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1Jtltl 8. 

IJJ9111J8attu ua~n111\l;tl.t,f1ul91 
u 

(Metabolism and· Growth) 

11JflltJ8lUT1J (Metabolism) 
... VI ... ... I 'I • ..... ~ ... tJ .. ..1 • ... ..: I 

9h1 L9l'n111JlJ1LL~111 · L ~1J1J1\40119l11 'l-n'1fl~U';J::lJ 11 nlJ n11n4'nW1flqJtJ'ID~ 

tJ 
A tJ .. ~ ... I . . .. .. 1. 

1::n11\'\~'l 11n{ln11nl~\4L 1un11 ,1J1Un11Lllfl11JD~Wll (metabolism) 9H..Jfl11lJ\'\lJ1tJ 

n1'1" 'J LL~1'11U1Un11l1./fi1Ui1BlfU HIJ1tJOf Nt111u'fffH1./nWilfzi11n!Jn11Wn1flFJiJ~n71iindlnn. 
~ 'J ..: ._, ...,... f' 

1 
.- . f' ..1 ._. 1 0 ._. . ... I I A 

'11Un1U 'Ulff1./711fl D'lflU1::nDtJ1JD'I,1J1~n11LlJfl11JD~WlJ 'n~tJ11W1fltylJDtl 3 W1\4flD D1\'\11 
. ~ 

._. . . I' A 'l ' 
(nutrition) 1J1J1\4n11W'ILfl11::\'\ (synthesis \'\1D anabolism) LL~::1J1J1\4n11\'\1tl ';} (respiration 

\'\1D cataboli~m) D1\'\11ffiLU~ 1fln~ufl';J::fl1 L~Ln9l"lJtJ1Un11W'ILfl11::~ LL~::"lJtJ1Un11\'\1tJL';J · 
'I . 

"1J1J1\4 n1 1i '1Lfl11::~~tlou"lJtJ1Un11Ri'1~1tJ.,.1fl~~1 w3!~uln 'l \1\JJlfltJ 1 iw11~1" 'J ~,,r,.,, n 
... .. A I ... ... .. VI ... I . ' ... .. !"I ..1 • ... 
1ft flfltJ'VI 1 DD1';l n~11Dn\4tJWU'I Lfl11 1J1J1~ n1 1W~Lfl11::\'\Lu\4 1JtJ1\4 n1 1'n\4 1LD1~~'1'11\4';l1 n 'I . ' . 

D1'VI1,.' tlwi'1'1LU~W11-n"ilfl 'l \'\3.1~~111 "lJ1J1Un11'VI1tJL 'VLU\4"1J1J1Un11~rh L'Y\LlJL~nR 
'I 

• 'l"'- .1:' ~ . ~ "tl ~ 
"lJD'ID1\'\11LLtJnWR1tJLU~::'n1 \1\L nfi~~'I'I1\4"1J\4 ';J1fi nTHLtl nWR1tl\4 \4 D'lfl 1::nDtJ'n'IW1lJ 

I ;: ... I A ._. ... 1'1 ._. I· · ...... I ..1 f'-.. I 

W1\4 \4 ';J::lJfl11lJflDL \4D'IWlJ~\41iflDf'l~DtJfl~ElfiL 1R1 LL~::';J::lJWfiW1\4'YlWlJfl~tl nUDtiLWlJel L 11El1';l 
'U . 'I ~ 

LtliuuL fiuu"1Ju1un1 1Lllfl1uniw3!'L.lnuL ~D'I"lJEl'ILfl,El'ltJufl' n~11f1n J11JUL ~m ~~"~tJiuu1.1 
nuEJ1'V111'V11n1flrtilu n11L~1' 'VI3!L ~BLV.ft'ILtJ;uu1~nu"lJu1un11'VI1tJ 'l,., EJtln1mw1u~1" 'J 

'I 'I 

"lJD'ILfl~El'lti'UflLtliuu,~ntJ"lJtJ1\4011ft"Lfl11::~ n11Yl1'11\4"1JEl'IR1\4~'1W1lJd';J::~D'I,~ftfiR1\4 
..1 ... ... ... • 1"' ... .. • VI~ 0 . J .. ... VII"' 
'YlL'VIlJ1::tUJ~Elflfi\4 ';l'l';l::'Yl1 'V\Lfl1El'ltl\4fl'n1'11\4 Lflfl ~~fi11'Yl1'11\4"1JEl~Lfl1El'lti'UfiLU1tltJ LfiTltJ .. .. 
"1JtJ1\4 n1 1 UJfl1 tJEl~WlJ 

"" ~ f! 
8.1 . 11JVIltJtHUUJ I'U1Jl;fMtl (Metabolism of the human body) 

Nutrition 

li'I-41!-ULlJUifl{~i:JriD'Yl1'1Li1UEl1~1 1 L ~ll~w;n ntJ1 nLLR::' tJiuwflf\'Yl111'VIitn vlD'Yl1'1Lil'l-4 'I ' 'I . 

El1'VI1 1L Ufl'l-4 ~L 'iil7ruL~tJ 1fiL~ll~ ';J::tJ11U1::lJ1n4 30 ~fl 'UD n'iil1 n'iil::i:JriEJ'Yl1'1Li1UEl1'VI111fltJfl1 'I 
... ' 'I 

LL~1 tJ'Ii:Je:rJtJ1::~U~'lhtJLUn11rJEJtJD1'VI11£in '~LLrl flDliJ1~1tJ 3 fi c;lu rt'IJ1f'l LLL~:ftu 
. ~ 'I 
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if.+------ PhaFJynx 

·~~~--------Epg~ 

Pyloric: sP: .incter 

Large intt$1ine 

Small in~~tine 
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I I ..,. ...1!"'1 I -. 1 t..,. I iJ I . A tl I tJ 
Eltn.~ R1\tEJ1tJ1:::'YlLu\t'YIEJ'YI1~Lf'I\W1~11 flti911~WUU~LL1.HEJEJnL l-4R1U ') flEJ 1nLL~:::,-EJ~ 1n 

'V\~EJflflEJ 'V\~EJfiEJ1'V\11 n1:::L Yi1:::El1'V\'l1 ~1 l«'L~n ~1 ln 'V\ql LL~:::ltJiu~fi~'YI111'V\u n 

LrlEJEJ1'V\11~1m111~tJ1n Yru"ii:::n111\\l1~tJf'IL~u1L~EJ'l~a1'V\11ijnEJm~n~~w:::~nnlunTl 
Lfl~EJU~LL~:::n11UEJtlflEJltJ Ylu-nEJ~flUiieu 2 ~fl ~fiLL 1nLiJUYlU~1UlJ ij 20 ;i L~EJ 1<11~1-t';J:::ii 
.~ II A ~ .. 0 .I .~ 0 II .I ~ II ..,. -~ I 0 
n'ULL'YILnfl-nU111LL'YI'U 1J';J1'U1'U 32 'If 'UeJn-;J1nnU';J:::'YI1'V\U1'YitJfiLflt11EJ1'V\11LL~1tl~lJ~'U,-1ti'YI1 

' II .IJ' II 1 ...~~ I I · 'J II il I -~ 1 'J .... 
'V\'U1'YI'Ufl1tl flti'YI~U"ii:::,-1tJ9l:::~EJlJEl1'V\11 L 'V\Eltl U 1:::'V\11~n'ULL~:::,-1tJ L 'U n11 1tJ1REJTV't11 

'U 

<ll~EJfl"iiu n1:::~u 'l ~f1EJ11~ 1 ~1u-ffu~ 1 R1tJElEJ nJJ1tluLL~:::rJEJuEJ1'V\1,. J 1 ~1llijt]'YI!L iJcu.l1~ 
~ . 

EJEJU U'l::: nEJtJ~1tiU 1tl7:::ll1nt 95 LtiEli'L'If'U.l ijL naoLL 7LL~:::ijLeu ~sn3J,-ufl' 'Yiti1~U (ptyalin 

'V\ 1 EJ salivary amylase) f1 1 'V\ lt 1~U EJUEJ1'V\1 1 fl1 f1 tJ l f1 Lfl 1'Yitl 1::: L11'YI1 Vi~ LL .n flfl1 l 1 fl ~L U'U 

lfiLL.nflfl1 ~ 1c;ltJ1:::L11'Y111EJ~ 1<11R uEJn"ii1n,fut uJ1~1u[j~ij~1LiiEJn 1i1Ufl~n 1 ~EJ1'V\11~u l 'V\~ 
'I 

~~fiEJ l~w:::t11 nfl~~u EJ1'V\1 7ti1:::L11'Yll-niruLL~::: 1 tJ1Yiu"ii:::[j~ 111 n nrJEJu 1 u 1fEJ~tl1 nd 
'U 

A A I . A .... . . 
LlJEJEJ1'V\11flnn~u~~R'V\~EJflfiEJ (pharynx) LL~:::'V\~EJfiEJ1'V\11 (oesophagus) 'lf~llfi113Jtl11 

'U 'U . 

tl 
... 1 "' X .. ... !"'I .... . .... 0 'I "' .... .... 

