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.[4J ?~I~ 

.. p ... ~ w 1> . .Js-. : "-1~ 9 f' t:!i.M.Q ~ - 1....j 

J::..,ly, iiti.;4 ~ Y.fi .JY 4J ~~ _, '~-"'°.lll ü~_,~I ~ ;;~.Je. ül~b ~ 

.[271 r~1 P 

:û1~ e1"!.lt:!~> -~ 

_»y.li ~ f""Î 4 fa. _, ,ül '.mm ~ ~ ~ -~l:J .. ~.JI wl _~h11 ~ ~~1 .tJ -1 

«Triglycérides >> ~I wl '~I _, ( Lipoproteines) ü~ 3 y,yfo ~\ 

J_,~_,SJl ~ J!l ~ ~ J .~I ~ :i\1'9 ~ TG ~ :.:ra .ll..J:l ,,,.._r 

. [ 4 J (.lll ~ .l _P.-_,.JJ 

0-4 ~I _, HDL ~y 4...u o.l{D ~ ù~ ~i _)S~ I ül_»Jhll ,) ~ -2 

1..4 ~W\ w\~bll uc- ~_,~I ~ ( HDL / LDL) ~\ o~ ,LDL ~ 

. [2 7] Gll · i ;;Î · · 'I .Jjc, wb :: · ··"'1' 4.uhll , ~~l . ~ J"I .. l..i"" l..F" ..r' .. . .J~ .. . "'"" ..,, , 

·Î ~ llk...i. ~I . _j (J .) .. ~'il ) ûlli.::.. .. ~Li t...aWI ~I J . ,·,! -3 (j . .. . ~ ~ -'~.. .. . .J~ , . . fr_j u. 

~Y lipoproteine c:.iüp_,Y.~ r...»l..9-l~ ~ J~.J_,JkYU ~~'j\ w\~~\ 
.[13] ~ ~4-JI .)3~1 ~) 9.ft ~ 

_, J_,~_,5.11 jl.)J o.l4_j J)G.. 0-4 .~fü _, ,~1~1 ~Y u-a ~ J~.:ilfa'j\ - 4 

I~ _, J3~A ~\.)d\ ~ c)J (j~~ ~ ~_,1~1 c>obYI jl_).) ü.a J .iWi\I 

w'.\' _,LU..Jt ~ Wl ~ ..J.ic, ~I _;i...:JI obill ~ ~L: ~La)' 1 t LSJ _;I ~ Li 

.(13J i>~ ~ J~~I~ 

4 



~\wu ~\ " • . _JA : :J}ll ~\ 

..ut.9. , · ... ,::t1 . _g . ·~.tll · · · .. ô.:ik ·.l ~~J ,.lb.li ~ .:i - -11 ·\A).lll ~ ,· ~ · -5 , ~ '-.? u- t..B...P-' -jj' , • Y:. Y- ..... .. UA Ll 

.[12] <.;fo~l ~ &\yJl ~ c.cll_;_JYI ~_;c ~ ;;.:i4J ~J ;_;:l~ 

. « Le progestérone » = LH ~J ;:.\) u_yi, ~ - 2- 2 

=~~ ~ ,4..wl1-1-2-2 

, .1:·t1 • •\I 1.:.•1 • 1 H • 1 1-·1 .. .. .. ..1 r ·· t·.. . .11, 
UA ~UJ ' bo> ç.L..U ~~' ~ ~\.ll. ~ J ~~.J..);:l.ul ~l.P-Y '--1 '.l' "'.!7'..J~ 

4;.!l;_j ê-4 u~JS ;;~ 21 4J ,[4] ~y J~ J ~'JI ~I ù_;b L>4 ~I ;;.)_,.ill 

:;.J~ ~(OH) ~_,~1 ~~ ~ ~_;:; ,[4] ( C20) 20 e-9.J u.J:fal :;_)~ ~ ~~ 

~ ~3.:ij.JI ~1)1 J~l 11t. ~IY- .[9] ~~ ~_, ~J J~ ( C3) 3 ~.J u~fll 

~ 
0 

. (lOJ prégnane JI~~ ël~ ~J J~ (5) J (4) c.:,~_,,Jl 

ll 113 l8 17 

2 l lO 8, 

3 5 

[l 0] · .. · · ·" :\.i:i~\ WI ·(02) t< . ~tt. • l).J~ .J.f.-1"' .. .. .. .. • • V--' 

:/u~t~~tlH.~ ~tl\ -2-2-2 

:~lill ) 3.:iYI wl i.!'"'.!.l:?-3yll ~ 

ô.:iyj ~J ~J~ ~ ~\ c} C>~ é.:i'-:lj ~ L/A _, '~ jl_)J ) ~)\ ~ ~\:;1\ -l 
4.3\.b.i ~ ô..J - -'I ~ -'l .:i~\ ~h.u ~ ,[6] · ' .- " 1 --:~ •• -: ~ -11 1 .·:.<.! ;.<: • l..$"" ~~ .. y .. .. ~ ~ .J .... . Y ~·...,._, 

.[2] ~}li 4.b.ly c} ~t =4~ «Uterine nüLk» ~)1 ~l jly"j F_)I 
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6l:J\ w'ü yi ~\ ., . : J}ll ~\ 

:~I~ ~~!-!~~ -~ 

. [271 lipoprotéine lipase 0!YJ ..b~ fa _y....; -

.[12]r-.ù1 ~J ~.~\~':li 04 ~\ _.)#- ~~\ (..,~b~\ ..)_r::;) c.YJ=û' {y>~..);: -

thuilJ-1 CP ~~l_;h.:JI '-i.:obÎ c)J 4~ J o__»u&i J JJ~_,s.Jl c..i:J-;:; ~IA .l.1..j; -

.(12] ~b\11 ~J ~_,l~I ô..J~I 

. .J .J • ·'I LOL JI ... · 1 'I .b.S! , .:i ".. Î • ,.~ Î 4J ~ Lol ~ , · , -~ ~_,_. y:i. l.S'. '? y -' _);!J iJ .. . ~ 

.[4] ~I 

.[131 HDL J~ ~ J;._pla u.oii ~J '-k::i~ 0i ,aihi ... -; 19NORGISTRAL-

=~~ c~~1 e-~~~ > -::i 

.[l 3Jr:J:J::i_,....JI u-a~I t.::ilc) v~ -

. [2 7J~h.JI jl _)J ë::i4.) -

.[20] (wG~'JI ~ ~\#1 ~ ~\) ~~~\ Ojly.l! ~ ~l -

:l...t~~\ ~,~ üUtA~ 'i ~ ~ -4-2-2 

J_,__µfi.11 LJ-4 \.î)l..hj\ , [9]jl_)~I ~l.l ~I ()A ~ ~.ll.._,~I wG-'4_»11 

J.::..ii _, '''-k~I ~~\11 ~fa :;p _,\ '<:?~! ~I LJ.o l ~ l y..i "="..Jl_; ~.i\l ~ .:i~_,..Jl 

J3~fill cj~ ,[10] ,.slj; .. ~\ ~ ü.o \~\~\~y~ J3_Jwjfo\ .)A ;U;\i ~ 

.[13] .j~.fi ~../~ 27 ~ 

~I 04 ù~.fi wlJ~ 6 04 ô~_, :.\..::..ljJ wl~3~1 ~ ~ Ah_r J) ~ -

w~ '0~.fi b~ 21~1.5.~ ~} prégnénolone Jl 0.!fo ~i U.o J_,~fol ~4-ll .. 
~ ,(C22) ~ ~ (C20)0~fll c.;.J~ ~ ~~I ~OH ~5_..~·1 wl.c~ 

u).lc.U:llt o~ f~ _, Desmolase ~yJ o.k;~ ( C22 )_, ( C20)~ ~l)t ~ till~ 

.[9] 0 2 J N'ADPH ~3'il ~~I 

:l»i~ ~ prégnénolone JI tJ-4 l.Dll:ul 03~_,_r.ll ~ 

J~ prégnénolone ~ ~tJ\ 3 (3) t}yJ\.} ôJ~yJ\ (OH)~~ ~b • 

~1)1 ~J c.f..»4~1 ~ (L15) ~JJj.JI ~J)l J~ J [9] ~~ ~ ~ ~) 

3 stéroides isomérase ~yj J.:.~ J ,[141 (~4) ~.3.lj.JI 

04 l.!')l..hjl ~ ~ w~_,_fa.:)i\ La\ .[91 3-~- hydroxy stéroide 
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~I û\..1 -*11 .. . ..JA : J}'ll ~\ 

,).,:.fill ~.Jj ~ '-?~ ~I ~_,l_jll ~I ~·~ c.JI~ &,~ uc w~_,J.li\11 

JS 4Î :;»YI w~li:ill li~ ~ J ,(A) ~I 4.ik.JI <.J:t,sJ ê-4 (C19) 19 ~.J 

· [1 O] ù.Jfa ~\ ÙA \î)\.bjl J ~~1 fa 'jl ~~ \ .::, \1 _, 02 _, N ADPH J' (.;v. 

2 

OH 4 

OH OH 

9 
10 8 

6 

21 

Cf h 

23 

~5 
27 26 

Cholestérol 

carboxylase 

œ~ 

..... 

CO-CH3 

20- desmolase 

... ... 

CH3 

20-a, 22-~-déhydroxy cholestérol Prégnénolone 

8 



~I wll .. \\ ... . :...?-4-*' 

Stéroïde isomérase 

3- ~- hydroxystéroide 
déshydrogénase 

--~, 
, r-, ~ ' ,4! ' -· ~ -~ : _; 

' .- . 

.... .... 

, 
.~! 5· 

*,:1 1 ~1 · ·,·~ ... 
t . • '. .. ' l "' • 

-1 .--·"" 

/,: 
0 

'\, \ ' .p 
·:,.\. / -,; • '- , .··J 
' ·~ .............. / 

... •M ....__ _____...--" ' ... ,, • 

,. . .(. "·--; '\ ,. _,./" 

-----

o/ 

Cl-h 

Progestérone 

IH3 
C=O 

0 

Il 
C-CH; 

:JJ~\~\ 

Activé de 17 -
a- hydroxylase ~ 

----OH 

Activé de 1 7 ~ 20 
desn1olase 

... 

17- Hydroxy- progestérone 

9 



~lwD.J-4~1 

/: 
0 

CH3 

androstenédione 
OH 

testostérone 

19- déshydrogénase 

(NADl 

CH3 
1 

+COOH 

acétate 

19- hydroxylase 

(NADH+Ir+02) 

.,,,,. 

Activé de 17- B 
déshydrogénase 

:J}ll~I 

.... 
~ ~~ 

NADH+H+ NAD 

Œ:;OH 

OH 

.,,,,. 
A 

o / 

19- OH testostérone 

OH 

A 

19- aldotestostérone 

w 

....... 



~lc.:.iuy~I .. . 

19- déshydrogénase 

(NAD+) 

A 

H 

o~/\ / 

Réduction 

19- a- hydroxylase 

: J}~I ~\ 

décarboxylase 

... 
.._ .... 

' 
.... 

C01 

0 
OH 

C 1 D 

dés.hydrogénation 1/ 
1 

,/ • 
w 1 Al B 

~ 
0 

OH 

D .... c .... 

Al l B 

est:radiol 

. [8]~~i ~.J.J.J~I wu.J-G~ tj~I ~\ ~Ï : (63) ~ 

11 



~\1 w'û .JA ~\ .. . : j_,~\ ~I 

: Jt:Jl ~~l Û.to~ ~ -5-2-2 . 
1.::A.~=;i-_,fa)'I ~I ü_A! ~ ,w~_,fa)'I Jb.:i ~ ~I ~I UjLJ;:5 C..~ ÙA 

ç:~ ~ ç.\~\ c) 4_jJ_ft..JI C.::l\_,Jll ~ <)\_? t~ _, ,w\.ilu: _, w\JJ.,.j.fi.#. :Yfo. 

