
c~1~rcc,1t<1S '5!15f?:,!5 ~~ '5!1ft~1 c;;r 

~ (Sfl~C1S ~ ~ffl <1fC<l ~R, 9 1i~ 

~ '5-l~CiSt--M ~ I l~~C~ tfl~ XfOO 
~ '5!,X!CGl ~'i flIG't ~ ~fUlliSt--l I 

~ ~~ wm <lK-Cf~ ~<1J>i~~4 ~'1 ffl 
~ ~'5!,~ m ';'JiC5i ~ 9R1 ~~e<i11-t

~ ~~I ~P ~ ~ C;;J tfl~ 

>i1SCG41C<l"R ffl C4C--llkC1 '>i,~ ~? ~ ~ ~- ~ 

CG1 CDKfi I C~~1CGife<fS~:li~W~ 

0f~ ? ~t"C\5 ~<frf ~'i ~ ~ 
tf!~'jf ~'i ~ <fl ~,<~ ~ ~ ~ I tfl~ 

'5!~ ~~'5!~ ~ffl ~ ~ 
a<iJ>i~~ ~'i c.4cAc-t- ~~ ~ mCTJ MR-«&1 
~I 

~ 

(.'!)~ ~ ~ tfl'm ' 5l,X! ~ ~ ~? 

~ '8~~1~ 05~ ~? ~ tfl~~ 

~9fift(fitw~~~~I~~ 

~~<fS~~~~~~ 
~,~ ~'i ~ I ~ ~ t'6<f1~19Ri '5.l~C\Si-1 

~ ~ ~ .Rv.J ~ ~ ~ 
~ \51'~ a~J>l~CQJ ~9Ri~~ I 

PA\L'7 A SA~~ 

~~~-~ ~f 9~ '1 <!1 ~ ~~~ · 

(~ ••t "•'-" ""'' futw-< 'F"11 """' ='" CW) ~ 
.... ~-, 

" 



~ C<PC'il-rC-1 ~~ ~ .Et<1Pl~~ <P@?-J~ 

m? ~~f<l<1~~,v:r1~<fSC11 ~ffl 

\!l~ ~ ~~ ~ ~ I ~ IS[Gil?-11 ~,"!<P 

~ (plasma) ~ ~ I 

C'!l\Sf'!l ~ lflrl<1 C<P1<f~ CG'il~~ ~ ~ 

( R B C) <r'\5 ~'~ ~ lflf<l~ <f~1 <f@r<f5 ~ 

~ I ~'~ '5lffil\Sf--l1 ~ ~ ~ '5lf~WSM<P 

~ ~ ~,~ ~ '5l~C"i?.l'!l )i<PCi;ij~R" 

~~ ~ ~ I ~'~ '5lM~C'i XjOO 

C<P1~~14Ci;ij ~9l~~~'5lffiCISi--1 C<Jt~ ~~ 

~ .I~•~ ~9l~C?-l ~ <f~ <f~1 ~ I 
\ 

~ ~&C<il'{:l C'!llS!\!l ~ ◄'e> ~ ~ 

00 ~~~~~~~~I 

~ C~ ~l<IS~ 9fR 9f'Gi~• 1i~ 

91IB'il <r6'1~,~9l<f1~'6~~1Pl~ 

<PMCi:4 8J ~ ~ ~ ~ '6~ ~ ~ 

~ ~1,f \5~ <1"~1 ~ ffl ~,~ ~ 

C9fG1~C~I ~~ ~ ~ '6116M\!5 ~'i;ij I 

~ ~ '5l'it>~<tSI ~ ~~<1 ~ 

~9fMJ_N>1 ~'1 05~<f ~ ~ I (~~;i 

coagulation~ I) 

. ~~~~w~~I~ 

~ 8T ~ ~ ~ ~'6~ '5lffil\Sf'i1 

. ~ 81'1~ 91_'1 ~ I '5lffiCISi--1 ~ ~ 

'5T,~ ~ ~C'!ll W3r1\Sf•fhl I 

~ ~9l<ft ~ 9fvft~ G1~ ~-

1

. ~-'5/~~C\SI ~,~ ~ I C\!l~ICciitc<fS ~~ ) O\!) 

?fl?1<l" vfl1" ~'6<?1'8~ 9lM<11R\!l ~ ~-~ -

~ ~ ~ ffl \fl~ ~ ~q~~{cii ~ 

~ WJr1\Sfm?-l 1 ~ ~ $:~ '51% fut 
~~~~w~ ~ (%~ )).)) 1 