1:::1J1m 1 -n<ll n~13JL cum 7tltJ'If ~LuU~U~1JEJ~'V\~EJfiEJ"l.'V\17"ii:::'V\flfl1 'YI1 L 'V\'V\~EJfiEJ1'V\17tJtJ<111 
'I 

Ltlu 1:::~EJn l~ncu n17UtJ'V\flfl1UL ;un11 Peristalsis 1 cu 7:::'V\11~U'V\~EJfiEJ1'V\11"ii:::ti ~J 1LilEJ naEJ n 

111U'UrltJEl1'V\17 L ~L~EJU l 'V\~~~tin1:::LYn:::l~R~fl1 nfl~~'U 
'U 

n1 :::L Yi1::: EJ1'V\1 1L tluEJ1u1:::~EJUfiEJ'UtJ'U.~1'U-N1u-nEJ~1iEJ~'t1EJ~ ~1!~-nEJ~ n1 :::L Yi1::: tl,.::: nEJ u 
'U - ~' • 

"' "' X t ..,. Jt __ X o 'I "' .... .... ..,. "' 'I 
fl1tl n~13JL 'UEJR13J,-'U n1 1'V\fl<1l1-nEJ~nei1lJL'UEl'Yl1 L 'V\n7:::L Yi1:::EJ1'V\1 1 tJtJ<Il1 ~'1.4~fi1'U L 'U -n El~ 

n1:::L Yi1:::ijfial1Ri'1~Le'l.4 1sn3J'V\~1u,-ilfl~1lJL ;un·:h gastric juice L5cu lsn3Jn1tJL '1.4n7:::L Yi1::: 

.. Ill !"I ... A !"'I .. tJ- I I .... A' VI .. tltl"' A' VI .. 
llt]'YITiLJJ'Un7fiLVi11:::1Jn1flLn~ijLJJ'UEJ~fl. 1:::nEJtJ713JtJ~ ntJLEJ'U L'lflJL 'IJ'U (pepsin) LL~:::LEJ'I.4 L'lfll 

A 0 II .I I 1tl .. 
L 1'U'U'I.4 (rennin) 'YI1'V\'U1'YitJEJtl 1'YIU 

EJ1'V\17"ii:::t~r.ll'"n7:::L'Yi1:::tl7:::ll1m 2-3 i1111~ "ii1ntf'"~~ilnuul~N1'1.41tJ[j~~1l«L~n 
'U 'U 

<llEJ'Ucfl'U (duodenum) ~1l«L~n<llEJUn~1~ Gejunum) LL~:::~1l«L~n<llEJ'U't11tJ (ileum) ti1'1.4crY~R1lld 
VltJ tJ .,.1 II I fl' tl ~ 'J I .I "ii:::'YIEJfl'YI'U L 3J1tl11 1:::3J1nL 23 -n<1l LR'U~1fl'Utln~1~ 7:::111{14 1 Y2 U1 LU1:::'V\11~'YIEJ1'V\17 

'I 'U 

EJUL cu~1 l«L~nd "ii::: nnrJEJu~~L 'EJU 'J 1flu"ii:::ijJ 1UEJU"ii1 n~ueit~u ~1UEJU"ii1 n~1!~~1 l «'L~ n 
'U 'U 

~~ll11i1tJUEJtJEJ1'V\17 LL~:::J 1~"ii~nn~J 1~~f1u1huf11L 'V\1. -niruLLun91'1 
'I -

A' VI .. .... I ... 0 "' .I I .... I - A 
Lti'U L'lflJ"ii1n<ll'UtltJU (pancreas) 'lf~'Yl1'V\'1.41'YitJEJtJEJ1'V\111JEJ~ 4 ,.'UflfiEl 

o II .I I 1tJ .... trypsin 'YI1'V\U1'Yit1Eltl 7'YI'1.4 

rennin 
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0 "' ..I I VI .... 
lipase 'Yl1'V\U1'YltJEHJ .L "lJlJU 

0 i~..ll .. 1" amylase 'Yl1'V\1-l1fltHltJfl11 ULlJLfl'l'Yl 
I I I • 'l 0 .., "' • "' • VI .. ~ ... A A 

ff11-lf!EllJfl1-\l ') L Ua1LffU~n -;J:ff111-\ILEJU L6JflJ"lJ'I.llJ1Dfi 4 'lf'l.lfl fle:J 

erepsin fl1'V\U1~UEJtJ 1thriu 
0 il ..I I' ' .. 1 11 

maltase 'YlTVIU1'YltJEJtJf111 1J LlJLft'l'Yl 

sucrase 

lactase 

Mucosa ."':":'-."'i!'!':-~:::H-o~~Capillory · 
network 

Muscularis 

Peritoneum 
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Ri&ht external iliac anlltrv----~ 

Riaht internal iliac anetrv----

Right femoral anetrY----6• 

Ri&ht femoral vein ---1•--1' 

BI 103 

left common carotid artery 
left Internal jugular vein 
left external jugufar vein 

IIIIIJJ ... ii:::~IIIE:~--;--- Innominate arterv 
""-----left subclavian artery 

subclavian vein 
Arcn of aorta 

._-J,;,;.;...._..;;4~J-..-.:o-....L.a.....--Jnferior vena cava 
~~..;_....;,~~_.:.....----,.. Coelic artery 

•611rta 
:..._ _____ Renal artery 

~~f-~iilii------'nferior mesenteric 
artery' 

~------left iliac artery 
-------left internal 

iliac artery 
.__---left external 

iliac artery 

...,_.._ ______ left iliac vein 

external 
iliac vein 

------· Left ftmoral artery 
IQ&I.~t'rl------ Left lemofai vern 

\ 
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I al flt~..lo'IJ""flt,: \1 ..,..,(, :-'1 \1.., 
fi1 1tJEJtJEJ1'V\1 1'Ylfiu1::L11'Yl1::Lft11ft'U'YI~1 L ftL~ fi'U L 112J'U'YltJ~tJLu'Ufi1fl L ,li'ULLR: 

' 'I 

n~L'JfEJ1EJ~1::~3JL ,j1 ltJL'UrlEJ~1L 'V\ftEJ-\ILL~1L ,y, ltJL 'UL~'ULftEJfl ltJU-\IL dEJLrlEJfl1-\l 'J ft1\4fl1fltJ-

ltJLfl1'Yl~-\ll1fiUEJtJLU'Un~ 1flftLLa: ltJ1fi'U~-\InnuEJitJLU'Un1flEJ:~114i'U 1:tlfiflflLVlLi'ULaEJflltlu-\l 
'U 'U' 'U . 'U'U 

i1JLL~::1:: nnu 11 tiL i-\11'UflEJ ltl L~i4LftEJflLL~::LR'U ~ 1L 'V\ftEJ-\I~LU'U'Yl1-\IL -N111EJ-\IEJ1'V\11L 'V\fhiou1: 
'U 

LL'Yl1fi~lJEJ~L'U~it-\111EJ-\1~1l~L~ntB-3~'UEJEJnli1LU\4L~'UL~n '.) LitJn11 iaaa (villus) LLR:n11~fl 
~lJL ,j1 l UL 'UL~'ULftEJflLLR:L~\4~1L 'V\ftEJ-\IdLiJ'U lt.J1fltJ1iEJEJft 13J:aft 

L ~£)~1: 1 ~it Tifln,;.1ilfi113JL ,j1 1 1L ~U1 nu n1 111'Uff -\1~1LatJ-\IEJ1'V\1,. l~D"~'" l-\1 Lfri 

11EJUEJ'UEJitJ1tJ n-\l"l'::uu n17'V\3J'UL 1ul4 1~~~ l cu 11-\1 n1tJ11EJ-\IlJ'U~tJLfttJrlEJ'U 1::tJ1.J'V\1l'ULitJou 'I 'I -; 

1~~flllt11::nEJu~1tJ~1 L1 LL~::L~'U 1~~91 ~1 L1ilSJJEJ-\IlJ'U~tJLLU~EJ£lnLil"Ui~EJ-\I REJ-\I~EJ-\1 'Yl1-\l 
'I . 