. [8] J~I ~ '+i-o ~"\JI 

ül-! 1~ _, '4.tfo ~ti o.J~ JW JP ~.Jfal c)j JWll ~:Jfa'JI J~ ~I <.)Î laS 

\.-. ~I c} r..:::i~_,fa'JI 4W :.J-4 tll)\ c} ~ ~I ~-' c} ~ J.i.;b__, c} ~ (jÎ 

.[4] ( bypersterinism) J.2-02i2_.,ü,..i)11 .b_) ~ 

: û.g ~' >:Jl c_'j t4 ,Il\ ~ -6-2-2 

• o • 1 .&1 ~ J é..u:.. , [ l O] h 1 : .t ~ t1 · ~ . · -'l - · ~ ..) J'; • ~ •. ...r- . ..), ?'Y.:' Y. •. (,5"', U..J~ -5...)'!"' ~ 

w\.l.i.:a.. a; ~~ ~\.i 'IL '\ .. &. ~ a Fi 111 ,..,, a u ~tl .cl 1 - \ - · J , c ~ wb.i a ~ \\ , ~\L .... ..... z ... r-- ç. • ~ u~ .;,- .J 41 ... .,. . _,._,,,r.; _r.;;;- i..:? ~ ~ ~ ....r- ,,.._J_;;;-- c..s-,; \.,.7" 

J~ ~.)I ~Wt 3 ,[4] <.r.)W,..,)'I J~I 1*1 ~t.:.. 'ô.J~ I~ ~ .ip..11 0}-9 

c} ~'J.\ U-9~_,_yll 0-a 0/o 10 (~ -' (9J prégnenolone JI ~ Ü3~_,_yll 

. [4]~1 \~ J~I 

:(Jt;..,.a;.n - 1 

~1 ~ ~ ..:i~~I ~ ü~~ 0\1:..__,.:i_r o~\..ij ot~ â ï· . ..,;J1 

jfa _, ut.hi\! ~ ~":! ~H.11:._,l\ ~lfj ~l 0-4 LJlîi · ,.,=>\\ ~ _, .[21( Scrotun1) 

,)__fl'j\ ~.Jl:.. _, 41kb ~fi..l ( Mixed gland) 4\.,ti.:..-0\I ~I c)) ~ _, w'ûya-*11 

_, ,~lrJI ~I ~ ~ ~\ ( spenns) ùl.bil ~w) ~ 4J__,~ '+iY jly")ll ~..JG.. 

·-' üli.JA~I ~ jl_)!-J f_,s:; ~fi.!(~~~) jl_)'jl ~1.:! ~~_,li~~~ 

.[2](~\ ~ 'b_p~ ~ 

: ti Aln ~u "4 ,+ll E) ~i-2 

: ~î wu .JA -*1' i .. ).-0 ~'.h.11 ~y 

l2 



~l wll ··'' , . -"4 ...ft"' : J_,~, J...o,ill 

( testostérone) : ù.t >Awi tWl Ll.t4 J4 -1-2 

:tu~~ 9W1 - 1-1-2 

JW 'l'"Ql55 ô_J~ ~..JJ ~ ~ ~..Jfa. îd . .., CP ô.J\.p ,[4] t?~.J.fa l;ya~ 

ù-4 l~l~l ~ 'û~fi :;.J~ 19 ~ ~..Jfa :;J~ 0-4 ù~' ( [aD] = + 117) ~y..d 

wliw:JI .J~ _, ô_fii.Ji ~I ~l...àc)U ~I yùll ~ ~I 4..1 ~Y- _, J_,_fa..J~I 

_, 3 r!.J 0~.fil\ o~ ~ ~ji;.ui 4s.!l;_, ~ c;~ .J LAS ,[16] ~µ1 ~p\ ~l 

.[14] 17 ~.J û~fll ô.J~ ~ ~_p.S 49.!l;_, ~ 5 _, 4 ~_,.JI~~~ ~l.J 
CH3 

OH 

l7 

.{4] . .. _-: ::\l ~~\ :\.u.J\ : (04) . t< .~ uJ~~.... .. ... ,,,,,,_. 

:üsé~ ~tlt:J:àl\ ~~tll -2-1-2 

\A..>:#- _, ~~_,~! _, ,~~l u~_,:JJ Ji.o ~I ~~ ';/1 ~ ~- o.k:-~I -

.[6] ~U;J ~ ~1 -' 

t\U:.1 ,~1 '- -- .:.:11 o .:...<. t' _ui ..::.,~ 4.J ·t:lll ~I wl..iw::JI J· · · .. -• _, . c.s- ..r--' __;--> _j -~ .J ~ .. • .)~ ~ 

. [ 6] ~\ ~ oJ~j t?ll~ 3 ~ _, ljj _ _, .. ,d.u J4,::J\ 

.[6] ~! ~), Jy:.._, -

.[6]~,Wl wu~ J,o~I y_,$.:ill by:-.r- -

.bW\~\ ~~\ -· ---'\ · .... &. . :.,,t\) -':ill - -~-t1c.tl -l.l\ L- ~\-. .. . ~ .J ~ ~.,y::...i ~ ~ .)~ ~ ~ c.s- ~ 

.[4J(;;_fa ;;J~ (.)-'l~)ll ~ ~~I 

.[4J~L!i ~I~ tl.,SÎ y~~ 9~1 [6]~1 J.:i,.b <r~'JI ~_,LJI ~_fat -

13 



1 · ~ - 'I wu · · 't ~ ."4...)e-' : J}il ~l 

:(a~~~ Hl H\l.a.Jl UJ~ tl) -3- l-2 

- ) 
c-6. 1.r ~. i. (12] · _<. _L l\ . _<. .L \\ . L ·• . . .. _-:. ::\~ ~ · _ . ..>4 ~ ~ .JJ""'.:J""!"' '5"'. ~~ U:!~ (.)-4 u_,~_,........ ~ 

.[24]jfi.~ ~1 ~~I Œ~ ~ :U_,y..w w~j.iJ o~ ~ ~~l AMPC JI 

: uü.U ' >rl' e l:!l *~ > -~ 

4-o~ 0-a ~ _, ~'JI ü~ JY. c.5}.; ï 0-a -ll....):! ~ ~~ ù."4 Y. üJ~ ~\ ~ -

.[12]~~ éjYJ ~J ~y 

.[12] w~_,_r.Jt _, c)QI c) t.?·aa:-.lt jt_,;....._,9.11 r1..YJ ~ ~ ~ -

.[12]~\ ~ ~~till J.:lli...i_,111 ri..YJ j#.y 04 ~ -

c) jf:.Ji.ll Jk. û~ ~ ~~I ~YI~ ûy\~I û.Jfa ~.J~ ~ 03fa_,:ï.u.:i}I -

u-lJ androstene dione J~ tS~' j~_,~ B. 17 ~yj ~ lSjb.:j ~\ ~~! o~ .. .. -
. .. b ~ -:.\..:-: lüA~l \..i~ ~\.ll.ull1 :.\ ~ \.- >, - ~1 \~ , ,· .. .. .. U.J...>=- ... .. .) ~ .J .. .. ..... (> ..ff Y. .. 1..r' Y..):! ~ Ll-'~ ~ 

. [5] ( TG) 4.Ji)rul wl~.J1 ... _p;.ll 

=~--on c~~\ ,. ~ ti\.44 ~ - ~ 

04 ~~I o.i~l ~ J..uy 4.J'J ,J~I ~ wl~\ c::lftJ l;A û.Jfa_;w;Jl\ Jîi:l 
.[12]~_,lSJJ ~L~l J:9 

:tsA.lll ûUtA "'1l '5 ~ ~ - 4- L-2 

~ .:i~_,.J\ J_,_µ_,sll 04 \îihll ,[9]jl_))'I ~b .:i~I 0-a ~ ~~_,~\ üb-""~\ -

. [ l 0]~1 b .)_,.il\ 

~~- ~ ~31 <"\.fu ~ _, (j_;,ljy~I <) ~~ J_,_;wJ_,s.ll ~~I ~I ~ -

cholesterol 20, 22 hydroxylase ~..Y) 4-61 Y- [ 1 O] 22 _, 20 0~fal i.; ~ 

. prégnénoloneJI ~ ~ _, [4] desmolase _, 

3-B hydroxy stéroïde ~..Y'i ~ ~ ~J ~ prégnénolone JI 

.[9] progestérone JI Ul ~ _, stéroide isomérase ~.YJ _, deshydrogénase 

~J ~.J~ .) ) û."4 ~I 11\ .J ~\~\ ~ progestéroneJl ~ -

. [9] l 7 hydroxylase ri..J.il ~b ~ 17 hydroxy progestérone 

14 



~\ wli ··'I : J ~I ' -~'l .. • .JA .»' .J ~ 

~ c.#.lll 17 des1nolase ~j.i) J.-1 ~ ( l 7 hydroxy progestérone)~YI I~ -

.[9] · ~ _-: _-:lJ \.il · te· :..:.t . t. -~ '·· 'I .. , o .. :. - 'l 4-wWl ~I uJ_>.µui _,............ ~ ~ J_)~ ~ J ~ ~· . 

'ô .J~ ~ ~ '-="6 y Androstedione ë4 ..;JI~ 0.f:..:. testosterone .)_,...~\ -

.[9] 17 hydroxy steroide oxydoreductase ~j.iJ ~l~ l 7 ~_; u-':1.fill 

co-m 

HO "'-

HO 

Cholestérol prégnénolone 

CO-CH3 

3-0H déshydrogénase l 7 hydroxylase ... 
.,... 

+ isomérase 

0 
Progesterone 

l5 



~\ wl.3-"4~\ .. . :J}il~\ 

OH 

CO-CH3 
17 desmolase 

,,, 

0 
17-hydroxy-progestérone 

2 1. 10 8 

7 
6 

Testostérone 

OH 

14 16 

1 s ) 17 hydroxy-stéroide 
oxydoréductase 

....... 
7 

/ 

""" 

1--~~o 

D 

Al B 

androsténedione 

.[9J ~fi.il! ~-'~\ wUy~ <J~I ~I ~T : (05) ~ 

: ùt~tb4l' Ùt'l~ ~ -5-1-2 

~ ~ ~ ;i Androsténe-dione ~J -û.luSÎ .:lk.:i loJ ~ '~I ~ ~ 0_,fa ~\ -

~r)I J ... . .. ' ··~ ~ ' ,:) w~ ") '• .. -:lbJI ti.15; . j B 17 ~ ( OH) ,. 1. < ..• 'I • ~ .) • .J.) .. l.j :U-'. U*"' ~ ~ 3.J:!fr' 

.(51 ( 3 osco) ~~l ~1_)1 fi (5,4) 4-k-ha..Jl 

ô.J~ jjc, OH :c)l;JI ~ 0.fo 4:j\_fa <;~I Androstane -diol ~) J~ ùJ.fa~' -

. ( 5 a) 5 çJ.J 0~.fi\l o~ ~ H te~ .J (B3) 3 ~.J ,.:ufll 

androstérone ~i ~ _, androstanalone ~l LuiL..J J~ Androstène-dione­

. ( H) B5 _, ( OH) a 3 lr;.':".A 0fo.. t;~I 

16 
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.. l .<\\ ·.J ~ 
c.....l ~Y.~ {'..);':'Y. .. :~ttll c..Wl 

: ~&-1 

,_µ1 ) ç.\i;JI ~~'-JI ç.j;:J\ 0~ ,~~ ~~ w4$..>4 ~ wl~~fll 

~ .J ' Cn(H20)n l.._JAC ~ A;'i"1l\ '~;·;!·"' 0~ 0Y..fil\ w\'""L. ~ .J ( .•• j_;~I '~\ 

.[16]~}/1 ,~~_,~1 'ù.J:l.fill :~I ~la.li wl~ y-.; üe- ~ 

Lo.S' (C=O) 0# ~~ _,î CHO) ~.lll ~~ > wlJ~Y...fill ~~ 

} û\~~\ ~ ~} hydrolyse ~WI ~\ .} ~ l..j;jY c;JI w~yJ\ ~~ ~ A 

.[17]~._,~J b~ uLijifi.ll 

: ûl J.lJA ~ ,sl1 ~i - 2 

, [16] ' -· ·-'I ~ .-:t1 t.iLu:. · N ~ wtlilll .).je wl ~ · ( 'I ; .. ~~ ... ..r .. ~ . __, .. Y.....>--' ~ 

~l ~Y ~Jill A.!1.bll f'lA .... ~ ~ ,o~ ->Yi ~ ~ ~i w\_;~_,uSll __, 

.J~ y.foy <} J.=..ij ,~\ ~I ,,.::J.J~ ~.?°'·°''~Jill ùY.fa\ wl_jl ~ ,~\ 

• _-:C"\lt\ ~1 Q • .< -'- 'ts 4...i J.:. 'I 4...i -·- 'l '''l - ·'I . · ~ ï . il '' ,-: Lo.S ,[] 7]w~I .)Y-.A-A .J f' i..§"" _),...,, ~ .. ~ .. ~ LJJ Y"" ~ . .. y "?' ~ .. 