fflnl '5lffil\Sf C--1C1 ~ ~ ~q~~19l<ft 

~ ~ '5T,~ 4@?-Jffi I ~~ ~ ~\!l 

9f~\!l ~ "i5Dl5 15191~ ~ ~11 ~v.rc~ 

~~mc<1R"1 ~ ~~t91<P C<Rl ™ I 
~~o{IC1 C~\Gl 1>~ ~ ITTTil ~·~ 

<PR«i;ij ~m Rtom<riiit9l ~1 ~ 1 

Rr~l<t>a.-it9t ~ ~ 

m1~1 ~~ ~ ~ ~~~ <r1-s~ 
~ N,\!l1<-Pfec111~1 (~ ) ).~) I H?-Jfil~ 

~91~~ '51-£~~ <PR~c-;i ? If!~ ~91~9l"R ~ ~ f<l5 

<fiffi'1~ ~? If!~~~ ~~ (pulse) 

~ ~ I ~~mrnfq ~ ~ 0~ ~ ~~ 

~ I ~~ lfl<f5 ~HG\!) ~ ~ -~ ~ QJl 

~9f~I 

f¾s~t-wt ~ ~ ~ ~91 ~? lfl<f5 

~HG\!) ~ ~ ~,~ ~1 ~ ~ 

~~I f<l~ ~ \fl~~~~~ 
* ~~~ q ~ <f ~ b-o <f ~ ; ~ I ~ 

~~ ~,~~~'6~, <J~~~ 
'511~~ ~ 911111 •: :· 

051~ ~ ~ 'c~ffl ~<1\>t<f5G41 ~ 

~ * ~ ~ Mf~ <!S<fl I 



~~ C'1Kf! ~ ~~ ~ ~ 
~'!>H-c-'1Wir=-<tS1 ~ ~. ~ ~ '5l~~"B> <Rf I 

~tM<tS1 ~ ~ - ~ ~~ ~ 
~fil~ ~ ~~M{,\!)~~ 

~ 

~ 

\!) 

8 

Q 

~-~-'5l~~ ~ ~ ~ ~ 
~ ,~9111 <!SW~ 91~ ~1rtW1 , ~ ~ 
<l"B>--lJT1<1'it7:<ll<t <tS mt ~ I ~ ~ ~ I 
mtt~ <!S9f11' ~ Rl C<1~ ~ ~~ 
~q<,j~<! ~ ~ ~~ NCTT I 

; .:1 ... n<- ~ ?IT'i[rf1 ~ ?\IT,~r,c;-it C<I 
~RI': ¼(1 51T<JVi~r~ ✓r-.r,n (. ~-S? ~ TI 

~ . r~r'-¥: , ~r,r <r-Rfu.:--r ':'<; ~-~ <1 -;.1:ft@ 

I .-!J - <1irITTmJ .'.ilrn ~ ij't,rG"I 

• • }T ,r{~1 ~ ~ <f.:l '515-'5T1T~~ 
>T";., ~ ';lGr ~r ~-- rl 1tVi <f.f'f,$!~ RCTI I 

f;- 11~ ? ~r:~ ,1 ~ ; -;r c~ 0 ~f B<r!·<l'<1 
I ~"7~,P:r;-J ~r,1m1 

~ ~~ .l!l CG1 ~ fl I 

C<f <i~~C<1M ~ ~ ti~<1'i~ ~~I ~ 

~c'ii c~~RIM~,~~~~ 

ti~tci '5i'ii ~ <Tm I C>i«<1M<1'i ~ -icil<tSI ~ 
) -
I:• : ~ ~ ' ~~ ~ ~~<1'lte1t<t ~~'ii ~ m 

