y04 2,5*0>+$4
$=:%", 33GoPB" >,3X0 +,3%0>+%0 $0 ">,[30,50 330>+6*$5,"0,5)$" >,65=Y 0" $33=0%0=60,4:6< 5>0,50>+$05D,B0,44?5%
<$=:65=%$0>+>0=64%$0=:$?3 >$0>+>0>+,=080>+%$04 ,50% =650>+%0 # :>,D0$0,44?5%0<$=:65=$06ITH#0,50>+$0l<=>0:FX
G %%J ! -J &+ %I&& I )(LJI'J "o (1B J=0:<$D,6?7=60 #$="4$ #0 "> D>650605 /DB0 0"$33=
6" "?<=0E+$50>+$&$33=0B+0 ::< 6:<, >$0 5,*$50=:%",1", >Go!,5#0>60>+%,<04"+,5%0 5 >,*$5X0 +,=038=-0>60=$3%,650 5#
$F: 5=,6506 )o>+>0"365%0 5#0=,4?3> 58?=0#,)$<$5>, >,650,56) % ,& J %%, $))$" >6<0 0$33d0 5#04%$46<Go 0$33=047<$
ONXo 5330 0"$33=Y0 $33=8=:65#0>60 5>,*$5=0:<$=$5>0,50>+$B$<" $33?3 <0J?,#=Y0=7"+0 =0'50! " >$<, 06<0D,<?=$=06<

OSWj@5, >0Sho +$64:+ >,"0 G=>$4Y®=,=> 5"$0y0d4?5, >G



=63?!133Y8¥$,*504 >$<, 3Yt+$<0>+ 50 5,*$5=0:<$=$5>H%0>60>+$40650>+$0="4pH0!6# Go$33=X0 H¥0 ,& J %%,=$'<$>$
Al (Y,  E,>+055,*$5,"0=:$"I", >Go,#$5," 30>60>+6=$0>0E5<$0650>+$0="<p=0§0>+$0=$3$H0 0"$33=X2830 *,D>,65
6)0 0"$33=¢¥,<$=0,5$<" >,650 E>+0 +$3:$<0 0$33=0 5#0=>,47?3,650'Go$<> 5 2-( $!I', c ,*?<$o X0 I$<0=%$>,5*
5 >16#,$=0)6<0 0=_$,1"0:$<,6#Y0:3 =4 0" $33=0#,$Y0 =0463p08$ <0$5$G0,=0EB>H0>604 2,5* ' -1 (1,  5#056>0>6
4.5 > ,55%0>+$4=8$TH=X
R
I* FB65?7F $'& $
$ V&F FF $$+?
I#(RR*#, 3RR &&
#I(R,  -*)(-BR)."
(#)3L-, #(
*& 'R &&-R (R, 3
R &&-R,R*)/ A
"-R"), 3R &&-R&
JRIR# , (##HR)
7, R*&-R &&-R(
",  3RR &&-R/#
-0 3RA--A

&+ 23 J %%,)?5" >,650,50 0 EGo =,4,3 <0 >60 4346680 0 '$33=0 =0 #$="$ #0 $<3,$<Z0 >GH 380 >60 0 =65* $<0 5#
) =>$<0=$65# < G0,44?5%$0 $=:65=$0E+$50'64: < $#0>60>+%$0:<,4 &€0,44?5%$0<$=:65=$X0 +$=%$0,44?5%0$=:65=$=0"5
1$0)633E& $#0,50 0'$33=0!$ ?=$0 5>!6#,$=0 <$0$=,3G04$="<$#0,50!366#0= 4:3$=Y0,£?<$000dX0 +$0:<,E66%$=:65=3$0>6
50 5 >,*$50,=0#$8&H#0!Go=H<30# G=X0 +,=0,=0>+$0>AB0,$=0§<0>+$0 dB330"365%$=0>BoHH0 5#0#,) )$<$5>, >$0,56
:3=40" $33=X0 +$0880f0 5>]6# Go:6#?" $#0,=0FY0!?>0p,=0=P)$5 >0§<0,44?5%0:< 6>%'>,65X0 +$0=2H5#0>,4%0 0:$<=65
$5" 675>$<=0>+$0= 4$05*$5Y0>+$0,=0560>,4$0 #¥3 0 >+$04$46€0%33=Y0650!,5#,5*0>+$0,H5Y0;?," 280 # )$<$5>, >$
,5>60:3 =4 0" $33=0E+,"+0$046<$09$)",$5 >0>0:6#?",5%0 5 >]6# X0 +$0 46?5>000 5>)6# Go,=0+#$<064: < $#0>60>+$
<4< Go%=:65=$X0 +?=Y0>+$38%5# < Go 5 )6# G0o%=:65=$06H<E+$34=0>+$0:>+6*$5=0;?,"23G0 5#Y0,5046=>02,>,65=Y
560=G4:>64=0 <$0$3>Xo+$50 o#,)$<$5>0 5>,*$50,=07?=8Y0 56>+$<0:<,4 G0%=:65=%$0,=04 #$0E >+0>=0F0 5>)6# GoIH3=
5#0>,4$0#$3 X

o

5, >0Sbo +$64:+ >,"0 G=>$4Y&=,=> 5"$0y044?5, >C@adSW



1-* F667F *1% 1F &
‘& *  1F&!'1
+(&++?  (# (R R#-
HOR)(RIR!I(, .R
*# ., 3RM)(-R(
&.,R)RI'(, .R
-)0, 3RAGA
"RR# , (R(#(
#-R!#0 (R,R."R5, -.R.# B
R(1IR*#', 3R,/*)(-
#R' A

A2 +4-+ 33 (B 5 >16#,$=0 E$<$0 >+$0 I<=>64:65$5 >0 fo >+$0 # :>,[H0 ,4475%0 <$=:65=%0 >60 !$
"+ < " >8< Ki#o 1Go =", $5,=>=0@<2,5%0 650 >+$0 ,44?5%0 =G=>$4X%@® E=0 3% # Go 25&50 >+ >0 ,5#,D #? 3=0 E+60 DLBH0
1" >$<, 30,%" >,650 B5<$0,44?5%0 >60 $9,5)$" >,650 Ep+0>+$0 = 4$0:>+6*$5X0 <F504,"<6!,636* ,=>=0>662+.& )<b640 5
,44?5%0: >,$5>0 5#04,Fb#0 >0 E>+0 0)$=+0"?3>%0§0>+$0=4%$0G:$060! " >$<, Yo>+$50 6!=B8#0>+$0! ">$<, 0 ?5#%<0
4"< 6="6:$X0 +$0!" >$<, 0!$' 4$0"3?4:$ #0,50 0:6" $==0"33% %:!" -I(' Xo +$50 o#,)$<$5>0!" >$<, 30=:$$=0E=
?=$#Y0 >+$0 *3?>5>,650#,#056>0 + ::$5X0 +?=Y0 >§BE=0=64%$>+,5%0,50 >+$0 =$<?49b,44?5%0 ,5#,D,#? 3=0 >+>0 6?3#
=:$"I" 3350!,5#0>60 5#0 *37>,5>%0! " >$<, X0 ",$5,=>=0F60256E0>+$0"?=$06§0>+$0 **3?7>,5>,650,=0 50 5!6# G0463%$?35X

+ >0,=0 50 5)6# G0 5 ' -l ( 2Yo 3=602%50 =0 50,44?56* 36!?3,50¢dY0,=0$==$B&0 0=%$>%0H<406)0 0 0"$33
=?7<) " $0§" $:>6<0 5#0,=B3$=$#0!Go ">,D>H0 0"$33=B3% ) % ,& J %% X0 +$0 5 16#,$=06)0>+$0:3 =4 0'$330-BH0>+$d$" >
=4%05 >*$5¢g!,5#,5%0=, >$0 5#0=:%,1", >Go =0>+3$,<0P3308"?7<=6<=X

"I 2] -+.-+ B 5 >J6#,%=0 <$0*F' 6:< 6>$,5=065=,=>,5*060 & 605:$=0§0:635:$:> #$0"+ ,5=Y0>+$0+PG0"+ ,50 5#
>+$03#>0"+ 5[0 £6060%"+0 < $0%;?,< $#0>60<40 0*$5$<,"0 5>16# Go=><2?S0c,*?<$0 OPX$0 3,*+>0"+ ,5=0+Dh0 5
,4:6< >5>063%Y6%4,5%0: < >080>+%0 5,*$5¢!,5#,5%0=, >$0650>+$0°H6# G0463%$?3%=X0 +$80 $olDBo#,)$<$5>0"3 ==$=06
5 >16# Go§?5#0,50+?4 5=Z0* Yo * Yd Yd Yo 5#0 * Xo "+0"3 ==0#,))$<=0,50>+$,<0 850"+ ,50=><F?$Y0 5#0+ =0>+3$,<
6E5036" >,650 5#0=:%',1"0)?5" >,65=0,50>+%$0,44?5%&<:65=3$X

SA1CI( J'-1(',B 50%$5%<3Y0 5)6#,$=0+ Dok 60! =,"0)?5" >,65=X0 +§0'50 " >0 =0>+$0 6330 5,*$508" $:>6<
©50>+$0 0$330=7<)$d06<0>EH'50!$0=F'<$>PtY0", L3 >$Yo0 5#0!,5#0>60 0>+6*$5Y0B$503 !$3,5*0309<0,#$5,1" >,650!G
6>+$<064:65%5 >=0f>+%$0,44?75%0%=:65=$X

o}

OTNj®@5, >0Sbho +$64:+ >,"0 G=>$4Y®=,=> 5"$oy0d4?5, >G



I F677R,'1
Fo o 2"R3M &
YR"#R-.//  R)R
I(#R(#)3RI KR (
MR), (#(

OL# (#)(&

-1, R)R"R(#)3

| 9RJI KARM#R C

Y#5 #)(R)R1), %R3
#R #% -K

-J(J (26t g "B 5 >16#,$=0>+ >0! 5#0>60 5,*$5=0"503%#0>60 05?74!$<06)0#,)$<$5>067>64%$=Y
#$:$5#,5*0650>+%05 >?$0§0>+%0 5,*$50 5#0>+$0=><37$06§0>+%$0 5)6# Goc*?<$00dX60 0:<6" $==0"33%¢'. -+%!3-I(" Y
5 >16#,$=0!,5#0>60 5>,*$5=0650>+$0=?<Ppb0H0=64%$0D,<?=$=Y06<0F56=6=3%$>H0!Go! " >$<, Y,50 0E Go>+>0:$P5>=
>+$40)6405%* >3350 )$" >,5%0!6# Go$33=X0 +$0>86#,$=05$7><3,Hb0>+$0:>+6*$506<0¥550!G0:+G=," 3B 0B H<,5%07:0>+$
# 5* $<67=0: <>=0=600"556>0# 4 * $0!6#G0$33=X>86#,$=0+ B0 >03%>0E 60 5>,*$5¢!,5#,5*0=, >$=0 5#0>+FH)6<B0>+H
" 50!,5#0>60 5>,*$50650>+$0=?<)50§0E 606<046£$0'$33=06<0>60473>,:3504B3%-050 0=63?!3%0 5,*$506<0-F55Y0"3?4:,5*
E+63%0'%$33=0>$>+%$<0,50 0 &' $==025&50 = %:I" -I(" Y06<0?=,5*0=637?!3%0 5,*$50463%'?3$=0>60"3?4:0>68>+$<0 5#
+ DI - - 67>060=637>,65X$?><3,H >,65Y0 *3?7>,5>,65Y0 5#0:8",;, > >,65060 5>,*$5=0 330$5+ 5$0>+$0FH3,+66#0>+>
+* 6" G>,"0'$33=0E,330$5*?3)0>+§tHH06<0 5>,*$59!$ <,5*0" $33dX

505 >16# G0!6?5#0>60 50 5,*$50463%?3$0650>+$0="<pbf0 0: >+6*$50" 50$5+ 5" $0>+9 (2-(,), 6)o>+$0:>+6*$5Y
0:+$5643$5650256 E50 =06:=65,H >,65X00"50 3=60IF0 5#0 "> D>$0>+¥& )% &' -J,2,- & Y0 0=%$<,$308,*5 3,5*0"=" #3$=
E+,"+03%$#0>60 50$5+ 5"$4$5 >060:+ * 6" G6=,=Y0 038B8,5]J 44 >6G0%$=:65=$Y0 5#0B=,=0)@ >+$0:>+6*$5X0 6>%0>+>
5 >16#,$=0#6056>0#$=6&0: >+6*$5=0>+$4=$3b=0!?>0 $0,T6IB#0,50> ** 5*0; >+6*$5=0p<0$46 D30!G06>+$<64:65%5 >=
6)0>+%0,4475%30=G=>$4Y0:x"?3 <50>+%$0,55%$0,44?550<$=:65=$X

5, >0Sbo +$64:+ >,"0 G=>$4Y&=,=> 5"$0y044?5, >C@@dTO



J ) 1J18& I+ ), I ,&&+HB I
I+ J7:@ 6>%0 >+$0 #9<$5>0 EG=0 0 5#0 0 '$33=0 ¥
" > D>%0 5#0+6E0>+$05>62,5$=0)640>+$0 $3:$<0 0'$33=
" > D>$0 $33=0)6 !6>+0 >+$0 +?4680 5#0 "$33g4%, >H
<$=:65=$=Y0 5#0>+%$0,55%0,44?75$0=G=>$4X

|-* F68BF &MH%+F'F &!1'1F  I'&+? AR*-)(#4 #)(C

(#) SRH#(#(R)R."R (# (R #&#. . -R*" 1) 3. R #(#(IR (

-/ #)(R3R*" 1) 3.)-#-AR AR II&/#( #)(CR (#)3Q  -RIE"'R"#,
1&#& R (# (R#(#(R R (R&"™R)!." R &&-
IN&IH( #)( KR),R)& &R (# (-RI*, #*#. #)( KBRL"# "RY&H. . -
.0 &R 3R* 1) 3)-#-ARAR /., &#4 #)(CR (#) 3R #(#(!

* 0(-RMR(# (R.. "#(R)R")-.R &&R (R /I-#(IR 'l AR A
#0 H(R)R)*&'(CR  (#)3L(# (R)*& 2-R (R #0.
JR#((.R)*&'(R* "13-R1"#"R (R& R)R &&R& 3-#-R)R."

* M(BR#(, - R#(6" #)(R),R#(, - R*)(#4 #)(A
Y, CR #9%# #R)")(-RI.*Cl | ))(-A  1#%# #A)l
1#%k #& Q.#)3N #)(-A $1K

I* F6RAR/, 3R)R"R*#, 3R(R-)(, 3R#INR, -#)(-A

OTRj®@5, >0Sho +$64:+ >,"0 G=>$4Y®=,=> 5"$0y044?5, >G



Active versusd&sive Immauaity

4475, >G0>60>+6*$5=Y0 5#0>+$0 |, 350>665>630: >+6*$50*6E>+0=60>+0# 4 * $0>60>+$0>,==?Jop6$0!6450,=03 AHY
" 50l$0" ;?,< $#o!GocOdo>+3dPo#IH36:4$5 >060 50,44?75%0<$=:65=%$0,50>+%0,8) >H0,5#,D,#? 306<ocPdo>+$0: $a5%=) $<
6)o 5>)6#,$=0)<640 50,44?5%0,5#,D,#? 30>60 0565,44?5%065%X0 6>+0 ">,[$0 5#0: ==,0$0,44?5, >Go+DBo¥F 4:3%$=0,50>+%
5 >?<30E65<3#0 5#0 =0: <0804$#," 55X

-1 J1&& -2 =0>+$@<,=> 5"$0>60:>+6*$5=0 ";?,< $#0#?<,5*0 50 # :>,D$0,44?75$0<$=:65=$0E,>+,50 50,5#,D,#? 3
€ ,*?<$00SdXe?<3350 "?,<$#o "> [30,4475, >Gro>+$Pp=65=$0>60 0:>+6*$5Y0,=0>+6)=0 6)0 >+,=02$,650650 # :>,0

4475, >Xo &,I",33Go "?,<$#0 ">,[$0 ,4475, >Go ,B6IB=0 >+$0 ?=$9pc6D ",5$=X0 o D ",5%0 ,=0 0 2,388 6<0 B 2 $5%#
c >3$5? >$do: >+6*$506<0>=064.65%5 >=0>+Y0oE+$50 #4,5,=>#0>60 0+3>+4Go ,5#,D,#? 3Y0!B% >60>+$0#536:4$5 >
6)04%46< Go$33=0 5#0,4475636%" 304%46< Gol2, 0 0:<,4 < G0,44?5%0 $=:65=$do E»+6?7>0"?=,5*04?"+0,50 >+$0 EGO §
=G4:>64=X %% J/ ', e<!" -l [/ -J/ I, "65=,=>0: >+6*$5=0>+>0+D50!$$502,33% 5#0=60 $0560 3658<
D, 13%Yo0 1?>0 =>,3B8,50 5>,*$5=0 >+>0 "50 !$0 <$" 6*5,H$#0 5#0 ?=%t0 >60 46?5>0 50,44?5%0 <$=:65=$X !/ J --' . -

[ 1"A  3,30>+3$065%0?#8 * ,5=>0>+$04$=3%=0D,<A5D6TH0>+$0 ?=$y6 >+6*$5=04 ,53 GoD,<?=8eE+,"+0+DH0!$$5
<$5#$<B#0+ <43$==06<03%$==0D,<AB$60>EP#6056>B.< 6#?" $0 5#0=:<$ #0,5=#%0 50,5#,D,#? 3X(1(! [/ I, ,5"37#$
0>6-,50463%$?73%00:6,=650=$'<$>%0!Go! " >$<,do>+0+ =0!$5046#,1$ #0>60!$0+ <43%$==0>60+7?4 5633=0!7>0=>,330%3,",
50,44?5%0 < $=:65=%0 * ,5=>0>+$0 >B,5X0 +$03$5?=0D" ",5%0)6<0 & 4:3%0" 65> ,5=0 046#,1$ #0 [F$<=,650 o >+$0 ¥55
>$> 56=: =4,50>+ >0,=056<4 TB$3$=$#0!Go>+$o! >$<,?4 &)-.##/IR..#R 5#0" ?=$=047="3%0=: =4=Xo0 +,=0D",5$
><, **$<=0>+$064#7?" >,65000 5>,0>% 56=: =4,50 5 >)6#,$=0>+ >065)$<0,44?5, >G0>60>+$$BT >$<,?4mr0+ <4)?30HB" >=X

A I | A L <$046<$046#$<505:$=060D" ",5$0E+,"+0$F:6=$0>+%$0: >,$5>0>60=4 3FBA:65%$5 >=0 0: >+6*$5i56>
E+63%$0'$33=06<0D,<?=$2XB, >0D ",5$=0"50!$0:<$: < $#0$>+$<0G0"+$4," 3ZLo#$*+#,5%0 0: >+6*$50 5#0,=63>5%0>=
2$Go 5>,*$5=06<d50:6#?",5*0>+$0 5>,*$5=0>+62* +0*$5$>,"0$5*5$$<,5*X0 +,=d>:$060D" ",5$0,=064465:3" $o5 # G=
06<0% 4:3%0>+%0 Yo+$:>>,=0 0 5#0,5J?$5H oD ",5%$=dX0 +&o#6056>65> ,50>+$0E+63$0>+6*$5Y01?=>0>+$0$==35
5 >*$5=Y0>+$¥6<$0>+$0<,=206 #$0P$" >=0,=H3 >, 33 0IBX

+$0<$" $5>0 g OWo: 5#%4,"0 + =0=$50 >+$0 #IH36:4$5 >0 S5#0E #$=$#07=%06§ "' .%!J 'J/ ", JS50E+,"+
*$5%$>,"0,56=><?¢,65=0>60!?,3#0 0=4 38d"65%5 >o0f0>+$0 g6 D[PPoD,<?=0R $0:<6>3,5d0 $0#$3,H$#0,560 50,5#,D,#? 3|
$,>+$<0,50>+B6106)0 0'$5$0867!3$0=>E#$ #0 d06<04$==%$5*$<0 oc 4 dXo +$o0* $5%$>,"04 >$<, 30,=0: "2 *$H#0$>+$<
,5>60 0+ <43%$==0D,<?#8$66 D,<?=¥Y8y0 d06<0,5>603,:,#05 56: <>,"3$=08<04 doE+,"+0 #=0?:>2 $0,560>+%$0,5#,D,#?-3n
" $33=0E+%$0>+%$0,5=><2,65=0 $04 #0 5#0>+$0$<3$,*50D,<B0=:,250:<6>%$,50,=0 :6#?" $#X0 +$=%0D",5$=0"50!$0:< $: < $#
<$3 >,3350"+$:3 Go 5#0;?,"2350 5#09)%" >,[3350=>,473>$0!6>+0+?46<30 5#0"$3304%, >H0,44?530<$=:65=$=X0 =0 $=?3>Y
>+,=04$+6#0§oD' ",5$0:<$: < >,650,=0,508$36:4%5 >h<04 5 Go#,=$$=03,8Y04 3<,05#0 X