0L..u";l .ü_,~ <;jj\ s:.liill t~ 04 % 60 c)lya- ûl_)~~.fill ~ .J ,(17J~l ~ 

~:J'JI ~I ->~ Lo.S r1P 500 -450 JI~ ~..9:! ~:JW\ ~I u~ 4-cy.ll ~ _.>.lij _, 

.[19]f1_;6 100 c_)I~ 

:ûl ;.1.M\ ~ µ ei ~ -3 

:?U! 3 c)) wl_)~~fal ~ 

: ( Mono saccharides) ~ta.'i1 ~ - 1- 3 

~j ~) (s:.Wl 4-blY. Jk:i:; ) lJ 0 îi ,) ~Y ~I wl~Y.fal 4.c.~ ~ 

Y\ _j-MI ~4-j Ag;ll;3.J ~-~\ ùj\j;_,i\ ÙA ~\ ~ (_j~ W~_):;.. ~ .J ,[17]4-W 

~ ~Wl 4».:·" _, o-Al_, ~-~fi ~ ~ ~1.;u..~ j\::i..o.J .J [20]~# } ~.ll) 

ùlj3~ (triose) ùljy..Y ~J ~ _, ,[4] foÎ _,Î 3 j~l ~ n ~ f ( CH20)n] 

. [17] (Hexoses) w\ j~ '(pentose) wl jfo. _, (tetroses) 

18 



"\ ~ .<'\ ···' ~ t...J .J .. >!..)"*' f' ...ft' ..>! •. :~'l:lll ~I 

: ( Olieosaccharides) 4âu:D ~ -2-3 

0~.fi.lt ô.J~ Jct.w ~ _, ,[l8]4lbYI .fil.S...Jl 04. ~~ ~) Jh:ü ~I ~ _, 

~ ô..:iy.-._,..JI ô.:i~I (OH) ~_,~l ~~ 04 ô.l:i.I_, ~ .l:i.l_, fa~~ c) ~-»°y'J\ 

la);_, ~ ) ~->4 •. ::A~fa ~) t~I I~ ~ J ~l.ii.ll .fi..uJI ù,s.J.l ~tilJ .fi..uJI ç.c.;fi. 

(~.:l.:1.J~I ~I )1 <.JU fo <.)~~~'JI 0\:i _,.ill ) ~y y.è _, ( ~y ..;#- ~_p. ~ _,ll 

.[l 7]jfo~\ "j_,__,s....JJ ,.jji\WI : ~ 0-4 J ,[4] ~~ ..>i=- ) ~~ üfo ~ ~ J 

: (polysaccharides) oJ~ ;S~ -3-3 

• · L t [ 17]~.lb.l .<'ts:...JI • • ~~ · • .~<'Î li n - ~ Î ~ -:11 . _A u.J.J "tt" .. ...r c.JA. ~....?.- c.JA. y- c.s', ~ .J ~ ~ ~ .J 

· . . k' =-. . t- At - -:lt ~W\ · .c: .L l\ 1 • .... j ,(4] ·b'JI ~ . ~ '1- ~ . u.Jy::i...o ~ (.s-' • -"" ~ .J ~ ~ ~ .J u .. . ~ c.ff'y.... ~......?.-

. [16)~1jill ~ w~4.ill .J wt1~1 ~ w~ 

:ûl J-44 tAD ~i - 4 

:4.â.a lt4 - ] -4 

- t\ · 'lS.11 1~ b ô.h.'.:i -:11 ~~I c..::.ùkl.9'.ill te t A..iL · \'\ ù ~ cJ.! V::.. ~ .. .. .. <..? ~ • L)-0;! ~ 

~ 4~~._jj'jl ~\ t).G ~ y ~~ ~~ éA.JJ ~ o~I 1.'.:JI~ ~ ~Y\ _, 

f'~I ~ ~~1 ~ J [19]~ _,WI .h...i _,li J ~I c)~ ~ 4-91.bJI J J\yJl JJ~ ()A Ji 

.:i\_,.JI ~ ~1_,.i ~~ ~ 0A ~ _, .:i..!UJI ~ J~l ~ 0-4 ~ catabolisme 

(Je-~~\~\ w~yJI ~ ~ ÜA ~ Anabolis1ne .. ~1 _, ,:t .<"•u'I ~\~I 

.[4]~1~1 ~ 

: Glycolyse tS ~l Jb,:ill - 2-4 
, . ' 

_,1 y'yë ~ w~ ,wl!_,..>.!411 i)} jfi).;JI Œya.:; ~ ~ L?ill ~'il _,LuuJ\ 

~ y)GJI tl) ~ ('~~ ~ ~\.i:l t.;~ ~'il _,Lwll I~ _, ,~_,';/1 ~fr.J 

~6. 0A <.):!J~ ~J jfi_,l;Jl ç.tSfi. ~ ~l o~ ~ .J 'ü4i.ll _, ul~I .J r:.;lw"jl .. 
~4"t/I ~.bt.-JI ~ ~ ( ATP) wb_,ill J'°X.l ~~.:il 04 8 .JA _, ~_,~I 

:[17]~\ 

19 



ül .).l:!A-~.fi.ll r-~ ~~ :~tlll J.,dJI 

Pyiuvate 

Kinase 
+ 2 J'\TAD+ + 2 ATP + 2 Ir 

: ~ H-l) u 9 J?,n ~ -1-2-4 

:~ ,~, .lb. ~ ~ 

• ü\.i,.., _:.l\ ~\.fj 6- 1 . _-:.< .:.l\ t\ . -< -'- l\ J 
Y"' ~ ..J.r--Y"' If< ..)~ Y'7'"' ~ 

jfi.J-4JI ~J jfi_,l;Jl J~ J _}ll ~ : ~UJ 3 0-4 A.b.yJI o~ ufuJ 

~ 11\ "'91.Jl; .J 4.!U:JI :L;,9.; ;Q 4-u~_,! ~l..J _,~ tjJ_f._# faÎ ~ _, , üliui_,! - 6 

.[4]_)1.:lll Jc,\J:lll ~ l.iS ADP JI r.;~ ~) ATPJI ts~ J_p-3 

CH-,OH 
1 - ~~ CH20-P 

H 0 0 

+ATP • +ADP 

Q HexoKinase 

jfifo wliui _,! - 6 jfi ,,Ji:. 

.[20] ü\.9....i_,i - 6 jfi _ _,ji;. ~) jfi_,l;JI J_p-3 : (07) ~ 

~~l ~ c) Jc\J:lll 11' ~ tj~l ( Hexokinase) J4S~I f':!Yl ~-'= _, 

jfo.)11 ~ ~l~I ü4fi...JI 04 J.k. ~ ~~ ü)k~ ~ ~ _, 

, tuëLl ·~ .. • ( Glucokinase) ~lii\S -< _,;.. A"' · ï ·-1 J..6.ll . .J .[20] ·, _-:.<~=-'\ u--~ ~ ..) .. y_,- ..:r ..?- f':!Y, . ~ .J ~~ ...9 

r:tYJ ~U ûµ ~y'j.1 ~ ~ y\U:.JI .i..:l.!Jll 0-4 ~_fa. _, d~ j~ -~ll ê4 Jd.i'.lll 

o~ _,'?lit.hl!~ r.l11 ~ jp._µ1 ~·.Ji tUJ) tlb c) 'iJ ~YI wL:i ~ j\..i;lSfi_,li.11 

·rnA .i1...il .~, ,~WI o~ . -~ • _c:: .t:.t\ \....aJ\ ~ .·i ~\ t~ ·\.! ,~t.;. ~\ :; ,,!i.U:J\ (...) • .. .J (,? .)..:;-" ~ .. .. u . CS- u, .. ...r 

· .. ~:. -'I .· Î 'I 1.-:_ .b . · -~ ;; .;. _;.,! ü)lcl.Ui 4. 0 ï> JI wLu ··~1 · ~ · ·Lu ; ·~1 f' >l~ U>l 1..5"'. ~ '-:?" ~ • ..Ys l>'° ~ ê4 U JY . 

11\ ~ ~µ1 y,P- ~~ ~~I ~Î .Ji\ _, l)'Jfe ..)#- jclli.11 I~ J _, ,(Mg+2
) 

.[19]).ui.JI 

20 



wl.J~ ~fll f'~~~ :~I ~I 

jfo.) c)J wt.i...._,9 -6 j_,5._,lé J~ ua.;.lîj ~_.rJl o~ ~ c.;t:ilJ Jct.i'.ill ~I 

4l# J~ ,rsomerisation lïiWJ ~li:i 04 r.Yfa Jc.li:i -"' _, ,[201 wti...:_,! - 6 

:ou~i · .. .t. ~ °' -~ .< 'I -_ -~1 1 ~ ..r- ..J'~ (.S", ..J'.~ a 

CH20-P CH20P 0 C~H 

j\~Jj;I 

........ 

,~ 
----"t' 

/ 
7' 

-.... 
Isomerase 

ûli...i _,9 -6 jfi#- w~_,9-6j_JJS_j 

.(19]ûti...i_,9 -6 jf'S..)9 ~J ûli...i_,i -6 jfi_,liJI Ji~ :(08) ~ 

jfo.) ~~ ~. 04 J~ !Y' fo. .J-P. 'o _µ Je lii ~ ~\ Jd.9.'.:i.1' 

