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Food sources of vitamin K include cabbage, V I T I N
cauliflower, spinach and other green, ' B W ‘s h A

leafy vegetables, as well as cereals
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LIPID-SOLUBLE mWATER-SOLUBLE

@ Hydrphobic. @ Hydrophilic.

® Transport in blood: in
lipoproteins or attached to ® Main function as enzyme
specific binding proteins. cofactors:

© Diverse vitamins and diverse 1)  Vitamins B (B1, B2, B3,...

1) Vit A: vision and cell 2 VitaminC
differentiation.

2) Vit D: calcium and ® Sﬁecific syndromes are
phosphate metabolism, characteristic of deficiencies
and cell differentiation. of individual vitamins.

3) Vit E: antioxidant. ® Excessive intake can only

it K: blood clotti rarely cause toxicity since
4) Vit K: blood clotting. water soluble vitamins can

be excreted from the body.

« Dietary inadequacy,
deffective lipid digestion or
absorption (very low fat diet,
steatorrhea, disorders of the
biliary system...) can lead to
deficiency syndromes.

Toxicity can result from
excessive intake.

Dr. Rama IBRAHIM 2



Lipid-soluble vitamins and their associated
nutritional-deficiency diseases

Vitamin Diseases

Vit A Night blindness, xerophthalmia and
keratinization of the skin

Vit D Rickets in children and osteomalacia in
adults
Vit E Extremely rare, Neurologic disorders

and hemolytic anemia

Vit K Impaired blood clotting and
hemorrhagic disease
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VITAMIN A
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*Carotene
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intestine
Esterificationl
*Low activity of Carotene dioxygenase:

Large amount of B-Carotene is found Retinol-ester secreted in
unchanged in the circulation chylomicrons ;




A o ling) Guwlbw V1 Quinolnsd| Jilbidlg (uig) S L
Site of symmetrical
cleavage

H,C_ CH,
H.C" CH
CH CH3 CH3 3 3
’ B-Carotene
H.C_ CH, CH, CH, HoC. CHa CH, CH,
WCHQOH EIWWCHO
CH, Retinol CH, Retinaldehyde
CH, CH,

H,C_ CH,
@\/V\/WCOOH
CH

3

All-trans-retinoic acid

9-cis-retinoic acid
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@ 6 pug B-carotene is equivalent to 1 ug retinol.

@ Total amount of Vit A in foods is expressed as
micrograms of retinol equivalents.

Retinol equivalents= pug preformed vitamin A+ 1/6
x Ug B-carotene + 1/12 x pyg other provitamin A
carotenoids.

® Vit A amount could also be expressed as
international units (IU):

11U = 0.3 pg retinol
1 pg retinol = 3.33 IU
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In rod;/ w cones
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Dr. Rama IBRAHIM 8



The role of retinaldehyde in the visual cycle

CH CH
HSW CH.OH
N T~ N -
—
CH,4 All-trans-retinol
Iso)merizationl
H.C_ CH, s
o= 11-cis-Retinol
Oxidationl CH,OH
HC. CHy s
R 11-cis-Retinaldehyde
HC=0 I
C=0
HQN\/\/\|
CH, Lysine residue
HC_ _CH, in opsin '}lH
I
CH; H,C C=0
HC=N
Rhodopsin (visual purple) \/\/\|
NH

Dr. Rama IBRAHIM 9



I
C
HC=N
Rhodopsin (visual purple) \'/\/\I
N
I
I
C

= H
LIGHT l 10 "sec
=0
H,C_ CH, CH,4 CH,
W—/ C=N \/\/\|
- CH, NH
% Photorhodopsin |
5. 45
= ’l' PR 5'GMP
@ Bathorhodopsin .
> l cGMP Na" channel closed
oot 30 nsec 2
S Lumirhodopsin hia™ ERannel apen
L]
5 .L 75 psec Inactive —— Active
E Metarhodopsin | # phosphodiesterase
_% i 10msec | GDP Transducin-GTP
O  Metarhodopsin Il -f------- >
.ly minutes GTP Transducin-GDP P,
Metarhodopsin Il
Hydrolysis . .
yarow vlv Guanine nucleotide
H,C_ cH, Ca  Cfa H amplification cascade
W&D and nerve impluse
Recycled CH, All-trans-retinaldehyde + opsin 10




all- Bg e0ll JSidl Lo yen tpad] aaSuwid aucluall 8, bdl 9
sl 11-cis-retinol ug,s0 JSois (sJl V=i wSlai dudos) trans-retinol
.(11-cis-retinaldehyde) 11 g9g.0Jl; wg,80dl JUiy )l (5] [FESVIEWREY
o9 9 o E95 0 sauol pao> Rel11-cis-retinaldehyde Jclaw
.rhodopsin J»sJI umug.sg,JI 99,0 MS_iino U.A_uug\”