~1'U'U'UL iun11 atrium 'Yi1'V\U1~i''U 1~~9111fift1'Ufl1-\l -~ 11EJ-\111-\Ifi1tJ ftEJ-\I,~EJ-\1 'Yll-\1~1\4~1-\1 
. L iun11 ventricle -·,;1'V\U1~fttJafl1~~flltJu-\IR1'Ufl1-\l ') -nEJ-\111-\Ifi1tJ ~'V\1 L11:iiL~'U 1R~fl 

'U . 

.,f A I I "" 1 A ..,( 0 "" ..,( Cll 1 A .., 'I ... I I "" 
ftEJ-\Iu1::L11'YllJ1~~91EJEJtJ Lft'U ft'V\fl'Y1'Yl1'V\'U1'Yl\11 ft'V\91EJEJfi11fi'V\1 L1L 1tJfi11 artery ft'1\Uft''U 

'U 

1a~fi~'Yi1'V\U1~U11ft~fiL,j1~~1L1LitJn11 vein LR":l1R~fl~EJ~Ln~~1L11::il11l41flL'V\qlL~£) 
- "'1-\IEJEJnltJ1::i:i-n'U1flL~n~-\IL~EJtJ ') fl12Jft1titf 1~L'U~~fiLrlEJLL'Y11nL-N1lt.JEJ~L'UL~EJL~El1: _ 

!"I ..... fit ' ... I ... . . ,: • 'I "" 
~uWV\~EJ~'YllJ11'U1fiL~nlJ1nL 1r1n11 capillary ~'U-\111EJ-\I capillary 'U1::'U1-\13J1n 'Y11 L'V\ft:fl1n 

I A 
LLnn11~fi6J13J 

'U 

1 .... ..a • " ... ... ...... r T .... • ,: "'~ · • • .... 
~'V\~'Yl~1'Ufi17 L ~-\11'ULLft11:2Jftfla1 l.ftMflL 'V\ft1'U1: L 'V\ft11n capillary vein ft -\lflEJL ,1111 

...... 1AO'I 1""1 "" tta \1 I " "" - tJ-\ILft''U ~'V\flfl1 L'V\fl'L111ft atrium ,1-\1111_1 'i1fi'U'U ft'V\fl1: LYtftft-\18' ventricle fl1'U1111LLft11:nn ~ 'U . . ~ 'U 

\1Uij.~L ~1dL~'U 1a~fl pulmonary artery LrlEJR-3ltlu"tJEJfl'ti1m1~an 1a~fl L~natJtJ,'1'Y1# L~EJ 1a~fl 
A J"" \1 .., "" I ..,'1 1 "" "" I ..,'1 "" "" "" 

'U7't'Yl1fLL~11:: L'V\~fi~UL 111\l'V\1 L 1 fltJJJ1'Yl1-\ILft'U pulmonary vein L ,1\l'V\1 L1'V\EJ-\I atrium ,1-\IIJI'1U 

"" \1 \1.,t .. o/ / "" "" ~ ... "" I "" 1 A 'I lA A !it LL~1 L'V\~~-\1 Luu1 ventricle 1J~-\IIJI'1tJ 11fi'U'U1::~n\1'Ut\flL111\1Lft''U ftYtfl L'V\ty~EJ aorta 'Jf-\!Lu\4 

artery ~L'V\qj~q-~ LL~1l'V\~ltlfl13J artery fl1.-\l 'J -k111-3n1tJ u~:lv.~nauL-N1V~1L1lf1tJfl1-\ILR'U 
... I I ,: A \1.,f 

vein 1 'UL 1 tJ 'UEJ tJ L ~'U 'UL 1 EJ tJ L u 
,'U 

'UEJ n1~ n-11-\1 n1tJ1JEJ-\IlJ~~tJL 711::iJ1::tJ'Ufi11l 'V\ftL1tJ'U,EJ-3 t~~flLUl1 U-3ii1:1.J1.Jfi11 
'Ill ... ... .d • r • • . r • ,: ... • r • 
L 'V\~L 1tJ'UEJn7::'U'U'V\'U-\I f1EJ7::1.J1J'U1L 'V\~EJ"'V\7EJ lymphatic system 1:1.J1.J'U1L 'V\ftEJ-\Il41:llflEJ'U1L 'V\ftEJ-3 

LL'Y11fiL '111 ltJ71JJElijL 'U1J1L 1nLL~tJ1rl'UfiU capillary LLflU~1tJL~'UJ1L 'V\ftEJ-31:LLtJfiEJEJn lt.JLL'Y11 nEJ~ 
~..~.. ... ... .r.,: .... .a 

fl13JL'Jf~1J£J-\IL 'UEJLtJ£J ft'1'UUft1tJ1J_EJ-3 capillary 1~flEJL 'UEJ-\It.J1:&1'U nou 'Y1EJ'U1L 'V\ftEJ-3'U1:'Y11'V\'U1fl 
r ... ~ _. ... ..1' ..... "" " ... .a •1 ..1'.,'1 

~flfi1EJ-\I'U1L 'V\~£1-\IEJ£) fi11fiL'UEJLUEJlJ111JJ fi'U Uc.1'U1L111\1Lft'U vein L 'UtJ1L 1t\4fltlij Lfic.'V\1 L1 
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.I I ... ... I · ·' .,_ o . ') J:': flit · ... 0 .... ~tJ 
01~11Y1lJEllJLL~1 ';l:~n~tlL~1\1 capillary vein 11El-3H\4-3~1 ~qL~n LL~1';1::~n~1LfiU.J" L 112.1 

rlWL~:l~~LeU1\i hepatic portaJ vein 4~t£M«u vein ~U1L~~f1l~~LeU1\ifiu El1~17~-;J::~nli1L~1 
ltJU-3titJd l~LLn fl1fltJlDLtl1fiLLft:ltJ1fiY- ft'1ou l 1J,j'U';):tl nneJ1L ~~El-3fltlen2J~1L~E.I"' tJ ... : \1 \1 

I fi1-3'M10 

Syatbesis 

tl !'T'l .a I .!" o' ... ..a!"l 1, ... .,_ II 

El1~11 1:Lilflfl11 Ltl LDLtl1'Y1'Y1QntfEllJLL1i'41 ';l:'YI1'V\'U1'YlLu'ULL'V\~-3 'V\~~""1'ULL011"01E.J 

1fltJ~flTflulDLtl1n~n'lfittl';l:~nLtJauouatfltJLiJ"J,",~n~ Lflw LL~::l 'V\~L1E.Jou ltJ~111n1::LLw 
1~~" · lun1D1~11'11n1tJl~fun~ LflftlliL'"tN~El DY£l1';1Lnfl·;nnn17111flEl1'V\17'V\1EJEJflEJ1'V\17 

nft1&J ~1-301E.J1:fl-3L£l10~ 1flW';J10tltJ1J1L-l U91'tWl11017mtJ7niln~ LflW';J:tln,.1nL~1 ltJuiu 
\1 . 'U \1 

t:Rlll it ytftJ LL~:-;J::LtJaE.J'ULU'ULLU-3 \ n~ 1flL i'U nTl1-301E.Jih.J7111N 11EJ~n~ 1flft'EIU111 n~'UL fill. 
'U 'U 

• :"1 'I ... T I ~ • ,.a 1 ... t !"ltJ i) '1 ... • '1 ~ I I fl111111L1J'UL'lf n~ Lflft'L'V\~1'U';l:~OLlJ~lJ\4 fl1"ft'11" 'V\ L L 'U L11li'U LO'IJW:ft'1J L1 L'UR1'U~1" 6) 

c(,'",,"~,"\,iru :a"tlntleE.J';loun~1E.JLiJoun,"\,3JouLL~:naL'lfE11EJ~ ';):tlnflfl~,L~E.J" 
\1 'U 'U 

11nR1 lft' lt1uiuw::w11l 1louu7L 1m l~1"'"" .,,tf"we'l1cnilfld';)::n~u71llf11nYLtlou l 11iru 

lou 11-3mE.JLde11'11mE.Jltl'fuv.i"","';)1 nflTf1ul~Lfl7'Yl lliL Y1E.J'I1V.EJLLnfl11li~El"n,, l 11l1"UL 'V\~1d 
1:\}0ft1L;lJ-3111UEltJft'~1Utl1~itJLL~1l~l'Vl~L~1\in7:LLR t~~flltlu"R1'Ufl1" ') 11El"'11"n1U 