. ADP ..)) Jp ~\ ATP 4.1.i.._» ~~ û~_,i c;\:Jj -6, 1 jfo__fl F wli..:_,! -6 

CH20-P 0 CH20H A TP "~ +l Aijf CH20-P 0 

~~~ 
CH:> -0-P 

,.... 

j~l.S jiS .)~ _,L.i __,! 

( phosphofructokinase) 
ûli..i _,9 - 6- jfol.) ûli..i_,9 ~~ 6 ' 1 jjj,S_p 

.[l9]wü.ui_,9 ~ljj- 6 djfo_) c)J wli...i_,â -6 jfo_) Œ~ :(09) ~ 

'X lt:!i Jc,UJll ~\.j c.JÎ ~l '~fa;;~~ \+iÎ j) ,~1...;.. ~i ;;_,.h:Jl .,~ û) 

w~WI 0~yJI J ~ "~WI ~_,h=JI ~ ~ L. u& ~ 4.Jb..J\ I~ 'il f'~ 
I~ _J. ,~ ;;~I .,~ ~ J Y-?-~11~ _, [5] c.S_?Î ~ w\) ... ~ <} ~~ J ~ 'i 
,~Jl'jl ~1..9 ~ ~ 04 ~ _p.î ~~ j~jiS_,_) _,i...i_,ill ~.Y'i J j) ~ ~1_,11 .JA 

.,~ J ~ _, 'e-:.y'JI ~1.! 1,;/ii c)! ~_,.JI ~j ~ ATP JI 3Î wl~I .b~) '-?~-~ 3 

.[19] ATP 0-4 ~_» , ~,sla! ... \ ~ U:.._yJI 

21 



.. \ ~ .<'I ·.J ~ 
<......! _) •• Y../""' f' _ff Y. .. :~\~\ 

: ~ün l_.b. rJ » 
• ~~\ ~\ û~ _,! ~l w\.iui _,! ~\:tr- 6 ' 1 jfo _,al\ J_p:j 

: ~ lg:j Ü4 Â.h _yJl o.l.t. ù1hi 

: l t&S ,>il\ ~ ti ,;~ - 6 ' 1 r'l-i.a1 - l 

j~_;il\ •. :Ai..i_,! ~\t:. -1,6 ~yJ ~µ\ ( Cleavage) f'\.....iij';/\ ~ F 

~ C4 _, CJ u.Jtfll <ii..JJ ~ .b~..;)11 ~ ~ ~ ( Aldolase) ~~I ~..Y} f'I~~ 

.JA ~~î ( trioses) ~~I <.:.iy.fi-\1 ()A <.:.iLl..i..fi. <!'iJl jfo_).11 w~_,! ~ ç,c.;.R-

0 

.[19Jw~ ~-'~ ~G; uli...i.,! ~ ~m1 _, ,~~1 .JJ"}:-.\1 ütL._,!-3 

H2-0-P 

j;J _,.l\Î 

_/ 

"" 

Aldolase 

CHO 

1 

H-C -OHO 
1 11 

H 0 

Il 1 
+ H-C-0-P-0 

1 1 
H-C -O -P-0 C=O 0 

1 1 
H 0-

1 
CH20H 

üli...i,,9 ~\:tr- 6 4 l jfo _,! ~~ ~I wti...i _,! - 3 ~1.f; wli...: _,! 

u~~.J~ 

.[l9]jji.S_;ill c.::Ai~J_,9 ~lt - 6 , l ~~l : (10) ~ 

.. t.:. • 3~ .. . •t!> • .i! ~~ .. ~~ 91 - ~ ù ~I ,_,....$ t ~ 4.rw.a "-1\&Wl ,a. e- -y 

:J.M\~ ~ 

tb.yJI ..:.ùlclli ~ ~ <;~l ~yJ\ ~ ~.il ~\ wli...:->9 - 3 UÎ ~ 

~yi ~ ~~I ~I wti...:_,9 -3 ~J J~ 0~î ~J.J~ ~lti w\.i,..i_,j 0}.! m:ill 

I.~ ~ u\y~I ~.JA c.:.i' ~ ( triose phosphate Isomerase) Y......BA_,_>=\ ..:..i~_,! j.J-l__j 

1..::.A.i...i _,9 -3 ~ .)) ~ J~l wî ':IJ 0~\ ~ .J.J~ ~lti w'Li....i __,g ~ ~ J~l 

~[19]~).IJI 4-h_;.JI ü)lw\.ij ~~\ri ~I c) )~'JI~~_, ,~.lll ~I 

22 



wl .J~ ~fol f' _>.;i ~~ :~tJI c_WI 

H 
1 Y-»4 .J~I ûli..a _,! j.>J..Y 

H-C-0-P 
1 triose phosphate ison1érase 
C=O 
1 

CH20H 
0~i ~J~ ~Lnwliui_,i 

• 
CHO 

1 

H-C--OH 
1 

H-C-0-P 
[ 
H 

~..lll ~I ül.W_,9-3 

. [ 19] ~~ ~ w~ _,9 -3 c)} ù.~ ~ .J_)~ c.;t.t wliui _,9 t.L~: (l l) ~ 

:~ 4..b.~ )> 

.~.ill ~l wl9...u_,t-3 ~~ 

4.91.bll ~ ;/ J '~~fll A.c~ ~)~hl A.c~ ~hi J}il Jc\lill ~ 
. _j ~ :U11JI t.J1.c ~ '~ .. ~ ~I . .\ . ... . .. ' . 0 1 ' k" ;. ,_ L li:i.11 I~ . Wli.11 ~ .. U...r-..r . .J i..F c.J~ ü-! .J ~ ~ es-- ~ lF- . 

~J.J~ ~~ ~.llÎ ~~_,!~y)~ Jcu:ïll I~ ~ 3 ,J:;,..&~fal wlk_,! 4.c~ 

~J ~.il\ ~ ~ _,9 3 'ô .. \.~SJ -ü:. ~ J phosphoglycer aldhydedihydrogénase 

.[19] ( NADH+Hl ~J NAD JI ts.» Jlfol ~ wl.JJ "'J\?ll wl.9...u_,! ~ -3 d 

wti...i _,! r.;lt 3, l 04 4.!"UJI ~ wl.9...u _,ill ~ ~ J9>ïi9 ~l:i.11 Je tilll ~ L.l 

o~ ~ \lwl ... cil.~ ,[21] A TP w\ · · .,.\;.. wlii.i.: ,.Q-3 ·, .<-; . .;. ADP '' w\ · · . .\~ 'l '-:?"" .. ~ 3 ~ :.:r u~ ts"~ ~ 

. [21] A TP JI 0"' ù.fW..fe ~ yll 

0 H 
\\ I NAD+ +Pi NADPH+H+ 

CH20 -p triose phosphate C 
Il 1 
C=O H-C-OH 

~ _/ ----~ 
?" 

./ 

""" 
1 isomérase 1 phospho glyceraldhyde 

CH20H CH2 -0 -p 

0~ ~.J~ ~lii w~~ ~.lÎI ~I û~_,9-3 Dihydrogenase 

?" _ _, 



.. 1 ..l.IA .~ \\ • •• \ ~ 
c.....J .J .. .. H...>-' f'~~ .. :~ü\I ~1 

0 
Il 
C-0-P 
1 

H-C-OH 
1 

CH20-p 

ADP ATP 

\ ! > 
< s= 2 
phospho glycerate kinase 

coo· 
1 

H-C-OH 
1 

CH20-p 

wl ~l wll...i __,! ~t.ti - 3, 1 wl~ ..::.ili....i _,! - 3 

.[13] wl~I .;:uU..._,9-3 ~~.il ~I wli...i.,S -3 J~: (12) ~ 

:~l Al t\a. ;J ),;;> 

.~_,~i ~ ~) cli~ ..:il.i...:j-3 J~ 

:~UJ 4 ~ 4.b._;.J\ o~ U1bJ 

:~;~111!h ~ti-2 ~ ~~~ti-3 J:.eJ-Î 

~ .J ù~.fi ô .J°:J ~J ( 3) ~ .J ü~.fi ô _;-.l l..,'A ~Liu. _,ill ~ ~ Jt ~ Jc. l.9.'.ill 1 » <) 

..»i.»aJ~ _,Li~ ~..YJ ~~~ Jcü:ill I~ ~ _, cli~I ~ L.\,Q (2) 

. [191 (phosphoglyceromutase) 

COOH 
1 

H-C-OH 
1 

H-C-0-p 

jJj .J}A J~ ~ _,9 
_/ 

' 

phosphoglyceromutase 

. . ., 
41~~-j!-.) 

COOH 
1 

7 H-C-0-p 
1 

CH20H 

4!~~_,9-2 

.[19] ~~_,9....:_,!-2 c)J ~~~_,!-3 Ji~; (13) ~ 
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wl -->~>.1.fi.ll f' j;;l >.1~ : ~tJ\ J,...:.ill 

: ad 9 ~ J .;i\ ,à... ,! {l:! ~ -y 

Jtw ~~ ~.JA Œ.~ i)J i.j~J: ~~_,iwi~ -2 ~.JA ü-c ~w1 t.Y ~ J 

__>.µ.J3:!1 ~ . ..»iüll 11\ wl..l:i..! ~ .lc4 ':?.:lll e-1.Y'JI .J (PEP) 4'i.J...w. J.Y-1l.~ . .'3 -~ ~1.bll 

o . .,} ~y'j.\ 11\ ~ .hAi J ' ~lyi ÜAl..itS (Mg+2
) r,>.;~I w~î i)c. c~ ~~ (Inolase) 

COOH 
1 

H-C-0-p 
l 

C-H20H 

~fa~-2 

/H20 

M()"+2 · •. l . l 
b ~~ 

..... ..... 

. \:4~ \.:SI fa JI l~ ~ ùfa-~ ~_,illl 

COOH 
1 

H-C-0-p 
1 

CH2 

~ J..»? J~lfa ~ - 2 

.[19]~.J...W. J~I fa_;!-2 i)~ 4i~~~ -2 ;.)J~: (14) ~ 

:~' >::11 ~ s A TP J Œfo - -:;ii. 

~ wU.J..m J.J-Î:ll~_,9 ~yJl 04 wli...i_,ill ~~ t.Y Jcl9:ill l~ ~ 

-'· ,[19] ATP c:;îis' ADP ~_rJI ~} ~' ( Pyruvate Kinase) j~lS wli_,..»J r-::Y'/1 

(JA ts~ JSl 0t.i.._» y\ :à.b.y.11 o~ t.} ATP w'û.i..j:;J ~\+lll ~Lli 'U'lfic ~ Je~ _,A· 

~) J.~.JI ..:.ùlcllj ~ts (;!C- ~ ~I ATPJI w~_;r... .uc ~ ,sff': 3 ,jfi#I 

J4)1l ~üll ~ l~ , ATP <.>.iili....» , ~,s\aî·"I ~~}il 4.b.yJI w:;k,tij ~ ,wlî.i_?.. 

COOH 
1 

H-C-0-P 

Il 
CH2 

~.J~ J-*'~-~ -2 

ADP 

· .. ~.< w\.9 ~ .J~ 

.[20] j_,5.#1 04 hl_, J.JA ~ ATP ~_?.. 

ATP 

..... ..... 

COOH 
1 

c-o 
1 

CH3 

~.J~l~ 

.[19J ~--'~\ (..,~ c)J ~.J~ J~l _,i..i~ -2 J.,~ :(15) ~ 
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.. \ .l.11\, .<l\ ·. J ~ 
l...J .) •• ~..)-M f' ~ .>} •. :~\~\ 

:4..û\ @~ u' ,li.11 <} - 2-2- 4 

Jc.lli c) J~ '-?~\NAD+ .)fo. u~y ~\ J.h:i ..JL..,..,. U)lc.UJ ..Jl~l ,·,\ 

.J~I ~lli 0}! ;;..)_,~~\~NAD+ ~ 0i ~ ,~.llÎ ~I w~ _ _,! -3 é~l 

;;~ ~- (yJl ~I ..}y ) 91~1 U.,_);.\I c) .J NAD+ i)) NADH ô~Î ~ 

~~ ~ o~ tS..)~ ~ ATP ~ c)c. ~Lill 4-!Lhll ufa .J c.5 ..)~ _,$.~' ~ NADH .. .. -

·. ·- · -<~t <....JWi. Ub. . _.\ A TPJI · uli.i · ~ · · .<-: 11 NADH wliJ · · ~ . .. ~ .J !...)A ~ <Y~ ~. :u? LJ"I 

~lfaS _, ,~I ~4)1 01 •.. ) . ...ûll ç;\.tiÎ ~\ ~ JWI ~ ~ .J (~l_Jll)JJI w_,~J ) 

J ~\ JW .JL- ~UJl ~ ~ 4.?_,$.~I 04> ~ Jill ri~\ ~\ &..fi 

Jcli:ill ~ _, ~I ~ ~) ~.JÂI ~ Jljii-1 ~ dl~ yl~ 3 ,~l ~ ~ 