0:$<=650" 50 3=60 ";?,< $0:<6>%$'>,650)840=:$",1"0: >+6*$5=0>+68?* +0>+$0 #4,5,=><>,650600:<5g)6<4$ #0 5>)6# 5= A
256E50=),! [ JI&& . -2Xo0 >7?<33F0 "?,< $#0: ==,0$0,4475, >G0,=6x $=35>%0!Go>+$05=) $<0fo 5>]6#,$=0,50!<F =>
4,3206<0>6%* +0>+%0:3 $5> 0>+>0*DB0o5%E!6<50! |,$=0:< 6>$ >,650 * ,5=>0=64%0: >+6*$5=0 =0>+G0 $o#IH36:,5*0>+$,<
6E50,44?5%0< $=:65=$X0 +$%0,=0 0: <>,"?3 <06:$060!<$ =>04,320:6#?" $#0!G0>+$046>+$<0RVgo UP0+62$=<0 #$3RG
" 33% ( %(,-+.& Yo E+,"+0,=0 +H350 $5<,"+#0,50 5>)6#,$=0>60 +$3:0 >+$obH<50 < :,#3 Go $=> 13,=+0,44?55Go p$<0>+3$
$F:6=7<$0>60>+$05650=>%$<,3Bo$54$5 >067>=#$0>+$EX0 +$0!< $ =>04,3204 >?$=0>6@5> ,5046<$03,:,#=0 5#08?"6=$
)6<0*6E>+Y0!?>0=>,8305=0 5>)6# G065>$5>0)840>+$046>+$XB04$#,",58Y0 <,I", 33G0 ";?,< $#0: ==,0$0,4475, >G0?=? I3
,5063%=0,4%$>,65=080,44?56* 36!?3,5=0> $350)640 5,4 3=0:< $D,6?=G0F:6=$#0>60 0=:F1"0: >+6*$5X0 +,=0$<>4%5 >
,=0 0) =>g ">,5*04$>+6#0§0>$4.:6< <,3G0:6>3$' >,5*0 50,5#,D,#? 30E+60E0:6==,!13G0o%:6=$#0>60 0:>+6*$5X0 +$o#E&5=#$
>60>+,=05><>4%5 >0,=0>+$03 "06+$04H36:4$5 >080,44?5636* " 304$46< X0 5"$0>+$0 5)6#,$=0 <$0>5=) $<S#Y 0>«
<$09$)$" >,B0H<0656G0 03,4%0>,450!5)6<P0>+Ho#S*H#SY0=60473>,:3%0$ >,65=04 Go!$05%$$== <GX0 506 4:3%0,=0>+$
>& >43$5>060="=:% >$0<,$=0E, >+0:6=>%:6=7<$ )+ () 2% 1!, >+ >0,5"3?#%$=0,44756*36!73,50,4$ >,65=X

<640>+%0 16 DbY0,=6%#,3G0 :: < $5>0>+>0E>+0>+$0?7=H08" ",5$=Y065%$050 [6,#0>+$0# 4 * $0)840#,=$ =$0>+ >08=73>=
)<640>+%0l<=>0%6="<$0>60>+$0>+6*$5Y 08 :0>+$0!$5$ >=0fp:<6>$'>,650)840,44?5636* ," 304$46< GXo +$0 #HH5>06
D" ",5$=0E =065%0§0>+$04 16<048," 30 #D5" $=060>+$E$5>,$>+0$5>?<G0 5#0I>60>+$0%<L >,65060=4 33:6F0 5#0>+$
"65>63004 5 Go,5" >,6?7=0#,=$$=Y0,5"37#,5*0:63,6 Y0443$=Y 0 5#0E+66:,5*06?* +X

o

5, >0Sho +$64:+ >,"0 G=>$4Y&=,=> 5"$0y0447?5, >GuadTQ



% F62F $++13 I'&

F ) F %%-&1,17

J, #R)*R& .R*").)C

Y#5 #)(R)R1), %R3
ER, #.R.)*R#!".

*))CR) #5 #)(R)

1), %R3

O #" &, 3Pl #HY%#

#ER, #.R).)R& .

*))CR) #5 #)(R)

1), %R 3R (., -R),

# -R)., )&R(

, O(#)(ER, #

).YRA#!"R*).)C

Y#5 #)(R)R1), %R3

#-06#8& R #8&#.)(1 B

O(-#BR (.,  -R),
# -R)., )&R(
, 0(#( K

>"+ >+ =0 <=+0 6?<=$0D#$ )6<0 50 &B<D,¥E0 6)0 >+$0 # :>,$0,44?5%0 <$=:65=%$]0 ,<$">03,52Z>:=ZaG?>?X'&
P R Q<

Disaases Asociatd with Depresal or Oveactive Immune Bsponses

+,=0=%'>,650,=0 !67>0+60>+%$0,44?5%$0=G=>$4B$=0E65*X0 +$50>06$=0+GE,$Y0 5#0!$64$=0>660E 206<0>660=65*Y

,>03%=0>60 0=>%0 o #,=$=%$X0 +$0) ">6<=0>+04 ,5>,50,44?5636* ," 30 +64$6=>=,=0 $0'64:3$ Fo 5#0,5'64:3% >$&
?5#$<=>66#X

&& '(4!"'!',B =0 @70 + B0 =$5Y0 >+$0,44?5%0 =G=>$40 ,=028p 64:3$% FX0+ =04 5Go0: >+ G=07?=,5*04 55

OTRj®@5, >0Sho +$64:+ >,"0 G=>$4Y&=,=> 5"$0y044?5, >G



"$330G:%$=0 5#0 =*5 3=X0 '$ ?=%$0 >0 ,=0 =664:3% FYo >+$a <$0 4 5 Go EG=06<0 >0 >6060 E-65*Yo 5#0 ,50 >+$0=%0 6)
A4?756#81",$5",$=Y0!$ "64$0E$2 $5$#X ' +! - JI&& '(4!'!, <,=%0)640* $5%04?> >,65=0>+0 )$">0=:%,I"
"64:65%5 >=0>+$0,4475%$08=:65=$X0 +$$0 $0 3=6 *.1+ JI&& .( 4!'!, >+ >08=7?3>0040" ?=$=06>+$<0>+5
,5+$<,> 5" $0E >+0:6>$5, 3Bo#H=> > 5%0$)$" >=0650>+$0,4475$0=G=>$4Y0=7"+0 $O;5p50E>+0 X
"+-J && (4!''!'.B 03,=>00 330,5+$=H10,44?56#3I",$5",$=0,=0E $330!E65#0>+$06:$06)0>+,=0!662X0 +$
3,=>0,=0 346=>0 =0365*0 =0>+$PBF3DEY &>3$,5=Y 0 5#0=,*5 3,5*046383$=0§0>+$0,44?5$0=G=>$4e-$3) X0 64$0#3$I",$5",$=Y
=?"+0 =0>+6=$6%0'64:334%5 >Y0'?=$065G0 0+,4$<0=7=%:>,1,3,>5G0>60=64%0 4go5%* >[Fo!" >$<, X0 >+$<=0$046<$
=§5<$0,50 >+$,<65=$;7%$5" $=Xo0 $= ,5305r0 >+$0 46=>0 =$<,6Y006-$0 ,5+$=Pt0 ,44?56#%1",$5"$=0,= ,/ +J (&"
1&& (4!'2J3), ,JE FXo +,=0#,=$$0,=064:3% Fo!$" ?=$0>0,=0"?7=$#0!G04 5Go# )$<$5>0%5%>,"0#$p" >=Xo+ >
*<6?:=0>+3$40>6"$>+$<0,=0>+$038>+>0!6>+0>+$0 330 5#0 0$330 <4=0)6>+%0 # :>,[$0,44?5%0<$=:65=%0 <$0 ))$" >HX
+,3#<$50E >+0>+,=0#,=$0?=? 3B0o#,$066::6< >?5,=>,"0,5" >,65=0E>+,50>+$,<0l<=$006)03J0?53$==0>GH8" $,050 0!65%
4 << 6E0>5=:35 >X
&I && (41'2] I+, C B 3>+67*+04 5 GoD,<?=$==$0="7::<$==,65000>+%$0,44?5$0=G=>$4Y 0 €&FH5$
E,:$=0,>067>64:3% >$8&r0 5#0>+0,=0>+$&B,67=804$5>,65%#0 X0 +$0D,<?=0,7o>4 >$f0>+8?* +0=$4$5Y0D ,5 30J? #=Y
5#0!366#X0 +$$0 $0=64%>,4$=Y0!?>056>& 3G=Y0J?g$2@=G4:>64=0,50>+$0I<=>0 00>k P$<0,5)" >,65XBHB33&,5*
>+,=0>,4$E; >+05604%," 30,5$055>,650Y0>+$085=0® Rpo" $33=Y0$2;83G0+$3:$<0 $33=YdBHSo=>%,3Crolip5>? 3%
<6#?7".5%*0 50 " ;?,<$#0,44?756#%1",$5" Go=G5#4%0c dYo0?5 >,30>0=64%0:6,5Y0>+$0,44?5%8<:65=%0,=0=60%20>+ >
6::6< >?75,=>"o#,=%%$00m0" 65#, >,650>+>0#6$=056>09" >0>+6=$0E+0 0+3$83>+4G0,44?5$0=G=>%$dlo 5#0EB5>? 3B0o#$>+0$=73>X
R0,=0>+$08§" $:>6<0>+>0 07=$=0>6d8>0,5=#%$0 db33=0 5#6x 6#?" $X0 ,[}50>+>0 Rpo+$3:$<0 0'$33=0:80 50,4:6<> 5>
<63%$0,50 d330,4475%$0%=:65=%$=0 5#0 5>)6# G0B=:65=$=Y3,0=+673#0!$0560=7<:<,=$0s0t6>+03:$=0§0"$33?3 <0 5#0+?7468
,44?75%0< $=:65=%$=0 <$oEH5>? 3&%0=$<,676064.< 64,=$ #X
<$ >4%$5 >h<0>+$0#,=$50"65=,=>=0@#<?*=0>+0> £$>0D,83G0$56#$#0:<6>$,5=0>+>0 $05% $== <Gdj<oD,80%:3," >,65
1?7>0 <$0 !=$5>0)84056<4 30+?4 50" $33=XG0 > &$>5*0>+$0D,<?=g$3)0 5#0=: <,5*0>+$8$33=Y0>+,=0 B&+0+ =0!$ $5
=?""$==)?30,50 =,*5,I'5 >&0 :6365*,5*0 >+$0 3P0 fo  g:6=,>,[$0,5#,D,#? 3=X0 50 >+$0 6>+$<0+ 5#Y0 50 '©D5$0+ =
I$ $50QNEE=0,50#8536:4$5 >0 5#0,=0=>FeD E GK0 $ ?=%$0>+$0D,<?=042$=05#3 Go>60Bt$0>+%$0,4475$0=G=>$4Y
=" $5>,=>=0 50 !$$503662,5*0§<0 : <>=0b >+$0D,<?=0>6#6056>0"+ 580 5#0>+?=0E?3#0!$066#0> < $>=0fh<0 oD ",5%
" B#H# >HX
-(&& I ), B +$0E 6<=>0=%$=06§0>+$0,44?5%0=G=>$4aB<g<$ " >,5%0 <$0 ?>6,44?5%0#,=$ =$=X0 64$+6EY
,44?5636* ," 30>63%5" $0!<$ 2=0#6E50 5#0>+%$0,44?5$0=G=>$4=0,50,5#,D,#? 3=cEp>+$=%0#,=$=0!$* ,50>60> "20>+$,<
6E50!6#,$=Y0"?=,5*0=,*5,I" 5>0#4* $X0 +$0><,B<06<0>+$=F$0#,=%H=0,=Y0 4650 §>$50 >+ 50 56>Y0 ?5256Y0 5#0>+$
>& >43$5>=0 $0?=? 3G0! =$06508=6B,5*0>+$0=G4.:>64=07=,5*0,44756="::< $==,[30 5#0 5>,00,5] 44 >6Go#<?*=0=?"+
=0=>%6,#=X0 +$=$o#,=$$=0"50!$036" 3,Hp#0 5#0"<,::3,5*Y0 =0,50$?4 >6#0 <+<>,=Y06<9RF$0,50>+$0!6B0E>+0473>,:3$%
=G4:>64=0>+ >0#,)$<0,50#)$<$5>0,5#,D,#? 3=Y0 =0,=0>+$0E,>+0=G=>%$4,"03?:?=0$<+$4 >6=?=0¢*?<$00OdX

- F6;7F-1%%-&
I+%  <HAF 206 1

* M IHF&F  -(-+? JK
2.(#OR 'IR)R."
#"R"(R)R
CIER A
4, R#R")L(RHR."
2L, 3ARBR"R#1, '
“1-R RO # .3R)
*)--# & R-3"*)"-R)
-3-. '# R&/*-

L3 )-A

5, >0Sbo +$64:+ >,"0 G=>$4Y&=,=> 5"$0y044?5, >C@adTS



Part 3: Blood {ping

366#0 >5=)?=,65=0,50 +?4 5=0 E$<$0 <,=2G0 6 $#?<$=0 ?5>,30 >+$0 #BTH<Go fo >+$0 4 16<0 +?4 50 !366#0 *6?:=0! Go <3

5#=>%,5$<Y0 50 ?=><, 50!,636;=>0 5#0:4G=,", 5Y0,50 OWK®N\5>,30>+0:6,5>Y0:6=,", 5=0#,#056>0 ?5#$<=> 5#0 >0 #$>+
=64$ >,4%$=0P336 $#0!366#0>5=)7=,65=YOE+$50>+FB$060#656<0!366#0,5)?=+ ,5>60>+$0:>,$5>0E=0,5"64: >)3$0E>+
>+$0: >,$5>R0650!366#X0366#0*€7:=0 <$0#P$<4,53#0!G0o>+$08<=$5"$06<0 |=$5"$0§0=:%",1"04 < 2$<0463%$?3$=0650>+$
:3=404%4!<  5%=06)0$E>+6" G$=X0,>+0>+$,<0#,6[B<G/>0!$ 4$0:6==, 13$0p<0>+$0l<=>0>4$0>604+0: >,$5>g#656<
1366#0%5:$=0 5#0:<$0$5>0>5=)?=,650<% " >,65=0 S#o#$>+=X

Antigens, Antibodies, andansfusion Bactions

"-l Y <$0=?!=>5"$=0>+>0>+30!6@B0#6$=056%6*5,HS0 =0!$365%5*0>60>+$o&3)l0 5#0>+WH)6<B0><,*$<0 0#$P5=0H
<$=:65=%$0)640>+$03%$7' G$=0>+$0,44?5$0=G=>$4XH<$Y0 B0 E,336)?=0650>+$63$0§0,44?5, >G0,50!366#05<)?=,65
<$" >,65=X®33&,5*0 50,5)?=,6506)0,5"64: >)3%0!366#Y+2-+ (2-, E,>+06<$,*505>*$5=0 ::$ <0,50>+$0!366#=$4
5#0 ><,**$<0 50,44?5%0 <$=:65=$X ' -! (!, <6#?" $#0 !1Go >+%$0:3 =4 0 $33=Y®=> "+0 >60 >+$0 5,*$5=0 650 >+$0 :3 =4
4$4!<  5$=06)0>+%$0,5)?#$GC>+6" G$=0 5#0" ?=$0>+$40>60 #+%B0>6065$0 56>+I<

=0%$F:3 ,5% #0!$)6<$Y0!$ ?=$0>+$0 <4=06>+$m=+ :$ #0 5>)6#,$=0 > "+0<5#643 G0>604680>+ 5065$056579=%$3)
$<G+6" G$0=7<) $Y0>HH<40"374:=06)0$E>+6" GS=0c %:!' -I(' dX

+$0"3?4:=06 )0$S>+6" G$=0!36"20=4 330!366#pE-$3=0>G2* +67>0>+$0!68BY 0#$:<,D,5*0>,==?$308 G $50 5#
57><,$5>=X

=0>+$0$&>+6" G$0"3?74:=0 $o#P*<#$ #Y0,50 0B $==0"33% &( B!, YO>+$,&( (! ,=0%$3%=%$#0,5-60>+$
1366#=>% 4Xo0 +,=0+$46* 36!,50><D$3=0>60>+$02, B 0E+,"+0$0$=:65=, |3%0H<013><>,65060>+$0!366#X6E $CH<Y
>+$036 #0@+$46* 36!,50$3%=$#0" 50% =,3G0BB<E+$340>+$02 #5&R0": ", >G0>60"3B>Y0 5#0>+$02,$5>0"50;?,"23 G
#$0536:02,#58G0) ,378X

6<$0 >+ 50 SNo 5,*$5=0 + [0 !$$50 ,#$5>,1$#0 650 $&+6" G0 4$4!< 5%=Y0 !?>0 >+$0 46=>0 =,*5,B >0,50 >$<4=0B>+$,<
:6>%$5 >, 30+ <40>60:>,$5>=0 $0"3 ==,I$#0,5>60B 60*6?:=Z0>+$0 0!366#0*<6?:0 5#0>+%$0 +0!366#0*6?:X

The ABO and Rh Blood @Gups

JJ %((J H)B 3>+67*+0>+$ J  %((J +() 54%0" 65=,=>=0)>+§$03$>$<=Y0 0!366#06: 5*0#$=*5 >$=
>+$0:$=$5"$06<0 =$5"$0§01?=>E60 5>,*$5=Y0 0 5#0 X0 6>+0$0*3> 6:< 6>$,5=X$6:3%0E+60+ B0 0 5>,*$5=0650>+%,<
$<G+6" G%$04$4!< 5$0=7<) " $=0 $0#%$=,*5 >H0!366#06:$0 Yo 5#0>+6=$0E+6=$d%<+6" G$=0+b0 0 5>,*$5=0 $0!366#
>G:$0 X0%$6:3%$0" 50 3=60+ $H0!6>+0 0 5#0 0 5>,*$5=0650>+$,<0P<+6" &$=Y0,50E+,"+&$0>+%0 $0!366#06:$0 X0 $6:3%
E, >+05%>+$<0 056<0 0 5,*$5=0 Po#$=,*5 >H#0!366#08:$0 X0 0!366#0>G:$=0 $0°$5%>," 3HB0#$$<4,5$#X

6<4 33G0>+$0!6B047=>0!$0%6=$#0>60 ®K$,*50 5 >,*$50!$)6<P0 50 5>)6# Go'50!$0:< 6#?" $#X0 +,=0,=056>0>+%6"
)6<0>+$0 0!366#0*<6?:X05#,D,#? 3=0E>+06:$0 0!366#i E,>+67>0 550:<,6<d86=7<$0>60,54: >)3%$0!366#i+ [Ho:<$g
)6<4$ #0 5>6#,$=0>60>+%0 0 5,*$50",X?3 >,5%*0,50>+$,<0!366#0:3 =4 X0 +$=3056#,$=Y 08)$<$#0>60 =0 5,9 0 5>)6#,$=Y
E,330"?=%0 ** 37>,5>,650 5#0+$4635=,=0,)0>GPBH<0$5'6?5 >$<0¥3>+6" G$=0E3+0 0 5>,*$5=Xq4,3 < Y0 50,5#,D,#? 30E;+
>G:$0 0!366#0+ =0:$g)6<4$ #0 5>, 0 5>)6#,5=X05#,D #? 3=0E>+06:$0 0!366#Y0E+,"+0+ =0!6>+0 5,*$5=Y0o#6056>dH
:<$0)6<4$ #0 5>16#,$=0>608;+$<0p>+$=$X86:3$0E >+06:$0 0!366#03 "20 5>,*$5=0 0 5#0 0650>+$,<0B=+6" G$=Y0!?>0!6>+
:<$9)6<4$#0 5>,g 0 5#0 5>,g 0 5>)6#,$=0",<"?3 >%$0,50>+$,<0!366#0:3 =4 X

J %(J H)B +$ I %((J+() ,=0"3==I%0 ""6H#,5*0>60>+$0%=$5"$06<0 |=$5"$0§0 0=$65#0%$G>+6" G$
5 >,*$50,#$5>,1$#0 =0 +XoroE=0l<=>0#,=65<$#0,50 06:$060:<,4 >$025&50 =0 0<$=?=04" ;?$Y0E+,"+0,=06>$507=%0,5
$=$<"+Y0!$ ?=%$0r=0!366#0,=0=,4,3 <0>60®f0+?4 5=Xdo 3>+6?7*0#6/$5=060 +0 5>,*$5=0+ Db0!$$50,#$5>,1$#Y0683065%Y

