
Vitamins ~\;;;ill 
~_. ,'-;.:,.,';I -Gl;JW .1,'; <llloe .,; '-l,li ..,J .:,l\SJI ~lh,, '-,J-"" .:!..,Sy wt:.,.i,,;il 

J) i) Wi--"i ~..,......~amine_, .~I ¼.F-"/4 .;JI Vita~ c:,-. <li.!... u,.ot.,; 
:IMJ u,il,.. c,Jl .:.U,,..la,,ill .u,.o'JI ~..,...... s,fa.< <j:,i B1 Y' i:,S.oi 

wL....,..t.,;_, (Ascorbic acid 4u.,S.....,.'il IY"-'L..) C J,.. :.WI.,; '-,ll:,)I wt:.,.i,,;i1 -I 
(B 1 i....,1 .,--,_,) Thiamine u,.oi.pl :.:,..;-;; .;JI (B-complex) ,.>i....!1 B ~..,...... 
IY"-'L.._, Nicotinic acid (B3) "1...¥fi;lll lY"-'6._, Riboflavine (B2 u,.ot.,; )w,i)li_,,,iJ_, 
Biotin wi'..1al-o (B. Pyridoxal J....-.S_,.,,..,,,i1, Pantothenic acid ~fo\,JI 

.(B 12 Cyanocobalamine u,.oi J..,,S_,it,.., Folic acid 4!_,ill lY"-'6.J 
. K ,D ,E ,A wt:.,.i:.,; ,s"J =u.Y'.>11 .,; '-,ll:,)I wt:.,.i,,;i1 -2 

Sw.__i wt:.,.\'.yill IUPAC UWI J,l c:,-. ,.......11 ;.,....:JI ~JJ (9-1) ,-!)I JJ-le-ll _;,l, \... .,;, 
:\+3:....,,;J1.i.....<;1,;,..;t.:.1;.,....:.i1~ 

~,t.:....11 u,.oi,,;il 
(Anti- infection) 

C L.Sll ,l.;..Ji u,.oi,,;il 
Anti-rickets 

C L.Sll ,t.:....11 u,.oi,,;il 
Anti-rickets 

~\¥ ~ujill ..ll...a...l\ 

.:,;,. ,_; ,_;,11 J.~ ,.1.l,..11 

fa';lu,.o~ 

Ku,.ot.,; 

Pyridoxin i:.,,.-5 _,.,,J# 

Folic acid ~_,ill ~b 
(Pterovlglutamic acid) 
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Retinol J.,r.u 

J_,_,.;..J\S_,s) 
Ergocalcifero1 

J,µ\SJ_,s 
Cholecalciferol 

Tocopherols w'J ,.,,; _,s Jl 

Thiamine 1.J:!-tl!JI 
Riboflavin w,i)li.,,,1)1 

N icotinamide ..l.J--1 0Ji fi;.lll 

Pantothenic acid 
Biotin ,j/J.J:~ 

Cobalamine 

Ascorbic acid 4ufo.'il IY"-'l.. 



:~t.l&ll._,.1~ 

04.wl '-,lllll .:J..;.",il l+-,py,) .:,p,.,.fallll .fa <i_;,,,:, 'i <,_,..;.c. ,I_,. wU,.l.,ill -I 
_,...L...) C .:,;.LJ,,i 1.,__..,_ .:,P,.,.;---¥> .fa l+-;,Sy,) <i;a., <ill\ ,WI ,) ylllll c..u...!l 

-(4..,ft.,YI 

..__;;U;, L,1. J-SJ) sr-..,i,.....i1 i..~b, _.;44JI l+-eS.fa..,; "-!w.;;-; :.....,~ ..>#- ,1,.. ""-2 

-(¼--
,w,JI, _,_...11 <.f-l~Y i.,.. 'J,li wt,..S,, l.p,.)~\ i..__,.,i-. u- 4-,lc J_,......JI f,, wU,.l.,ill -3 