_#:. ~ .).;.JI Lactate dihydîogenase j;\i? ... u~ '-?:. u t:S-J ri..Y) 0~~ .:..,'*°' -~ ~ 

COOH 
1 

C=O 
1 
CH3 

•' : .. .li . 
~":J...i:tt' ~ 

/ ....... 

.[19] ç;\~\ ~1 üyp .J ~\ .J ~\ ~ ~ ~ ~\ Ù4 

NAD+ NADH+H+ 

....... 
7 

lactate dihydrogenase 

COOH 

1 
H-C-OH 

l 
CH3 

~~ 

.[19] ~.:J.:iS~t ~j ü~J~I J_p.:> :(16) JS..!i 

,él[i<))J\ ~ ~ ~I y.).UI w _,_):JI ~ _fo..JI Jb.:i1 ~\.+lll ~U\\ J r..$ y \~ _, 

'Y ~ ,[19] ~W ()A 'i~ ulfil üfo 4Jwl o~ ~ üfo ~\ ATPJI w~_» J _Y-ë. 

. L tJ. (17} · j L lli . .\ . l.! ,:-; • Î . L li:ill 11\ . ~ -:1\ ~I . ~ WU., :_ 1 ·-'- . . ~-' ,Y:.UW f.F~U~ ùC- . ($"'""' .. u ~~ 

· . 'I ~- lù\:1 ~, .. ~ .i.611 'I - ' 'I ~\ Jiü ·Î ft"' 1.~ - .~ ~-'I ~ l.S'. .. _)l .. • <..S'. ï" ~ ù ..:r ~ u - y 

A4-i:ll ~ ~ .J A.;i üS-1 .J ~ ~ (..$~\ Jcli:il\ ~ J._;L;. Ô4 ~ .J [19] ~_,~\ 
" .. 

.~I 
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.. \ .l.1.t. .~\\ • • .\ ~ 
c....J..) .. ·~~ ('..»'~ •. : ~'àll cJ...ajj\ 

. (gluconeo2enese ): l@,e.l) ~~ - 3- 4 

.J~ jfi.#1 ~ ..)#. ~ t-JI ~ ~ d~ rlA ~'J I .JWt I~ .lly 

.[141 ~\ wl~t cji_, ~ ~~\ _, ,.:i_,!_,11 ~t.J 

~\.:4wil J: k ô'? ûli H ~ L).4 ûli 9 >H J ~~ ~ til\ ù: ts.:i - 1- 3- 4 

: û"iW,~~ 

t..>U:! ~ ,ATP JI rl~I '-:-J~ ~ w';L.,1;.}JI u~ c)J wjj_,._».tll ~.fi ~ :,'J.JÎ 

~\:j, ~\.) ~l~I y~ ~ ,û\!J~ J~l~_,s.11 ê!'i!;l ~ 3 0~ .. ft.U ~_,\ ~tl 

. [14] ~ ~"U:a wl~ ~ _,! 

c oo~ c oo-
1 Pyruvate 1 

C =O + C02 + ATP + H20 C =O + ADP +Pi +2H+ 
1 Carboxylase 1 

CH3 CH2 

pyruvate wl! J~ 

1 

coo· 
oxaloacitate w~i ~ _,i 

.[14] w~ ~_,Î J§.=;;; :(18) ~ 

:..:.il!_,Y.:: J~ ~_,! c)j u~ ~) ~~: ~'U 

coo- 0 coo­
l phosphqte enol 1 Il 
C=O + GTP ~ C-O-P-0- + GDP + C02 

1 pyruvate carboxylase 11 1 

CH2 CH2 o-
1 
coo-
oxalo acétate ..:.i~\ ~Ji wl!J~ J~I ~_,! 

.[14] 1 •• ::.it!_,~ J_,.î:!I _,i...i_,! J_6.:,ïi :(19) ~ 
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ûl .)~~.fil\ ~ ~ ~~ :~\Jl\ ~\ 

: lo:&S Jill ûl.i...i si,..,~ 6, 1 Ù4 lt'.iS Jill ûU.U #-:6 ~ -2-3-4 
-5 

û:t..:i ( l) ..i · .('l\ :; ,~ .llc .. Ü- . .:.lt .. ~ 1 'WI ~I A..bl '- tiJ.il 1~ .. 
r.) U~J->-' _.,, ~ Y'"" ~ t.r .. Y. lJ'-' ~ 

• If • ~u.ui A. ' \..t -6, 1 • .-:< ,. 'f • •\ "b 
_»l ..:r ~ - .)y-> J'" r-' ..Y. _»l 

0 
CHi-0-P CHrOH 

Fructose l ,6 
+ H20 _____ _ , Pi 

b isphosphatase 

w~_,s ~li'.i 6 ' 1 jfo Ji wlii..i _,! -6 jjiS .;! 

.[14] wl.9..ui_,9 -6 jfo.) J.6·0: (20) ~ 

: l!S~ ~ -3-3- 4 

c~ JcUi ~ jfi~l wU....__,! -6 yS_yJ ~WI Œb.:ïll 4:-;"ii jfi-'4J1 J<.0; 

CH20-P 

wl.9..ui __,! -6 Jfi * 

glucose 6 

+HzO ~ 

phosphatase 
H 

• . rli...i .. ~ -6 ·, .<: -L .. , 
_»l J" .../_,.... ~ ?"-Y. 

CH20H 

OH 
0 

H~ +Pi 

.[14] j_,5. _,l;JI ~.7-J :(21) ~_; ~ 

: ~till bb.;.<IU ~ Jfi-*11 ç.~ w~ll.i c_.~ ~ 

29 



J 

i! - M
 

M
 

_
. 

.. ~ . .:3 . 
.... 

~ 
-

VJ,, 
·1

 
....... 

-t 
tj"

 
........ 

~
 

..__. . 
·1

 
{ 

\0
 

0 

·~
 
~
 
~ 

C
"') 

J ;) ·1
 



-1 .l1i\ .<li ·.J ~ w.) .. ~~ (".ft'~ .. :~\~\ 

-4-4 

: L):l.,....a~t Ù."4 )A J+lt -1-4-4 

· .< -'- 'I ~ , •Àa"-• ~I , .<'&JI · l '- ... < '"li ' \ri ~ .lll . ~ · ·' - .:~' .)y~ . ~ , ~ ~ c.s- ~ _»J l,$'J . .) r...?" .:..>.!-'~ 

, ( ~I ~I t.,)l;. 4......oG.. · .< . L tt \.Vl:Jl ù_...._ 4-i.::il.il · , ·. · t ·y 1 .l.l • ) • ,tt . _g _J • .. _J ..)y~ - ..F7' - (.)A o.:-' _,.....u :t.>.! ("""" f..,?"' 

-s_µ ~ oJ4j ~! lj.J~ li~\ Hexokinase ri..Yl ~ 04 U:;l~Y\ ;....ic~ ~ 

.[23) jfi~ wli....~ -6 r.)J jfi#l 

: ù9'-l5 tliJI Ùi4,. ~1.:i - 2-4- 4 

' ..i.i • . .tlli ,}i\ ' ,&, :.{:j ~\Ai ~ ' .< .L l\ · Î l... =-b A.J · • \S .l!. \\ .)_,..-.; J ~ .. ...r UJA _,.- .J:!-1 • .. ..J.;J-~ ~ ~ ._»! U.,C Y"""' 

J ~I r.} ~fi:!lill ~ ~ LJ.4 ~~ ,~l fa j§.y ~ ~ ü.?.-1.S#I 

« Glycogen Phosphorylase » (""1..J.i] ~ i;.l~ ~fü ~ _, ,~1 fa j#..y t!-Y.. ~ 
. [23] ~~I y....&i :.F J_,y..wll 

: LJ.M+: ,s ô , tJ - S-4 

';IJ ':€_µ1 Jb.:i,11 ~UJ ~ wl! .J~ ~J jfi _,liJI J~ US::- ~Lill 4-!U:Jl JS,..z 'i 

~ ~\.'.j. ~J jfi foJ.\ ~tSll ô~t .lie ~ Jy.a:Jl ~ ~I ,~11JI ~\A l ~ t~ ._?.. 

f"t ~ wU._,.;*11 ~y '-4~ ATP ~ ~1.lJI 0-4 ~.).a ~ J~I ~ I~ 'ùY..fi.ll 

.~I .J~.J f"jl: 4-h_,JI r.} ,[8J ç.WI .J ù~.fil! ~ c;~ c)J 

. [17] ~1 4)G.. ~ luJ.j fi~ ~ ~~ o _;3 J ~ o _;l:c- ~ _, 

~-*~UA~.» 15 ..)~ .J ç.W\ .J ü~fll ~i ~\'.j c)) ~.JÂ\ L~b ~ ~.J 

~b 0-4 ~).?. ùfi.:. jfi _,l.:JI 04 ç..;).?. JS 0ts ~ __, ' " ATP" wli..: _,g}I ~ 

. ATP i.:.'.J~-~ 1 1 :.~ • ,.; .. {\ • UJ. 30 i 15 X 2 ~ . .ut!~ .... l\ _,,.. r.r ~~ (.)A -Y!" lj ~ . - -'~ 

0 

Il 

:[l 7] ~.fi 'ô.)3.ll ~4.-ill Jc.~l ~llS ~ .U}! \~ _, 

CH1 -C -eoo·H + 5/2 02 + 15 ADP + 15 Pi---.. 3 C02 + 2H20 + 15 ATP 

~ .J__».JI ~6. ~i ~#Î 

üli...i _,il\ ~lfl 

31 

~ i •t,tj 
- .J ~ 

ùY.fa\ 

. \ ç.L.. ~~ 

~_,i\\ ~ 

'-' 



.. 1 .l1à .<'I :., ~ 
(_J .) .. ~.j*' f' .fi"~ .. :~\~\ 

~ A ~b ~\'1 .JWLi Î..l.Ü ~ ,[17] W)lc.üJ ~w N · · ~ .. i..... .. • • .. .. ~(.}A ~-' 

<.Jlli.J::-. [tu} ~\li\1 o~ ~ J ,[18] w\~ .• .:Î ~}11 .JA J ~~fll ~Üi ~6. 

.J C02 ~ ~\jj ~ ~ ùY.fa\ û-4 c.J'U _,~ )QS) Ô .JJ~\ o~ ~ -' 'G~W\ \...-~ û-4 ~ 

0.a ts-i...» ù~ _,, FADH2 ~J FAD ?'JJ:?.. _, NADH ~1 NAD+ w~ 4Dô J~ 

~\jj ~_,li~ 04 lç.~ GTP w~ _,ill ~ ~ yl ~ .JA A..!Lhll ~ w~ _,! ~y 

. [ 17] GDP -.::..i~ _,ill 

04~~1 3 4:.;.!.,';1 u=obYI _, wl~Y..fill o~i ~~fi b.J-'~ J:x.;. ë.~ _, 

NADH 4-ûlfill wl.lli _.te ·~'1 , ~ ~ wlil ··- 'I o~ • ~ · . .:: -'I A..91.611 ..... -;;~ ,Â..11\~I .J 2 .. .. ~ /..§"'" J ~ (jQ ~ ... J..r-- .. 

wü....-~'I ~"\!~ ,· ,,_;,_'\\ ~ • _<:-:\ l..w....&bl\ o.:. .:.t1 -.:..ùlc\..i:i .. ~ ~\:i ~ , .. ~''FADH yw i.r-- ~_,.. . y <...B_,...,..... .. ~ <..?"" .. y <r 2 

.[l 7] ATP 

~j u~ W:, &~1 ~6. 'ô.Jy y, _, _,:..î Lu.il ~.J. O.JJ.J ~ ~ _, 

•04l...ft ;_)_,~ 4).? .... ;;ll wl_,b.l\ ~til\ ~l <:_,.A>.! •[8] ~Y.fa\ ~.:; :_..L2~'11 "->~ 

: ~ J..b. y JS ~ ~1 A..91.hll y~ _J 
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wl.J~~fll f'~~~ 

Lactîc 
Pyruvic acid .... Lactic acid 

Dehydrogenase 
,sl;i'j~ ~6. 

NADH 

3ATP 
NAD 

NAD 

NADH 

~~h 
coenzyneA 

Pyruvic oxidase 

Acetyl co A 

A .fi J.µ...iî 

C02 + 

Oxalo acétic acid 

C4·.5'.fi .. :i )L...S _,i ~6. 

Malic Acid Dehydrogenase 

~LA (.)4Ab. 

H2û f Fumarase 

Fun1aric Acid 

:~t:lll~\ 

H20 

Citric acid 
c ~.. . 6. 

6 ~~ 

Aconitase À 
H20) 
cis Aconitic acid 