~~El~1ltJLi'I11~~Elltl 
a1'V\11ti1:L.nnlthil" LdEJ~ntleml~Lilun,"EJ::ij1"ULL~1';):enlJL~,,tJ~N1l'"~,,«u,ltJ 

tJ-,:neuLtJYLeou l'lJ~u~: lt11nouaunu vhn,,'JiEJ1JLL'lflJLL~:Lw71Jwi'," ttJ,fiu~~El~"l'" ;,"n1E.J t ~ 
iln11~11'11Lfiu lfl t"n'n1~1,"n,E.Jltli'un1fla::ijl ~ lli~EJLY1u" 1l::li1La1lt.J,-fiou~LtlouEJ"·fl' 
• I ,k .J. I !"I At ... 0 'ltJt ... .a ... I 0 
lJ1:0fJtJ~El"L'UElLUEllJ1tJEltlft'~1E.ILlJ'U01flEJ::ll 'UL~El'U1 L 'lf"1'Uflf1£l"011 11"01U'U1LEI1n1fl 

e:nlYliJt1YL",u1'-'m1'Vl1rJL';).n1ul"UL'lf~ · ~~,El"n,,t,r","';l::tln1TuEJEJn2J1ouEJn71"n,ulu7tJ . . \1 . 'U 

• I .a .. I • .. .. tJ • I ... ..or. 
~El-3ft111J1::nEltJ'YlL 1E.I011 ~L !E.! (urea) '11" :lJ'UElEl0111tltJ1JRft'11:LLa::~';l';l11: 

11-301tJliJR11111 tlRi'1"01flEI::ijl 'U';l1 OR11U7:: nautJ7::L1lflfl1 flu\ DLfl1fl LL~:: 

l 11li\4 ,f-3\t ~11::ft'11,.f-3ft'£l-3ti1::L.nfl lli~1r1f1 \ 'U 1 'Yl1L ';l'ULU'UEI-3flU7:: OEll.J LL~£i"n1::~u -i1"01t1 
' 'I 

tiu"w,ll11nwi',""'"El:in ouu1"cnit" l~ 1flE.Jl 1f!"1fl l '"1 'Yl1L';Iou~li\';l,n«11£J1'V\,,,.n"~'" 
' . 'I 

iJn1tlEI::ijlM~ a Wfl~11"n1E.Jijfl11li~El"n111J1n-;Joumflllil~ LLfl71"n1E.Jn13J~1ll17tr;J::wi'1" 
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rl VI ~ . ...1 t ... ~A ... I I VI ~ ~ -1 
41JJ\4.LtlL£l~ fl1flel:3J WYI-:1 8 ,-ut'l"1-3L "H.Ifl11 essential amino acid. 11-3rt1tJ1:: Lfl"ftJfl"ffiO::lJ ~ 

I ~ 'j ~ ..r .... .. !"J t ~ 'j ..r .... .. t ... ·1 - J · I ,1 

L 1'\~1\4111flfl11 L '11L \4Elft'fl1Lu\4011'\''11 'YI.:I'\:4L Vi11: L UL \4elWfl1\4\UJrt"fftO::lJ \4'JJ\4tlfn-3 ') DijOtrl-3 

fl11H~1UU;\j,-tii R1'"~'1f,f\4iilliA'lfilfl~ihJ;3J1a4,.0" 1thvhuJ1n1ULll~~a-3Lrtfll~ 
LU4!JU1Un11ft'i'1-:~l,.Ju LLif.:~ln~ 1flL1\4 LL~::J1tn~nalflw ~W11UL'U11-3rt1tl,fU . . \1 

11~fl1t11::~e.:~ LiW11L ~el3J1n11'\'\l1~nelL nftViR-:1.:11\4 ft'11ti.:~n~11tll~3J111fl41JJU1\4 fl111'\1U \1 

LL~nLtl~v~rhen 111~~'Yl1 \~n-~LnfiVia-:~"1"ttl~LLnrh-naan:aL';Ju :S"":~n1l1ltlu-3L8Jf~~•h.:~ 'J 
1fltJR11Lflii~etlluL~fl 1~~fll.l.ft" ft'11Lflii'1filflttii~e11 i13J ln~u" (haemoglobin) . 

\1 . 

uen~1n11"n1u1l:w11"fnf1ul!JLft1'YI l -uJju LL~: 1tJ,.;iu\Lft1 V-3Yl1rt11ft'11-3 

1fl1iiU~n 2 ,filfl flel 1fl1iiU D U~:1fl1iiU K 1fl1iiU D w'f1" 1fltiLLft'-3LLftfi1:LU;tl\4ft'11 . 
A t'j~ .... '1 ~ !"J A A I A A ~ . .J 1 .· 

ergosterol 8Jf"elU Lfl~11'\\4.:1 L1'\n~1ULu\41fl13J\4. ft'1\41fl13J\4 K 1'11-3,.\4 ftUn11'YI1.:11\44!J£l-3 
\1 ' ' 

...... "" •'I • 'VI~ LLUfl'YIL 1U'YIEJU L\4~1 Lft' · 
\1 

ft'11U1: neutl1::Lil'Yirt1flil1flS~fl l1~tiflL ~-3th::neu LL~:uef1llu nll nw'i1-:~~u 
. \1 

'h~4iJtJ11.4rt11 synthesis dL,Junu i"th-3 ') ~nnw11~~\4L\4~1"n1udth"niiw·1\4Yl1L~11-3n1U 
\1 

'•'I ... t ~ ' 
Elij L\41l11:U1nfl'l4!J (homeostasis) 'YI-3ft'\4 · 

\un11wi1-:~a-1,.,h" 'J ~u3J1,fu -nm.:;tltl'NR~fi""13J~EJ"n11LLA'1 ,.m:L~u1n"n 
"='~«11D'ijlll~.:~tl,-:a-.:~t1een3J1tl1u a-11L~thd1,"n1u1:.io"n1f~o~ltJL~EJiil~Lfiflflnt11.:~ 

!"I ... I I ... ;,.&, . Q.l • .... t . A' ...... 
LL~::Lut.LVi~fleJ71-:In1u 4!Jel.:!Lft'Uf.111~n1UflEJ.:In11lflEJEJn""· \40n11nn1nEJ1~11'1f-3~nn11ftDEJn 

1flE.J1 ::UUrlel'YI1 .:IL~t.LEJ1'V\17LLft1 u.:~iifh'lffl1fuet.L lflEleln l'J~ U~:liJD"LfttJ~iift'11U1:: nEJU 

l1.l1'YI7L1'UU1.letl \un17n1fft4!JD.:!LWU~iiluln1L1UU~OUtl1tl,f\4 1::ijo~u1::~L1i13J1L~U1~el" 
\1 ' . . . \1 . . . II 

"" .... A .... 'VI 'I ... .... t 1 .... • 'I~ I . ~VI .. I !"I .... 
fl1U 2 eJ?U1::flEJ flU ILL~:: Lfl L'\.lfl1n44iJ£J-3tltJ\4,.1::LnUnna11L~~EJ L'JJfl1" ') L,.1 Lu113JLu'\.l'\.l1fl 

(bile)· LL~::snuE1EJn3J1t.LEJn11-:~n1tllflvtJw.nnu~11!1:: 'R1" ltlrn~'\l1~n1EJ.:~-nEJ-3Lwv~ltl111nn11 
LLuna-~1un7fle::ii1"EJen1Tnn1::LLft' 1~~" -no~LinfttnittoEJn2.nlf1,f1.L LU'\.lR11U1::nEJuvnn 

LLel3J 13JLUU '(ammonia NH3) LLft11l1lU113J'n'Uti1'1fflTfue1.llftoenl'!f.l l~R11U1:neul~li . 

L 7un ~L 7u (urea) tJ~nir..nn.11113Jel1~LLft'fl~.:~'tl'ti-3df\o 
NH2 

. I 
NH3 + C02 --------...._ H2N-C-O 
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"17tJL 7tr;J:nnihffiEJEJOlUln11-3n1v LfiV1fl (kidney) 1fi~El-3fl'UL 71iht.J71-3fl~1V 
~ ~ ~ 

fill ~ o A fill I A r I -~ .f .... ~ I .... - I .... 