OTW®5, >0Sho +$64:+ >"0 G=>$4Y®=,=> 5"$0y044?5, G



#$=*5 >$to Y0,=0"3,53350,4:6<> 5>X0 +6=$0E+60EH0>+$0 +0 0 5>,*$50:<$=$5>0650>+$,<@@<+6" G$=i 16?>0VS0:$<" $5>
6)o 4%<," 5=i< $o#$="<I$ #0 =0 +0:6=,>,[$oc +pdo 5#0>+6=$0E+603 "20,$0 +05%* > [Boc +qdXB>$0>+>0>+$0 +062:0,=
#,=>5">0)840>+$0 0*< 67?:Y0=60 %0,5#,D,#? 3Y05604$<0>+$,<0 0!366#08:$Y04 Go+[B06<03 "20>+,=0 +C>F$5X0 +$5
#$5>,)G,5%0 0: >,$5>R0!366#03:$Y0>+$0 +062:0,=0#%$=,*5 >H0!Go ##,5*0>+$0B<#0:6=,>,[$06<05%*>,[$0>60>+$0 05:$X
6<0% 4:3%Y0 0:6=,>,[$o@dod$ 5=0 o0*< 6?:0 0!366#0E,>+0>+$0 +0 5,*$50:<$=3$5>Y0 5#0 05%* >,[Focqdo4$ 5=0

*<6?:0 0!366#0E, >+6?7>0>+%0 +05,*$5X
50"65><=>0>60>+$0 0*67?:0 5 >!6#,$=YOE+,"+0 $0:<3$)6<4$#Y0 5)6#,$=0>60>+%0 +0 5,*$50 <$0:<6#?" $#0658%0,5

+00,5#,D,#? 3=0 P>$<0B.6=7<$0>60>+$05*$5X0 +,=0:8" $==Y B3%0=$5=3,H>,65Y06'?<=0p33&,5*0 0><5=)?=,650E,>+0 +g
,5"64: >13%0!366#06¥04640'644653 GroE+o>+$0!>+ofo 50 +po!! Go>60 50 +qo46>+$0 6!3%4=0 <$0<«$0,50 ol<=>
<$*55" Gro=3o>+$0!!Gro +po'$33=0<$350"6==0>+$0:3$5> 0&+$06¥506 )o* =0 5#057><,$50F "'+ 5* $0!$>E $$50>+$
Il Go 5#0>+$046>+$X06E $DB<Y0#7<,5*06<0,448, >$&0 P$<0!,2+Y0>+$0 +q046>+$<w0!$0$F:6=$#0>60>+$0! Gro +p

" $33=0£?<$00UdSe$ < "+0+ =0=+E50>+ >0>+,=06?<=0,50 !6?>0 OQUR0 :$$5>00=""+0:%$*5 5",$=X0 ) >$<08.6=7<$Y0>+$
46>+$<r0,44?530=G=>%$40!$*5=0>6E5%< >$0 5>,g +0 5>)6#,$=X0)0>+$046>+$<0=+6?3#0>+Fa4'$,bo 56>+$<0 +po! | Gr
>+$0 +0 5>)6#,$=0=+$0+ =0:6#?" $#0" 50"<6==0>+3$0:3$5> 0,5>60>+$B} 30!366#="%40 S5#0#$=><6G0>+$p} 30 =Xo0 +,=
"65¢#,>,65Y029650 = &( %-!J!, ,J( J- J'0(+JE do6<08=+6!3 =>6=,=09> 3,=Y04G0" ?=%0 5%$4, 0,504,3#

" =$=Yo0!?>0>+%$0 B?>5>,650 5#0+$4635=,=050!$0=60=$B<P0>+>0E>+6?>0$< >4$5 >0>+$8>?=04 Go#,$0,50>+$0H06<

=+6<8%0 pP<ol,&2+X
1> F6<?
*1,* "$+++F , $1+?
"R5, -.R2%-/, R)R(
"TR).",R)R"S
, 3", )3.-R/#(
* A((3R#(/ -
- (##4 #H(AR (#L"
(#)#-R #R.)
#,1& R#R."R).".Q -
&)-., 'ARR-)(
2%/, R) /, -R1#"R
-/ -+ (R, 1((3
1#"R (R"SR ./J-R#(R."
l.J-AR (&R (#L "
(#)#-R'3R, )-R."
* (R(R(.,R"
.&R &))-., 'B
-#(IR &/ #( #)(
(R"N& 3-#R)R&
, 3" )3.-A

0#<?*0256E50 =0 +6 Yo0=+6< >06<0 +0,44?5%0* 36!?3,5Y050>$4:6< <,3G0:$0$5>0>+$0#%$36:4$5 >080 +0 5>)6#,$=
,50>+$0 +q046>+$¥0>+$k GoDb<>,5*0>+,=0:6>$5, 3B0=$<,67=0#,=$H0)6<0>+$6)?=X0 +6 05 >)6# $=0#$=>6Go 55d)> 3

5, >0Sbo +$64:+ >,"0 G=>%$4Y&=,=> 5"$0y044?5, >CajadT



+p0o$<G>+6" G$=0>+04 G0"6==0>+$0:3%$5> 30! <<,$X0 +6 0,=056<4 33 Go #4,5,=>$$#0>60 +q046>+$<=0#?<,5*Fp2=
PTPVo®o:<$*5 5" Go 5#0E>+,50UP0+6?<683&,5%0!,< >+Xpo+ =0:80$5084 < 2 I3 Godhp" >,[$0,50#%$ =,5*0>+%$0,5" #$5"$
6)o Xo B,$<0k056>F0>+>0>+%0,5"#$55060 0,50 50 +po=?!=$;?%$5 >0:$*55" Go>60 50 +q046>+$<0,=0 !6?>00Rh
$<" $5>0E>+67>0:$055>,[F0>8 >4$5>Xg5" $0>+$056#7?" >,65060 +6 0,500WTVY0>+$0,5" #5580+ =0#8::$ #0>60 !67>
NXOo0:$45>0,50>+%0 Z$t0 > >$=X

Determining ABO Bloodyipes

3,5,", 5=0 < $0 13$0>60#%$<4,5%0 0: >,$5>R0!366#06:$0;?,"23G0o 5#0%=,3G0?=,5*0644%< ", 33G0:%: < $#0 5>)6#,$=X0 5
7?5256 E50!366#0= 4:3%0,=0 336">%10,5>60=%: < >$0E533=%06065$06330 0=4 330 46?5080 5>, 0 5>!6# Go,=0 ##8Y0 5#0>6
56>+$<0 0=4 330 46?5>080 5>,g 0 5>]6# (X90>+$0 5,*$50,=0:$=$5>Y 0>+$0>%6#,$=0E,330"?=$0D,3$0 ** 3?7>,5>,65060>+$
" $33=0¢?<$00d4KX0 +$0!366#0=+673#0 3=60!$0#pE$+0 +0 5>]6#,$=X

J o+ L+ (-(( %,B60 D6,#0>6=)?=,650%" >,65=YD0,=0!$=>0>66=}2=$065%04 >"+,5*0!366#06:$=[0>+>0,=Y
0>G:$0 pos",;,$5 >0=+673#0,#AI0R" $,050!366#065C0)840 0>G:$0 po#656<0 5#0=6065X0 0= ,#Y0,50$4$85" Go=? >,65=Y
E+$50 "?>$0+$46<<+ * $0>+8 >$5=0>+$0>,$5>A03PY0>+$04 G056>0!$0>,49890"6==04 >"+,5*0>60,#$5,)50!366#d>$X
50>+$=$0%$=Y0!366#0§40 .! / +,%J ((+ i50,5#,D,#? 30E, >+08:$0 q0!366#i4  Go!$0>5=)?=$#X03$" 330>+06:$0
$<G+6" G$=0#6056>0#,=B0 06<0 0 5,*$5=X0 +?=Y0>hg 06<0 5>,g 0 5>!6#,$=0>+ >04,*+>0!$0",£?3 > 5%0,50>+$0>,$5>n
1366#0 :3 =4 0 E,33056>0 $H?5>%<0 550 $&+6" &$0 =7<) $0 5>,*$5=0 650 >+$0 #65%0 !366#0 5#0>+$)6<$0 E,33056>0!$

:<6D62%#0,5>60 08=:65=$X

% F6=?P'++
& F$"F1(+?

“#.R-*& R) R

Y, #&8R*)/

O #PR, R(&-

+# %R.3*%#(IR) R )."R

, ##(Q-R(R)0.Q -

&)R ), R, (-I-#)(A

"R, R)(.#C-R."
#(R-#. -R),R1 &&-A

(R#R). RI#"R(

(#L R (#) 3BR)(

1#'R (R (#L R (#)3B

(R)(R1#"R (R (#L

(#)3RJ .--R )R

* -(R)R"R )R KA
#2#(R R )*R) R &))

(R- &#(R#()R "R1&&

( &-R"R&)R.)
#(., RI#R
* * #)(R)

3*L* #5R(#)#-B
&)R && R(#L-, A
N&LH( H)(R) R -R#(
RI#0 (R-#. R#(# . -R
N-#H40R# (#5 #H(R)
MR &) R (#! (-BR#(
"#R -RR(R"

(# (R )R&)R3*
SAR),R." R*/,%)- R)

5 (IF(BR."R)(0.Q
(R, #%#(Q-R&))
3*-R/-R'."A

0: >$50E>+0!366#05:$0 po,=0256E50 =0>+%$0?58<= 30%",:,$5 >X0 +,=0:>,$5>0"50>+%H<$>," 3F0%"' $,060 5G0G:$06
1366#Y0!$ ?=%0>+$0:>,$5>n0&50!366#i+ D,5*0!6>+0 0 5#0 0 5>,*$5=0650>+$0G=+6" G$0=7<) $i#6$=056>0:<6#?" $

OTdjm5, >0Sho +$64:+ >,"0 G=>$4Y&=,=> 5"$0y044?5, >G



5 >,g 06<0 5,9 0 5>)6#,$=X050 ##,>,65Y0 50 +po:>,$5>0"50<$" $,060!6>+0 +po 5#0 +q0!366#Xq*?<$00W0=?44 <$£0>+$
1366#0%5:$=0 5#0'64: >),3,>,$=X

I-* F6>7F F$"

* (2 "#-R"..

" #4 R

" ##-R)R"

&) R.3*-R#(R."R
&)R!, J*AR R"R. 2.
JR), R(R"R)( ™
YRRI/(#0, - &R)(),R),

. #H (A

O# 1R / - #)(-

+J7DJ 2&) -1J 2,-&

a (R#(., #OR<R&'(R"-R (R  2& R, YR"#R0, -#)(R) R."R.2.AR/R (R0# 1IR#.R)(&#(R", C
"ECHL*, = ))%-A H-A | #)&897:897@;." IG*V  88=H"<*8;>

a (R#(., #OR<R&'(R"-R (R  2& R, YR'"#R0, -#)(R) R."R.2.AR/R (R0# 1R#.R)(&#(R", C
"ECIHL*, = ))%-A H-A | #)&897:897@;." IG*V  88=H"<*L8;?

5, >0Sbo +$64:+ >,"0 G=>$4Y&=,=> 5"$0y044?5, >C@adTW



+J8DJ J && ') 2,-&

a (R#(., #OR<R&'(R"'-R (R 2& R, YR"#-R0, #)(R)R."R. 2.AR/R (RO# 1IR#.R)(&#(R", C
"ACLL*, - )%-A A | #)&897:897@;." IG*V  88=H'<*.8:8

a (R#(., #OR<R&'(R'-R (R 2& R, YR"#-R0, #)(R)R."R. 2.AR/R (RO# 1R#.R)(&#(R", C
"ACLL*, -)%-A  H-A | #)&897:897@;." IG*V  88=H"<*L8:9

@ (R#(., #OR<R&'(R'-R (R 2& R, YR"-R0, #)(R)R."R. 2.AR/R (RO# 1R#.R)(&#(R", C
"ECH %, = ))%-A A | #)&897:897@;." IG*V  88=H"<*L8::

@ (R#(., #OR<R&'(R'-R (R 2& R, YR"-R0, #)(R)R."R. 2.AR/R (RO# 1R#.R)(&#(R", C
"ECH %, = ))%-A A | #)&897:897@;." IG*V  88=H"<*L8:<

a (R#(., #OR<R&'(R"-R (R  2& R, YR"#R0, -#)(R)R."R. 2.AR/R (R0# 1IR#.R)(&#(R", C
"ECIHL*, = ))%-A H-A | #)&897:897@;." IG*V  88=H"<*.8:=

a (R#(., #OR<R&'(R"-R (R  2& R, YR"#R0, -#)(R) R."R. 2.AR/R (R0# 1IR#.R)(&#(R", C
"ECHL*, = ))%-A A | #)&897:897@;." IG*V  88=H"<*8:>

a (R#(., #OR<R&'(R"'-R (R 2& R, YR"#-R0, #)(R)R."R.2.AR/R (RO# 1R#.R)(&#(R", C
"ACIL*, -)%-A A | #)&897:897@.." IG*V  88=H"<*.8:?

OUljw5, >0Sho +$64:+ >,"o G=>$4Y&=,=> 5"$oy0d4?5, >G



(R#(.,

"ACLL*, - ))%-A

H#OR<R&'(R"-R
*[-A

R

| #)&897:897@;." I1G*V

2& R, YR"#-R0, #)(R)R."R.2.AR/R (RO# 1IR#.R)(&#(R", C
88=H"<*8:@

(R#(.,

" AClL*, - ))%-A

#OR<R&'(R"-R
A

R

| #)&897:897@;." I1G*V

2& R, YR"-R0, #)(R)R."R.2.AR/R (RO# 1R#.R)(&#(R", C
88=H"<*.8;7

(R#(..,

"ACHL*, - ))%-A

H#OR<R&'(R"-R
*[-A

(R

| #)&897:897@;." IG*V

28& R, YR"#-RO, -#)(R) R."R. 2.AR/R (RO# 1R#.R)(&#(R", C
88=H"<*.8;9

(R#(. ,

"ECHL*, - ))%-A

H#OR<R&'(R"-R
A

R

| #)&897:897@;." I1G*V

2& R, YR"-R0, #)(R)R."R.2.AR/R (RO# 1R#.R)(&#(R", C
88=H"<*8;:

(R#(.,

" ACLL*, - ))%-A

H#OR<R&'(.R"-R
*/-A

R

| #)&897:897@;." IG*V

2& R, YR"#-RO, -#)(R) R."R. 2.AR/R (R0# 1R#.R)(&#(R", C
88=H"<*L8;;

+-J9DJ%((J 2)"

(R#(.,

"ACLL*, - ))%-A

HOR<R&'(R"-R
A

R

| #)&897:897@;." 1G*V

2& R, )R."#-R0O, -#)(R) R."R. 2.AR/R (RO# 1R#.R)(&#(R", C
88=H"<*L8;<

(R#(.,

"ACLI*, - ))%-A

#OR<R&'(R"-R
[-A

R

| #)&897:897@;." I1G*V

2& R, YR"#-R0, #)(R)R."R.2.AR/R (RO# 1R#.R)(&#(R", C
88=H"<*18;=

5, >0Sho +$64:+ >,"0 G=>%$4Y&=,=> 5"$0y044?5, >CxadUO



Unit 6: The Rspiatory System

1 -J( %!
+-J7D5 >64 Gopo>+$db=:,< >6<GoG=>%$4

65#?" >,5*0185%
$=:,< >6Gobb$
+$0 ?5*=

+-J8D+%$0 < 6" $==0f0 <$ >+,5*0ho 7?3465 <G0$5>,3>,65

<$==7%0 $3 >,65=+,:=

?3465 < Go$b>,3>,65
$<06?=0'65>630f0[$5>,3>,65
" >6<=0>+0 )$" >0>+$0x$0 5#0#$:>+0f[$5>,3>,65
$=:,< >6Go6B?4%=05#0":", >%=

+J9D =0 F "+5* $

=03 E=o0 5#0 ,<0'64:6=, >,65
=0F "+5* §

+-J:D <5=:6< >080 =$=

FG $50>6=:6< >0,50!366%#
<1650#,6 F#%$0>85=:6< >0,50>+%$0!366#

+J;D 6#1" >,65=050%=:< >6G0?5" >,65=

G:$<Db5>,3>,65
G:6F,

Practice Questions

>0>+$0$5416>+,=0?5Y 630=+673#0!$0 !3$0>6Z

@%$="<, '$0>+$036'">,650 5#0)?5">,65cd0f0>+$04 16<64:65$5 >=0fp>+$0+?4 50%=:,< >6G0=G=>$4X

OUEm®5, >0Tho +$&=:,< >6G0oG=>%$4



@F:3 ,50>+$04%$ "+ 5,=406 )o[35>,3>,6506=:,< >,650 5#0%:,< >,6500,50+?4 5=Y0,5"3?#,5*0>+$8$=0>+$
=><?'52&%=0, D6 IBHX

@$=||<’ |$0>+$05$m720'65>‘630ﬁ)|$ >+|5*x
@="<, 1$0+6E0" <!650#,6 F #$YdBA $50 5#0+G<6* $50,65=065>630>+$0$0fo!<$ >+,5*X
@6>$<:<$>0 0=:,6*< 40 5#0#$I5$0>+$0<$=:,< >6<G0BB?4$=05#0":", >$=00=:,6*< 4o#$:" >=X

@ F:3,50>+%0! =,"0:<,5",:3%0* 60$<5,5*0>+$,:< 6" 30F'+ 5* $0§0o* =$=0!$E $$50>+$0[3H63,0 5#0>+$
1366#Y0 5#0!$E $$50>+$0!3664#0 5#0,5#,D,#? 3B33=X

@ $="<, !$0>+%$04%'+ 5,=4=0! GoE+,"+06C $50 5#0" <!650#,6 F,#$0 $0>5=:6< >%t0,50>+$0!366#X
@ $I5%0+ G:$<D$5>,3>,650 5#0=:$',) Go=64%$0>=0"?=%$=0 5#0:+G=,636;" 30'65=$;7$5" $=X
@ $15%0+ G:6F, 0 5#0=:$",) Go=64%0>=0"?=%$=0 5#0:+G=,636;" 30'65=$;?$5" $=X

“QI&F " L +F&F-1I&F - +'&+

>0>+$0$5#I6>+,=0?5Y @30=+673#0!$0 !3$0>684:3% >$0 330>+H8J&,5*0> =2=Y0,5"3?#,5*0 5=K<,5*0>+$0*? #,5*
:?2$=>,65=0 ==6", >$0E >+0$+0> =2X

@%$="<, 1$0>+$036">,650 5#0)?5">,65600§0>+$04 16<64:65%5 >=0fp>+$0+?4 50%$=:,< >6G0=G=>$4X

OX < EO0 0=%$<,$=06)?33g 556> >$to#, *< 4=0=+6 E,5*0>+$0=><2?$0§0>+$G<:,< >6G0=G=>$4XB?#$0>+$
36" >,65Y@5%<30=><2?<$0 5#0)?5">,65060 330>+HBBE ,5*0" 64:65$5 >=Z

F>$<5 305 <$=
=30" DG
5>$<5 305 =

< 30" DG
+ <G5F
F 36> =
36>> =
<G5F
<"+$
<65"+7=
<65"+,63%
30$637=
,="$<30:3$7<
<,$> 30:3%7<
3$?<B0" DG

O O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OOoOOoOOo

o

@F:3 ,50>+%$04%$ "+ 5,=406 )o[35>,3>,6506=:,< >,650 5#0%:,< >,6500,50+?4 5=Y0,5"3?#,5*0>+$8$=0>+$
=><?'52&%=0, D6 TBHX

OX $="<, !1$0>+$04%'+ 5,=406 )0:?3465 < Go$b>,3>,650,50+?4 5=Y0,5"3?#,5*0 o#$,3Bt0#$="<,:>,65060>+$

5, >0Tho +$&=:,< >6GoG=>$4madUQ



<6" $==%=0®;?,$>0,5=:,<>,6506+ 3 >,65d0 5#0;?,$>08:,< >,650BF+ 3 > 650X$)$<0,5067<0%:35 >,650>6Z

O +%$0=2%$3% 3047="3%=:?,< $#0pH<0;?,$>0,5+ 3>,65

O +$0>E60: ==,D50:<6" $==$=05;?,< $#0pH<0;?,$>08%+ 3 >,65
O +5* $=0,50>+3$684%$06)0>+$0>+6<'0" DGo>0$+0=>$:
O +5* $=0,50>+$335g 3 DH63 <0:$==2%0 >0$+0=>%:

O +%0#,<$">,65000 ,<0>B30>0$+0=>%:

$=

@ $="<, 1$0>+$05%B67=0'65>6300!<$ >+,5*X
OX $="<, I$0+6E0!<$ >+,5%0,=046#?3>H0!G0>+$05887=0=G=>$4Y04 2,5*¢3$<$5" $0>60 3306+$6B3&,5*