~~~~~~q~~ cxt<f~ I 

~ ~-r-:l ~m '5l,'ii ~ '5lM~\!l~~ ~ 
ffl ~ ~ ~ ~~ 'bl~J j;U ~ <tS@~~ 

~~ ~ffl~~I 
~m91F9! ~ ~~~~~ 

ffl ~ ~~ ~ CDKlfrDR ! ~ ~1'-!lC'!> '61~~~ I 

~~'8 ~ 0q<-1~~ '61M~'!l'5t~ ~ ~ 
~ IB ~~ I~~ 0~~<! mTil 
~~~~~~ I 

~~~'5l~f¾\!)~~fu~ ' 

~ ~'i <TT'S~tG-1&1 c~dt~hn (~ ~~ - ~ ) 1 

~ ~~ ~ ~1<ttcDR I ~ ~~~tG1 ~ 
~ ~~tGM ~~1c--l~ l 



<Tm '5lf°¾CIS7.-i<I_'& C~~ ~ <tSl<(~-~ -

~ ~ ~ ~ ~ ~ ~ c~Rb~t 
f<p ~'<r ? !ziv(<lti11 ~ C<P&!Mrn -fl~~ 

i> ~ ~ ~~I NCTr I iziq__<l~1 \S~ C<P&~ 

r 

irt-t '5!5J<JS ~~ -----+-- ~ 

9J~i<P~ 9fvfl 

3 

~rc.~J;1 <tS r~ ~ ~ ~Tfl5Pf\!j ~ c~1 

??l~ '.<f.J.-ll.'JI <Pf?:R ~W.·f -, .-1~ .__. 

r, -!i '& ~ C<t. R7.G1 ~ ~; p{"'l -'&l~
,!,/$1 R_~ ~ ~- r;,~:;;-, ~117.<'F- I 

~~Mi+t(atria)~~~ ~~ 

(ventricles) C<fWTT~ (~ )).8) I C<fS1~1MC<t11<fS 

~ ~ C<rc:1 \5lf¾CIS7~<;!_'8> ~ ~-~

\5l<Jl~\S~'8> ~~~<fl~ NCTr I 

~'i ~ ~\~ ~ ~,~c1t<l' 1~1~ ~ 
~ ~~-~\!)~l,f<,1~1 df~~~~~ 

~~ f8~C<1IC1C1 '5f1'j'f <ffi?'f I -!l~ ~ f8~C<!~ 

~,<J~~ ~ i'-S~1\StG'f ~~~ C~1~ ~ 

~'8<f1'8~~ ~ ~ iziq__<l~&l \'g~N) <.<ll~ll'GI 



118?1~(.~ I -!I~ ~"(<-l~~ ~ ~ ffl "1/4111 ~ 
~,~~ I 

~~ti\~~ g 

~,~ ~ i?Si~ C<PR<ft1 C~~ 51175\!l I 

c9\~>t~~ -!!~ f.wIB ~Ni\!l ~,~ ~ ~'1 

~I~~~~~~~~,~~ 
~~ ~ ~q:_<i~<t ~ I ~ ~ C<f 

~m~ ~m~ ~~\!)~ ~t'6~ \Q~ ~ 
'5lM/4'!l~tc.~ ~ ~ I ~ (>!)~l<t ~~ C\!ll~~ 
~ ~~ ~~, ~ C'!lt~l<t ~'t<l~<t ~ 
~~~ ~"R<ft I ~Qf~'9t ~ <:f~ ~TT['\!5 

ffl~~ C.'!l t~~ ~"(<ltii<t ~ '5l-£~~ ~ I 
ffl~>t~>t~(ftj ~l,f<l~1 ~~\Si~~ 

' 
~~ ~ ~~~'91 <IM~l1 ~ I ~ ~~ 
~~ ~~~(.<11,f~~ (.~q,r'@ ~,Xf, p~ 
~~ -m~ ~,Xf ~ \Q~ ~rnfGI ~\~ ~\VTI51 
~ \Q~i ~~C1 (.tg~~ '91 ~\!l I f5~~~ 

' ...... --..raJ.-<lS!~ ~51M '51,Xf 

,., 