L,l. ~, ul ,-..,..Ji, wl,lll 0- ufo l.p,. _).;JI I.A __,.,1-.., .l.p,. _,J _,,4J1, <,.-II d.;l-11 ~, 

-B12 ,:,,.i,,;, K .:,;.1',i JI. ul...'il ,t...1 J.-1, i,.;.., 0- ¼!->JI~\ wll.lS!\ 

·<s" t..S <,.,..JI l.µl;JI J,; u- ._,..,.., J, ~\ wl;l-1., Jl.:r, 'i wU,.l.,ill -4 

ci.....a.P.<J .:.,LJ;i_,.. 1,i...-,i J.-.w ,L...ll, "-.,;Ill\ d ... ;, .. i.,;JI t-~, wU,.l.,ill ,.i.... -5 

..:&Li'.JI ,) .,,.. '-it!..JI ..:&\.i.11 ,) t._,y ,IJY wl..,y'il 4->-t,,.; l) ,Coenzymes 
,1 l...l.;, .....l '--',a-o '-;-o,y) .:&ill "11..4 J; .,.,, ._,1.,..:,.,4 i., .,,_,_;. _, 1:,,i, 

.;_,..._,.. <.f-ly,J ,n:, iF- .>l_,:.,i 

'i l) J, .... ,11 ..;....,.,i. iF- I.Ajl_)H ,WI ,) '-,llll\ wU,.l.,ill u- ul ~\ -6 

w1.....;oS, ~I 1+-1,ll.i t...,., ,l. ~b \+l '--""3, <..l. .;#, ,1,-."" "1lll, (B 12 .:,;.1',i I~) \,.;~ 

Ji;.-. .fa .,,sll ..,; t,.;~ ~I ul-i u_,.JJ1 ..,; '-,lllll wu,.i.,;ll t..i ,Overdoses •..i/P 
._,.......,L...(0,lio__»Pw\+,S,~l.fa-"";,,....JI '--"""'.,._l;.;\,.;l-i( D, E, A) .:,;.1',iJr..11 

4_,. y.......,,., <.f-1_,..YI 0- _,,_,.ii-,,,... ul,:,,., Hypervitaminosis ,:,,.i.,;ll .l._,; 
. .:,,.i.,;JI 

,) ._,:lll <;J\;,,,,SJI ..:&liS!l w u1;,, ujiJI, i::,h)I, ~\ -"" ul;JI "--;.,.. wU,.",il -7 
. .,:,.sY1 

..:J.....,S_,.. ,1 (~'-··· ,-""1-.11, ,..,,....nsi1, ~) .,:,.,,1 "'"t... ufo 01 t..J ..:J..aYil wwl_,.. u! -8 
wl....;J-ll .:,.---- """' ..,.,.. , wlc ----- Jil '-,1-,c ..,_t...:,J wl..,y'il .;II.fa w ,.,, .,.._ .,_,..;.c. 

\+l--,....i "-----,1,ll '-ll..,) Prosthetic group ..,.P.U i.,.,i..,. '-".-.."" .,;, '-it!..JI i.,,i.,..i1 

L..+b4'.>'i (~ ~I J-ili ,) li..'i l.;li.11 ,:,. fa f,, ...;_,.. ._,:lll,) Dialysis ,jl,Jll "-,l.., 

·i"'J''i4 i,_..l.'., 
JI.) ;.,..sl wl.J......S t,.;.. '--'""'""' ,i_,w.,.,; ,1 wu,-._,,.ll <;Jui .:.,\.,,._,s .:J..;-1.,ill '--"""' ,i_,_.:.:; -9 
.,...J) \+,!\....,) .,;c ~I c)-"- ,I ~I J.-1, .~I u- (I.A.;#,, C u,--1',i, E u,--1',i 

.J,.i.1 ,.fol 4-,lc <.l;.b.Jl ._:,.,y1 '--"""' 
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(B1 ,:,;.\;\ii) Thiamin ,:,;.~ 
:l...l.&Jl<:.li..ll 

~.,...., t+-:--, t-- .l.,;y .,:JI Thiazole J,j_,,l.\ll ;1_,;., ""'"'__,,11 '-i6. u- u;ot;\ll ufoi -I 

.(9-IJS.lJl)J,... 