=><?578=7

O ,+< *4

O F>%$<530,5%$L6=> 3=

O 5>%$<530,5$L6=> 3=

O 65=

O  $#?33 06!365* >

O 65>5%08%=:,< >6G0*67:

O :5$?7=>"0" $5>%

O 5%$?46>F,"0" $5>%

O $5><30%=:,< >6G0*8?:

O 6<=30%=:,< >6G0*6?:

O $< %< 30'6<F

O  $<,:+$< 30"+$46<$" $:>6<=

O $5 ><B0"+$46<$" $:>6<=

@$="<, !$0+6E0" <!650#,6 F,#$YdBS $50 5#0+Gt<6* $50,65=065>630>+$03pofo!<$ >+,5*X
OX $="<, 1$0>+$04$'+ 5,=4=0! GOE+,"+0$+06 )0>+$6B3&,5*0,5J?$5" $o>+$oxPofo!<$ >+,5*Z

O <>, 30:%$==?%06<065" $5><>,65d0%0" <!650#,6 F,#$0* =0,50>+$0!366#
O <>, 30:$==?$06<065" $5><>,650606-G $50* =0,50>+$0!366#
O 65" $5><>,65060+43<6* $50,65=0c:6>65=0,50>+$0!366#

@5>%$<:<$>0 0=:,8*< 40 5#0#$I15$0>+$0<P=:,< >6<G0oBB?4%=05#0":", >,$=00=:,6*< 4o#$:," >=X

OX + >0 %0=:;,6*< 4=0?=$#0p<"
PX 2 $>"+0 0=:,6*< 40=+6 E,5*0=$p<3056<4 30!<$ >+=)33E $#0!G0o65%$0#h0,5=:,< >,650 5#065$H)<" $#
$F+ 3 >,65X
QX  #$5>)G0>+3833E,5%04% =?<$4$5 >=0650 0=:6*< 4Y0 S5#0#$="<,$0E+ >0$+04$ =7<$4$5 >0%:<$=$5>=
-+ G=,6367" 3352

O # 30D63?4%
(0] >30"", G
O $=,#? 30B374%

RX 50k #$ #0=:" $0B3?74$10!$04% =?<$#0)640 0=:,<6*< 4 "0 <,$JG01?=§Pp6&?<0 5=E$<X

@ F:3 ,50>+$0! =,"0:<,5",:3%0* 605<5,5*0>+$#H,:< 6" 30F '+ 5* $060* =$=0!$E $$50>+$0[3563,0 5#0>+$
1366#Y0 5#0!$E $$550>+$0!366#0 5#0,5#,D,#? 3B33=X

OBgjw5, >0Tho +$&=:,< >6GoG=>$4



OX $15%0 5#0"3% <35o#,=>,5*?,=+08F $5 >Hf0 SH#OH#BFG $5 >H0!366#X

PX
QX
RX
SX
TX

VX

50>+$0=G=>%$4,"0"23 >,65Y0E+,"+@*$06)0!366#0B==$3=056<4 &HB5> ,504P6FG $5 >$t0!366#n"
50>+$0=G=>%$4,"0"23 >,65Y0E+,"+@$06)0!366#0B==$3=056<4 &HB5> 506G $5 >H0!366#n"
50>+$0:?3465 <G0",%?3 >,65Y05 4$0>+$0!366#HB=-$3=0E+,"+056<4 65> ,50#E6FG $5 >H0!366#K
50>+$0:?3465 <Go",%?3 >,65Y05 4$0>+$0!366#pB=$3=0E+,"+056<4 &EH0BE5> ,506FC $5 >H0!366#n"

GOE+>0>8=:6< >04%'+ 5,=40#606 FG $50c pdo 5#0"<!650#,6 F,#$0c pdo* =046050 "<6==0:3 =4

4%$4!<  5%="0 F:3 ,50E+ Go>+,=0:x,"?3 <0>8=:6< >04%'+ 5,=40,=0?=$#0!GoEC $50 5#0" <!650#,6 F #$

* :X

+ >0B65#, >,650#<,9=046064$5 >0f0* =$=0,50 0B<> ,50#,$" >,650#?<,5*0* =0F'+ 5* $"

+ >0,=0>+$0/%3$5" $0,50>+Fo#<,D,566) $0>+>0:646>$=0:?3465 < Go$b>,3>,65064: < $#0>60>+$o#<,D,5*
)6<' $0E+,"+0:<646>%$=0* =0F"'+ 5* $"

F:3 ,50E+ Go=*5,I" 5 >0* =0§"'+ 5* $0,50>+$03?5*-80J653506"?<0,50>+$dB63,Y0 5#056>0,50>+$6!<¢,06<

1<65"+,63%=X

@ $="<, 1$0>+$04$'+ 5,=4=0! GOE+,"+06Q $50 5#0" <!650#,6 F,#$0 $0>8=:6< >$0,50>+$0!366#X

OX $="<, 1$0>+3$0B 604%"+ 5,=4=0! GoE+,"+0FC $50* =0,=0>5=:6< >H0E >+,50>+$0!366#Y0 S5#0>-8B0=[B

25 >>,$=0>5=:6< >H0!Go$+04$ "+ 5,=4X

PX $="<, 1$0>+$0>4$$04%$"+ 5,=4=0! GOE+,"+0"<!650#,6 F,#$0,=05<:6< >H0E >+,50>+$0!366#Y0 5#0>-§Rwg D

QX

RX

25 >>,$=055=:6< >$0!Go$+04$ "+ 5,=4X
$ ") Go>+$64:65%5 >=0f!366#0>+>065> ,5Z

O ,==630B#oa-G $50* =

O ,==63Db#0" <!650#,6 F,#$0* =

O FG$50463%'?3%=0!675#0>60+$46136!,5
O <I650#,6 F#$0!675#0>60+$46*36!,5

O ,"<I65 >%$0,65=

6<0%$'+06 )0>+$6B3E,5*Y0#$="<1$0+6E0,>0,517$5"$=0>+$0 46?5>0806-G $50!675#0>60+$46*36!,5Y0 5#

#$="<,1$0+6E0,>0%3 >$=0>60>+$0 5@0f0+$46* 36!,50>60:,"20?:06<H3$=$06FG $50 >0 ::< 6:<, >$036">,65=
,50>+%$0+?4 50!6#GZ

O 366#o:
O <>, 30:%$==?%06<0'65" $5><>,65dofo" <!650#,6 F,#$0,50!366#
O 366#0>%$4:3< >?%

@ $15%0+ G:$<D$5>,3>,650 5#0=:%',) Go=64%0f>=0"?=%$=0 5#0:+G=,636%" 30'65=%;?$5" $=X

OX 3% <350 5#0:%",=$3G0#515%0k&:$<0$5>,3>,659X

PX

QX

$="<, 1$0 5#0%F:3 ,50>+$0P$" >=0p5:$<0$5>,3>,65065Z

366#06G $50'65>$5>
366#0'"<!650#,6 F,#$0'65>$5>
366%#o0:

366#0:$==?%

O <,5066$?7<65d0)?5%,65

O OO0 O

> >$0>+$B%04 16<0" ?=$=0§0+G:$<C$5>,3>,650 5#0:<6D,#$0>03$>0E 60=:$",1"0$ F 4:3%=06 )0'65#, >,65=

>+ >06?3#0?5#%8,$0$+X

@ $I5%0+ G:6F, 0 5#0=:$",) Go=64%0f>=0"?=%$=0 5#0:+G=,636;"' 30'65=$;?$5" $=X

5, >0Tho +$&=:,< >6GoG=>$4jaDUS



OX 3% <350 5#0:%",=$Go#SI5$0kE:6F, IX
PX 6<0$'+06)0>+$6B3&,5*0:< 6D,#%$0 0=:$,I"0$ F 4:3%06 )o 0'65#, >,6506<0",24=>5" $0>+>06?3#0" ?=$0>
S5#0$F:3 ,50+6E0.>0" ?=$=0k&:6F, IX

O o#$l",$5" Go,50°46=:+%<,"06 FG $5

O $5>,3>6Go#3$I",$5" G

O ) )?=,650#%1",$5" G0,50>+$03?5*=

O 3$I'$5" Gopo+$46* 36!,5005%4,"0+ G:6F, d
O ,<"?3 >6Go#3$I",$5" Gae"+$4,"o+ G:6F, d
O #%4

QX > >$0>#%$0:+G=,6367" 30'65=%;?$5" $=060+G:6F, X

63#067<0!<$ >+Xdb 3]0 $o+E0365*06?0" 50+63#06?<0!<$ >+0 =0&0"65>,5?$08 #,5*\ 6E0365*0"50 X% ?0#60>"
+5" $=0 $06?0 <$0$$3,5*0?75"64) 6<> 13%0 3% # X0 0G:," 30+?4 50" 556>0="D,B0E>+67>0!$ >+ 5*0p<046<$0>+5
Qo04,5?>%=Y0 5#@h50,)0 20 E5 >$0>60+63#6Tx0!<$ >+03658<067<0 ?>6564,"05$<D67=0=G=>$40E23#0 > $0 '65>63X
+,=0,=0!$' ?=$046=>0%$33=0,50>+$0BH<?50>+I6F >,[30=>"$=00 %%.% +J}¥+ -I( Y0o>+$0BZ$==0GoE+,"+0$5%«Go,=
<6#7?" $#0,50>+$6%406)0 #$56=,5%0><,:+6=:+ >$oc dX@&< (1! -1/ J) () (+ 2%-!(' >606"?<Y0BGS $50cC pdo,=0?#P =
0$" >5>0 5#0"<!650#,6 F,#$0c pdo,=83%=$#0 =0 OE=>$0:<6#?" >X®?04 Go0!$0=7<:<,540>603§60>+ >0 3>+67%06-C $5
,=0 0"<3," 305%#06<0'$33=¥0,=0 2? 3&B0>+$0"?4?3 >,65000"<!650#,6 F#$0>+>0:<,4 <,3Go#<F06?<05$#0>60!$ >+$X
<l650#,6 F,#$0,=0f+ 3$#0 5#06FCG $50,=0,5+ 380>+87* +0>+$dh<:,< >6<G0=G=>$4Y0E+,"+DGEH=04?="3$=0>604Bb0 ,<
,5>60 5#06?>006>+$03?5*=Y0: ==$E G=0>62* +0E+,"+0 ,<0460B=Y0 5#04,"6="6:,"0* =0$ F'+ 5* $0=7<) "$=060<$#0!G
" 1,33 <,$=X0 +$0", 3 >6G0=G=>$405=6< >=0* =$=0540>+$0375*=0>60>,==?$=@>*+67>0>+$0!660 5#0D $oB<= X

Part 1: Anatomy of theeRpiatory System

+$04 16<06<* 5=06)0>+$d<:,< >6G0=G=>$4qt?<$00d0)?5,650:<,4 <,3G0>606D,#$063 $50>60!6#50>,==7$6cp'$3373 <
<$=:,< >,65Y0$46 DBo >+$0 E>$0 :<6#?" >0 "<!650 #,6 F,#$Y0 5#0 +$3:0>604 5,50 "#g!=$0!35" $X0?5" >,653&(0 >+$
<$=:,< >6G0 =G=>$4bBb !$0 #,D #H0 5560 (' .-I'J3( 5#0 + )+ -(+2J3(' Xo +$065#?" > 5% 185%0 60 >+$
$=:,< >6G0=G=>%$40,5"3?#$=0>+$860 5#0=><?">?$=056>0#$ >&0,B6IB#0,50* =0F'+ 5* $X0 +$0* =oB'+ 5* $06™?<=
,50>+$<:,< >6<Gobb$X

OUd@5, >0Tho +$&=:,< >6GoG=>%$4



1% FE?F ™
+H(I* % AF Fox 42
"R'$),R, -, ), 3
-0, -R*(RUR(-&
0#.3R)R."R#*, I'A

Conducting Zone

0+$04 16<0)?5" >,65=0F0>+$B5#?" >,5*085%0 <$0>60:6D,#%0 06?>$0$<0,5'64,5*0 5#06?>* 6,5*0 ,<YdB46 Dbo#$l<,=0 5#
) -( ', )<640>+%0,5'64,5*0 ,< Yo 5#0E40 5#0+?4,#,) Go>+%$0,54,5%0 ,< X&®0o ##,>,65Y0>+$0%$:+$3,74060>+$05 =3
:==* $=Y0,=0$=$80>60=$5=,5*06#6<=
J (J'J -3 # ' -J-+.-+ ,BJ+$04 16<0$5><5" $0 S5#0F >0H<0>+$G=<:,< >6G0=G=>$40,=08¥<+0>+$056=$[
=64%0 ,<04 Go 3=60$%H<0>62* +0>+$0630" D>GX0 <*$0: <>,"3$=Y0=7"+0 =cHY0 $0$46 [B#0)640 ,<0! Go+ ,<=0 =BE$>$<=
>+$ 1-+' %J' + |, &6=><,3Jofo>+$056=%0 5#086-0,560>+$, %I /! -2 E+,"+0,=0=%: < >$0,5>603%)p 5#0<,#>0=$>,65=
I Go>+%$05 = 30=%$:>UX0 "+03>$<B0E330f0>+%$05 = 30'D>Go+ =0>$$0'65"+ $oc ,*?<$oPdo6<0!60:61% >,65=YoE+,"+o=B&
>60,5"$ =$0>+$0=7<) $0 <$ 06)0>+$05 = 30'D>Go 5#0=F0>+$0JE06)0 ,<0,50>+$056=$0>6dB3®>60!$0"IH #Y0E4$ #0 5#
46,=>$5%#X0 +$05 =30"D>G0,=03B8!G+ )+ -(+2]) - %.& .3, >#0"63?45< ) - %.& do 5#0%6!3$>0%$33=047<$
Q@Xo +$B13%>0$33=06#7" $04?"?=0>60>0#%!<,=0 5#0>+$0",3, 0§o>+Bdh<:,< >6G0$:>+$3,740!$ >0>60"3®>+$047"?=
)<640>+%$05 = 30" D>G0>60>+$06+30>60!$0=B3@E $#X06<0)?%+$<0:8>%' >,65Y@B13$>0%$33=0%4$>%0 5>) " >%<, 30="!=> 5%=X
$ $:0,50>+$05 = 30'D>Gro 5063) 26<G0$:>+$3,740,=0?#p >60#$$ >06#6<=cO#$="<]$ #0,50>+$0 $5=630G=>$4=075;00
0 OONQONWg&=5>:=Za:< $==1662=X!"" 4:7=X" a#",6300NQOONWRE#S :>$< a?5, >@ONg=$5=63g=G=>%$4= dXo ,<
$F >=0>+3$05 = 3dD>,$=0D, 0>#$- +' %J' + , 5#046 Db=0,560>+$ + 2'1 X
+ 21B +$ ) + 21 ,=0 0>?1$09<4$ #0!Go=83$ 3047="3%0 5#03,38!G04?"67=04%4!< 5%0>+ >0,=®5>,576?=0E>+
>+$0$: >+$3,740§0>+%$05 = 30'D>,$=X0 +$0:+ G5F0,=0#,D #8,5>60>48%04 16<0%* ,65=Z0>+$05 =6:+ G5FY0>+$66x< G5FY
5#0>+$03 &€5*6:+ < G5Fog*?<$o@X
+$ 0 + 2'1 ,=0J52%#0!Go 5$<,6850 Go>+$65"+ $06 )0>+$05 = 30'D>Gr0 5#030=§B=065G0 =0 50 ,.E X0 +$
+0) +21 5% %2 () + 21 <$0:==* $E G=@<0!6>+0 ,<0 5#H6#X0>0>+%$0,5¥%,6<0$5#00>+$03G5*6:+ < G5FY0>+$

5, >0Tho +$&=:,< >6GoG=>$45adOUU



#,* $=>,B0 5#0%=:,< >6G0=G=>$4=08D$X0 53$<,6&r0>+H ' () + 2'l 6:$5=0,5>60>+%6 'l YOE+$&=0:6=>%$<,683 ¢,
$5>$<=0>+$0$=6:+ *?=X
1% F72F(*F 1*/1?

OUd@5, >0Tho +$&=:,< >6GoG=>%$4



I-* F82F *1&0?"

*  3(2R#-R #O# R#()
R, #)(-CR."

()%, 3(2BR."

) )", 3(2BR(R."

&30, 3(2A

+ 2'1B +$ % ®'1 ,=00"<>3 *567=0=><27%0,5$<,6<0>60>+$d35¢6:+ < G5F0>+0655%" >=0>+$0:+ €5F0>60>+$
5#0+$3:=0$*?3 >$0>+$6B?4$06)0 ,<0>+>0$5$<=0 5#038H=0>+$0375*=X0 +$0=>2P06§0>+$03B5F0,=6%4%$ #0!Go=H<3
595 "$=000"<>3 *$oc,*?<$oRX0 +8$03 £$0"<>,3 *$0:,$" $=i>+$0>+G6,#0" <>,3 *$0 & >$<,6<[0E+,"+065> ,5=0>+$0 # 4
::3%06<03 G5*$ 30:<64,5%5" $dY)! %(--!, =?7:$<,6<dYo0 5#0"<G'#0" <>,3 *$0(5)$<,6i )6<40>+$04 16<0=><27$09§0>+$
3 <G5FX0 >+$<0=4 336 ,$#0:,$" $=000" <>,3 *$0+$3:040H0>+$dD 30'6<H=0p<0=:%"+X

+$ ) %(--!, ,=0 0B<G0JF ,!3%0:,$" $0§0$3 =>,"0% >3 *$0>+>06Db<=0>+$06:$5,5*0@>+$03«$ 0c%$0 ,*?<$oPdXa-$5
,50>+$3R6=H0:6=,>,65Y0#?<,5*0=B3€E,5*Y0>+$075> "+$ #0$5#0§0>+$0%$:,86>,=B=>=0650>+RB>,=0: $065>,5*0p6#0 5#
I$ DB<* $=0)6840$5>%<,5*0>+$02«$ 0c=0E,330!$0#$="1 #0,50>+$0#P=>Bo=G=>$40%$,65dX0 +$B6>,=0,=64.6=$ #06
>+$0B=>173 <0)63#=Y 0>+$0><B$ED'6<H=Y0 5#0>+$0=:$0!$>E $$50>+$=$6B#=0¢*?<$0SdX

5, >0Tho +$&=:,< >6GoG=>$4maOUW



OVMjm5, >0Tho +$&=:,< >6GoG=>%$4

I-* F9?F *1&0?"
&,32R2.(-R, )R."
&,3(0*",  3(2R)R."
LA

L+ F2F $F™* 42
"R./RO) &R), -R(
0-#/& R )&-R)R."
&,3(2R, RO# 1
#( #), 8R)R."
&30, 3(2A



+ B +$ -+ &E,5#:,:$ dob>$5#=0840>+$03 &5F0>B <#0>+$03?5*=0t?<$0T do 5#0,=6%4%$ #0!GoOTo>60PNo$#Y2
g=+:$ #0:,$"$=0604G 3,5%0"<>,3 *$0'655%" >H0 ! Go#$5=3dB55%$" >,[F0>,==?$X0 +$0<,5*F06<>,3 *$0:<6D,#$0=><P7?<3
=?::6< >0 5#0:$B5>0>+$0%%$ 0)<640" 633 :=,5*X

1 F2F* 2 JK
"R., " &R./ R#-

) R3R-. % B

L-"* R*% -R)
"3 &#(R ,#& ! ARJKR"
& 3 RO#-# & R#(R."#-
O)-L- HR)R., " &
1&&R#-/R .1 (R"
"3&#(R ,#& IR (R."
&'(R)R"R., " R#-

"R)- BRL"# "R#-
)*)- R)

()., H5 R#&H.
)&I'( R *#." &I

" R)(#(R) & R &&-A
RURB99ARY ), *'
* )Jo# R3R."R (-

)R #0, -#.3R)
#H(R # &R ")&
YR9789K

H 1%J + B +$0><"+$ ol< 5"+$=0,5>60>+$0<t®0 5#03%)0:<,4<G +(' ! ¢ ,*?<$oT!dXo ,5*=0B"<>,3 *$Y0=,4,3 <0>6
>+6=%30f0>+$0¥«$ Y0=7::6<>0>+$0=><P$06§0>+$0!85"+,0 5#0:< $DB5>0>+$,<633 :=$X0 +$0:<,4 <Go!65"+,0$5>$<0>+$
3?75*=0 5#0%'+0:<,4 < Go!65"+?=0!< 5"+$=0,5>60 0=%65# < G0 !65"+?=0 5#0>+$50,560 0>P5 <Go0!65"+?=0 5#0=6065X
+$=$0473>,:3%g!< 5"+$ #0!<65"+,0 <$0$)$<$#0>60 =0>+$AS"+, 30>$$X0 +$04 ,50)?5">,650 §0>+$0!65"+,Y0 3F0 6>+$<
"B65#7" > 5*0l85$0=><22?$=Y0,=0>603#%0 0: == * $E  GE<0 ,<0>604B50,5>60 5#06?7>06%"+0375*X®H0 ##, >,65Y0>+$04B7?=
4%41<  5%0><=0#$!<,=0 5#0: >+6*$5=X