~~~'~ ffil ~ ffl ~ !<tq<l~/4 '5l~~ 
ITTCTr ~ 9fic.<t I 
~~'6~~ C9ftm ~~ lilG'I 

~~~'91 ~ ~ ~ I 

~~l<tSa-tt9t ~ ~ - ~ 

~ - 't C5. fir. ~ ~ ~ t!11'i ~ I t!l~ ([ o 

CD . ~ . ~ ~ ~ t!11'i ef'~ ?51M\SW\'!l U'~ 
~ I ~9fc.U'M ~~ t!11'i ~ ~ c:<ro~ ~~ 

~ ~ ~.a: iVC<J~<t ~ ~-;i1 ~ 

~IM~I ~~ - ~ ~ij~tfi◄ ~~~ ~ ~ 

';)~ ({ '·" --·~ 



' ~ ~ ~ I "1Gil\SIG"l1 c~ ~ c~t~P~ 

<fS'f'N) ~'l'ITTrf I FM~~~ ~ ~ z\lt(<l~1 

'6~ 11~ I lfl~ ~C"'ltC<Jf'5i fq ~~ ~~I 

lf11JI H?lfil~ ~9f~~ ~ ~H~C--1? lf)~ ~ 
' ' 

~~~~I lfl~ filf.qU~ C~f~f1 izllt(<l~1 ~ 

~ ~ ~? 8-([ ~ ~ ~ ~ 

; ~ 9( <P1! 1 ~~'i~<P1"11 

~ '51~~K!J ~ ~ ~ c~~f1 ~ 

C\5~ <l~.51;j_>l1SG"l1 ~ ~ * ~ z\lt(<l~/4 

-=vfvR .~ ~ ~-~ ~ '51~'-f'S> ~ I c~l~A :zivt,<1~1 

7'"9fvR~~~~~M~ 01~ 

91'~? :zilt(<l~1 ~~ ~ lf11Jf~ 

, ~ ~ ~ ~ filHU~ ~ lfl~ ~ ~ 

. 0v/<l j\1 ~ ~ 01~ I 
' 

~vt<1~1 ~ ~tblM~ ~ 5i~~ ~ 
' 

' ~ ~Jf~~~~~'5T,~ 

~ ~ !f<IT ~"f ~ ~'1l1<P <r"C1 I 

~ ~1F<ic.G"l- =9f@r ~ ~~rr:~t ~ 
, Ql<fS1 c:tc:~"I ! =91©? ~ ~A vfC/4 ~'TI>! ~~1 ~ 
/ 9~"(~ ;qj~l~BJ~~~ 
• 9 ff-TT ~ (.<l~$)1 ~ <r"C1, (.~N)?lf ~ ~ 