L3J ~fln1fl1 'V\ 1 EJL3J ~fi3J:3J1-3'V\3J'W1'Ufl EJ~UUU n1J~Ufi1'U 'V\~-31JEJ-3~EJ-3'YIEJ-31J'U11J EJ~ 2 1J1-31JEJ-3 
t . ~ ~ 

'Yleun7:flniu'V\~-3L'U1:~uuuLB1 lflLLfltt#f1-3';l:ihJu1~u.n1111:lJ1n~t 4Y2 ll1 n-!1-3 2 U1 
~ - . ' 

'V\'U1 1 U1 'V\1l'niJ1:3J1tl.lt 130 n73J ~flh~~>;J:ii'Yl£JfiflflBBij 3 'Yia flEJ'Yial~~fiLLfl-3 (renal 

artery) 'Yia1~~fl~1 (renal vein) LL~:'Yiali11l'ft'«11: (u~~ter) 

Left kidney 
(in section) 

Adrenal .glands 

/ 
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Henle's loop 

Afferent arteriole 

From renal 
artery 

l9lii'V\cU1~n7Eh1LL~:WnflLEl1tl1'HJL'11tJ LL~:tl17U7: nau~iil 'U 1 'Yl'lL ';J'Uflfl n';l1nn7:LLW 
'U / 

1~~fl 'V\li 1un~u n7D-3dii R'n,m:LU'U'V\~Elflti11L; uni1 'V\li 1tl lfl (nephron) ~ "lflLLfl~:.-ff1-3';1: 
tl "' \1 -ltl "' I \1 I tl . "' I ...1. !='I , l 

7:nD'J.Jfl1tJ'V\~Elfl Lfl'U 7:lJ1fU 1 ~1'U'V\~8fl 'V\'U1tJ LflLLfl~:~~llfl 7:nD'J.Jfl1tJtl1'U'YlLu\4LLEl-" 

,.;'lJ (capsule) LL~:w1u~LUU'V\~EltltJ11~\41flLinlJ1n (tubule) v.~afltind~:fiflflati7:R1i4~u·riu , ' 

1'56 

• . tl 



A A ..t "" I I ti I "" t ..t I "" A _ I fill 
'VUUlfl£1\U ~El 1: 'U1tJ~ ehntn.JL ~1 W'Yl£1 1111 L 'ULLEJ..:J'V\ll't.t 1.t -;J:3J ntuJ~ El..:JL«'t.tLfUlfl~El tlll1 713.1 eUJL iJ"t.t 

- 'IJ , , 'IJ 

• .... "" A D I ~ •. tt .. !' ...1 iJ ... 'I t .... A I "" "'tJ ';11\t 1'Ull1 n ~'U..:J~El..:JLWUL~el~HElti\.L'U1..:J 'Yl1 Ll'\ft'1 1'YlL '1-L~El..:JLfftl L 'U n1:LLft' ~'V\9l'lf3J~1\.LL ~1 L . ..,._. 

\i~lt-3~el-3LLei..:J~lll~~tJw:~nn ';11ni~,o~~':cillaeln~'V\~El~L~n 'J ltJLnu71lll1l'"""li1tJ 
...1 . . 

lflLL~:ltJn1:L~1:UWW11: L '1-L'YlW~ , 
\u1u'V\d..:J ') fl'l-LL 71-;J:tl1t1Uft'ft'11:£lEJnli1U1:ll1tu. 1,200 - 1 ,5oo ~n'U1flfiL'Jl'U~Lllfl7 

... . ... ... 
• .. -r. "" 1 o tJ . o .. oar. tJ "" o tJ tJ r r 'U1uft.Cf11:1Jfl111Jtl1-3';11LVn: 7:ll1tu. 1.018 U1uWW11: 7:nEl'U~1ti'U1 1:111tu. 95 L El7L'lf'Ufl 

Respiration 
fill ...1 no I ...: .............. ...: "" 

Respiration LUU~'U1\.L n11LL~ nLU~tJUn1'Jl'7:'V\11..:Jff ..:Jli'1J19ln'U« ..:JLL 1~~Elll respiration 

louflUt.L~:itr).f"t.tw..:J~u 'J iul~LLnn17'V\1tJL-;J ~..:J'V\ll1tJi1..:Jn17u1Lehih'lfBBn6.D'L-;JuLan1ltJLL~:iu 
'IJ . 

fi1'lfflTfuBu 1~elEln l'lf-~ElElnll1 t~tJElttJ~:th..:J ') ~El..:J7:uu'V\1tJL -;J 

7:uu'V\1tl l -;J~El..:Jl111~utJ1: nelu~1tJUel~WEJ..:Jan1..:JEl~1l1tJ l u ,JEl..:JEl n (thoracic cavity) tJD~LLfl 
"" ... t tJ _ A 1 "" t tJ. . :f "'tJ .... ~~ I .J VJtJ 

~:~1-3't:ll~1 El~ (bronchus) ti~Eltl LL~1~1 El~\t';l: L 113JnULu\.L'YlEl 'V\~El~~ll (trachea) 'lf..:J-;J: b 
'IJ 

LUfl'U"J7';1'1JO'U'V\~El~flD (pharynx) ~El..:J1:'U'U'Yl1..:JL~UD1'V\11 1l1tiLUUD~';l:il bronchiole LL9ln 

ff1~1elelnll1';11n bronchus LL~:-;J:LL9lnltJL~Dtl ') ';l\ttl..:JU~1tl'l~"il:LiJu~..:J~liL~n ') (alveolus 

A .J ... "" t A D I "" ~I .... ...1 A tJ...I ... 'V\78 air sac) 'lf..:J-;J:lJLWU ~'V\flHElti~El3J1D'U LuU'U1L1tu.'YlLn~n11LL~nL ~tJUn1'Jf 

t1el~ilfl113J';l 3,5o.o-4,ooo ~ nu1fl nL'lf't.t~L3Jfl,. LLfl~3J-'V\1tJ l "ilLLfi~:flf..:J-;J:il tJ1:1.11tu. 
, 'IJ . 

soo ~nu1flfiL'lfu~Lllfl1 l 1.t n1 1'V\1tJL -;Jflf..:J'V\rt..:JtJB~-;J:~~ih'lfaDn6.D'L -;JU 11 4.94 LtJB fL'lf't.t~ 
'IJ 'IJ 

u~:fl1tJfi1'1ffl1fuDu 1~BD n l'Jl'~Da n1.11 4.35 LtJD fL'lfu~~B..:JEl1 n1fl 

LrlBiln17'V\1tJL-;J tJD~-;J:~D..:JLL~:LL~U t~tJn11Yl1..:J1\t~El..:Jn7:U..:J~ll (diaphragm) LL~: 
"" .l ...It o 1 "" I A Q.o 

n~1liLUEln1:~n'Jl' fl1 ..:1 (intercostal muscle) 'Yl1 'V\'1JEl..:JElntJ~~tl1tJLL~:'V\~fl1 
'IJ -

Lrlan1'lfElEln;L';lUsnlJL an1l Uffn1:LL« t~~~LL~1 -;J:L an11Ui13Jrl'Uff11Dlll t n~uu l UL31~ 
'IJ 

t~~fiLLfl..:J n~1tJLUU«11DDn~Ltl l1.1 1 n~uu (oxyhaemoglobin) l 'V\~ltJnun1:LL« t~~fl1"t.tL1tJu 

ltffl1llW1\.Lfl1..:J ') ~D..:J11..:Jn1tl LL 1 ..:Jfl~L 'V\rtt111:'V\l1..:JBD nsnL ';l\.Lrl'U~lll1 n~uwtXuiJUEltl 
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~1n ~-Y~l4LrleJLiJ~ L~~ilLL~~f.h"Ut~n~Lan~i{~rh~~l'i1\11ULL~:~£J\InTlLieen:aL~ULUU~n;tJ1 
eensnL';lUn';l:LL~nc;lT;J1nD£Jn~Lil Lll 1n~ih.4L111lU~1U~n1tJ1 YflD3Jfiu,fu,fi1'Jffl1fUDUltt­

€l€l n ten~';): ~:~1t1uu nu 1 ~~~ll1WU€l~lL ~lm~itJll t1 n,jua£1 nuan11~n1t1fie t u 
' 'U 'U ' 

~ VI ~ I .... ·~ .. ~ ca.. ca.. ..1 0 ca.. ..1 0 " ~ I .... .. I ... \1 ~ 
';l:LV\U L~11 bllil1'U€l~ffll b'l.t3JW1Ytl'\.4\4 ~1';lfi1'Ylff1fUlJ'Yl';l:'Y11 L'V\11\Ifi1tlbfi~u1fiflR11 L•l , . ~ , 

~ ~ . 

'Yl~LW'iJ'U1Ufi11 nutrition "1J'U1Ufi11 synthesis LL~:"lJ'U1Un11 respiration irul~LLrh:U'U'V\~ULitJ\4 

"lJ€1~ L~~il,.i'UL€1~ 
1 

""' ~ • JJ 
· 8.2 lJJflltJtUUf1J l'Uvt'lf'lf'UV~ (Metabolism of the complex plant). 