JMs all-trans g ,e0ll JSadl (Jl cis-11 wgaedl JSoidl o mg@)ﬂ
o939, a9 adSadl oVl o abwdus acguio awli 15710
pgs .(metarhodopsin 1) 2-uugdg, e (sde Joaxdl (sJ| S>8i silg

Guanine Q._._\J|9.>_J| ULLAJQ.LISQ.AJ P JWw U )= Mgbg)b*.o.”
dau wlas| Jl 0,900 S8 Sl nucleotide amplification cascade

\S.\." 3-u.;_wug>9)Lwo ._5\” Z-U.;_uugbg)lu.o“ dg.zu o).;.>\J| Cl.1.>).oJ| @9"
a9V gy e Ad VUil Jad (sl Lsgo andxi

e J>l o0 all-trans-retinol sJ| all-trans-retinaldehyde ¢l>,| pi <
&8, 83)3> 8,95

2banll (A wolid sI) 11-cis-retinaldehyde wg, a0l dua sl Jl 95 2
Il 538w A aoind \9 j9.£ dg>9 LS JLlg a5, 6,9 sowlw VI

g )l e 6,280l (& g pMall go LS 51 o)l Jglias
Dr. Rama IBRAHIM 9=l :g.aJI !.5\9




N9 puaidl N9 A o lind ,9d (2
Sal=dl uloalle

oy, D uolindg &g iumlly @8l Wlgo ol Al JSiu
all-) 9 g9g0ll (58 Vg, i0ll 9l Y9 00l GulScidl g )l yao>
Qugg wlM.siww (trans- and 9-cis-retinoic acid

0D Jouiyi 499l WMabiwos giiJl pan> bli)l iy

was] V) 9oJl Fuidl adoc pakbii) DNA go O Masiuwoll
D juloig D ,gknig A=l goi W\ J>aii il WU g0l

el giiv | o) Uggl] O Maiwol] (0 (aEe) A>qu
. Retinoic acid receptors (RAR): bind all-trans or 9-cis-RA.

. Retinoid X receptors (RXR): bind 9-cis-RA, and form
dimers with RAR, vitamin D, thyroid, and other hormone
receptors.
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RXR heterodimerization with nuclear receptors

A
NR: Retinoic acid receptors (RARs),
Thyroid receptors (TRs),
RXRNR Farnesoid X receptors (FXRs),

Vitamin D receptor (VDR),
Pregnane X recptor (PXR),
Nuclear receptor related 1 (Nurr1),
PPARs, LXRs, RXRs, .....

B

Co-repressor Co-activator
i @ RXR agonist @
RXRNR transcription RXRNR transcription
DNA [ [
 — [ [ — [ o
NR: PPARs, LXRs, FXRs, ..... Permissive effects
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< Symptoms of toxicity:

1. Central nervous system (headache, nausea (uluc),
ataxia (pu i), and anorexia (au.g.i wlaad), all associated
with increased cerebrospinal fluid pressure).

2. Liver (hepatomegaly (.S aolo) with histological
changes (= wVaw) and hyperlipidemia).

3. Calcium homeostasis (thickening of the long bones,
hypercalcemia, and calcification of soft tissues).

4. Skin (excessive dryness, desquamation, and alopecia).
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VITAMIN D
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Effect of vitamin D on intestinal Ca++ absorption

@ @ o ) é O
® e ; T O o
"TRva
S 88
/—\6 Calbindin-D o
O
e O 1,25(0H):D: | ADP+Pi| ATP
O ‘ - PMCA1b O
e @ O @ c* Blood

Dr. Rama IBRAHIM 19


https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjS9oLZopLfAhXDy4UKHdj7ChoQjRx6BAgBEAU&url=https://www.wjgnet.com/1007-9327/full/v21/i23/7142.htm&psig=AOvVaw0PZhimSjPcsfC_lDqiC9Oq&ust=1544427962379734

Rickets (glwasJl)= poor mineralization of bone in
children, and osteomalacia (W)l ali)= bone
demineralization in adults.

OH Thermal isomerization
L—>‘IGHT — Cholecalciferol
HO 7 (calciol;vitamin Dy)
CH3 CH2 M
7-Dehydrocholesterol Previtamin D

l

HO

In skin | Non-enzymatic

reaction Absorbed into

bloodstream
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% Cholecalciferol (synthesized in skin or from food), must
undergo two hydroxylations to yield the active Vit D (1,25-
dihydroxyvitamin D or calcitriol)

+ Ergocalciferol from fortified foods (pcio =) undergoes
similar hydroxylation to yield ercalcitriol.

In Liver: cholecalciferol is hydroxylated to form 25-
hydroxycholecalciferol (calcidiol). Calcidiol is released
into circulation bound to VitD-binding globulin, which is the
main storage form of Vit D.