H I %,!< 5"+0)<640>+$0>P< <Go!65"+ X H' !( % ,YOE+,"+0 $0 !6?>000440,50#, 45>$¥0)2<+$<0!5"+07?5 >,3
>+$G0!$ 64$0>+$0>,6-+&!" %I + (' /(% ,YOE+,"+03%0>60>+$0=><P$=060* =0F'+ 5* $oc,*?<$oUdXo +#x <$046<$
>+ 500NNNo0>$<4,5 36@5:'+,63%$=0,50$+03?5*X0 +$04?="?3 <0E33=0@>+$0!65"+,63%=0#6056>65> ,50" <>,3 *$03,80>+6=$
6)0>+$0!85"+,X0 +,=04?="?3 <0E330'50"+ 5* $0>+$0=HdH0>+$0>?!,5*0>60,58<$06<0#%$ =$0 ,<I6 E0>+87?* +0>+$0>?I$Y
)6<0F 4:3%0#7?<,5*0FF$<’,=$X

Respiatory Zone

50"65><=>0>60>+%&B#?" >,5*0I858Y 0>+, < >6G066$0,5"3?#$=0=><2?$=0>+>0 $0o#,$" >&0,06IB#0,50* =0F"'+ 5* $0§
" <1650#,6 F,#$0 5#06-G $5X0 +$08=:,< >6<G0b6b$0!$* ,5=0E+$$0>+$0>$<4,5 3065"+,63%$=016,50+ )1+ -(+2J+(' I( %Y
>+$0=4 33%=>@:$060!<65"+,63%0C,*?<$oUdYOE+,"+0>+$563%>60 5 % ( % +J . - Y06:$5,5%0,560 0"3?=>$<uw6IH63,0'c33%¢
50 30663 <o="dX

% ( %'B % ( %., ,=—065%0>+$04 5G0=4 33Y0"$y3,2 $0="=0,50 50 BH63 <0="0$=:65=, !13%0p<0* =0 F'+ 5* $Xo0 5
30$63?=0,=0 ::6F,4 >$B0oPNNoL40,50#, 4$$<0E>+0%$3 =>,"0B3=0>+0 3360>+$0 BH63?7=0>60$>L+0#7<,5%0 ,<0,5 2$YOE+,"+

5, >0Tho +$&=:,< >6G0oG=>$4adVO



*<$ >80,5"$ =$=0>+$0=7<)$0 $ 0 D,3 !13%0)6<0* =0F"'+ 5* $X0 B$63,0 $0'655%" >H0>60>+$,<05%6<=0!Go BH63 <0:6$=Y
E+,"+0+$3:04 ,5 > ,50$? 30 ,<0:<$==7$0>+687* +67>0>+$0CB63,0 5#03?5*0¢*?<$oMdX

L% F<RF+(* % 1
‘&2 , )("#H&-R& R)
&0)& R- -R#(R."

, *#, ), 3R4)(BR1",
I-R 2"('R) /, -A

+$0 30863 <0E33065=,=>=046=60%0=,4:3%0=;? 46?=0%:, >+3$3, 3db33=X0 +$=&B3=0%0 !67>0PS0540>+,"20 5#0 $0+,+35

$<4$ 13%0>60* =$=X

I* F=?F*- -* +F

L F oo+ * 1F'&? K
"R &0 )&/-R#-

, M(#&R ),R!-
2"(1ARJ KR

%, ), *R-")1-R."
&0)& R-.[ 1, -

1#."#(R&/(IR#--/ AR RU

8>?AR#,)!, *"

*)0# R3R.M"R !(.-

YR#0, #3R)
#"#M(R # &R ")&

YR9789K

OVBj®@5, >0Tho +$&=:,< >6GoG=>%$4



+$0=,4:3%0=;? 46?=0%:, >+$3,7?405<4$#0!G0G:$0 0 BH63 <0'$33=0,=% "+$ #0>60 0>+,5Y0$3 =>,"0! =$4$64%$4!< 58X
+,=0$:, >+$3,740,=0f5>$4$3G0 >+,50 5#0 |64$<=0 >+$0 $5#6>+$3, 30 4$4!5%06)0 ":,33 <,$=Y0 E+,"+0,=0 3=681'6=$% #06
=,4:3%0=;? 467=0%:;, >+$3,74X02 $50>6%>+$¥0>+$d@R63,0 5#0",33 <Go4$4!< 5%=0)6<40 + )+ -(+2J& &+ ' >+ >
,=0 ::< 6F,4 >$B0oNXNS0440>+,"2X0 +$p=:,< >6G04%4!< 5%0 33E=0* =$=0>60'6<==0G0=,4:3$0#)?=,65Y0 3BE5*06 FG $50>6
1$0:,"2 $#07?:0!G0o>+$0!366#8X0>8=:6< >0 5#0"<!650#,6 F,#$0>60!$H3$=$#0,5>60>+%$0 ,<PB>+$0[H63,X0 +$&<:,< >6G
4%41<  5$0" 6D06<=0 0=?<) $0 $ i !6?7>0UNo0=;? < $04$>$=X
MR, R

0#) ),R(R)0,0#1R)

MR, 4, ), 3R-3-.F

#, .R&H(%C

"X-CIHI3)LIA |
-0 9

The Lungs

0+$04 16<06<* 5=06)0>+$&<:,< >6G0o=G=>$4[68$03?5*0+6?7=$=0=><2?$=000!6>+0>+$@5#?" > 5%0 5#0$=:,< >6Gobb$=
=> < 5%0 >0>+$0:<,4 Go!65"+,0 5#0$5#,5*0 >0>+$dB63,X

H,,J ' (& 23(J-J ' ,B+$03?75*=0 $0:G4,#g=+:$ #Yo0:,$#06<¢ 5=0>+ >0 $0'655%" >H0>60>+$0>*$ 0! Go>+$
<,*+>0 5#03$)0!65"+,[0650>+$0, H<,6<0=7<) $Y0>+$03?5*=hot6<#S<$#0! Go>+$o#, :+<4X0 +$0#, (+<  *40,=0>+$0J >Yo#64%g
=+:$ #04?7="3%$036">%t0 >0>+$0! =$06>+$0375*=0 5#(+ !J /! -2X0 +$03?5*=0$0$5"36=$0!G0>+$0:3$BX0 +$o<,#>
375%*0,=0=+6%<0 5#0E #$<0>+ 50>+$0R?5*Y0 5#0>+$08B?5*06'?:,$=0 0=4 33$<0B3?74$0>+ 50>+$o<>0>60 3B6=:" $
)6<0>+$0+$>0c*?<$oWX0 "+03?5*0,=64:6=% #060=4 33$<0?5=0'33%036!$=X0 +$0<*03?5*®B5=,=>=0@>+8$036!$=20>+3$
=7:$<,6<Y04 ##3%Y0 5#0%),6<036!$=X0 +$0383?5*®B5=,=>=00 & 6036!$=Z0>+$0="?:$<,6<0 5#B:55<036!$=X

L% F>2F %+F &,'%1
"F,F -&+?

5, >0Tho +$&=:,< >6G0oG=>$45jadVQ



% .+J(J-J . ,B "+03?75*0,=0%35"36=%0E >+,50 0" D>G0>+0,=0=65#$#0!Go 0=$2=04%4!< 5%0" 33%) % .+ c:3?<3Z
:337<$ dXo +$o<t>0 5#03$)0:3$?7$0$5"36=30>+$0<*0 5#03H03?5*=V=3$ " >,[$3IX0 +$0:3$?$0" 65=,=>0mE 603G<=Z20>+3$
N+ %% .+ ,=0>+$0Gb<0>+>0,=0=7:$3<I", 30>60>+$03?75*@& S0 OHKB0"65><=>Y0>+5+! - %J) % .+ ,=0>+$06?>$<GR<
>+ >0655%" >=0>60>+$0>#BeE 330 5#0>+$0#, :+<¢4X0 +$0D,="$<30 5#0: <,$> 30:3$?$0"655%" >0>60P06>+$<0>0>+$
+,3?406% <0>+$0!5"+,5%06 )0>+$0¥¢$ 0>60>+$0:<,4 Go!65"+, dX0 +9 % .+ %J /! -2 ,=0>+$0=: $0!$>E $$50>+$0D,$%3
5#0: <,$ > 303FH<=X

I* F657F*, $F &
+* $F$-* FF,
-8 +?

+$0:3$7< $0:$<) 6<40>E 604 16<0)?5">,65=Z0>6@#?" $0:3$?<30J?,#0 5#0>60"% >$0" D>,$=0>+0=%: < >$0>+$04 16<065=X

% .+ %J5.! ,=0=%$>%0!G0$33=d)40!6>+0:3$?<303GF<=0,560>+$0:3$B0" D>Go 5#0 ">=0>603?!<2$0>+3$,<0=?<PpLX0 +,=
3?I<," >,6508#?" $=0)<,>,650!$E $$50>+$E603Ch<=0>60$DB5>0# 4 * $o#7?<,5*0!$ >+,5*Y0 5#0"$ >$=0=7<) $0>$5=,65
>+ >0+$3:=04 ,5> ,50>+$0:6=7,65060>+$03?5*=0 * ,5=>0>+$0>+B66E 33X0 +,=0 #+$=JO"+ <" >$<,=>,"00>+$0:3$?730J? #
" ?2=$=0>+$0375*=0>60$5B0E+$50>+$0>+6L0E 3308: S#=0#7?<,5*0 65>,3>,65Y0 3BE*0>+$0375*=0>60133eH] ,X0 +$
#,D,=,650>+>0>+$0 :3$%0 "<$ >$0 I$E $$504 16<0 6%5=0:< $065>=0 ,5$<Pp<$5" $0 #?$0 >60 >+$0 BH4$5 >0 o 3?5*=0 #7<,5*
I<$ >+,5%0 5#0 3=60+$3:=0>6GBB5>0>+$0=$#06)0,5%" >,65X

Part 2: The Rbces of Beathing

+$0 " >060!<$ >+,5%0,TBIB=0>+$04B54$5 >060 ,<0,560>+$03?5*%c,< >,6506<0,5+ 3>,65d0 5#046064$5 >060 ,<06?>96
>+$03?5*=p;,< >,6506<d%+ 3 >,650X0 +,=o[BIB=0#,)$<$5" $=0,50:$==7%0!<6?* +>0 !6?7>0!G0"+ 5*$=0,506874$0¢?$0>6
472="3%0 " >,65dX

OVRj@5, >0Tho +$&=:,< >6GoG=>%$4



Presure Relationships

+$04 16<04$ "+ 5,=4=0>+ >0#<$D:?3465 < Go$b6>,3>,650 B0 >46=:+$<,"0:< $==?&0cC >4d[0>+$0 ,<0$==?H0E>+,50>+$
30663,YO33% I' -+ G % ( % +J)+,.+ ¢ 3pd[o 5#0>+$0B==?F$0E>+50>+ % .+ %J /! -2Y0'33% I' -+) % .+ %J)+,.+
c .dX

&() )+ .+ =0>+$0 46750 §0 B<'$0 >+>0 , =FHH0 1GO * =$=0 50 >+$0 ,<0 BR5#,5%0 5 G050 =7<) "$Y

=?"+0 =0>+$0!68X0>46=:+%$<,"0:< $==?%0 >0=H3¥$30,=0UTNo440ckK,33,4$>$=0004$<"?<GldXo G:,'3Y¥B<0%=:,< >,65Y

>+ 50>+$0>46=:+$<,"0:< $==?SYOE+$%=0:6=, >,[$0:<$==7%0,=0:$==?$0>+>0,=0%K >$<0>+ 50>+$A6=:+$<,"0:< $==?&X0
:<$==2%0>+>0,=0% 30>60>+$46=:+$<,"0:< $==780,=d < $==%t0 —oH<6X

"+ G% (% +I),.+ ,=0>+$0 $==?$060>+%$0 ,<0B;+,50>+$0[B63,YO E+,"+0"+ 5%=0#7<,5*0 >+$0 H#P<$5>0:+ =$=06
I<$ >+,5%0C,*?<$0 OPdXbd $=$0>+$0[H63,0 $0'655%" >Ht0>60>+$p46=:+$< $0D, 0>+$0>7?!,5*06>+$0 E G=Yo>+$bosH
30663 <0:$==?$0 E G=0F 3,H$=0E>+0>+$046=:+$<,"0:< $==74X

"+) % .+%J)+H,.+ ,=0>+$0$==7$06§0>+$0 ,<0B;+,50>+$0:33230" DCro!$E $$50>+$0D,$% 30 5#0: <,$> 30:35?7$X

,4,3 <0>60,5<g 3 D563 <0 :$==?$Y0 5<:3$?< 30:<$==?%0 3=60 "+ 5*$=0#?7<,5*0 >+$0 #HP<$5>0 :+ =$=0 60 !<$ >+5*X0 +$

,5><:3%7< 30:<$==?$0 E G=4 ,5=036E $<0>+ 5Y06<05%*[$0>6Y0>+Pof 3 DB63 <0:$==?SocGo ::< 6F,4 >$&H0oR044 *dX

5#%<=>5#,5*0 6 @B%0 E06)0* =$=0+$3:=0>6BB ,50>+$046054$5 >080 ,<0,50 5#067>06>+$0375*=0#7<,5*0:?3465G
0$5>,3>,65X ( 2%1,J%0 #$="<,!$=0>+$0%3 >,65=+,:0 1$>E $$50 B3?4%0 5#0:<$==7%0,50 0* =0,50 0B8515$% #0=:" $Y0>0
"65=>5>0>%$4:$< >?<$X0 6B%0#,BOB<IH#0 >+>0>+$0 $==7$0§0 0* =0,=0 Bp<=$60:46:6< >,65 30>60-06874$Z0)0 B3?74$
,5"<$ =$=Y0 :$==?$0#$<$ =$=X0 ,BE,=$Y0,)®B?4$0 #$'<$ =$=Y0:$==7$0,5"$ =$=[0 :<$==7%0 5#0[B3?4%0 <$0,TH<=$6
<$3 >$toe$bo ,*?<$000dX

5, >0Tho +$&=:,< >6GoG=>%$4maOVS



1% F667F '1$ E+F /2(
RI-BR* -/, R#(, --
-RO)&'R , --A

OV@m5, >0Tho +$&=:,< >6GoG=>%4



I-* F67?

&* (-$%'&* 1F &

&’* ($ _* $F * gk

$ &+ I(+?
(., *&/, &R*--/, R#-
0, && 3R &1 3-R-&#!"&
&)1 ,R"(R.)-*" #

* -/, BRI/
#(, L&0)& R*, -/,
"(I-R/#(R."

# , (R"--R)R."
,*#, ), BR3&R "(
#(, L&0)& R*, -/,
#R' R'#" R)R&1,
SR H

* -/, BR#R)0-R).
) R),R#(.)R." R&/(I-R/( #&
#(, L&0)& R*, -/,

(R.)- #
* -, R,R"R-'RJ -
M1 KR, -,

MIRHR, % R,

, & #HOR)RR(), &

B e A )
>=7R"IA K

%&(+ 2] ' -1%-I(B

+$0#,) )$<$5" $0,50 :$==?$=0#<,$=0:73465 < Go $6>,3>,650!$' ?=$0 ,<0 JE=0#E50 0:<$==?%0*<#,$5 >Y0>»0,=Y0 <
J6 E=0)840 50 <$ 06)0+,*+$<0:$==?80>60 50 $ 06)03E $<0:$==?$X0 ,<0J6=0,5>60>+$0375*=0"F50#?$0>60 0}H}$5" $
,50:<$==?%[0 >46=:+$<,"0:< $==7%0,=0"§ >$<0>+ 5059 363 <0:$==?$Yo 5#!' -+ G % ( % +J)+,.+ ,=0*$ >$<0>+5
' -+) % .+%J)+,.+ Xo ,<0J6=06?>0®>+$03?5*=0#7?<,58®FK >,650! =$#0650>+%0=4%0:<,5",:35[0:$==?S0E>+,50>+$
375*=0!$'64$=0*<$ >$<0>+ 50>+$e46=:+$<,"0:< $==?$X

?3465 < Go$b>,3>,65064:<,=$=0>E 604 16<0=>%$:=70,5=:,%,650 5#0%:,< >65¥5=:,< >650=0>+$0&" $==0>+0" ?=$=0 ,<
>60$5$<0>+$03?5*=Yas#,< >,650=0>+$08"' $==0>+>0" ?=$=0 ,<0>60FH0>+$03?5*=0t?<$o OIX@$=:,< >6GoG'3%=065%
=$7?$5" $060,5=:,< >,650 5#0F:,< >,65X60*$5$<3YE6047="3$0*6?:=0 <$0?=¥0#?<,5*056<4 30,5=:,<>,65Z0>+$0#, +¥4
5#0>+$ 1- +' %J!" -+ (- %J& ., %, Xo##>65 304?7="3%=050!$0?=%#0,)0 0!,**$<0!&$ >+0,=82,< $#X0 +$50>+$0#, +<*4
"65><" >=Yap4606=0,5$<,6 <8506 <#0>+$0 1#64,5 30" DFGr0'$ >,5%0 03 £$<0>+6%"0" DGo 5#046<$0=: " $0p<0>+$03?5*=X
65 ><' >,65060>+$dB>$<5 30,5%L 6=> 3047="3$=0466=0>+$0l<p?: E <#0 5#067E <#Y0"?=5*0>+$04" * $0>60/F 5#Y
E+,"+0,5"<$ =$=0>+$d13?74$06)0>+$0>+6<'0" Do ?$0>60>+%0 #+$$0H<' $0§0>+$0:35?30J7,#Y0>+H6$6=,6506 )o>+$
>+6<""0" DpGof<’ $=0>+$03?5*=0>6@=>k0 5#0%F: 5#0 =0E $33X0 +,=0,F<$0,50b03?4%0 3$=0>60 0#%$ =$0,50,5<g
30563 <0:$==74$Y0'§ >,5*0 0:<$==?9$03E $<0>+ 50>46=:+$<,"0:< $==2$X0 =0 $<=?3>Y0 B==?$0*<#,$5 >0,=0K >$0>+>
#<,[$=0 ,<0,560>+$03?5*=X

0

5, >0Tho +$&=:,< >6<GoG=>$4gadOVU



L% FE82B+(* '&
&FO(* V&2

(-#, AR (

2%, #)(R) ,R/R.)
MR 2% (#)(R(

) #HR)RS

M, #R 0#3B

,* #0& 3A

+$0:< 6" $==0§056<4 30F:,< >,650,=0: ==,BY04%,5*0>+ >0$5$4G0,=056:%% < $#0>60:?=+0 ,<06?>E+$03?5*=Bo>#Y
>+$0 $3 =>,2Go o >+$0 3?5%0 >,==?$82$=0 >+$0 375*0 >$63Y0 =0>+$0#, :#40 5#0,5 >$L6=>3047?="3%$=$3 FoPH33&,5*
,5=:,< >,65X60>?<5Y0>+$0>46x" DGo 5#0375*=0#8% =$0,50D3?4$Y0"?=,5%0 50,5"<$ =$0,50,5<:?3465 < G0:$==?$X
+$0,5><?3465 < G0:$==?$0<,=$=0 |EH0 >46=:+$<,"0:< $==?4Y0'§ >,5%0 0:<$==?$0*<#,$5 >0>+>0" ?=$=0 ,<0>60ZH0>+$
3?75*=X

+$< $0 $0#,)$<$5>06:$3=Y06<046#3=Y0obB$ >+5%0>+>0%;?,<$0 0=3F>&0#)$<$5>0:6" $==0>60 IB6,5=:,< >,650 5#
$F:,< >,65¥?,$ >0!$ >+5*Y0 3=602550 =0$?:5% Y0,=0 046#$00!<$ >+,5%0>+>06"?<=0 >0%=>0 5#0#6$=056>H3 < $0>+$
"6*5, > [$0>+67%>000>+%0,5#,D,#? 3X0 ?<,5%0;%H!$ >+ 5*Yo>+$o#, :+¥40 5#0$ F>$<5 30,5%<L 6=> 3=04?=>65><" >X

0#%$%$:0!<$ >+Y033%0#, :+< *4  >"0!<$ >+5*Y0H7?,<$=0>+$0#, :+<*40>60"65><" >X0 =0>+$0#, :+do< $3 F=Yo0 ,<
: ==,D $B03EB=0>+$0375*=X0 0=+H3BE$ >+Y033%0"6=>30!4 >+5*Ydk?,<$=065><" >,65060>+$058$< 6=> 304?7="3%$=X0 =
>+$0,5%$< 6=> 304?7="3%=883 FY0 ,<0: ==$8503FH=0>+$03?5*=X