Nutrition 

'J A A r' A t t ') 1..! ...: . t I l!it l!it il I 'I 
Lltfi17flfi'JY1LlJ~1'U€l~fflJ"lJ€l~~IIJ111J1'U.R~UU bfl'l'Yl';l:L 13Jfl-3UflL3J~fl LlJ~flL 'U'V\U1tl Lltfi11 

''U 
ca..r' A, ~ ~~ , XA .A o ~..1 

"1Jtl1ti'Y-llt~"llfl~Y-liiJ1 U1:neJ'U~1tl ~UeJD'U (embryo). LL~.:LUDLtJ£11J1~11J1U~'Yl1'V\'U1'Ylft:ftlleJ1'V\11 

LrleJ1'l11:LL1~aeJ3J b erlu fl113J~U f){U, 'V\11ii u.~: rhsne:J£1 nSBL ';1\4 DV'Ll4u7a.nm~L 'V\ll1:ftll n';l:L ~ll 
, 'U ' 'U 

,~ ij fi11LU~tiULLU~~L n~~W11tl L UL6Jr~t{"1Jfl\1Lll~~ttu \ W'Ut'Ut:~Llla~L ~ll~e:Jn,fUU\1 '3Jft.13J11t1Ri'1-3 
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fl1'V\1"jl~UJ~ ~fl~fl1tltJfl1'V\1"j~~LnUft':R~l 11, UL dmrleJ"1Jfl~L1Ja~nJ1LUUL ~elL ~~~~~:.Yh L ~Lfl~ 
A I ~ . ') .. 'I"" . 'I ..r .... ~ 1. ~ \'1 .. ') .. 
fi~fi"j'l1J"1~ ') "1JU111tJ b UL61HH~ fi1'l L '!JD1't'\11 LU'l:tJ:ULfi~"lJU ~tJLflU L'lf11111tJ bUL'lf~~~::~eJtJ 

fl1'V\1"jL ~LL"ni1LL~: 1 ~~~~~1U~U111 
Lrlfl~U l3JL ~1l~flfiLL~:L~1tlH~U 1fl'iit'Uij'l1fiL n~~U "j1fi~:Yh'V\'U1~Vttf~~~~1~ULL~:~~ 

u ~ 

~ 1 A ~ I 0 ..... 'I d J' ""' 1 A A ~ ..... ') I 

'V\1U1"~fl~~ULL "j1)1"~1n~U "1JUR~1"ULL~:: bU'lf~"1JnL:U~:11R1'lflaeJ "j~aLn~"1JULLa1 bU'!11~ 
~ ~ 

.J" 'io' ..S 'io' \'1 'i;' 1 \'1 I 'io' d I . .JA 
"j:;tJ:U"U ~"11R1111 'l fl ft'"j1~fl1'V\1 "j b~Lfl~ ~tJ b3J"fl~~~~1LL 'V\-~~fl1~1 1~1 fi'YlflU 

LL 11i1"~~"11~eJ~n1"jb ~m.i, 1 ltJ«71~LU'Ufl1'V\1 ,-Ju l~LLrlfi1'lffiTfUeJU l~eJeJn l'lf<;) 
'I 

~1 flflfi~L~U LL~:Ld1i1~~U' fi1'lffiTfuaul~eJeJnl'!f<;)LL~:flflfi~L~U~:.6.U3JLL~7L,j1~~U~"111~tJ 
'Yl1~ LU ~1LL~:LL 111"~1~ ') L ,j1'Yl1~"j1fi fi1'l6.U1JLL~1"1JeJ~fi1'lfL ,j1'Yl1~ LuJuLUU"1J1J1'Ufi1'lLL~1 

'I ' 

nd:~1mLU1Jli"j"j3J~1 1~tJfi1'lf~:6.U3JLL~1L'li1m~tl1n 1u (stoma) ~~~::iieJ~~1LL~ou 1urr~~1uuu 
. ~ 

LL~:~1U~1~LL~~1U~1~~::iitl13J1nL3J1nn·~h LrleJLn~n11Yl1~1Ufl1~ ') 111tJ1'UL'lf~~ "1Jfl~L1J 
g., g., 'io' ..t 

LL~1 ~::: l.~eJU 1LL~: n'i'lfflf) n~L ~UL n~iiu ff1"jvl~Rfl~U~::'l:L 'V\tJflflfi'iil1n 1u'Yl1~tl1 n 1uL ,]-unu 

Synthesis 

~~l~'Yl'l11JLL~1'h LL'V\~~R71~01'V\1"j"1Jfl~~U~'n l~LLrl1J7L1nt~ii«L;jtJ1 1~tJLtl.~1:El~1~ 
d~u7L 1m 1u~~LiJuLLVt~~R71~eJ1'V\1"jLLVt~~ti1f1ty - ~~"1JeJ~n1'lR71~eJ1Vt1'l"1JeJ~ 1u'iil:rn1 ~~«11 
tl1: fiflU'lfit~Vtrt~~fl 'V'JeJff 1 'V'Jn~L'lffl'l1~~ln<il (phosphoglyceraldehyde) VtieJ PGAL nufi1'lf 

flflfi~L'iiiU flflfi~L'iiiUff~~'V\rt~'iil:~nu1 ltJL it Ufi1"jYl1~1U "1Jfl~L'lfa~ ~fiff1U'V\rt~'iil:;"j:;L 'V\tJeJElfi'Yl1~ 
tl1n LU PGAL 'iil:flncU13J1"j11JrlULL~1Ltl~tJULUU~1"1~'V\imLif~ VtieleJ1'iilflficU1 ltJj13JrfULd1i1" 

' ~ " ~ ~ 

A .... ~I tl 'I I~ !!!VI 'io' d ..... ~ ..... 0 ""' \'ltl ~ \'1 'io' 
eJULfi~LuUff1"j "j:fifl1J b'V\3J"1JU3J1fi b~ fl1'V\1"j'Ylflfiff'l1~"1J'U3J13Jfi'iil:flna1L~tJ~ b Lfi1J ~ 1"13..1 

~ ~ 

ff1U~1~ ') "1Jfl~~U~"11 ~~1JL~UrlU 1~tJ~1ltJl~LLrl "j1fi L~U ~1~nn1~ LtleJn 3Tu ~1~U 
L~u fl'eJtJ unn'iil1nJueJ1~~u~1u ~~ LL~::L3Ja~ 
Respiration 

~1tJL 'V\"~~,-iin1"ji~Lfl"j1:~eJ1'V\1'lLiJun'iiln"j"j3JL~u 'iilu.Yh 1 ~Ln~fi113JL;r1 1'iil~~ 'J 
'I ' 

·;h fi1'l'V\1tJ 1 ~JuiiLtl.~1:: 1 ui"1 Vt7eJi"1Vt1tJ 1 ~LeJ1fi1'lfeJfln~L 'iiiU ff1U~'lf'V\1tJ1 'ii1Lfl1 fi1'lf 

fiTf'UeJU l~flflfi lsn'<;) 1 Ufi113JLUU~7 ~LLa1 ~'b"n~eJ~ 1 -Nfi1'lfflflfi~L'iiiU 1~1 mun1'lfl1~1UL~fJYl1 1 ~ 
Lnil'Yi~~~1UL~cunu L~EJ~diin1,-~«'iilu1~tJu1LeJ1L3Ja~Yi1f~ih~~L~u,,eJnlti~~1un11fu::~fiTufi3J 

~ . , 
tl

A ~~~ 'io' I ~ I 1:: t 'i;'"' A 1 1:: .. ... 
1111fl'l"1Jfl~fl1fi1fl b~ Yi1J11L1l~~L'V\~1UU~:: '!ffi1sn'flflfi'lfL'iiiU 'I.U111JU:'UU LL~::L1J~fJElfisn'L';J'U 

'V\1lfl fi1'lL'ii11ruL~1J 1"'iii:VttJ~'n::Sn'ii1Un'h~::l~EJElnifiL'iiiUL~3JL;J1ltJ~n UElfi'ii11nJurj~l~.Yhn11 
u , 
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vh~·';JuL~tJ,.t1LEl1~\4 'mu' 11 u~ii~ ~u,;h~"D'';J: l,YEJEln~L';l\.LLL~:fl1tJfi1'.D'flTl1JEl\.L '~ElElnlttf~ 
'IJ • ' -

'I A A ~ t ~ A '1 ca.. ..lA 
EJEJn~n nTl'V\1tJ b';J"llfl.:J~<7JL n~"lJU<Il~El~L1~1'Yl.:Jn~1.:J1ULL~:n~1.:JflU b\.LL 1~1n~1.:J1U"llm:'Yl~<71' 

vhnTHii'1.:JEl1'V\17 ';J:f1Jfl1f1JElU,~ElEJnleu~L~1lu LL~:fl1tlEJEln~L';JUElElfilJ1 LL~:';l:'V\1tJl;t 

1~t~fuLEJ1EJEJ n~L ';JUL ~1' uLL~:fl1tlflTfuEJu 1~EJEJn l'.D'~EJElnlJ1 LL9lL dEJ.:J';J1nBfl71fl113JL 1'1"llEl.:J 

"ll1J1u n17~11.:JEJ1'V\17iia..~1 n n11 el<ll71flT~aJL 1'1"llEJ.:Jn17'V\1tJ 'l ';)~.:Jli1 'l miuia..~1m fi1'1fDEln:aL ';JU 

aJ1nLnun11~~"1J';J:u11Uli'l~'V\aJ~tu'YiuY1 ~"~L'V\iiEJu11LUL1~1n~1.:J1u~,-iiLLfl"ll1J1Un17~11.:J 
'IJ 

El1'V\17 l~ii"llu1un17'V\1t1L';J 
'I A ...~... :;"I A A ...~ ... ft lA ~ 0 ~ 'I .... ~ ..1 .... .. I 
bU~"D''YlaJEl1tJ'V\~1tlu'V\7El~"D''YlaJLu~Eln'V\aJ~1<1lU n17'V\1tJ b';J';J:Ln~"llU'Yl1J7L1mu~1tltiEl~ 

'I 'I . 