~~~( 
2ATP F~ 
succine acide 

~_,, 1_;;.. u'>--h ~o 

,.5\,;,. .. s.,.'l x· 6. .. .. .. 
GTP 
ATP · Thiokinase 
GDP . 

Succinyl co A 
A -< J.; ... ,s.... C02 

N~~·· ~t ( 
3A TP \ a-Keto glytaric acid 

lsocitric acid 

cl,~_,_.) (..,~6. 

NAD ). 3ATP 
NADH 

oxalo suce ie acid 
,sl, i 6 . .. _,l\.....& _,\ uA4h 

·so citric 
Dehydrogenase 

~4utï~ # Wi ~b C02 

.[l 7] Krebscycle ~.fi ; .J~ : (23) ~ 
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ûl·.)~·.>!fa\ f'J:!l .>!~ =~~\~\ 
~ 

: ôe tS-èJ1 , ~l -5 

: L°),Q 9S !h 1t lû~ Wl - l -5 

wY:.. ~~ _, ,(19] jfi#I ül.l:lo._, L>-o ù~ u.J~ ~ ~ 0,:?~l 

~I ô.foll ~ ~l J~l ..l1c ~l jfi_,l;.. j#..y ~ ~6...Jl ~ ~l ~ ~~I 

\+i~ ~\ 0,:?~I ~ ~ _, ,ç.\.~.}~\ L>-o jfi~I J~_, ~~ ~ ,ô~4o fk..b.1\ ~ 

-tj}! ~~ ÙA ü~\ ~ üfa Lo La\ '~fat 100 y A;•;1bl\ JI~~\ ~ ~\ 

~ ~ \.~ o \. ~-'1 · _t:-:n ~ ~"\l t\ ~~I ~1.hll :>:t:û'i 1. · -~~ w~l ~ · ·\A ,.5Il,1.,,, 
., ~J~ ~ ~ ....... ~ .. ~ • u 

.(17} t_250 y ü~I cs3 4-iji..Jl 

1:uJ .. (4] .. < -'- \\ wl.h. . t ... l.h. ... < ·· -,\ · · _CL\\ • _<.-: • . y. j .).r~ _, 04 y..i..o • ~ ~~ 04 ~~ l)~ 

(l-4) a glucosidique ~.J.i..j~ (1-4) a ~\3y ~~\ ~ jfi_,411 wl~J 

,jfi~ o.h.J 12 ~~ 7 04 ~ J$ L;_,53j ~ ,c)WI '-:"·~014 .;)~I _fi.dt l~ j~ J 

-;, ... _:.,1 w~\ o~ .h.il .. , · .< ·'- wl~ 3 \~ 1.' A...J\:lll ~\ · ~1 ' _;.~ ~ . . Y .J.r~ 3 .J • ~ .. • LP . ~ 3 

4..lJSJI Loi ,o ·- :..\) ~ Lo ~ • ~ , ·" -~I .bW .llc ~j.i • _c: ·'- (6- l) a hil ~ • .. OC' e:: .. J u~ .... _;~ . .JY. 

.[19] · ::i.JI wl :. t\ t .. ~ A...W .,_ t\ u=i y.;ic ~. ~ .. ;...fi"" 

CH20H CH20H 

OH 

0 

CH20H CH20H CH20H 

J-
OH OH OH OH 

.[9] c):;?.~I ~ :(24) JSJ.,11 

34 
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.. \ J.JA .<"\\ •. ·' ~ w .) .. ->}J"""' f' ~->} .. =~~\~\ 

: ">e ,s1hU t5 ~ ~ -2-5 

. Glyco2enesis: ~ J~ H ,s ;Jl..r.AA 6A œ tS:èJ\ , ~ - 1-2-5 

w4J .AJ ~ wlfa ~ ~ _, ,~~\ ~U:l ~L'JI .J~l c.,r ~\ b~ 

<.)yo~ jl.)J JIJ~ ":.b~I <.J.o -Ll_,...aj 4?1'i ~I jfi~ J#.y ~I~ ~ o~~ rlA.hll 

· .. ~ ,4..i~I li~I t\ • .< J_ t\ J .. .:.._, I~ ..).c.\.....u li .c:' :.t\ · ·'A : .1 .f/I ~ .. .. . .. ~. .),.,-~ ..r-- .. .J iY' .. ~ '-' IJ::' ~ 

. ·\ 1 · ·' Î · w .. l ~ · .cL 'I . . '- ·' - · A...i.o • .< -'- 'I f':l.J.l~ ' ~ ~ J 'ü .. Y~ . J ~ ~ (;.'-?..» ~ r.s--- ~ .J ' ~ ~ 

~~I ~J jfi_k.31 ts.J::. ;\!~J ~ '5~1 glycogène synthétase ]'Jii.2"' ~~ 

~ 0,!l ~'11 l.)yo ~ ~ -' '~ ~\ (:.c.S~ ~ 0 ~1 ~ _;ill ~\ :_S:J:a. 'I ô _p-11 .. -

. [17] : Utlll wl · L.! " w · t-J\ \~ ~ ,. ~ .J f'"3,Y L ,. 

: l.é.é- UDP ~ -1 

UDP ..:l.!. , . .<.Ln , -·- 11 ..: .t.!-:.11 ~ . -~ • .<_Ln ~I te· :.11 . l': . 
~ J c..J:HI" ~ c.j~ ~ .. <..?"" .),.,-~ ~ Ul.A;! -' 

~\y, jhA Jc.UJ ~ UDP 0:.~...J._,;11 w~j. ~ .J j_,5._µ1 w~,,S 1 LJA j~_,l;.. 

.[14] UDP glucose pyrophosphorylase~.YJ 

--OHO 0 0 0 
Il 11 Il UDP Glucose Il 

O-P-0- + o--P -0 -P -0 -P-0 - uridine • ____ .,. 

1 l 1 \ pyrophosphorylase 

OH o- o- o- o-
OH 

Glucose 1-phosphate UTP 

H20H 
>------- 0 H 0 0 

Il 11 
0 -P -0 -P -0 - uridine + PPi 

1 1 
OH 1 o· o· 

UDP-glucose 

.[14] jfi_h-UDP ~: (25) ~ 
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.. \ .lJÀ .<l\ · . .\ ~ w .) .. ~~ ('..ft'~ -

, ·u_ .... -<.LH tj·::.: _,, . 4-.i.9 .U) wG'-~'l " ·-< .. LI} . b~ wlh ~ .J ~~ ~ _y,;:. ~ ~ ~~ ~ ..)~~ (,)A ~ • J 

~J.J~I A.c.~ c)} ( UDP-glucose~_rJ ~tlll) :ib.:~;;JI jfi#l ul.h._, .Jiüi 

~[14] AJ'J·u~l ~l)I ûµ ~~~_)JI (4) r-9.J ù~fi.ll o..)~ ~_rJI 

H20H CH20H jCH20H OH 
Hl 0 HO 0 Hl H 

/ 

Il Il 
pH 1 /O-P-0-P-uridine + 

1 1 l\1 1/LoJ \l VoR 
OH 1 o- o· · 

UDP-glucose glycogen (n residues) 

CH20H. CH.20H CH20H 
H H 

H OH OH 
OR 

:-r H H OH H OH 0 0 

Il Il 
+ o- -P -0 - P -uridine 

1 ,1 

o- o· 

Glycogene ( n+ l) residues UDP 

.[14] ~~~Lill UJ...JI ~! jfi~ UDP Jli:ül :(26) ~ 

(6-1) a ~\ JJ\ ù~ c?jj\ ( Branching enzyme) , . lJ• .~;; \\ ~.YJ ~ ~rs _, 

04.J':J 04 ~~ 4-l~ rlA ~~ t.fall J ,lt:,fo ,"~Y.:! " Ll+?~I 0-4 ~ <?I 

[14] · -< .L \j . ~L :) -.: .\..:-: • ..lJ • 11-:tt., · .<.L 1) · ~~ u~ .J ~ c.w -~ ~.....,. _, U:l"?-~ 
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.. \ .~ .<li ·.J ~ 
'-1 ..) .. ~...)-"' f' ~ ~ .. :~l~I 

: Glycoi:énolysis L>:e~ \!.là -3-2-5 

~~ ~ _, ,~\ ~ ~~\ Jb.:i Î~ ~I ~ jfi_,4.11 j.h.a ~ \-l:ic 

~ 'i:ù\ f.ll\ c) i.J.»\S _µ1 t)yi _;à jl _)} u...k <J'l~I ~ f~I ~ jfi _,i.:,.JI t.-~tb..i\ J 
Phosphorylase ~-'- ai...., .:.11 .. ! ~ ,·î , -~Ll · ü)lct.SJ oJ.c. . ~ '~ , . ~ .l.!SJI 11 ... ...ff";;.J~ Y" f":!Y. i.J ~ c.JA '.?' ~ .. • '5"'. 

J .l ~ Uilci...a .tJL lL ~- 4..j\..9 ~\ . ~ • .CL 11 LJ ' . .<'.Lli ~..HJ I . -~..: .11 iy-a.y • .. .. . u.c....y • l..ff"' ~ ~ l..8-?-~ \"""-~ 

~ 1\ ' ,..:i,.. -:1\ :L .1..: l\ ~\1;,\\ • ~ Î.l.l.l ~ W)Gj\ ~ l\ ·~ ,~\ • '"' .. c,s',. ~ .)-l ~ ~ c.JA ... .. .. ë CS', u.. ~ UY' ...r 

I~ Jh:l .J ,~_fil ~1 wy4J .ljc ~ {j:ùl ,[17] ~I c) ~_;~_,il\ r=J.iJ 

"[7] ~w1 rJ:- l.4_,c wt.9....i_,! ~~ lj~H (I-4) a. ~~jfi.;~1 .b4J.J'i l ~ ~y'/ I 

.. \ L tiJ . ~ ~ ,L:J\.iw .:.IL n ~ .. b.. '- 4 , .. Jct.SJ J , L l..iJ.l\ \1b ,·Î ~ ~Y, LP OC- <:: :l.J .J Y" . ~ .r- ~ ~ <.J"':!"' ~ U .. 

~J cJ=..';l JcU:l ~ wli....i_,! -1 jfi.J4..ll Jy..:; _, ,w\.i....i_,! 1- jfi.J4..l1 ~..?.- ~_)_,i...i_,i\I 

~ LJ ,~_µl jb.:i.11 u)kt.SJ ~ ~ J _w..~I ySyJI 141 ~ 3 ,wli...i_,.;--6 jfi_,lill 

~J ~· i..j)=JI ~~\ 04 ~lilll ~ .J.:it:il\ y:JI jfi_,l;JI ~li~ J ~ .~\ 

CH20H 

L-o 
/ÛH 

1 
1 
1 

. 1 

OH: 
1 
1 

• .<..~ 1 
~~ . l 

CH20H 

,.____ __ 0 

OH 

OH 

'-, ......... 
•:J\.J. .. .. .......... .), .. .)~ .J! --... _ 

w 
H3PÜ4 

CH20H CH20H 

,___ __ 0 

.[7] ~\ 

CH20H 

0 

-0 

OH 
(' .L 1\ • · :4 .1.. • ~ .. 1 . ~ ~~ ~r..;~ ~ ~..>9 . ~~ .. . 

CH20H 

0 

-0 

OH OH OH 
.[19] (~~I jb:ill .JL..i..o c) ~}li ô_,h::JI) ô~l hh.;..4 ~ :(27) ~ 
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.. 1 ~ .<\\ · . .l ll1A ~...) .. ~~ f"J::'~ .. :~rJ\ ~\ 

: "'~ JS:èJ) ~ w ~lîa,.,J c; "'° ~ ~ 
: ~_,.,,}/\ 6JA ~ ~ 

~j~ ~ ~ ,[23] ~I _, w~I ~ ~~I ~ o.lYJ ~ LJ~Yl .lc.4 -

.. [4] ~Jill _, 4;\.;.,,J\ 4~1 J;.b .)J 4;i;Q\ll uab~I _, jfi_µI 

.(17) . -< .L \\ . · . .:. ·'\ . -< .L 'l · \L-: .hûJ -.J.:r" Yo:'" r.s'. U.J~ ~ ~ U'""'-' ... 