• ?f/4'1~ -~~ ~J ~ '51f¾c.1G1"1 ~'i ~ I 

<!i~ \43~ GfKfl 91'Rlv.l ~ ~ ~ ~

~-~ ~ Cc1 ~ I 

lf)~ ~\~ ffl~Jf<!S, 15~?11~ ~1c.~~ (~Cl q lr-

i ~~aq ~) ~Jf,~<ff 91M<lQ,_--t '511k!l?J>1~ 

~ I ~ >l~rn~ DWf\5 ~'it ~l~Gi C<J ~ 

~ C.~¾C<lf1 ~ ~ I !D<lC~<P >l1SCGit(:Q 

'59fa:l~1 <fS~G1 ~~ 'circulator' -T[T;~ 

iSttH~ 1 03'C~ c~ ~~ c~1~~G"j , 

~ 05(~ ~ ~~, ~,~ mnr 
~Mc.~C{l fihTf ~,~1~~ ~ MiMli11 <il<1S \!)~ 

furc-vt -~'i ~ ~ I 

vfC1 ~1G"1 9fvff~ 2lrnliSr--1 ~ I 

lf)~ ~-~-~~ <f1¼:C1 \51'1"1 ~ 

~ ~ ~ ITT@ 'Ffrn ~ I 

~~-~~~~g 

~ C~ Fr~ C<PC"l1<P ~-\5'R
'51$l1~\S<P ~~ 9fqi~~9l ~l'B'<f1'B'C1 '5f~ 

C9fG"f'rn I G"f~ ~ (.9~ 8f ~'Sf.~ R IC:~KTf 

~ ~G"j~Jl'iRf ~ C.<PC.-1'1(.1 <rlR1'EG"l \43~ 

<Tffi I ~ <ii~ ~ 15\#l?lf'B C<rc.--i{<r '31"1.;ic.<Jf/4 

~~ ~ ~9f<li '5f1~C1Kff ~ I ~ 

~?Jc.~1 '5T1t5R~ ~!, <r~ ~ ~~ '5Tm~ 
J::t<lJC<l1~ ~ I 

C<l~?ll~ ~ f.$~11-1 <f51<r~M-i 

<fS'C1 C~~?ll ~ ~ <lRi{~ ~ ~~ NCTf I 

<i!~ITTW ~ D1Tif ~ 91'11~fu'rw1 

~l'Sfii I ~ C<pl<f'-3 -@~ 91::l ~ ~ J:'.t<UC<l A 

BJ~ ffl \5f1~1~ fqm ~ ~rr:<r ~ ( ex

cretion) C<lfG71 ~ I ~ ~ <!M~~ ~ ~ 

'5T,~~~~ ~I 

~-!~◄◄ ~~ g 

C~¾~ ~ ~ ~ ~ J::t<IPI~~ x~ 

9 t11 ~~r.:r~ ~ -Fl\5i~ ~, F~ ~~ 

~ (..q$(.;i{<P!' ~~~ ~~~~<p~~ 

~1¾--1 I ~ ~ ~ 1 C<Pl"i<P ~ ~~ 

9lf.¾r41~ ffl ~ ~ I ~ ~ ~ 

(.'!)(Sr~ ~ '51'~ ~~ ~ ~"f/4 9fvffq 

~ ~~I 2ln:r~ J::t<!JC<l!~ ~ ~ 

C:'ft'<fC-fffi~ I 91FTT'5 J::t-11~\!) ~ J::t<1 1C<111 ~ 

~9f~ ~, 

~ -



~ ~) .~ ~~ 01,-1~ 

~ ~ ~ ~l!l-iii11~ ~IC:\SlM '51'~~ ~ 

~I~~~~~ '51'Ro ~ 91"~ (ure

thra)~~,~~~ <-£r<P~ c:'1<f ~ 

~ ~-~ '8~ ~ (~))_~)I 

~ ' ~~"'1Gil , ~l"i1T~~9t~~ ~ 
~')~~I 

~~ ~~ ~ ~8 ~~ ) - ) .~ ~ 

~ \5Jt')'t ~ 1 ~ ?\'>((o/o ?fr-TI, ~.((% ~zgRm 
~ ~A% '51'~ ~ <fl¾\!) ~ ~ I 

')~ ~ C<f ~ \G"GiTTf ~ '51 R, i93\!) f 

~~-~~I~ 9 ti-n ~~~~ I 

u~ ~ ~ C<T ~ ~ '51'~ <f5tt9~ 

~ <f$1<1Gi&l1 '!)G-1\!) ~~ ~'m ~91 ~ I 

~~vii~~~ ~~<ffi:<r~I 

~ ~ ~ <f.C.1Cfl ? ~ ~l"Cfli C<T ~ 

<f.Gi~\!) 9fi.TI ~ ~1 ~ I~ ~'t ~'G1 <P<>'1~\!) 

~t<r-r ~ 911-Tl ~ ~ ~ ~ 9rf.1t ~ -1 

~ I ~C:<P"f~ ~ C<l&l$!1 ~ (.\!)K!)~lt ~ '51'~~ 

~1~1t'Gr ~~1 ~ ~ ~ I 

~~f°:4<f.f~ srl~~ 

~i--f ~~ ~¢ii?! <15(.<!(.--l !' 

~ffl ~ 9i<ff C<Pc.--1qc:/4 /4l>!Hl~<ti .Et<1J>t:~~ 

~ ~ Vi~t&t ~ ef~ '5~ ~ 

~ I \SfGib1 ~~ msl-~ ~ ~ 

~~~~ ~~f.wr ~ ~ ~ µj(.<:)~ 

91'~ c:91'~ c~ a~~\!) ~ -1 Rs~~ ~ 
~~ ~-~ ~, ~91 '¢f1Rc~ ~~ ~~~ 

'¢f~~ (semi-solid) ~ 9fvfi~ ~\SM<fS 
~~) (£fdrn~ fimr I~ ~~ ~ ~-~~ 

~(£R~t I 

C<iff~ ~,~~ .. ~ ~ <rt '511'4~ -~ (.'<f~$!.\<11 
~ -; ~.., 

~~ <1J~~ ~ ffi ~ ·~ ~ ~ I 

~Gi~1'\C9f ~ ~ ~ ~ ~ .f:t<1J>t~~ 

(.\!)\ST\!) ~ ~~ ~ ~ I ~~ ~ ~ 

~ ~$J~ ~ ~Rlle<l , ~ C\5'6~. ~ 