·'. LL~:u~1tl71n (~1u~l~iiLu~EJn~a..~mJ) ~1m'V\<~~d9lul3J~lfifun17~71uiluuinm71n~"L';Jiru 
-. 'I 'IJ 'I - &I 

L~u L<~~L 1'1n11~u l3J~l~l~fun11~-,.1uilu :A"'Yl1 'l~ElEJn~L';JusalJL,r1~71n 'fit11n 
'IJ 

';11fifi17~fi'IY1L~tl1rl1J"ll1J1Un17La.JCI111Jfl~~3l LUi.:Jii~1<1l.tf.:J~"lJLL~:ic;r)d';J:L~Ul~11 
A ~ f:lf ..1 o I 'I I ...: ............ 0 

. "ll1J1Ufi17LaJ<Il11JEl~~aJLUU"ll'U1Un17'YlU1LEl4l'l:'U'U<Il1"- 6)" 111!1 bU71.:Jn1tl".lJEl.:Jft'.:JaJ"lJ1flaJ1'Yl1.:J1U 

ia..~~uinu n1EJ-:~ti'u,-:nEJuc;h-:~ 6J ~aJ1U7·;:nEJ~nuLi1u"llu1un17La.Jfl1'UEl~~3!iifl11aJ~3J~~rr 
. . 'I 

LbrlrlUbb~1 ';J:Yh L~.:Jii~1CJJttu~17.:J~~€1Ulf1m.h.:JLUUU7n9i~"ll LL~:iifl11a.JL';Jiru-:~Eln.:J1a.J~1Jlu . 
'IJ . 'I &I 

8.3 fll'n~1ty~AtJ 1A (Growth) · 

G} -=! ""' o I A ""' 1 
fl11'1Jl1'1Jltl ~'U'Yil.:J"lf11'Yitll'Utl.:Jfl111 f11'H1l':ity!~1J ~ (The biological meaning of gro·wth) 

1~virmLV:.:Jfl113J'V\aJ1tiLL~~ f1111 n"l7L';JiruL~u L<ll'V\3J1tJ~.:J n17LvlaJ"llU1~"lleJ.:J3J1~~17 
&I 

- 'V\1eJJ 1'V\U n l~11i .:J~L Yl3J~U3J1,!u,';J: l'iia..~1"il1 nn11 ~11-:J~,.,.~"llfl.:J 1u7LCJ1~~1~aj'111tl 1 UL'lf~~ 
A ...: ..1 ~ ~ -~ \1 ~ f;lf .... ... VI I .... .. I .... I ..1 

'V\7fl';J1fin17L ~aJ"llfl.:J~17'YlL'.D'~~~71.:J"llUaJ"l b~nCJ11aJ a.JL.:J€1'\.L b "llLLCJlL ~ti.:Ju'l: n1 7L~tJ1113J1~'Yl 

L ~a..~~u, ~ u ';!:~ eJ.:J l~a.J1';11_n"llu1u n1,. La.J<Il11Jfl ~~3J"ll D.:Ji .:Jii~1<1l 
LL3!11'Yl1.:J~1i'YltJ1';J:tJ-:~,-:~11· n17b';!it1JL~u L<llLtluan'tYm:"ll€1-:~i"ii~iCJl LLf1n~l~'V\aJ1tl 

fl11a.J11~ -:~ii~iCJJ'Yln"lJit~';J:b~a.JtJiaJ1<1l7'V\iEJJ1'V\UnDU<Il~El~L 1~1L~tJl~ii;j~~1 n~ LLJJL 71';1: 
'I 'IJ 

~u11~"1J1J1.:J"D'it~';J:iin17L';JiruL~u LCJ1EltJCJJ~eJJ~n~1~ii;1<1l LLf1'lui<lli~un17L';JiniL~u Lfl';J:ii;j~ 
OJ 'IJ gt1 

~uti~"lleJ.:Jn17L';JiruL~u L<ll'Yl1.:J7u'l1.:J CJieJ"il'1m~un17L';JiruL~u Lfl';J:~1LitueJcin1tJLu11.:Jn1tJ 1~tJ 
'I ' &I 'IJ &I 'IJ 

"ll1J1Ufi17 anabolism LL~: catabolism ';J:tJ.:J~··nituc;i€1ltJL ~fltJ 6) L~tlutJdn17L';lit]L~1J b<ll~.:J'V\3J1tl 
ii-:~n17Lb~~.:JeJeJn'Yl1.:JintJ111~ (potentiality) "llEl.:J"ll1J1UfiT1t.3J<Il11J€1~~3Jn1tiLUL'lf~~ t±'u~m'lf~~ 

... I A A I ..1 A 1 'I ~ t'l .. ca.. A 

';!:a..~ n1 7'1ffla.JL~ ,- a.J'V\ 1 eJ'Yl~LL 'YlUGi1U 'Yl~ n'V\ ~ EJ'Yl7~ 'Yl73J b 'V\Eltl b Ut;'111v-t~a.J, J7m~.:JL~3J -
'I 'IJ 1ij 
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8.8.1 ft111.;qf&;\u1R~ICt~ft111JIUSr.tuut.la~1uifll (Growth and differentiation in animal) 

l ~ .. I l I ( . ~. \'1 •• 1 ... ..I ..I ) t· A \'1 I \'I "' ... 
\4ftfl1ft114 \'\fll tJnL-d14 LntUJ'Yl 1 LL~:'Yl 2 ~~ UJEH-:tJ L~'l'UnTHHnJ (fertilization) 

LLa:nR1tJLiJ14l'l1ntt (zygote) LLa1 l'lf 1nfl,f",:iin1~LLU~L'lf~~fiE11un~1tJLu~i1~El~ (embryo) 
.. .a I... ,f ... :a-1 tf A I ~It \'l'i-' t ... ~ ... t 

LttfftftY'ILLtJ~fl1EJ£JniJ1'\41:11lfn~1J1M.'\48LtJD~~:LL'U~ElElnL1J~'lr'U ') L~ 3 '11~ flel L~mtJEl'lf~~Eln 

(ectqderm) LdeLrle.f'\4ntn~ (mesoderm) LLR::tdatflEl,f~t~ (endoderm) 1~n11fln~1fl1LU~~El~tde 
LrlEJ~th~ ') ,I" ~n;ltJ1Jfln1!-1';l1ni1~El\.L'JJEl~ifi1'Yl::L~'lfU~'V\ll~ ~mLEll!~5eln6ll'« (Amphioxus) 

f-3Lri'\4ittiiin1:flni14\'\~~,f'\4~'\4 fl11liLU~tJ\4LLU~~-:tJEl~LdEltrle1.uifl1'lfU~dij~n~mt'l1~~El.:l 
. ~ ' 

ifliiin,-:~ni'""'~~nuittntJiin,-:~nfu'V\~~ · 

, l ,J-na~LLEJ1f~een.fw£i'll\41fl.Lftn tl"lUL \4tJ£l1'V\17«:Rl!EltJL ~tJ~L~n'"EltJ LrlElL'lf~Gl~f'U 
\1 

n11~ft1JLU14 l'Jf 1 nflLLaT;):LLti~fl1~flflEl n'\4';)\4 n~1tJL U\4 n~l!L'lf~~ L itJ.:Icfl1L U\4 nEl~ n~l!111tJ , ' 

l"n~1~ len 1 ntt7::u:dL iurd1 tJ~1Rfl~1 (blastula) ,Ja~n~1~111tJL~L 7tJn111J~1« Lfl~~ 
\1 . . 