: ~li~ ÛjA~ ~t 

~~J1~_;.b0P ~I c) ù_,~I ~~~! ~ ü.JèlS)::JI ûy~ _w°'b ~ 

uli....i _,âll ~~ ~ -*~ ÜA 0..A c;~l (Ampc) cyclic AMP ~\ w\.i..... ~\ .;.::6.Î 

~j.iJ ~ protein Kinase ~.Yl ~ c.?~I Adeny 1 cyclas ~Yl ~I ~ 

~J.il ~ ~\il r~ 'protein Kinase ~y} ~ _, glucogene synthase 

~) ~\ ..>#- .u.J~ ÜA phosphorylaseJ\ J~ ':?~' phosphorylase Kinase 

. ...! • .CL li • · · . . ... <~ l- l -"= ··~I I'-' ~I:; · -'I o~ ,~I ~, ~ ~ ~ U .. l~ ~ C.S-- ~ ~y ç ~ .)~ .J J_,..-

~ uli..AJ__,.ill tjl} ~~I ~_,.JI \~ j-a jfi~I .)~ ~ ub_#--1 jfifa. ~j ~I 

. [l 7] ~I ~ .:i y:. _,.JI _»ili..: ..,9 jfi ~ ~y) ~_;b L.:P- ~I .)J ~ .J 
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4 l o ï. t!A\\ JjL _,il_, L;.):J\ :~\~\ 

:4 l orîu1°n Œt.w tl1 t d ~ 

: ~ tl ~ J;Li. tll/l 

:4w 841\ ~ t@- 1- 1 

(les souris) l_)j (15) \A~_, y~I ülfal 04 ~~ ~ ~l__,~I o~ j4-JJ ~ 

p_, ~W\ ylj::'Jy .J~Y ~ u-o ~ J~l r1 (Albinos) t_,.l u-a _)fa.J ù\.l) 

wlil ~I t ~ ~ J:;.b 4j\J;üll _, ~ ;;_~t u _,_;l; .) fo ~- ~ ô~ 0~l.9!1 J:;..b ~Y 

• ~ _,l #.1 ô yl.ll ~tlll 

:~t:eJ) ~39'-l-1- 1 

:i:.#-~ c)J ~~I ".là wLil ~ ~ r1 
4-;Jt- ~ 'J LJ-0 fi ç-l ~\ .:,1 fol ~ 3 '..J.~ .J ~li} .:,1 fa ( 0 5) \...\~~ 3 :o.:l4l&ll A.t. ~t­

-~ _µ. 
f'~ ,::.i •. :...;.1 ·.Jfa .:,1_µ(05).J ..!.11..iJ 01_µ{05) 4.i.o (10) L\~.J :~y:-.:i.ll ~~l­

.j_,~ ~~I~ 

: J..Wl '.A.a ~/2 . 
:eJSÎln ~ ... -~-2 

i:..\71 ê°· .;fi.lll.'J 6li)'I âfall yl~l_, YWI f':l~ r1 r):.Î '("YÎ(07) ~_;.JI o.li\ w.a_b 

Denver* t~ 04 ul__»a ~I~ 10 ~! 9 ~WI 04 6.~ r-~ J$ 01j}ll, ëti=> 0 l 

:~~ro-~2 

·('~ 13 4.b..yJl o~ ~b_, 

:Jè=J ~l-u-2 

04 tlO j,fofa. jJ_ft...JI J_,b..o ~~I ~~I wlil~ "\..b;,) r1 ~_yJI ~~ <} 

. J/t._40 J.:l~ La c;î ~~ J$J "Wl ~ ~250 ~ ~1.l.o JJ.foJI 

: ls~ J,lM U~} ~p.2-~2 

. â..foll ~ -.s\;;;J ~50 ~ wl::i wl.JJ)! ~ J_,b..JJ ~>.! 

:ûl ,.w1 (JI 3 si ~, U\ >A - 3- u--2 

) .L~ -:\\ wl .. :..-:\\ 4..9 -- _t I~ ~ Wk...Jl U4C "~ ·\ -~~'I ·\ · i ~~ ~ 1 -~ /,$"" ~ ..r-' .J ~ ~ . ~ u Y"" u .).J • ~ ~ 

.~ ~I ~tilll ~.J LJljj'jl o.li\ ~ 
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~1~-; ..... .\\ JjL... _,l\_, ~_;l:Jl : ~\ J._ai\\ 

:4A1 "!< ~ ~I >4;..J ~ >:\a..o-4-u-2 

: ~bruken 4.L_;b ~ i.?~ ~~ ~1 

.~1 tJ.il.J ~fo. ~fa_,·~ _)u· 01~1 ~ rfa -

.(~1) ~I (..\,Q t1 0Y -

(20%) (T.C.A) ~ cJ.o ~ 10 4.!L..a~_, û_,tA ~l_J-} ~1 ~ ç-_fo -

« trichloro Acétique » 

. ~jS.yJI .:i_;hll ~Lli ~ ~~\ tj-' -

.~\.i.:i 5 b~ 0 .:if .:i 5000 ~ t?.fi_;.Jl ~.):J\.: ("fa -

. <)lhll ..;_,.6.ll t7 _µ -

.~~l ~Ji J:..Î 04 ~UJI j_,b.11 04 F (%95) J~I 0-4 ~ L j.,,o; -

.wly o~ '-:-l:Ht:f'l\ (.Y -

~ ~ ~ ~l ~fi ( ~\.!..) 5 o.W 0 ~J ~ 5000) ~t:; o y cJ fi yJI .} .):Jl: ê" _,il -

. <)lhll .)_,hll ÙA ~ ~ .y~'il 

~ 0-o J~I 4..h..uly, ~~ 0-o ~_y_, ~~\ ~l~"j _;.hi.JI .. Wl AJ\....Q}: r_,ii -

• ;; _,l.ii foÎ ~ J~I 

.:\c.L... (48-24) ;~ r 0 45 ,ljc.. ( y.u.1)1) ~ll~I :.S~ ~ -

. , 1<'\.;.-,11,J\ , ·~ ~< .L \\ ,· , ". Q.j ~ ~~ -
v;:-:-~ \.,,.IJ....Ti ' ~ 

4l 





J:illJt:tll ~ ~\:il\\ :~l)l~I 

: eJii:llt ~ )A· -1 

: Ô.làWJ\ ~ ~ -Î- l 

.~Ûll ~Y' ~ wtjli.l\ LJIJJÎ ûl..# :( I )~ 

SD ±M 5 4 3 2 l 
)ill ,/ 

//~'JI 
±27,40 ±1,94 27,37 28,02 30,31 26, 13 25~24 l 
±29,04 ±1,35 29,81 29,02 30,89 27,61 27,89 2 
±29,24 ±1,49 30,46 29,55 30~84 27,61 27,76 l 3 
±29.l n ± 1,42 30,36 29,57 30~06 27,31 28,22 4 
±2~,56 ±1 ,39 31,36 29,30 28,70 27,77 29,67 5 
±29 ,99 ± 1,27 31,81 30,43 28~75 28,81 30,19 j 6 
±30,38 ± l,88 3 l,06 30,78 28,60 31 ,26 31,21 7 

1,79 0,94 0,9L 1,61 ±2,48 SD±M 
30,60 29,66 29,73 28,07 28,87 

:lwa.ll\ ~ ~ - y--l 

.~bn tb..JA ~ ~u11 wljli.n wlJJÎ ûl~ :( 11 )~ 

)il1 ,,/ 
SD ±,,"1\1 5 4 3 2 1 //~~} 

1,20 ±32,15 33,35 32,35 33,00 31,75 30,30 1 
0,80 ±33,26 33,28 34,22 33,75 32,95 32,11 j 2 
0,62 ±33,41 33,01 34,46 33,29 33,45 32,87 3 
0,45 ±33,17 32,96 33,89 33,35 32,77 32,89 4 
0,63 ±33,02 33,52 33,60 33.,29 32,55 32J5 5 
0,40 ±33,11 33,13 33,46 33,55 32,60 32,82 j 6 
0,64 ±33,11 33,17 34,10 32,89 32,33 1 33,09 7 

0,19 0,69 0,29 0,52 ±0,96 SD±M 
33,20 33,72 33,30 32,62 32,31 
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-: ·'" _-:\\ ~tl.ll\ ~ ........ -'<.:: :~l)\~l 

.~Ùlt .tla.Joll ~ ~ ùl~ ùlJJÎ ~\~ :( Ill )~ 

SD±M 5 4 3 2 1 
)~ _,.// 

,,/ f>4'i1 
/ 

1,40 ±28,24 27,50 29,50 26,54 27,80 29,89 l 
1,77 ±30,12 28,75 3 l,30 28,61 29,30 32,64 2 
2,20 ±32_,63 31,85 33,23 30,30 31,70 36,11 3 
2,36 ±32,48 32,08 33,60 29,39 31,63 35,14 4 
2,37 ±32,21 3 l,01 33,92 29,15 31,85 35,. 16 5 
2,14 ±32,70 32,90 33,99 29,56 31,88 35_.17 ) 6 
2,63 ±33,02 33,01 , 34,45 29,30 32,04 36,33 l 7 

2,06 I,79 1,18 1,65 ±2,34 SD±M 
31,01 32,85 28,98 30,88 34,43 1 

-~b.n tb..>4 ,.~ ùJ~ ~ ~ ~ ~ : ( IV )~ 

ùJ-'1\~~~~ ~~ 

o/014,52 ô~LlJI 

%2,98 r..!:Jl.JI ~ ..r.üll . ~ . 

% 16,92 .Jfo 
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-:: .ll,u}\ ~ti.ùl œa -'~ :~1_,11 ~I 

~_,l.Jl~I 

18,00% 

16,00% 

14,00% 

12,00% 

10,00% 

8,00% 

6,00% 

4,00% 

2,00% 

0,00% 

1 2 3 ry'i\ 

o.»i~l 

éiul ~ , .. 

.Jfo~~ Il 
_-;:tht\ 4.h. \.fj\ . · _tl . .. ~ . . :.-:tt 4-i _._ . t\ L.uûll.J 4-i 1 .~-:t\ o.l.ae.YI • (28) . te -~tt .,....... _)A ç. l).)y '..? ~ .. ,....... • . .. .) ~ • u--i 

. ' ~ - .t\ • • .t\ . 'o.::A.l -..t J...i .-<:. .t\ ~ 1. ~ · · - .t\ J..h _ .t\ .,~ '\:ij t ,-: c_r ~ _j i .. J.JY c_r .. y ~ . . ~ ~ -' .Y""' ~ ~ 

~\ i.::.û\S ~ . •.l\ A.4 • l .>;;;t\ • • . i ~ . L o~W . ~ . j ( IV nr II I ) J .l.:bJl . .. • iJA y "- i..J ...F" i..J.J-' c.r .. ....F'- u <.J ' ~ ~ -" • 

i.::.û\S 4. (% 16,92~ .JJiJ _;fa ~~\ ~.~ ~ 0J_,ll <.} o.ltull ~_µ1 

. ( %2,98)~ _;JiJ 6l1J ~~I ~~ ~ W (%14,52~ fo 6-làLlill ~~\ 
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·;qwui1 •till\ 
~ "'~ :~l.)l~\ 

: tw~ ~~-2 
:ô~WJI ~ ~ -i -2 

-~~ ~~ ~~ ut~ w\J.J\ û\~ : (V) ~ 

w / 
SD±M 5 4 3 2 l h1 

2~35 ±31,04 33,64 30,07 28 30,28 33,22 l 
1,93 ±32,02 34,47 31,35 29,55 31,34 ..,.., 4.., 1 

.).) ·' .) 2 
1,93 ±32,53 35,38 31,08 30,31 31,23 34,65 3 
1,86 ±33,l 8 34,72 32,37 31,03 32,28 35,52 4 
1,29 ±33,76 34,45 33,16 32,40 33,40 35,43 5 
1,0'5 ±32,47 33,76 31,86 33,33 32,00 33,43 6 
0,91 ±34,28 35,72 33,80 33,77 34,02 34,56 7 
2,38. ±35,.53 35,97 34,21 33,77 38,95 34,75 8 
2,28 ±33,8'4 36,00 33,11 32,68 33,68 33,77 9 
2,33 ±32~06 34,96 30,63 29,11 31 ,92 33,70 10 
1,44 ±33,37 35,52 31,56 32,85 33,18 33,78 11 
0,84 ±35,25 36,55 34J7 35,l 5 35,28 35.JO 12 
0,71 ±35,96 36,91 35,51 36,53 35,55 35,31 13 