50"65><=>96<" $#0!<$ >+,5*Y0 3=602850 = 2) +)' Y0,=0 046#$96!<$ >+,5*0>+>0"506" "?<0#7?<,5*0 F$<',=$06<
" > 65=0>+0%;?,<$0>+%0 *>,[$045,:?3 >,65060!<$ >+5*Yo=?"+0 =0=,PB*X0o ?<,5%0 B<'$#o!<$ >+,5*Y0,5=:,<>,650 5#
$F:,< >,650!6>+06"?<0#?$0>6047="3$65><" >,65=X60 ##,>,650>60>+$5><" > 650 §0>+$0#, :+<*40 5#0,5 >$£6=>3
4?7="3%$=Y06>+3$<0" $==6G047="3$=04?=>0 3=@B><" >X0 ?<,5*09<' $#0,5=:,< >,65Y04?="3$=06>+$058Y0,5"3?#,5* 0 >+$
, %', Yo65><" >0 5#0330>+$0>+BL0E 33Y0,5%=,5*0375*0B3?4$X0 ?<,5*0B<"$H0F:,< >,65Y0 "$==6G04?7="3$=0)6
>+$0 #64$5Y0,5"3?#,5*0>+$06!3,;?$=Y65><" >Y6X',5%0 1#64,5 306< *5=07?: E <#0 * ,5=>0>+$0o#, :+<*4X0 +,=0+$3:=0>6
?=+0>+$0#, :+< *40)?< >+$<0,560>+$ (+ 1 Y0:?7=+,5*046%0 ,<06?7>X%0 ##,>,65Y0 " $==6G04?="3%=0C:<,4 <B0>+$ - +' %
I' -+ (,- %, dot+$3:0>604:< $==0>+$de; * $YOE+,"+0 3=6B#?" $=0>+$63?74$06)0>+$0>+6<'0" DX0G:$<:5% 0,>=$3)0#6$=
56>0=,*5,I" 5 >80 3>$<0!366#6@ $506<0<!650#,6 F,#$03Bp3=Xe0,=0>+H=65=$0E,>+,50 05%$* > [Hop$s#! "204$ "+ 5,=4
>+ >06?5>$<" >=0>+$0"+ 5$=0,506G $50 5#0" <!650%#,6 F,#$03HB3=0!67* +>0 !6?7>0!GoF$<',=$X

OVdjm5, >0Tho +$&=:,< >6GoG=>%$4



M#-R, "R,

0#) .)R& ,(R),
YRMR, !
* ) -FR#, .R&H%C
"*ClLIB)LA |

0 9

Nervous Contwl of \entilation

0 <$ >+,5%0?=? 3606"?<=0E>+6?>0>+67*>Y0 3>+6?0 >0>,4$=0830" 50" 65=",67=3G065>6303Y0=7"+0 =0E+$50%6 =E 4
?5#%<0 E >$¥0=,5*0 0=65*Y0 6<d&B6?!!'3$=X0 +$0"65>%630 §o [$5>,3>,650,=0 064:3$ Fo,5$<:3 Go §o 4?73>,:3%0%* ,65=0,5
>+$0!<,5Y0:<,4 <,3G0,50 >+%$0 I§=>$4Y0 >+>0 =,*5 30 >+$0 4?7="3%$=0 20$50 :?3465 < G0 $6>,3>,650 >6B5><" >X0 +$EH<=?3>
,=08:," 3350 0«G>+4,"Y0 '65=,=>%$50 $6>,3>,650 <>$0 >+>0 : 6D #$=0 >+3$0 1680 E>+0 =7),$5 >0 46?5 >=0¥p GG $5Y0E+,3%
#$:;? >3$80846 D,5*0"<!650#,6 F#$X

+$ + )+ -(+2J+- ,=0>+$0>6> 30574!1$<mB<$ >+=Y06%3%< >6G0G3$=Y0>*06"?<0%$"+04,5?7>$X0 $=:,< >6Go<$
" 50!$0 50,4:6< >5>0,5#," >6<0p#,=$=$Y0 =0>+$0$04 G0,5"$ =$06<0#%$ =$0o#?<,5*0 50,335$==06<0,50 0#$&'65#, >,65X
+$0<$=:,< >6<Go<>%$0,=®5>63380!G0o>+$6=,< >6G0$5>$036">H0E >+,50>+$048?33 06!365* > 0,50>+$0!s5Y0E+,"+
<$=:65#=0:<,4 <,3 G0>60"+ 5%=0,50¥!650#,6 F,#3Y0OBS $5Y0 5#0:03%0$3=0,50>+$0!366#X0 +$056<4%Bo< >6<Go<>$0fo0
"+,3#0#$<$ =$=0)640!,< >+0>60 #63$$5" $X0 0"+,3#0?5#$<dOE)0 * $0+ =0 056<4 308=:,< >6<G0o<$0!$E $$50QN0 5#0TN
I<$ >+=0:$<04,5?7>$Y0!?>Bb>+$0>,4%0 0"+,3#0,=0 |6?>0HNeEH3#Y0>+$056<4 3e0,=0"36=$<0>60 0V OBaOMHE3$=35" $Y
>+$056<4 308=:,< >6G0<>$0,=0=,4,3 <0>60>6§0 #?3>=Y00P0>6E0¥6t0:$<04,5?7>$X

5, >0Tho +$8=:,< >6G0oG=>%4naDW



* FBQ?F+(* [+ 1
&* +F'F, F *1&

-(+23+()

+$ & %% JI( %( - ,5"3?#$=0E 604 ,50:6:?3 >,65=0§05$?65=0'65>633,5%0!§ >+ 5*Z0>+f+ , %J+)!+
E F5#0>+$/ "' +%JIDH+ -(+2) +()JE Fc ,*?<$0 QKo +$=30 48733 G057"3$,04 ,5>,50 0"65=>5>0 !4 >+ 5*
<+G>+40! Go 3>$<5,3350=>,473>,5*0>+$0#, :+<*40 5# >6065><" >Y#<?3>5%0,50,5=:,<,65Y
5#0" $ =,5%0>+,=0=>,4?3>,65Y§<?3>,5%0,588 F >,650§0>+$=3$04?="3%0 5#0>+?F0% >,65X

> DzGo §o >+$0 #6<=30 5#BD><30 $=:,< >6<Go *€?:=0 ,=0 46#?3 >H0 !Go ,5:?>0 B40 :$<,+$< 30 =F>"+0 5#
-(+2J +(.) X $7<65=0,50>+$&B><30 $=:,< >6<G0*€?:0 3=6

1-+%J" -+ (-%JI& ., %),

"+$46< $"$:>6<=Yo0 5#0Go0,5:?>0 G40 >+$ )(' -I'J+ )+
<$"$,050 ,5:7>0 )840 >+$0 #6<= 3h=:,< >6<G0 *6?:Y0 5#0"50 3=60 =>,473>$0 >+$0 "'$==6G0 4?="3%$=0 [BIB#0 ,500<" $#

I<$ >+,5%0>6d35><" >Y§<?3>,5%0,56%"' $#0,5=:,< >,6506<6)x" $#0F:,< >65X

OWlw5, >0Tho +$&=:,< >6GoG=>$4



+$0=$"65#0 $=:,< >6G0 $5>%0 §o0 >+$0!s50,=0 36">H0 E >+,50 >+$0 :65=Y B30 >+30 :65,5%0 $=:,< >6<G0*8?:Y0 5#
"65=,=>=09>+$)" .,-! 5# ) .&(-11J " “+, X

+$ ) .13 -+ Q=0 0#6?!3%$0"3?7=>$06$?65 30"$330!6#,$=0>*0=>,4?3>$05$765=0,50>+$0 Y085>633,5*0>+$
#$:>+06)0,5=:,< >,65Y0: «,"?3 <G @h<o#$.0!<$ >+5X0 +$)' .&(- 11 J ' -+ Q=0 05%$E 6<20§05%$?65=0>+>0,5H, >=0>+$
" > D3Gofo5$?65=0,50>+$0 Yo 3BE5*0<$3 F >,650 >$<0,5=:,<>,65Y0 5#0>+?=65>4633,5*0>+$0B<330<>$X

Factors That Affet the Rate and &th of Respiation

0+$0<$=:,< >6Go <%0 5#0>+$0#$:>+06,5=:,< >,650 $0§*?3 >H0!Go>+R %% I( %( - 5# )(, [o+EIBY0>+$=$
<$* ,65=06§0>+$0!<50#60=60,5&<:65=$0>60=G=>%$4,"0=>,4?3,Y04CEB<!650#,6 F,#$0c pdYd83 $50Cc pdo 5#0G#<6* $50,65=
¢ Pdo,50>+$0!1366#X0 ?23>,:3$0=G=>%$4 2@K=0 $0,TB6IB#0,50=>,473>,5*0>+$0!s50>60:6#?" $0:?3465 < Go$b>,3>,65X

+$04 16<0) " >6<0>+0=>,4?3>$=0>+$044233 06!365* > 0 5#0:65=0>60,5"% =$0$=:,< >,650,=0=7<:<,=,F5056>d43 $5
"65" $5><>,65Y0!?>05+$<0>+$65" $5>< >,6508<0: <>, 30:$=="Sdofo" <!650#,6 F,#$oc pdo,50>+3$0!366#X

65" $5><>,650"+ 5* $=0,50 >+$0 1366#0 ,F> ,50=?!=> 5" $=Y0=7"+0 =21650#,6 F,#$Y0BE $5Y0 6<@#<6* $50,65=0cPd
=>,473 >$0"+$46<$" $:>6<=YOE+,"+0,50>?<50=,*5 30>$H0< >6<G0$5>$=000>+$0!s6X0 +$<$p0o<$ ' -+%J &+ )-(+
36" >$0,50>+%$0!506<0!<,5=>$4Y0E+,"+0 $0=$5=3,[30>60 $0=3$5=%,[F0>60FH<6* $5065=0 5# ) +!) + %I &+ )-(+ ,
36" >$0,50B 60 !366#0 B==$3=70>+$B> #0 <>$<,$=0 5#0 6%,"0 <+Y0E+,"+0 $0=$5=>,[$0>60"+ 5°$=0,50 %<, 30k!65
#,6 F #$YJdBA $5Y0 5#0@<6* $509650"65" $5><>,65=X

"+ %) &+ )-(+ B =0>+$0B5" $5><>,65060"<!650#,6 F,#$0,50>+$0!366#0, B<$=Y 0% #,3G0#)?=$=0 "H==
>+$0!366#9!<,50! <<,$<YOE+$80>0633%>=0,50>+%-+ %%.% +J5.! Xo =0E,330!$03 ,5$ #0,5046%0#$> ,303>$¥0%!65
#,6 F #%0,=06506<>%#0,5>60 "<!65,"0 "#Y0 E+,"+03$#=0>60 50,5"$ =$#0"65" $5><>,650 §o 3#<6* $50,65=0,6"<$ =$#
"#, >Go 6<0 #8$ =$#0: dXo +%0,5"$ =%0 ,50 B#<6* $50,65=0,50 >+$0 /50 ><,**$<=0 >+$' -+%J &+ )-(+ , >6
=> 473 >$0>+$6=:,< >6G03$5>8$=0>60,5, >$065><" >,65060>+$0#, :+<*40 5#0,5 >$L6=>304?7="3%=X0 =0%=23>Y0>+$
< >$0 S5#o#$:>+ofos=:,< >,650,5"$ =$Y0 3F5*046< $0"<!650#,6 F,#$0>60!$dHE$33¥Y0E+,"+0:646>%$=0 0$#?" >,650,5
>+$065" $5>< >,65000" <!650#,6 F,#$0,50>+$0!366#Y0 5#0>+THeh* $50,65=X80"65><=>Y0 0BH"65" $5><>,65060" <!65
#,6F,#%$0,50>+$0!366#07=$=0 0360"65" $5>< >,650 0 43<6* $50,65=0,50>+$0!8Y0 3%,5*0>60 0#PF<$ =$0,50>+$0=$
5#0#%$:>+06)0:73465 < Go$b>,3>,65Y0:6#?",5*0=+ 33E YO=BB!<$ >+ 5*X0$<,:+$< 30"+$46<$" $:>6<=0 $0=$5=>,[$0>6
<>$<, 30%1650#,6 F,#$0!?>0 $03$==0¥,[$0,50=>,473> 5*0%=:,< >6Go<$0>+$50>+#B><Bo P "+$46< $" $:>6<=X

+) + %J &+ )-(+ ,Bo5"<$=$#043#<6*$50,650%65" $5><>,650,50>+$0!366#60!$0#?$0>60,5"$ =,5*0" <!65
#,6F #$Y0 =04%$5,65%40 16 DpY0!?>050 3=60!$0#?$0>606>+$<04%3,"0 " >,D>,$=Y0=?"+0 =03,"0 "#0 " "?4?3 >,65
) >$<0=$5767=0F$<",=$06<$ -( ! (,!, X +) + %J &+ )-(+ , 6)o>+$(+-!J+ 5#0" <6>,#0 <$<,$=0=3$5=$
<>$<, 308H3=0G#<6* $50,65=X0+$50:$<,:+$< 30"+$46<$" $:>6<=0=$5=$0#8$ =,5*Y06<046%0 " #,"Y0: 03$D63=Y0>5$
=>473 >$0>+$6=:,< >6G0$5>%0 5#0" ?=%0 50,5"$ =$0,50H5>,3>,650>6846 00" <!650#,6 F,#$0)640>+$0!366#0>0
;2,"2 $<0<>$X$46 D30§0" <!650#,6 F,#$9<640>+$0!366#0+$3:=0>68R" $043t<6* $50,65=Y0>+7=0,5"<,5*0=G=>%$4,"0: X

%((J(12 ' c pdoB5" $5><>,6508<0: <>, 30:$==?40§06-C $5do,=0 3=60,4:6<5>0,50,51?$5",5*0%=:,< >6GOo<$4 5
##, >,650>60>+$,688067>3,% 16 DBYo>+B+!) + %I &(+ )-(+ , <$0$=:65=,!3%0H<0=%$5=,5*03*$0"+ 5* $=0,5
1366#06FC $50"65" $5><>,65X0!366#06C $50"65" $5><>,650) 33=HB50FB0c!6?7>0TN044 *06<03%do>+$50:$<,:+$3
"+$46< $" $:>6<=0=,*5 30>+, < >6<G0$5>S$0oE+,"+0" ?=%$=0 50,5"% =$0,508=:,< >6<G0 ">,D:X0 +$ &(+ )-(+
<$0 6580 !3%0 >60 =$5=F0 #,EHBB® GG $50 463$'?3$=Y0 56>0 >+FE@H50 >+>0,=0!6?5#0 >6&( %(! Xo =0 E,330!$
#3$="<,!$ #0,50>+$0550=5>,65Y0>+$04 16G0oFodCG $50,=0!675#0G0+$46*36!,5[0E+$50#,==AFB#03B53=00GG $50#6:Y
+$46* 36!,50 $3$=3$=06-G $5X0 +$4)6<$Y0 03*$0#6:0,50!366#06-C $50"65" $5><>,650,=?,< $#0>60=>,473$0>+$
"+$46< $" $:>6<=060>+$0 6%,"0 <'+0 5#0" <6>#0 <>B<,$=X

I +J+ 13" -+, 5J?$5" $0 >+$0$:?3 >,650 §o !<$ >+,5%0!Go ,5$<" >,5%0 E>+0 >+$®=:,< >6G0 $5>$=X0 6=>
6)0>+$0>,45Y0 >+$08=>$40 <$*?3 >$=0!$ >+,5%0,963?75> <,&0!?>0 Ko #60 +Db0 =64%$0 B3?75> <Gr065=",67=0"65>63
606<0!$ >+,5*0<>$Y6¥0F 4:3%0#7<,5*0 =,5% ,5*0 6<0 +63#,5*0 6?7<0$<>+X0 +,=0,=0#?%$0>60 =,*5 FAD)=+$0 $<$!< 3
"6<>$0>60 >+8=,< >6G0 $5>$=X0 +$0G:6>+ 3 4?=0 5#0 6>+%$<0 $* ,65=0 ==6", >B0 E>+0>+$0 3,4!,"0 =G=>$4d <

5, >0Tho +$&=:,< >6G0oG=>$45jadOWO



,5D63B#0,508*?3 >,5*08%=:,< >,650,5@+=:65=$0>6 &(-!(',AJd) ' Yo5# & )+ -+ Xdb<oF 4:3$Y0 50,5"<$ =$0,50!6#G
>$4:$< >?806<@$3,5*0F", >Htoc+$ol*+>g6g9J,* +>08=:65=$doE,3F=23>0,50 50,5$<=%$0,50%=:,< >6Go<$X

Respiatory \blumes and Capacities

$=:,< >6<G068?4%0,=0 >+$0 >$<40 2&fH<0 x,6?=0 B3?4$=0 §0 ,<0 460$#0 !|Go 6<0 ==6">%0 E >+0 >+$0 3?5*=e0 0 *DH5
:6,5 >0,50>+%=,< >6G0oG3$X0 +$$0 $0pH?<04 16<08:$=060%=:,< >6<G06B?4$=20># 3ba#? 3Y0,5=,<6G0o%=$TBY
5#0%F:,< >6Go%=$Boc,*?<$00SdX %J/(%.& JE F,=0>+%$0 46?5>080 ,<0>+>056<4 3B0$5$<=0>+$03?5*=0#7<,5*0;2,$
I<$ >+5*YoE+,"+0,=0 !6?>0SNN04,388;0¢ dX1)!+ -(+2J++ /[ J/ (%.&JE F,=0>+%0 46?5>0f0 ,<06?0" 50)6<"'$)?3&
$F+ 3%0: =>0 056<4 30> ,# 3¢%$,< >,65Y07:0>600PNNIB<04$5X ")+ -(+2J++ [ I/ (%.& JE F,=0:6#?" $#0!Go o#$:
,5+ 3 >,65Y0: =>0 0>,# 30,5=:%,65X0 +,=0,=0>HEp$063?4$0>+ >0"50!$0!< 67* +>0,560>+$0375*=0#?7<,5*6 9)$#0,5=:,< >,65X
1% (%.&JE  F,=0>+$0 46?5>080 ,<03$)0,50>+$03?5*=@RuF+ 3$0 =04?"+0 ,<0 =0:6=23%$X0 +,=0 ,<0RHB5>=0 BH63,
"633 :=,5*0,50650>+$4=EB=Y0E+,"+04 25=070:6==I3%0H<0 BH63,0>68¢,5J >$0#?<,5*0,5+ 3>,65X0,>+67>dk=,#? 30B3?4%Y
;7?3465 < Go$b6>,3>,65086?73#0% =$X0$=:,< >6G06B8?74$0,=0#$:$5#$5>0650 0B,$>Gofo) " >6<=Y0 5#04%$7<,5*0>+$o# )$<$5>
>G:$=0§0o%=:,< >6<G06B?4$=0!G0?=,5%0 0=:,64% >$<0>685%< >$0 0=:,8*< 40" 50:<6D,#$0,4:6<>5>0"3?$=0!6?7>0 0:$<=65
<$=:,< >6Go+B>+0¢*?<$00SdX
$=:,< >6G0"", >Go,=0>+&M,5 >,65060E606<04680=335>$0B3?4$=Y0E+,"+0)2<+$<0#$="4$=0>+%$0 46?5>080 ,<
,50>+$0375*=0#7<,5%0 @8$50>,48XB<0F 4:33Y -(- %I%.'J ) ! -2JE F ,=0>+$0=7406 3396>+$03?5*68?4%=0C opo
po opo dYOE+,"+&x $=$5>=0>+$0>6> 30 462660 ,<0 0:$<=65050+63#0,50>+$03?5*=phK0 @<'$)?30,5+ 3>,65X0 0,=
16?>0TNNNo04 0 ,<0)6<04$5Y0 5#0 16?>0RPNN0#)6<0EB64$5X !-%J ) ! -2JE FYoE+,"+0,=0olE $$50RNNNo0 5#0SNNNvo,=
>+$0 4675 >060 ,<0 0:$<=6505046 DH0,5606<06?>W8-,=06<0+$<03?5*=Y0 5#0,=0>+$9c3BeBH>+$AI?4$=0F" $:>0%=,#? 3
D63?4%0c opo opo dX

L FEI2F+(* % 1
'$-% +F&F ((1,1+?
"-R.IR!,  *-R-")1
JKR*#, ), 3RO)&/ -
(RJ KR."R) #( #)(
YRO)&' -R." R, -/&-R#(
,*#, ), 3R * #3 A