~y .ill.., .Y'-' :i.;.,a\ill J,h.JI _,; .,,.:...., ..,..._WI J,h.JI _,; u,l:._, i)pl4 J/-u, 'J u;ot;\ll -2 

.,W1_,;.:,t.,..,:,JIJc...iJ..,lJl'-'"""I 

"-l..,WI t..,..'J ., ~I_,;,,~., ~ )I,..; '-'""'"I-' .,,sn., <..~ •.;.-. ,..,,JJI _,; B1 u;o",l .fo< -3 

. (U;..;11 ,I) .;_,.:.ill .,Jc 

=-.h.>14 u;oL...;, ,-..,.., Jt_...;11 ~I .,.......l! ,...._..,.11 J.,._...,, c:,,.,t.......;,JI -4 

~., Decarboxylase _;,l,...S,ui¥JI .:J...,jl) .;;1_,,., Thiamine pyrophosphate (TPP) 

.(9-lJS.lJI) Pyrophospho kinase .:,;,,15.,....,;.,_,,4 ,..jl)., iJ;,ot;\ll t-" ATP~\;, u-
thia:i:olium 

ring 

NH2 <L S 
N~CH,-Nf _.1.1 
J_ __ j 4/"7'CH2-CH,-0-P-O-P-O· 

cfi,'N CH, 6- 6-
Thiamine pyrophosphate (TPP) 

.Thiamine pyrophosphate (TPP) .:J.j,.._,l.J.JN  :(9-l)JS.loll 

t-- <.blµ) J::I,;. u- i;.JA.>ll _, wu,;.,_,,i1., c:.,1..,,,.,u\Sll :.,_,.;.,'JI w4J...Ji _,; TPP "1fo. -5 
:<;,"'ii ~u.l\ ..,i W Oxidative decarboxylation J,..S,i_;IS!I 'JljJ., ;,.,s;1 

J....i..JI ..JAA>,fa.\+;J 4.,_,,4 <"'jl) J,! u- A <"'ljifl Jily J,~1 _,JI ,i,;.,_,,411 '-"""'I.,. J~ -1 
:ou,I <JJla.J\ ..,a W Pyruvate dehydrogenase complex 

co, 
0 o- CoA-SH + 
~/ 

\_N:• 
TPP, NADH 0 S-CoA lipoate, 

6=0 FAD / ~/ 

6H0 

pyruvntA! dehydrogenau 6H., complex (E 1 + E, + E•) 

Pyruvote AcetyJ.CoA 
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-"•-u'ufofa,S- Ll!I 1'1->-'l >JL.._,, A 1'1->-''i' ~I_,. J,u.&. .,l! u,J'ufo# - \iii J_,,.;-.,_, 
:,u,\ lJJ\Mll .) l.oS a-ketoglutarate dehydrogenase complex .>i..JI ,__,,,.,, 

CoA-SH 

?H,-coo-
cH, 
Lo 

\ N>r N~H ?H2-COQ-
\.__ L CH2 + CO2 

--~~~~...,~ ,~tru-,~,.~-~) i ---&CoA 
dthydrogellN K' II 

complex 0 II coo-
a-Ketoglutorate Succinyl -CoA 

~J a-Keto acidyfa.Sll'-"'l...,.~lc:,..¼-,>.,,}SJl~_,.....Jl'JljJ~w~~--

.:,,J,.....S.,,J!Si-> u.-;,,.)Js 1'1->-'l J-.., ;..,._,.;.JI~ _,,t,;ill,-----1 u.-;,,.)1411 J.-;.,,.; 
:~"'ii <l"'-'ll .) l.oS Pyruvate decarboxylase 