(blastocoel) L'lf(Uq'lJ£l-3tJ~1ftfl~1LLti~Lt.U~~L ~81U ') ';)~ l~L'lf~~~1\41~ll1fiU1::~1nl.- 200 L'lf~~srElll 
~ ' 

LUWol\l-3.fw.~U11EltJtJ~1R ltt:a~ L'lf~~LLtl~:L'lf~~L iu n11'U~1« LCilLijtJf (blastomere) 1. ~,. ::tJ::d,:: 
~ 'I OJ-' 1 f('J-' A '.- 'I 1 1 ~ OJ-' ..i ff "' a o:t 1 

ft~Lflfl Lfl11L'Jfft~fl1'\4\'\\4-3';l:IJI!J'\41~ L\'\qjn11t.Jfifl1'\4'V\~~ L'lf~~'Yl1~~1'1.4'UU';)::lJ-:tJ\41'11L~nLL~:'iV::LL'U~ 

tl1£lth-311flL i'1~~1J1~1'1.4~1-3';)\4~'\4 L~ n~lJL'lfftLfl 'V\qi'Yl1~.i1U~1~~1'\4Cil~'U ni'UL ~1 ~~El~'U~1«- , 

ltt-ift ,;1L~~\l'-31!J£l-3'U~1R~ft1£i~n'btm::LU'\4REl~,fU~IIlnU LitJnn~l!L'lf~Gl ~ 'l:tJ:d 11 LL n«Cil1~1 
~ , \1 

(gastrula) 1:u:du~1R Lfl-ift-;J:'V\1tJ' tJ Lii~~El~ 1. ~~L iun11,fe1~ ElTfLflUL 'Y\El 1 El\4 (archenteron) 

~'\41J1LLY'I'\4 'Ji'a~£nftfi\4L'Yl£l.~£l'\4dii'Yl1~LUfl~tlfJEln'U111tJUElnL itJn11. 'U~1« Lfi~Elf (~lastopore) 
,f A fit \'1 II I ., I · illA ~ ~ t A :f A ~ a I t 

f1£l'\4\4';l:Vi';l17nl. 1L 'V\'\4 Lfl11f11£lElU~L 'UO~~ElRID.:I'lf\.L flElL \4ElLtJ£lvn\4\4El nL 1 tJ fi11'lf~ ectoderm 
X<lllt'l .- .t. 

LLft:L '\4£lLtJ£JIIJJ'\4 L '\4L 1Un11-.tf'\4 endoderm , 

n11L';l;fUL~tJ Lf1-na~.r1~ou l u 'l~tJ:d,:Luu l U'Yl1~~1't4L ~llfl11l!U11- ~-r El3Jnutt'" 

L daL~a.fuuan1:L ,; fUJ1L -N11J1 t \.LR1U'JJ.El~'U~1« 1flvurf ~1~1u 'U\.L one1~i11D &~L ~liLLuu~~ 
I X <Ill· t - . .A .: ""' . .f. A t 'I ~ \'1ft I""' 

fl£JIJ1L'\4£lLU£liiJJ\4\4£lfi-:tJEl~'U1L 1tuf1£)\4 n~1~'Y'lLL'U~~~"~;L';):tJ'U~~LL~:IIlUL ~ElLtJ£1'11'1.4 b ~L -:tJ1 b 1JtJ~ 
' ' , ' 

£nfLfl~'YlEl1£l'\4LLa1L n1:fl'1tiUL ~1LU\.LrlEl1.J7:R1'Yl (neural'tube) L~ElLUU~EltJ-:tJEl.:IElltJ1: L \4 'l:'Utt 
. \1 

t11:R1Yl~ ~';):L nti~'\4';)1nL ilaLrlo.fuua n:A.:ttJ'Ucfl1fl1lJ~~~1,f\4 Ueln';l1 fi';): 11ll n~3J fl"H>L U\4 rltl 
, ' 'I 

th:R1'YlLLft1 LilaLrloluL'\4ft1,.yt~'Utl1~-3ll1ttU~LU'Utl1L~n1LitflLdElLriEl,fUn~1~ (m!!soderm) 

en.i1tJ LflUL'lf~~~1'\41~\'\d~1:3J111lJn\4Ln~LU'\4n~~L8Jf~~LitJrr)l LSJf,l!'ti' (somite) EltJ~IIln'UrlEl. 
. , \1 

u1:R1'Yl.n'1~~: n~IJ tlEliJ1 n~11-:ue~l 'lf'IJYl';J:"ljtJ1tJtl1ElEl nLiJu ,Je~<fl1 (coelom) u~:,JEl~ElTfLfl\4-, , . . . . 
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aAITVLA 

2·CILL STAGI 

Longitudinal section 

YOLK PLUG STAGE 

NIUIAL POLDS STAGE 
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~ ~ ~I ""' fl ... ~..r..:.t 
L 'YleJ 7 flU';!:: "lltl1tlfl11J11J 7 7';11J nun ~:ntn tJu 'YleJ'Yl1"1L"Ufl1'YI1 1 (gut) b u "lltl4::L"tl1 nuL ueJLtleJ1fU 

d t \1 I Cil 

n~n"'n~lJ'YIU~';l:: 111Jql1 nULUULb vl"'n1::~ ni't-4'Yitr"' (notochord) <ileJ~1 nuUL UeJLflmL<il~;crlu ';l::L ';l~q} 

ttJLUUD1t11::<il1"1 ') <ileJttJ 

n11l';lityLL~::fl111JbU~tiULLU~"'"lJ~-3biiDLrleJ,fu<il1"1 ') LURfli~'t-4 eJ1';J«ltJt~fi'l1fiettJd 

~ I '-' fl1 eJ flU 1:: tl:: flU __ ,.._ ..... 

(early embryo) 

f 1::uutJ7::«1'Yl D'lt11::i'u 

L dDLrlD-iuueJn ------~ .· tllJ~«~1'YIU"'LL~::1::1J1J~eJ~lJ 
(Ectoderm) l 11"1n1tJ LrleJu'lieJ"'U1n 'lieJ"';JlJn , ~ 

A' ~ t . ' 
LUDLF.Je:l11Un~1"1 __..... 

(Mesodenm) 

J' I II; 

LUDLflDfULU--+ 

(Endoderm) 

A ~ f( 

1::1J1JR1J~U1l , 
1::111J'YilJULitJul~~lil , 

. 'il 

~1'Yiu"'crlu \ u . 
~ 'il . . I 

~U"~."1u ueJ n"ll eJ"' 1:: uu'Yl D'Yl1 '11-
.... ~ ..j ~ 'il 

L"Ue:l1'V\17U~::eJ1ti1::'YlLntl1"lle:l"' 

vle:l'Yl1"1L~Ue:l1'YI1 1 

1:: uu'YI1t~1 ';) 
~ "",I 

fl1JLLa:fl'Ue:leJU . 

'YIR1Un~1"1 
~ 

v .Q ' . d<~~& . ·. l ' 
8.3.3 fll'H11l~ltf"UJifl'UtllifrJt1lrJ'tJfl.S.11~tlUJ (The Phenomenon of regeneration) 

;"~ii~1fl'lJ1"11fil~ 1~uL~~1:eu1"1ri"'~1nifl11.3Jiin1::"niu'YI~'I1 iifi111JH11J11tl 
~ ' 

~';l::Ri'1"1D1ti~;'YI 1eJR1U"lJeJ'I111"1n1tJ~\41J11L 'Yill L ~tl'Yl~LL'YlUD1t11::tn1~b~EllJ L 'Yl11J «nJ'YI1ti'YI i eJ 
~ <II 

0 'VJtJ 'I . Ci1 I I ~ 'VJ !"J l:r ... I 

~n'Yl1~1tl L f1111J«11J17tl t.Un11«11"1~1U"lJEl"'11"n1tl"lJU1J1 L~ L'YilJUL 1t1n11 Regeneration 
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~~ • ... ... I ..r I A ... I ..... 

L'-t'Yl1-3~t]n~tl1«fl1L 1E.Jn11fl1111«1ll11tlW11 Vegetative growth 'Jf-3llfl11lJLLflnfl1-3~1nn~v.tJ-3 

L~nlXEJtl n~11~El n1 1L fi~EJ1EJ1: L ,.,1JL ~El'Yl~LL'YlU"lJEl-3L rh L ~Y1"JJ~U ijl~Liifl~UL 'Utl1LL,.,\L-3 

LfiliLL~:EJ1t~~!:~Ln~'l,.,liEJ1';lii1t111-3~n,;m:fl~uu~nlthnncrl't~1:LillJ R1'U1'Uifl1,f-uEJ1b1: 
~ . 

..1 A .t ~~ I .... A ~~ ..1 A ... ... I ... ... .., A 

'YlL n~"lJU111 ~,.,ll';l:f1EJ-3L n~ L'-t'YlL~liLL~:ll~fi'J;'tu:L 1J\.LL~tl1fi1JEl1EJ1:L~ll 
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