Y+ -(+23 ) ! -2JEF ,=0>+%$04 F,4?40 46?5 >080 ,<0>+>0"50!$0,5+ 3$#0: =>0 056<4 30>,# 3dB,< >,65Y0 5#0,=0>+$
=?406)0>+$0>,# 36EP4%50 5#0,5=:,< >6<G0o%=$B0B3?4$X0 50>+$06>+$<0+ S#Y0>+$( %I+ ,!.%J ) ! -2JE F =
>+$0 46?5 >080 ,<0>+>0%84 ,5=0,50>+$0375*03$<0 056<4 30>,# 3B$< >,65[070,=0>+$0=?40f:,< >6<Go¥=$BoB3?4$0 5#
<$=,#? 30D3?4%06$50 ,*?<$00SdX

50 ##,>,650>60>+%0 ,<0>6"$ >$=08=:,< >6G0oEB?4$=Y0>+Fp=,< >6Go=G=>%40 3=66>> 5= ' -(& %J J,) Y

E+,"+0,=0 ,<0>+>0,=08=$5>0,50>+$0E< Go>+>058$<08 "+$=0>+$0 BH63,0 5#0>+F)6<Bo58k<0: <>,",: >$=0,50* =d%+ 5* $X
%W ( %+ J,) ,5063B=0 ,<d)?5#0E,>+,50 BB63,0>+>0 $075 13$0>60)?5%,65Y0=?"+0 =0>+6=98")>$f0!Go#,=$$06<
156<4 30!366#0J6 EX (-%J J,) ,=0>+$0 5>64," 3o#$#o=:" $0 5#0 IH63 <o#Ho=:" $0>6%>+$¥ 0 S5#0B<$=$5>=
330f>+%$0 ,<0,50>+%os< >6G0=G=>$40>>0,=056>0!$,5*02#8,50>+$0* =%+ 5* $0:<6" $==X

OWHm5, >0Tho +$&=:,< >6GoG=>$4



Part 3: Gas Exchang

607?75#$<=> 5#0>+$04% 5,=4=06 )o* =0F"+ 5* $0,50>+$03?5"0=0,4:6< 5>0>60?5#$<=> 5#0>+$0?5&$5%0:<,5",:3$=00
* =$=0 5#0>+%$,<0!$+D,6X

Gas Lavs and Air Composition

0=0463% "?3%=0 $$<06<"' $0 650 >+$0 =?<Pp=0 E>+0 E+,"+0>+G0 $0,5065> " >[0 >+,=69" $0,=0 33%f0 :<$==?$XDH0 5 >?<3
=G=>%$4=Y0* =$=856<4 3F0:$=$5>0 =0 04,F>7B060#,)$<$5>06:$3=06§0463$?3$=XG<0F 4:3$Y0>+$0>46=:+$< $0'65=,=>=
6)0G-3@ $5Y05;6* $5Y0%!650#,6 F #$Y0 5#06>+$<0* 88=0463%$?3%$=Y0 5#0>+,=0* 6§3=04,F>?$0F$<>=0 0$< ,50:<$==7%
<$)$<$#0>60 =46=:+$<,"0:< $==?%o0c !13$00dX+-! %J)+,,.+ ¢ pdo,=0>+$&==?$060 0=,53$05:$060* =0,50 04,F>?%009
* =$=0c ,*?<$000X (- %J)+,,.+ ,=0>+$0=7496 330>+$0:> 30:$==?$=000 0* =$67=04,F>?&[0>+,=0,= %(' 1,J%0 @

% J7D3F-1 %I +,,.+ ,J(
&) +J3,Jd I %

+ ' =J( +-1%
-(-% )+t
(& (! -I(¢ R& F
, >6*$5
c od UVERX SVIKR
FG $5
¢ pd PNXWx OSVXV
>$<
cpd NXRX QX
<I65
#,6F#$  NKNNRx NXQ
c pd
>+$<= NXINNTX NXS
6>3 ONNX UTNN

1% F6;2F* 1$F &
LSFE* 4++* +F'FF +?
#&R* -/, R#R."
), R2, R3RR!-A
"R-'R)R"R*  # &
* -/, -R)R&&R."R!--
#(RR'#2./, R+/&R."
). &R*, I, A

<>, 30:$==?$060 0* =0"50!$0>+6?*+>080 =0k65" $5><>,6406)0>+>0* =0 5#Y0FHA'65" $5><>,65Y0: <, 30:$==7%0,=
$F>$4$3G0,4:6<> 5>0,50:8#," >,5*0>+$04EB4$5 >00* =$=X 0* =0E,3304@%50)€40 50 <$ 0E+$<$0>=0: <, 30:$==7%0,=
+* +$<0>60 50%0E+$<$07>=0: <, 30:$==7%0,=0FEBXK G0 ##,>,65Y0>+$F<$<0>+$0: x, 30:$==?S0#,)$<$5" $0!$>E $$50>+$
>E 60 <$ =Y0>+$04680<,#0,=0>+$04654%$5 >0f0* =$=X
+$0* =$=0)<640>+$0>46=:+$< $04?=>0!$0#,==6B#0,50E >$<@<0* =0F"'+ 5* $0>60>%0:3 " $0,50>+$dB63,X >46=:+$<,"

5, >0Tho +$&=:,< >6G0oG=>$45)aOWQ



,<0#,==6B$=0,503,;?,#0 =00: ==$=0>62* +0>+$&<:,< >6G0=G=>%d%$0: < >, 30:$==?$06§0 0* =0 5#0>=085" $5><>,650,50

3,;?,#Y0=?"+0 =0!366#Y$656>0,#$5," 30!$" ?=$0=63?!,3Gofo>+$0=%1"0* =0:3 G=0 0) >6<0,5@5" $5><>,65XB<0F 4:3$Y
3>+67*+05>6* $50,=0:$=$5>0,50>+$046=:+$< $YOBG0 3>3$056* $50#,==603=0,560>+$0!366#Y3!$=$0>+$0=63?1;F0p
5,>%6* $50,50 BB63 <0J?,#0 5#0!366#0,=6BG0IBX FCG $50 5#0" <!650#,6 F #$0 $046<$0=63?!3$X

Gas Exchamg

=0$ F'+ 5% $06"?<=0>0B60=>%$=0,50>+$0!@GZ

50>+$0375*=¥0>+$f=:,< >6G04$4!< 5306FC $50 ";?,< $#0)640,5=:,< >,650,=0:,"B#07?:0 5#0" <!650#,6 F,#$0,=
<$3$=$#0 5#0$46 CH#oD, 0%:,< >,65X0 +,=d%+ 5* $0§0* =$=0E>+0>+$6H-$<5 303D,654$5 >0c46=:+$< $d0,50>+$
3?75%=0,=0296650 = 1- + %J+ )+ -I( X

>0>+$0>,==?$FDB50,=B3$=$ #0,5>60%$33=0 5#0%!650#,6 F #$0,=0:,"B#0?:0)640" $33=X0 +,=0* F8$ 5* $0E>+,5
>+$0,5$<5 30$D,654%5 >0§0>+$0>,==?$306#G0,=02Hb0 = I' - +' %J+ )+ -I(' X

+$0 " >? 308"+ 5* $0§0>+$=$05650:63 Xo@Bt<6:+6!,"0* =$=06" "?<=0#?%$0>6& )% J! .!(' Xo 5$%Go0,=056:%% < $#0>6
46 [B0 6-G $506<0K!650#,6 F #$0 "<6==04%$4!< 5$=X05=>$#Y0>+$=$0* =$=033E0: < >, 30:$=="$0*<#,$5 >=0>+0 3
>+$40>60#)P=$X

1- +' %J O+ -I('B +$0:?3465 < GO £3G0 '<<,$=0#BFG $5 >$0!366#0,560 >+$0 3?75*=6%0 >+$0 +$&< >Yo E+%o >
I< 5"+$=0 5#0% Db5>? 3%0!$ 64$=0>+30",33 <G0O5%E 6<20'64:6=$ #060:?3465 < G0",33 <,$=0>+>0E<0 < 6?5#0>+%$0 BH63,
5#0)6<40>+$0%=:,< >6G04%$4!< 5%0c ,*?<$oOUdX0 =0>+$0!366#0,=0 Rd:H67* +0>+,=0!,33 <GO5$E 6<LY0* =o'+ 5* $
6" "?<=X

+$0 5 >64Gofo>+$0375%04 F,4,1$=0>+$08)=,65060* =$=Z0 +$dB=:,< >6G04%4!< 5%0,=0+,%+350:$<4$!3$0>60* =$=[
>+$08=:,< >6<G0 5#0!366#0",33 <G04$4!< 5%=0 <$oB<G0>+,5[0 5#0>+F&,=0 03*$0=7<) "$0 < 0>+6?* +67>0>+$03?5*=X

3>+6?*+0 0=4 330 46?75>060>+$d6G $50,=0 !3$0>60#,=E68#,$" >80,560:3 =4 0)<640>+$0 BH63,Y046=>H>+$d6G $50,=
"2 $#0?:0! Go P +46" G$=06#0!366#0'$330 5#0!,5#=0>60 06>$,50"33%0+$46* 36!,5Y0 0:€" $==0#%="4$ #03>$<0,50>+,=
"+ :>$< XoFG $5 >H0+$46* 36!,50,=0%#Y0"?=,5*0>+$0B6<330 ::$ < 5" $0§0!<,*+>08#0F G $5 >$0!366#Y0E+,"+EHe?<5=
>60>+$0+$>0>462* +0>+$0:?73465 <GoB5=X0 <!650#,6F #$0,=B3$=$#0,50>+$06::6=>$0#,8" >,650606-C $5Y 0B40>+$0!366#

>60>+$dB63,X

1% F6<?F0,*&$
+H* 1&? (R2.,(&
|+, #)(BR)23! (

#/--R, )R
,*#,0), 3R, (
,)R."R &0)&-R)R."
“#8&& ,3BR1", -

OR#)  2# R# I--
).R) R."R *#&& , 3R#()
"R &0)&/-A

OWHm5, >0Tho +$&=:,< >6GoG=>%$4



F>$<5 30$=:,< >,6506"?<=0 =0 0)?5%,65060: <>, 30:$==?$0#,)$<$5" $=0,506G $50 5#0" <!650#,6 F,#$0 |S>E $$50>+$
30$63,0 5#0>+%$0!366#0,50>+$0:7346%50":,33 <,$=X0 3>+67%0>+$0=63?!F50506-G $50,50!366#0,=056>0+Y0>+$0,=0 0#=>"
#,))$<$5" $0,50>+%0: %, 30:$==?$0§06C $50,50>+$0B63,0$<=7=0,50>+$0!366#406+$0:?73465 <G0",33 <,$=X0 +,=03*$
#,))5<$5" $0,5) +-! %)+ ,,.+  "<$ >$=0 dBDG0=65%0:< $==?F0*<#,$5 >0>+>0" ?=$=06C $50>605#3 G0"€==0>+$P=:,< >6G
4%4!<  5%0)<640>+$0 B$63,0,560>+$0!366#X

+$0: < >, 30:$==7%$06§0"<!650#,6 F,#$0,=0 3=60)$$5>0!$E $$50>+$0[H63 <0 ,<0 5#0>+$0!366#a6>+$0",33 < Go 3FB,5*
" <1650#,6 F,#$0>60#)P=$0)640>+$0!366#0,560>+$AB63,X

-+ %I )+ -I('B 5>$<5 3dB=:,< >,650,=0* =d$+ 5* $0>+>06"?<=0>0>+$dMB0ofp!6#G0o>,==?$=0C<$00IXM,3 <0>6
$F>$<5 3ch<=:,< >,65Y0:85<5 3db=:,< >,650 3=606"7<=0 =0=,4:3$0#,)?=,650#?%$0>60 0: %, 30:$==?F0*<#,$5 >XBE SO 0>+$
< >, 30:$==?%0*<#,$5 >=0 $06::6=, >$0§0>+6=$03=$5>0>0>+$8=:,< >6G04$4!< 5$X0 +$0: <>, 30:$==?$0§0FC $5
,50>,==?%$=0,=B¥®!$ ?=$06-G $50,=065>,5?6?=80?=$0H<0'$33?3 <B=:,< >,650E+$$ =0>+$0: <, 30:$==74$0606-G $50,5
>+$0!366#0+,¥$<X0 +,=0'% >$=0 0:$==7$0*<#,$5 >0>+>0" ?=$=06C $50>60#,==6">$0)840+$46* 36!,5Y0#)?=$067>00>+$
1366#Y0"8==0>+$0%<=>;, 30=: "$Y0 5#0$5$<0>+$0>,==MRB=X &( %(!" >+ >0+ =03;3%dBA $50!6?5#0>603036=$=047"+
6)0>=0!<,#>5%$==Y0=60>6!366#dk>7<5,5*0>60>+$0+$0,=04680!?<*?5# G0,5®B36?X

65=#%$<,5%0>+ > %%.% +J}+ -I( "65>5?67=F0:6#?" $=0"<!650#,6 F #IY0>+$0:>5 30:$=="$060" <!650#,6 F,#%$0,=
3@ $<0,50>+$0!366#0>+ 50,=0,50>+$0>,==?B¥B*0" <!650#,6 F,#$0>60#)P=3$067>00>+$0>,==?%I3=Y6=<=0>+$ - + ,-! -1 %
5. Yo 5#0$5%$<0>+$0!366#xm=0>+$56%,$#0! "20>60>+$03?5*=0$;$<0!675#0>60+$4686!,5Y0#,==68#0,5) % ,& Y06<0,50
" 65 Dp<Btop<4X

I-* F6=7E, *&$

+(* &2 23I(

# I--R)/.R)R."
“4#88& , 3R (R#()R &&B
1", -R,)R#) 2#

# I--R)/.R)R &&R (
H()R." R *#&& ,3A

G0>+%$0>,4%$0!366#32<5=0>60>+$0¢+3Y0>+$0>5 30:$=="$0606C $50+ =0#8::$ #Yo 5#0>+%0: %, 30:$==?$060"<!65
#,6F #$0+ =0%>7<5%t0,5"<$ =$#X0 +$0!366#0,=0>+$50:?74:%0! "20>60>+$0375*=0>60!5@HS5 >H065"$0 * ,50#7<,5*0SF>$<5 3
<$=:,< >,65X

Part 4. Tansport of Gases

+$0)?5" >,65060%=:,< >,650,=0>6BB #$06C $50H5<07=$d50!6#G0$33=0#7<,5*$3373 <B=:,< >,650 5#0>60%$3,4,5>$0"<!65
#,6 F#$Y0 0E>$0:<6#7?" >0§0"$3373 <B=:,< >,65Y0§40>+$0!6#KB06H#$<0f<0>+$dB+ 5* $0§0aG $50 5#0" <!650#,6 F,#$
>606"?<Y0!6>+0* =$=047=>0!$05=<6< >H0!$>E $$50>+$0B>$<5 30 5#0,5$<5 3dk=:,< >,650=$=X0 3>+6%b" <!650#,6 F #$
,=046<$0=63?!3%0 >+ 5663 $50,50!366#Y0!6>+0* =$=HZ <3P0 0=:%', 3,HP#0>56=:6< >0=G=>$4690>+$04 16%Go o >+$0* =
463%"?3%$=0>60!$04B8#0!$>E $$50>+$0375*=0 5#06>+$<0>,==?$=X

5, >0Tho +$&=:,< >6G0oG=>$4jadOWS



Oxygen Transport in the Blood
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Part 5: The Small and IgarIntestines
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Part 7: Nutrition

Esential nutrients

50 ##,>,650>608D,#,5%0"+$4," 30$5%<% Gro,58=>%0p6#=>7)=04?=>0 3=606D,#%0 5G0463%$?3$=0>+>0"556>0!$0:<6#?" $#

) =>0$567*+06<0,50=64%$0=$=Y 0>0 33dBb>+$0!6G0>604%>0>+$0!6@BRO5H#=X?"+0463$"?3%=0 $08)$<$#0>60=,, ' -1%
I$" ?=%0>+6047=>0!$0,53=>%0>60 3ED56<4 30)?5">,65,5*06)0>+$0+?4 50!64#CX
+$<$0 $0E6 ,,' 1% --2J !, >+>0+?45=04?=>0,5%=>Z03,563%,"0 " #atYo 5064%$* gTo) >Go "#Yo 5#03,563%$5,"

"#oc dYo 5064%* g Q0)>=Go " #X0 +$=$&60) >Go " #=0=HB0 =0:$"?<=6<0463$?3$=0>+>0"50!$046#,1$ #0!Go>+$0!68¢
< >,"?3 <350,50>+$dHKP0>60647" $06>+$<03,:,#0463E$=XBE $0H<Y 0>1$0'556>0!$0"<$ >$0)6406>+$<0463%$?3%=0,50>+$
+?4 50!6# Go 5#0=604?=>0!$06D,#%0!Gob5=74,5*0 50$ F>$<5 30=674X

+$<$0 Bo$, > ,,' 1% &I'QJ !, >+ >0+?74 5=047=>0,5%=>08406>+$<0=67$=208>6:+ 5Y04$ >+,65,5$Y0B53Y
>+8$65,58Y0:+$533 3 5,53Y03%$?",53Y0,=63%?",5$Y0 G#EEX0 50 ##,65 30B 60ho+,=>#,5%0 5#07<5,5$0h0 $0$==$5, 30§<
,5) 5 >=0!?>056>68¥0 #?3>=X0&0:6>%$,50>+>065> ,5=0,503=0:<,4 <Go=><P?<$0 5Gofo>+$=%0 4,560 ",#=0E,33056>0!$04 #$

>0 330,50>+%,<0 =$K0 33uB>+$0$==$530 4,560 " #=0 <$0PH?5#0,50 5,4 30:<6#?" >0:6>$,5=FX*X0$**=Y04,32Y0l=+Y046=>

4$ >=Yo0!?>0 346=>0560-3%b:3 550=67<$0'65> ,5=0 3396>+$0$==$530 4,560 " #=YOE>+0>+$6B3$:>,6506)0=6!$ 50 5#
;2,56 X0 BE$BAYB4L5 >,65=0§0:3 5>=0'50!$0,5* $=>%0>6$>+$<0>606D,#$0>+$4[@<0F 4:38Y0 0"64!,5 >,65060"$<$ 3
*< 5=0&$X*X6%<5d0 5#03$*?4$=8X*X0!$=d0'50:< 6D,#$0 330%*0$==%5, 30 4,560 ",#=X

3>+67* +0+?4 5=0#60:<6#?" $0>0 =0 0G:<6#?" >08 %%.% +J}+ - YO -+ ,=0 3=60 50$==$53057><,$5X0%$036=$
) <046<$0E >$<0>62* +0"65=>5>09:6< >,650)84067<0!<$ >+Y04?67=04%4!< 5%=Yo 5#0=B >0>+ 50,=06#?" $#X0 +?7=
+?4 5=047=>0,5* $=>0E>$<aB*?3 <3IX03 5>0 5#0 5,4 30"$33=@5=,=>03*$FoF E >$¥0=60 0=7!=> 30 4675 >060E >$<

PR\@@5, >oUbo +$0 $=>,B0 G=>%$4



" 50!$06!> 5% #0)640565g#S+Gi< >Btdo#,$ <Go=67$=X0$Db<>+$3$==Y0+?4 5=03,D,5*0,50 330!?>0>+$088¥ 6> |3$
6)0$D,654%$5 >=0G:," 3350%;?,<$0 ""$==0>60 0=678090 ##,>,65 303,;?,#0E>$<0,50 ##;,650>60:3 50 5#0 5,4 30=67< $=X
F " $==,30E >$<036=#H¢€G< >,65d0'50!$0) > 30)640 0"64!,5 >65000 50,5 !,3,>Go>60<¥E>0 3FB,5%0 o# 5* $<6?7=0<,=$0,5
16# G0>$4:$< >?%$0 5#0 o#<4  >,"0o#6:0,50!366#0D3?4%0 5#0,5"<$ =$0,50!366#0D,6=,>Go#?$0>60E$<036==040>+$0!366#
:3 =4 Xo 5#%<0%$ F>$4%0" 65#, >,65=RX*X6$<',=,5*0=>§5767=350,50 0+6>0H5654$5 >d0>+$03 "2Ji60%$3, |3$0E >$<0=67%=
" 50:< 6050) > 30E>+,50 0$E0+67<=[0 50 #?73>0,504) 6<> 13$0=7<8?5#,5*=0"6?3#0="R,[30?:0>60 !6?>0 0B$20E >+67>0 55
E >$<0,5 2%0!$)6<$0=7"74!,5*X0 $5$< 333r0>+$03 "206>+$<0#:$<G057><,$5=0,50 506>+F=$0+$3>+0+?4 50E6?3#056>
:<6050) > 305% 350 =0;?,"28X