~~~~~~~<Rt~ l 
~~ ~iJt.$1!UJ1<f. ~~ (dialysis) C<ffa1f ~ I 



, 

~~-~ t;Wf◄ ~ ~ -~ct g 

C\5'~ \!if~ )\!l F1~Riiit C<r ~ fir9fR 

~ ~ITG<T9f<ff ~ ~ ~ .C911~<fS:\'.t<!J c:'fl<f'i 

<JSZ:~ '5l1~ l!l~ z:m 9 t1\!l "lei 91f.if<r~ "I <is'[<l , 

~~~'f1 ~\!) 9ft-T1 ~ <!Si<r-l-~ -

'6:l<Jl1'¾ <1J~~l1 ffl ~ ig~q~ ~ ~ ~ 

~ I ~~1Ci;iJtC<f5 '5[~ ::i O C\5'f ~ '511R~ 8f 

~Rf -i-1fu.<il ~~~ ~ ~ ~C\!>J<PC1't ~ 

~~ '51?:~m ~ xtfu; ~"I ~ I ~❖-M 

ircm1974hi <tS1~e<11~ ~ <m<r C<fSR<f l!l~ xj'fu; 

<!J~ ~R ~ I D1Til', ~ ~ C\!l J<fSC1' t C<fS'l'C<l~ ~ 

?f<fr·~ 9fmie"I 911<!' ~'$'( I (.\!lf~jCi;ijf<fS C:<fSKb~1<!1 

'5f1 bM\!l ~ITT:~~. C<fSC4c<fS fir~~ 9f<ff ~ 

~ C9!1<f<f- :Et<fJ ~'i ffl ~ ~"I~! 

911\!l\!l ~ ~ ~, C<tSC4c<tS ~ ~'&\!> 

~ '5[~4')~ ~"I ~? 

~~~9Wf1"~~qg 

~fir9111~ ~~ ~ 9flfl~ ~"I~ I 

M911C<!l<f<'! ~ M9N ~ I 

• 

9ft-T1 ~ ~ :Et17~·\!) ~ ~<!Si ~ 

C~ :Et~C<1Rf c:'fl<f'i ~ <frc<!" ~ fir~~ 
fxl91Bf ~ <fSWf <ff~ ~ I ~ fir~ ~ 
<IS~~~~~~~~ [ ~ 

~ ~. q (<IS)] I 

M9fR9M'i 9~r-n c.<tSW<tS 91 l\!lCi;iJ m '51-p:11--i 

~ 9frf ~~? igf&q\!) ~ ~'f1 ~'i ~ 

c 9fRfl ~rn ? 

~~ 5f7?1' !;fJ-TPf S:J<1·-!- '<::<f.'f 

?Jf--TT f.<Tf <=; ff.l ~f .-w1k<1!<1<1 ~ -sf~~(.~! 
f<f: s11f; , ,;,rt{;., 9fr1<g;' h.fu<Fr <-(T.<1 ,4,ft 

~ ~~.C\~~~9fvfi~~'i 

(<is) M9111 ~ (~) l!l~9N ~ 

-
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~9Pfl~~~~~
 

.-i c;t)<fSf<! ~\!)<1\!) exfi<f'i ~ 1-ra ~$[ (~~ 

c\!)1~1c&1tr-qs ~ , ~~ ~ ~~ aif~~ ~~s>ffl 

~1)00 '6~~ ~~9 N-n~'i~ 

~ I ~ c~q Ci1 '1'~9 t'f ~ ffl'6 ~R'<f I 

\.fl~'Rm (ammonia) 

~ (artery) 

~ (~) (blood) 

~'~ (haemoglobin) 

~~(heart beat) 

~(kidneys) 

~ <1\8> r.ffl (white blood cell) 

"<f5G1I (tissue) 

~@f.hH ( urea) 
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