0 o-
~c/ 

I 
C=O 
I 
CHa 

Pyruvate 

CO2 

p)TUVate 
decarboxylase 

0~ /H 
C 
I 
CHa 

Acetaldehyde 

l'IY'ii; , Transaldolase _;,J,-,JI '-'"''-"' Transketolase _;,lfa.S '-""'fl l'IY'i ~l.,.S JY <l -, 

~Ji;~ J...,,; _..;WI l'IY'il t..1 ->Jl+,,Ji..,S,:,,.S JS.:.~ u.>!JS _..;_;,Ji;~ J-, J,~1 
.:&L...iS!I ,:,__. ~) ~"'ii ~\i:ill .) l.oS ,:;_;.,..I ~J.J-lJA _..;i::. JS.:.~ u.>!JIS. wlj, 

.(_..;WI c:,.. _..;WI J..,.ill t.fa f,, u_.,.. _..;JI,~ w\;fo. 

CH,OH 

Lo CH,OH O H 
~,,:o ~c/ 
I I 

Ho - 1- H + H-9-oH 
H- y - OH H-C-OH 

CH,OPOl - tH,OPOi-
Xylulose 

5-phosphate 
Erythrose 

4-phosphate 

TPP 
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0 H 
/ r 

H- C- OH 

6H,OPOJ-
Glyceraldehyde 

3-phoephate 

+ 

I 
HO-C-H 

I 
H-C-OH 

I 
H-C-OH 

6H20POJ-
Fructose 

6-phoephate 



y H,OH 
c~ o 
I 

HO- C-H 
I 

H- C- OH 
I 

H- C- OH 
I 

H-C- OH 

6H,oroj-

0 ~ / H 
"c 

+ I 
H-C-OH 

6H,OP05-
Sedoheptulose Glycernldehyde 
7-phosphate 3-phospho.te 

TPP 
tn.11.M«x>la .. 

o.,( " 
H-C-OH 

I + 
H-C- OH 

6H,oPoj-
Erythrose 

4-phoephate 

CH,OH 

b=o 
I 

HO- C-H 
I 

H-C- OH 
I 

H-C-OH 

6H,oroj-
Fructose 

6-phospho.te 

_;..o.., Paralysis ~JI.!..,........,., .,..:JI wloe., (..i,S_;,l '-ll) .,fa..;...,.:.; .,l! ._,.,, <....i> -6 

..-J! 4JY-4ll J~ .,l! ._,.,, <....i> wi.; ,n; .:F- .(Beri beri <,Y- <,Y- '-'""-"') c,,lill 

u....,;.,..)!\;ll ,,l;j .,l! .,,.,, d.,..i, ulfa.",u\Sll J.,\:i; w\J .. A !'IY'i' ~ ,_,.. J,~I 

.~till ~I~).,, ,:;c Lactic acidosis ¼_,.:JI O~\lj U.,_a..J ~\ _,! ~I.J 

,1.,_.JI '-,...l cF- wl....'il i.i.,t.., .;,i1 l.;fo-11 ,1.,.JI l.;..5 u,lj I.JS Wi"i~I w- ~I 1:;:i.,:...J ,by -7 

.:,..... ~141,.. ..........,,l.;.fi.JI ,1.,.JI <Y"a4 Wi"i~l lJ::l..J...,;., 'J_,\:i;.JI '-#,,;,11., ._,...>ll 

.i.,.._,l_,,...;ll :UW_, _,,JI,)..,.. 4.>'J "',lW., .:,-.~I 

(B2 <»"l:i;i) Riboflavin u;bl -'IIIJD 
:l...lall.:.11..ll 

'.ihll Wf>Jfa.ll .i.,,_,.. Isoalloxazine w,jl...S..,Jl.,j,'':11 _,.. .,.i6. -4,.J, w- B2 c:,;..I:,,; wfo. -I 

~) jJlll)I _,..~1 .fi.JI w- ~I Ribitol J.,:.,,1)1 J.,..S '-;,;\.. :u.J.. JS,.:.,., .,J-_,ll 

.(9-2 

Riboflavin 

.Riboflavin w,ir}j_,,jl.,P, :(9-2)Js,JJI 
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