+$0 6>+$<0 $==$5, 30 57><,$5=0 %0 >+$/! - &!", 5# &'+ %,X0,>4,5=0,50 *$5$<30 4?=>0 !$0 ,5%=>%0 #,9$" >&0 6<
< B#?" $#0!Go46#,)G,5%0=:%',1"0:< $"?<=6<0463%?3%=0>+>0"50!$0,5* $=>%0,5=>$tY0!?>0>+F0 $0$;?,< $#0 5#0" 556>0!$
<6#?" $#0)6406>+$<06:$=06§057><,$5=X0 ,5$3=0 $0,56¢ 5,"0,65=0 5#0 =0="?"+0" 556>0!$0m 6#?" $#no,50>+$0+?4 5
16# Go>0 330 5#04?7=>0!$0,$*>%0,50 50 ::< 6:<, >$Hh<4X

Vitamins

>45=0<$(+ "1JI(& ), )6?5#0,5056#=0 5#0 <$0 05$ $== <Go: <0§0>+$0!,6"+$4," 30%" >,65=0,50>+%0!6&K0 +%>
<$0,36IB#0,50 05741$<060:<6" $==$=Y0,5"3?#,5*04,5$30 5#0!65$04% > 163,=4Y 0 5#0'$330 5#0>,==?$6F>+Y0 5#0>+F0 ">
=0"6) " >6<=6<0$5%$¢G0o4$> 163,=4X0 +$0 0D> 4,5=0:3 G0>+$03 $=>B3$0f 5Gol,4,5=0,504%$> 163,=40c !3$0R0 5#0 !3$
SdX
6?0*$>046=>00B?<0D; 4,5=0>+67* +0B?<0#,$Y0 3>+6F0=64%$0"50!$0)6<43$ #0)640>+$0:$"?7<=6<=0 1=6<!I$#0#?<,5*
#,* $=>,65X6<0F 4:3$Y0>+$0!6#50=CG5+$=,18=0D; 4,50 0)<640>+$0 g" <6>$5%0,5068* $oB* $> !13$5=03,R0" <<6>=0 5#0=B$>
:6> >6$=X0> 4,5=0 <$0$>+$<0)>g=637?!3%0 6<0E$g=63?!3$X0>g=63?!3%0D4,5=0 Yo Yo Yo 5#0 0 $0 |=6<!$ #0>+67* +
>+%$0,5$=>,5 30¥<>0E>+03,:,#=0,50'364,"<65=X0,> 4,50 0,=0 3=60=G5+$=,8#0,50>+$0=2,506P&+0F:6="<$0>60=53t>X
$" ?=%0>+G0 $0"<<,$#0,503,:, #=YE)Y=63?!3$0D4,5=0" 50" "?4?3 >$0,50>+$03,:,#=05Hx50>+$0!6EXJoF" $==0D,4,5=
<$0&> ,5%#0,50>+$03,:,#0=369,50>+$0!68Y06:$<D> 4,56=,=0" 50<$=73>03$5*0>60>F,"0=G4:>64=0#$:$5#,5*0650>+$
D> 4,5X
>$9=637?!3%0D,4,5=Y0,5"3?#,5*0>+$0$#>0 0D 4,5=0 5#0D,> 4,50 Yo <$0 !=6<!$ #0E >+0E >$<0,50>+$0* £5:5>$=>,5 3
><' >X0 +$=$0D4,5=046 Dp0$=,3G0>62* +0!6#,350]? #=YOE+,"+dboE >$<0! =$#Y0=60>6H $056>0=>F#0,50>+$0!6EX0 F $==
E >$9=63?!3%0D,4,5=0 <$0F"'<$>%$t0,50>+$07<,5$X0 #P6<$Y06E:$<D> 4,56=,=06)0E >$g=63?!3%0D,4,5=0<<$3506"?<=Y
$F' $:>0E,>+0 50F" $==0§oD3 4,50=7::3$4$5 >=X

5, >oUbo +$0 $=>,Bo G=>$4ujaPRW



% J:DJ -+G( %. % J!- &',

>+, 4,5%

<l6J D,5

5"5

S

15 >6>+$5,"
o

T

1 G<,#6,5%

1,6>,5

w

)63,"0 " #

oP

"G56!34,5

="6<l"o"#

&&"
19%2
%o '

(+

+63%0*55=Y
$5<,"+$#0!<$ # a
"$<$ 3=Y04,32Y04%

OXOXPo4*

<$E $<roG =>Y
3465#=Y04,32Y
6<*504% >=Y
3$*?4$=Y0$5<,"+&
I<$#=a" $<$ 3=Y
1<6""63,Yo =: <?=

0XOXQo4*

$ >Yol=+Y0:6?&¥<
$5<,"+$#o!<$ #=a
"$<$3=Y0:H?>=

ORQTo4*

$ >Y0:6?3¢
6> >6$=Yo&=Y
$5<,"+$#ol<$ #=a
"$<$ 3=Y0>64>6$=

So4*

6> >6$=Yo! 55 =Y
1$ 5=Yo=$#=Y05?>=Y
4% >Y0:6?3&ol=+Y
$**=Yo# 0*$$5
3%) Go§r $> 13$=Y
=60Gr06<504$ >=

OXQKS04*

D$<Yr0)<2=Y04$>= QNoL*

,D$<r03%$*?4$=Yoi2<
*<$$5039 G

Db* $> 13%=Y
$5<,"+$#o!<$ #=a
"$<$ 3=Y05<?=0)<3=

RNNoL*

,=+Y04$>Y0:6?36¢
#,<Go:6#?" >=Y
$**:

PXRoL*

, ><?=0)<2=Y$H#
1$<<,$=Y0:$::$<=Y

>64 >6$=YoB "63,Y USgWNo4*
# <20*$$5039 G

Db*$> 13%=

S

G5>+$=,=09:G<D >$
#$+GH<6* $5 =$0)6<
" <16+ Gi< >$04%>163,=4
c:G<D >%0)b "$>GBo 6d

G5+$=,=0® 0) 6<
4% >163,=4[0:< 6#?" >,6500
$<G+6" %=

G5+$:’:oﬁ p )6<
4% > 163,=4[05$<D50)?5">,65Y
"+63$=>$630:6#?" >,65

G5>+$=,=0'6$5HG4$0 0<
4% > 163,=4

6#,?4 a:6>==,?40!35" $Y
$<G+6" G$0=G5$=,=Y0 4,56

" #04$ >163,=4Y0"35 6% $5636=,=
5#0* 3?"65$6* $5%=,=Y <4 #$
:G5+$:7:

$330*6E>+YopGo " #
4% > 163,=4Y0!366#0%$33
<B#?" >,65

a< 6>%$,50=G5+%=,=

>Go " #o6,# >,65Y05%8%50'$33
)?5" >,65Y0$3:+6" G$
< 6#?" >,65

633 * $50:<6#?" >,650)6<

)6<4 >,65000'655%" >,[$0>,==?$=

5#0>$$>+Y0 5#6)K0EB?5#
+$ 3,5*d

+( %&J, (! -JO! -J41'2

$<, 1$<,0¢$"<$ =$#047="3%$0)?5">,65%
4$5 > 3065)?=,65Y0=+6&6$==0!<$ >+
#27<,5*0%$<",=$Y0: <3G=,d

$<5,"2$g 6<= 26))o=G5#84%0c! 35" $
5#046 C$4$5 >0,==7%$=Yo#,6D="73 <
,==?$=Y0,5"3?#,5%0,5%<$ #0!366#
< $==?80E+$50=> 5#,5*d

> *2$Y0=B&H#0*GE>+Yo#$=>,3
:<6!3$4=Y03#>0=$5>,D;Gr0$:>+$3, 3
:<6!3$4=03,%0"<"2=0,50>+$B<5$<=0p
>+$0467>+

$33 *<oc¢'< "2 $#Y0=3G0=2,5[0467>+
=6$=[o#$4$5>, [o#, <<+$ d

< $[0) >,*?$Y0,5=645, Yo#$:$==,65Y
<< 1,3,5G

65)?=,65Y0,<<3 |,3,>Gro#%$:$==,65Y
467>+ a>65*?$0=6%=

< $0,50#8536:$#0"6?75 ><,$=[0#$<4>> =Y
+,<036==Y036304B="7?3 <0'66<#,5 >,65

66<0*6E>+YQ5* ,D>,=Y0 ::$>>$036==Y
=+6<>5%==0@!<$ >+Y0* =%5>$=>53
1< 6!3%4=Y04$5> 30#%I",>=

$<5,",67=0 5%$4, 03$ #,5*0>605$050'$33
#4* $

< Go+ ,¥05* ,D>,=Y0!$%,5*0*?4=Yo#Ga
=" 3Go=2,5Y0EB&6?75#0+$3,5*Y0$-G
1<?,=,5*Y0'%64:< 64,=$#0,44?5, >G[0'5
3%$#0>60="7DG

PSNij@5, >oUbo +$0 $=>,B0 G=>%$4



% J;DJ-G( %. % J!- &L,

&1y (&&"
%+ -l + 1%2 LA, +( %&J, (! -JOl -J41'2
‘8 %60
$33Ea6< 5* $0)<?%>= GBoy0!65$
D6* $> 13$=Y 0# 20*$$5 : * +>013,5#58==Y0%$:+$3, 30"+ 5'$=Y0,4475%
$>5306<gy  3%) GoBr$> 13=Yogr=y UNNIWNNoL® ;*,fs?.*j’%g% >Y04475%  lGosgaonsl” $5°G
" <6>$5% 4,32Y03%R S
#=0,50"3",?40y " _ . _u .
e e
®32=[0=65%$=,=0,50=2,5 SgOSoL* 1=6<:>,65Y0>+$8! G % =8 =GY0B*S. > [30.4: <485 SYO=5+4 0.5
"+63$" 3",)$<63 ?=,5*0=753,1> :<646>,5*0!65$ e g '
* +,3#<$5Y05" $<
<6E>+
$ $#=Y05?7>=%tH> 3%
6,3=YDB6" #6=YOE+$> 0OSo4* 5> 6F#5> 5%4,
>6"6:+$<63=  *$<4
<20*$$5039 G
Db+ $> 13$=Y0!8""63,Y WNG@PNoL* 366#0"36>5*Y0!65% $46<<+* "o#,=$=$06)05%!6<50,50,5) 5 >=[
+ (336:2,5655 . TI?*=:$$?=0:6Q>:Y +$ 3>+ ?5" 644650,50 #?3>=
Minerals
58< 3=0,5@B#0 <$!"(+ "1 (', 6<0%4:6?5#=0>+ >OB<R0E>+06>+$<05?7><;$50>60$5=P>+$0!6450)?5">,65=0:6:$< IX

,5$< 3=0"556>0!%$04 #$0,50>+%$0!6#G[0>+G064$0)<640>+$0#,$X0 +$0 46?5>0§04,5%< 3=0,50>+%$0!680,=0=4 33i65G0R
:$<" $5>080>+$0>6> 30!6GH4 ==i 5#046=>06 )0>+>065=,=>=00>+$04,5$B8=0>+>0>+$0!6B0%; ?,< $=0,5046#$<>$0;? 5>>,$=2
:6> ==,24Y0=6#,?4Y0"3",?4Y0:+6=:+6<?=Y04 *5$=,?4Y0 5#0"+36<,#3$X

+$046=>0"6446504,5%< 3=0,50>+%$0!680 $0"3",?40 5#0:+6=:+6< 6?=Y0!6>+06 E+,"+0 <$0=>68#0,50 >+$0 $3$-65
5#05%" $== <Gof<o>+$0+#%$5,5*06)0!65$=X0 6=>04,5$<3=0 $0,65,I$#Y0 5#0>+$,<0,65,8¢=0 <$0?=%0,50:4G=,636}" 3
:<6" $==%$=0>62* +67>0>+$0!6&X0 6#,?740 5#0"+36<,#$0,65=0% % -+ (%-, ,50>+$0!366#0 S5#dH<" $33?73 <0>,==?%=Yo0 5#
,650,65=0 $0"<p>," 30>60>+FH >,6506 &( %(! Xo +$$0 $o ##,>,65 30>% $04,5%< 3=086>0,5"3?#%0,50 13$0Tdo>+
<$0=>,330,4:6<5>0>60>+$0!6h0)?5">,65=Y0!?>0>+$ %0 $#0;? 5 >> $=0 $04?"+03E $<X

,2 $0D3 4,5=Y04,5%<3=0"50!$0" 65=?4$ #0,50>B,"0;? 5 >>,$=08>+67*+0>0,=0<$d X0 0+$>+Go#,$0,5"3?#$=046=>0B>+$
4,5%< 3=067<0!6#G0%;?,< $=Y0=60=7::3$4%$5=0 5#0:6" $==$t0p6#=0"50 ##0:6>$5 >, 3B0>B,"038H3=0®4,5$< 3=X0!3%0T
:<6D,#%$=0 0=744 <Go§o>+$04 16<04,5$8=0 5#0>+$,<0)?5*650,50>+$0!68X

5, >oUbo +$0 $=>,B0 G=>$45)aPSO



% J<DJ#(+J

'+

%,

'+ % + %%%‘ J 1%
$ >=Yo0=64%0l=+Yop<?Y
6> ==,?40c Pd DB*$> 135=Y03$*?4$=Y  RUNNo04*
#,<GO:6#?" >=
P 13%0= 3>Y04,32YBiEY "
6#240c  'd "$3560:6" $==$rop6H= 2N04
,<GO:6#?" >=Yo#HX
*<$$5039 GoBFr $> 13$=Y
3",?40cC PRy 13"2=><:0463 ==$=Y ONNNo4*
5?7>=YoBE $<r0G =>Y
=64%o0l=+
+6=:+6<?=0CcY0?7=? &3 .
—046=+ >%0 RQQH $ >Yo4,32 UNNo4
_ Pp +63%$0*s5=Y05?>=Y .
*5$=,?40c *Hd 3$) Go*8$5003* $> 13$= QONgRPNo04
6=>6#=[0> 13%0= 3>[
k- o —
+36<,#$03 "d B $> 138=Y0$="5 33G )\ Noa

=$ E$$#Y0>64>6%=Y
3$>7"$Y B3$6r 064D

2

SHC

$<Dboyo4?="3%
)?5" >,65Y0$3$635>$

366#0:$==74Y0!366#
D63?748Y05%B0y04?="3%
)?5" >,65Y0$33$63>>$

65$0=><?">?$0y0+$3>+[
5$<Dboyo4?="3$%

)?5" >,65=Y0$=$33G

" <#,"0)?5" >,65Y
$3%$>63>>$

65%0)6<4 >,65Y
4% >163,=4Yo0
<6#?" >,65

5HG4%0 " >,D>,65Y0
<6#?" >,65Y?3 >,65
6)06>+$<057><,$5

35" $0§0!6#G0J?,#=Y
#*$=>,65Y0$3$6>$

+( %&JI (1 -
0r-J41'2

G:62 3%4, o0cE$ 25%==Y
) >*?$Y047="3%
"< 4:,5*Y
*=><6,5>$=>53
<6!3%4=Yo"<#,"
:<6!3%4=d

<$

36E0*<6GE>+Yo0l 20 5#
1<, >>3%$0!65%=

<$

* > > 65Y0 5F,$5r0=8$
<6!3%4=Y057=$ a

D64, >,5*Y0 156<4 3

+$ <>+0«G>+4=Y0oIb
1366#0:<$==?8Y
47="73 <0:<6!3%4=

6==06)0 ::$ >>$Y04?="3%
"< 4=

Part 8: Chemial Digestion and Absorption: A Closer Look
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Nucleic Acid Digstion
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Gluooneogenesis
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Part 4: Potein Metabolism
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Part 5. Metabolic States of the Body
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Unit 10: The Wnary System
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Gross Anatomy of the Kidney
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The Uerusand Cervix
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The Menstrual (térine) Cycle
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The Beasts
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Part 3: lertilization
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Transit of Sperm
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Contact Betwen Sperm and Gyte
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Part 8: Lactation
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Unit 12: Human Genetics
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"< 5,c6dg
* =><@dg
6<'+,c6dgYobk#c6dg
+ < G5*6dg
3 <G5*6dg
h
6#65 >6dg
*36==gY88>¢g
#" >G36dg
"$3gY063dg
?<$>$<6dg
?2<$>+<6dgYoB=+<cdg
?<6dg
= 3:,5*c 6dg
+G=>$8dgY04$<6dg

LI (I %!,
<$5g
*$579
3 l,c6dg
1$6<g
?2#$5#g
:?3465c ,dgYoc:?346gd
4$ #7339
4%5 >g
69
h
?5*?,9
?41,3,"g
"$<D,"g
5$<Dy
::,33gY04 44,33¢g
5=g
6D<,06dg
:$3D¢dg
h
h
"6=>6dg
h
+?4$<c6dg
=57=¢g
"?>gY0"?>,"?3g
h
Db5><6dg
h
h
h
1633,"g
#3$5>¢dg
3,5*?c dg
#*,>0
>?49
?<$>$<6dg
?2<$>+<BdgYoB=+<cdg
?<,56dg
= 3:,5*c6dg
?>$<6dg

:$5#,FoZo5 >64," 30 <$IF $=0 5#0 ?)IF $=ajaRQS



( 2)+I+I (& )("

+ I+ (T %),

LI %,

D* 5 "63:06dg D* ,59
0,5 :+3$!c6dg D359

D?® $:,=,c6dg D?8y

E64! +G=>$8dgY04$<6dg ?>$<6dg

E<,=> " <:c6dg " <:c6dg
Colour

( %(+ + $I+ (313 %l I+ %),
13"2 4$3 59 >gYo5,¢

137% "G 5g " $<?3%g

* 634 "+<G=g ?2<g

*< Gro*8G 63,9 " 5¢g

*<$$5 "+36g D,g

1?7<:3% 6<+ Gyg 1?2<:?< gY0:?<:?$6¢g
<t $<G+gYabig <?!gYo<?!gYo<g)
<$Hg6<5* $ " <<tg h

=8< h <*$5>g

E+, >$ 3$?"gY03%$§2 3lgYo's#g

GB33E F5>+g J Dy
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Description

A
1#Y0,5"6<$" >
1$5 >Y0662%#

1%
1+ $=>

1<6 #YOE,#3$
" 63#

#$ #

$?3

)=>

)$4 3$Y0$4,5,5%
J >
*66#Y0E33

*<$ >

+<#

+$ DG

+633&

+7*$

,<$*?3 <

3 < $[oF>44$3G0o3<$
3<P=>

365*

4 3%$Y04 ="?3,5%
5 <<6E

5%E

56<4 3Y06<$" >
63#

=+ <

=+6<

=433

=4 33%$=>

=3&

=6)>

=><r +>

>+,"2

D<,$#Y0B,67=

+ 83+ (LM %!,
" "gYo#s=g
52G3g
4%* gYo4$* 3c 6dg
4%$* =>g
$?7<Gg
"<G6édg
5$"<6dg
,=6dg
:=$?#c6dg
> "+ Gg
>+$8g
13 >Gg
$79
4%$* gYo4$* 3c 6dg
="3%$<6dg
I <c6dg
" 6$36dg
4$* 3c 6dg
:6,2,3c6d
4%$* g
4%* =>g
4 "<c 6dg
<=$569
=>$56dg
5%d6dg
6<>+6dg
: 3% 69
6FGg
I< "+ Gg
4,"<c6dg
h
I< #Gg
43"c 6dg
6<>+6dg
"+ Gg
:6,2,369

I+ (313
4 39
< Iy
4*5¢ ,dg
4 F,49
3 >cdg
)<,*cdg
46<>g
$;?c,dg
) 3=cdg
"$3%9
h
:35c,dg
1$5¢c$dgYo!65dg
4*5¢c ,dg
#?<cdg
*< Dedg
" Dedg
4*5¢c ,dg
h
4*5¢c ,dg
4F,4g
365*cdg
D.g
5*?=>c,dg
56De¢dg
<$">cdg
Db>$y
g
I<$Dedg
: < Dedgee<$d
4,5,49
> <#cdg
4633cdg
<$">cdg
"< ==¢dg
D<,g

%!,

:$5#,FoZo5 >64," 30 <$IF $=0 5#0 ?)IF $=ajaRQ



Position

L H)-IC +$I+ (AT %), AT %,
<675#Y0=2625#,5* $<,g " <"24g
,5>$<5 3Y0B+,5 $5#69 5><g
3%y 3%6g 33$gYo=,5=g<
4 ##3% 4$=69Y04%$=9g 4% #,9
<> #$F.,g #$FgYo#$>gYoHB>69
Quantity or Amount
L+ +$IF (I %l A (I %,
#6?13% #,:369 #?:3,9
$;?3 =69 $?.9
)$E 63,69 g
+3) +$4,9 =$4,9
45 Gro4?"+ :63Gg 4?3>,9
E"$ #,=9 l,=g
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