] ,01 1,6] 2,43 2,29 0,81 SD±M 
35,23 32,53 32,00 33,32 34,35 

. j3~l J_,b...c ç. \..be) 4..6. _yi : 6 841' ~ ~ - y -2 

-~ 4.b.~ ~ ~~'j\ w\.;ïl1 w\lJÎ ûl~: (VI)~ 

. // 
~ 

Sll±M 5 4 3 2 1 
i;/?4'11 

0,64 ±33,29 33,30 33,91 33,93 32,45 32,87 l 
0,78 ±33,64 33,81 34,.28 34,40 32,50 33,23 2 
l,04 ±33,68 34,22 35,03 33,70 32,26 33, 19 3 
0,72 ±33,30 33,40 34_,36 33,30 32,35 33,09 j 4 
0,70 ±33,40 34,15 34,01 33,48 32,54 32,85 5 
1,12 ±33,22 33,41 34,37 34,20 31,91 32,22 6 
l,34±33,57 34,56 34,67 34,43 32,06 32,l5 7 

1,02 ±33,30 34,15 33,82 34,12 32,48 31 ,94 . 8 
1J7 ±33,32 34,40 33,61 34,41 32,29 31 ,91 9 
1,26 ±33,51 34,72 34,12 34,41 32,46 ' 31 ,87 10 
1,39 ±33,31 34,72 34,10 34,10 32,25 31,43 11 
1,75 ±34,61 34,68 36,55 35,30 33,06 32,48 12 
1,97 ±34,48 35,20 36,94 35,34 32,84 32, 12 13 

34,28 34,59 34,24 32,41 l 32,41 SD ±1\'l 
±0,70 ±1,02 ±0,60 ±0,29 ±0,58 
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"! • 'Lûl\ •tü}\ 
(>.!" -' ~ : ~\ _)\ J...o,ill 

·~~ ~yJ\ ~ ~ ùl.;a,tl ùlJJÎ ~I~ : (VIJ) ~ 

J.in / 
SD±M 5 4 3 2 1 J / 

/ 
// r\.;YI 

2,43 ±34,93 34,75 35,27 32,07 33,86 38,70 1 1 
3,33 ±35,95 36,02 36,06 32,32 34,21 41 ,18 I 2 
2,69 ±35,54 35AO 36,15 32,71 33,76 39,72 3 
2,39 ±35,51 34,35 36_,45 33,74 33,72 l 39,30 4 
1,44 ±35,02 33,49 36,26 33,70 34,99 36,67 5 
1,27 ±34,88 34,68 36,42 32,91 35,26 35,15 6 
1,77 ±35,59 35,06 37,72 32,96 35,76 36,48 7 
l ,,80 ±36,92 36,58 38,83 34,27 36,57 38,36 8 
2,12 ±37,77 37,48 40,55 35,10 36,64 39,10 1 9 
2 ll ±38 05 

.'J ·' 
37,93 40,45 35,5 l 36,5 l 39,87 10 

2,43 ±37,65 37,44 40,20 34,63 36,01 39,97 11 
2,18 ±38,18 37,70 38 64 ·' 36,10 36,77 41,70 12 
2,45 ±38,93 37,88 40,55 36,52 37,33 42,41 13 

36,05 37,96 34,04 35,49 39)2 SD±M 
±1,53 ±1,99 ±1,45 ±1,27 ±2,09 

-~~ ~yJ\ r~ ~ ~ ~ ~ ~ : (VIII) J~ 

(o/o) ~ ~ J:!i:ill ~ ~ ~~ 
15,85 J ..::.iliJ o~w..n 

.Jfi~ 1 
3,57 ..::.iu1 ~~ , 

1 
11,45 .)_~ 
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ŒJ~~I 

_<:·... .. • -- ~t\ .)~~~ 

· ~~ ~JAll ~ ù'-.,.wl DU) JJ&A ~: (31) ~ 

:tjl_)I ~I 

~ ,4..s.:i · '- ü.i\5. · · -'\ - .i ;;~Ljll ' ' - - • L · .. J l .l:i...11 'i\:i.il ·L.Jt , L~ ~n • .. ..~ l.UY c.,r .. ~u.~.Jl -' . ~ ~ ... ~LJA 

· \ · ~I _i ·lb.li llb...ui wl · · .n . (13) ·~\ -·11 - --~ 1 ·' ~ -~ ô..lw ~l\ 01\ ~ u .)_, ~ u.o ,,_ . (..)A rc-J'~ ~ f'..:J:' ~ ~ .. ~ ~ • 

,~t.....JI r ~I <} (2) _, ( l) ri .J )..911 o.lAILll\ ~ ~ ~ (..,1.::1 ~ _p.YJ Ü:?- c)G 

r_,;11 <} (1) ).911 _, ëillJ ~....Ml ~~ ~ c)Gl:lll r-_,;11 <} (4) _, (1) çi.J _;lill 

• _;fij ~~I 4.c ~ ~~ ~1_)1 ç-~I ~ ~WI .J\.ill _, ~I 
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-.: . ll,üll ~tilll 
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~l~I 
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~l _;fo Il 

~ . ·- "':'\ _('·.. Il ~~ _;,...-
1L . \'IJ!.. l ....... ':\\.. Jl .•.'"; .\\ • . .!.':t1 À •• ~.\\.. ..1'"' .<':\\.. • 1< .~.\\ ~JA ~ ~· ~ .. 9°?.. W.,,..,,_,! ..w-~, 4 J• ,,, 0.J'**'' ~~'tl: (32) ~· 

... <\ ~ ~ .... -::\\ ~ ... \\ -~ta 
.~J ,r --~' ~'.Jr 
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~4 i)j_,ll ,_} ~ ~_,Ll\ ~I ,_} ô~j ~ ~)fll ô.l.ac.~I C:fa ~ 

~ 1 . _i (%2 98) -li\:ilJ 4b. N • ~ • .. -:L · -lj J)l;., 6U\ 4_u ·- -:\l ~ - -- -H 
.), ~ (.,? ' 1 y~ .. ~Y'"" • --..ft""""' ~ 

~ .Jfi~ ~t ~ ~ ~ U ,~~1 4b. yJI ~ ( % 3,57)4 ~' c)) 

r191:ilt 4b. ..>4 J"J..;.. ~ ~ ~ yJI ~ i)j_,ll ,_} ~ ~I ~I c} ~J 

~ c} ~~J, ~~\ 4.hyJI J"~ (% 11,45) ~I c)J , .. ,,:09.;~ ~ c} (%16~92) 

· . -'1 . .i .. .:."':ll 4-..J-Ltl ~1 .. ... -<"! .l3c • • -'l _! .• .:.-:11 4-..J -~ -'I 4.J....ûll -~ .. .-:L · -'I LUY "F ~ .. ~ • '-'.Jl.1 .)~ LUY 4F ~ .. ~ • U,, ~Y'"" 
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' 1 ' 1 • 1 e-\!~ I 
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-'!blt 4b. ~l 1 y " 

~i:al 4b. y ->fa 

~ ·- -:11 4.h --'I . _<:-:.. ..... ~ Y'"" _)~ 

4*i~1 4b. yJ\ 6uJ 

. ~G"'J 1 .llc. 

.l::~ ~..>J .J rJ!W ~..>4 ~ ~~ wt~ wU) J.a..a ~: (33) ~ 
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~L,ûl\ _j ~till\ :t41_)1 ~I 

J~ ~ oJ4j J;.....u (VII , VI ,ru ,II) dJl~I ~till ~~I JJi4ill J)l.:.. ..;.a 

-'~Wl l.b. ll ü..a ~ ·-·:\\ ~ · -'I ~ -"' oui tu.i ._ -:\\ ~ --- -" ~ ·\; ~I r"" ~ .J -·~....?."-"" ~ u~ .J~ 3 , -·-~ ~ . . u .J-' 

r-»1' c) ~) y..'i ~ 04 l.Jlj}il J.a.a c) wL.àlb,j'Jl ~ :iy...3 ).~'.i l ~ ~'il è° 

~- è!I )\ ? ~\ . .Jfi.lll ~4 <.J-'IAWI ~ ~I ".:.iu?IJ ~ rl9i:iJI 4.b. y J:i;. ~\ )\ 

.( -<:ill ~ ~I --'\ ,(:i\j'.:iJ ~ 4-u.i __ -:\\ 4.b. ·-'I .J:r . . r-'*' j , • . ---~ .r-' 

:t.,j~ LJ;e~) 4-i ~~ -3 

·(.$~\ ~~I ~~:X~ .. 
:4.w ..... -:.tt.J ô~W ,•u'.ie, ~.,,u ~ ,·ù..31. .< .t .... tt W ~ -

.... ~' ~ • • ·~~J - ... 

~~~ oJAWJ\~~ ~~~ 

).in --------........._ 

.;JS.) -4.w~ ~-4.w~ 

e.0,02 t_0,14 - 1 

t,0,02 t,0,10 . 0 01 t_, 2 

t_0,09 t_0,03 t_0,07 3 

t0,09 t0,02 t0,01 4 

t_0,03 t_0,03 t_0,02 5 

M= 0,.05 M=0,064 M= 0,027 JAA 

'-4 C:::-'lfa üts ~\ ~\.) ~~I ~~I ~ 0~ k)Ll (X)J~' c)a 

.t_l/f:_0,06 J~ (jl ,~1 04 (~IJ)11 ~~ ~4 f:_l/t_0,1 4 ~} t_l/t_0,02) ~ 

J~ ':?i ,~1 ü-o (..> .. µ1 ~~ ~4 t l /t0,09 ~J t_l/t0,02) ~Lo C-'lfa 4. 

0,01) ~~(JI.fa ü\S. o~Llill ~~ ~4 (j~\ ~fi*:JI ~ Ll ,t_Jjt_0,05 

·t I/t0,02 J~ ':?î ,~104(t1/t_0,07 ~J t_l /t 
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~Ll.JI :~Wl~I 

~~\ 

w~i_, (X dX ,yu ,y ,1v ,1n ,n ,1) J_,i~\ c) ~_,.l.J\ ~l.J.:i ~\:l.i u) 

r\JQl1l .;;;iw ~ 04 ~ 0i J_,w c;ll_, (32 ,30 ,28) ~).ft:ill o~ \11_, (33 '31 ,29) 

.~l wU.JA~4 ~.fü ~"')b c..S.U.3 ~~I ~~I rJ:!lY.~ ._,le. w4.fi...J4 ~I ~lilll 

~)fi:ill ê~Yl_, ,(29)~1_, (IV ,nJ dl ,J) J_,l~I <)~_,.JI ~t:illl û) 

7 ..1 ~ 1 · -:,u. ülS. -:11 . '~'bll .:U.::.. N ' ~ · - -:11 w\Jl · ·- 11 · 1 · i wl ·.. 'l =- "28" · .J ~ ~-' 1 Y:.~ ..... ~ ~ u.J.J ~<S. ~ 

.l:wi_,11 04 ~b ~~~fa J ùJJ-' ~-' ê_p. ~~ c.SiüJ 01_;.illl üt.s. ~ ~1_, r4Î 
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Résumé 

Les hormones sexuelles males ont un impact constructeurs effectivement 
conduire à une augmentation de la croissance et le poids, par la promotion des 
programmes de construction métabolique protéines et d'hydrates de carbone et 
des femmes tandis que les hormones sexuelles influence dans . ce domaine 
moins. Et que de saccharose alimentation riche en eau potable n'a pas pour être 
Efficace un impact sur le métabolisme dirigé vers l'édification d'un résultat de 
plusieurs raisons telles que r efficacité œ absorption de fermentation et les 
changements de comportement à l'alimentation des animaux d'expérience sous 
l'influence du goût de l'eau potable. 

Summary 

Male sex hormones have an impact builders effectively lead to an increase 
in growth and weight, through the promotion curricula métabolique building 
Proteins and· carbohydrates and is while the female sex hormones influence in 
this area less. And that sucrose diet rich in drinking water did not have an 
effective impact on metabolism directed to wards building a result of several 
reasons such as the efficiency of absorption fermentation and behavioral change 
to food animais experience under the influence taste of drinking water. 
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