In kidney: calcidiol undergoes either:

a) 1-hydroxylation to yield the active metabolite 1,25-
dihydroxyvitamin D (calcitriol).

b) Or 24-hydroxylation to yield a probably inactive
metabolite, 24,25-dihydroxyvitamin D (24-
hydroxycalcidiol).
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Metabolism of vitamin D

In liver

Calciol-25-hydroxylase

CH,

HO Cholecalciferol
(calciol,vitamin D)

>

HO

HO

In kidney (Active VitD)
OH & OH
Calcidiol-1-hydroxylase |
=
l
CH, CH,  Calcitriol
Calcidiol (1,25-hydroxycholecalciferol)
(25-hydroxycholecalciferol) ub OH <_
Calcidiol-24-hydroxylase Calcidiol-24-hydroxylase
OH ¥ \ OH ¥
OH OH
Calcidiol-1-nydroxylase
>
CH,
24-hydroxycalcidiol Calcitetrol
HO OH
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VITAMIN E
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Vitamin E vitamers

R,
HO

Tocopherol

Tocotrienol

a-tocopherol and tocotrienol R1, R2, and R3 are all -CH3
groups. In the B-vitamers R2 is H, in the y-vitamers R1 is
H, and in the d-vitamers R1 and R2 are both H.
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*» It breaks free-radical chain reactions by trapping lipid
peroxide radicals formed by peroxidation of
polyunsaturated fatty acids.
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Mechanism of action of Vit E as antioxidant

Free radical
chain reaction
A
PUFA— 0O~ » PUFA— OOH
A
™
\ . TocOH TocO- e
0, / R spAme
PUFA—H
{in phospholipid)
Membranes ~__ __ __ __ __ _ _ o < |
cytosol
Y
. . Vitamin Co,, Vitamin C ey, PUFA — OOH,
Re: free radical. Galn e By ™ H,0, csh
Toc-OH:a-tocopherol.
TocOe: tocopheroxyl radical.
PUEA-OO.: peroxyl Superoxide Catalase Se Egﬂ::jggg
radical of polyunsaturated fatty dismutase
acid.
PUFA-OOH: hydroxyperoxy 0% H,0, GS —SG
polyunsaturated fatty acid. Superoxide PUFA — OH
PUFA-OH: hydroxy
polyunsaturated fatty acid.
Se: selenium.
GSH: reduced glutathione.

GS-SG: oxidized glutathione. . Rama 1BRAHIM 28




“ In experimental animals: Vit E deficiency results in
resorption of fetuses ( ,.i=Jl JM=sl) and testicular

atrophy ((Sgua> ;g0.0).

< In_ human beings: dietary deficiency of Vit E is unknown,
but patients with severe fat malabsorption, cystic

fibrosis ( swwSJl a.didl), and some forms of chronic liver
disease suffer deficiency because they are unable to absorb
or transport Vit E.
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VITAMIN K

2SI (09 izl Olisigp eldnoY Uygy0 K Guolind e ©

o,ledl Lo (Antagonists) K (uolind wlasdlo pixiws @
s @iz ropmall (o0l (09 ol bl L)
.thrombosis

K Haolind adled clloi wlS,0 3 a>g) ©

»laodl o K uolind gag :Phylloquinone vgiugSolluall .1
szl GULUES aueulll

LSl L8 o gilhai :Menaquinones WlgiwgSlaoll .2

alwdudl Jgloy M| g0 UgugSgllall auis 4920l
N-P1C9|

Wl Vl o Joasdliuog Menadione ugsdliao 3
ozl 8 Ui 4o wlS 0 @ menadiol diacetate

WgiugSells (sl
e sl asie &6l Y| eleoVl o ©lgugSluodl Lolaiol o ®
Li>gloy alled



Vitamin K vitamers

O
CH;,
QLI ]
O 3
Phylloquinone
O
CH,
L,
O n
Menaquinone CI;HG
C=0
OH Cl)
o oo™
OH 0]
Menadiol |
[
CH,

Menadiol diacetate
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Synthesis and activation of clotting factors

Liver

| Bloodstream I

Clotting

factor Carboxy-

glutamate Activated Platelet
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Role of vitamin K in the synthesis

of y- carboxyglutamate

"O0C—CH—COO™
CH,
HIN —Cl)H —C=0
Carboxyglutamlate residue

non- CO,
enzymic
(|3H2— (olelel 0, “’(I:H —C00"~
(I3H2 . (IDH2
HN—CH—-C=0 / : HN—CH—C=0
| I Vitamin K | |
Glutamate residue epoxidase Glutamate carbanion
OH o
CH, CHg
C ‘| O
R R
OH O
Vitamin K hydroquinone Vitamin K epoxide
Disulfide
d Sulfhydryl
NADPT - -
""’”"“"/ Sulfhydryl CH :
NADPH 3 Disuifide
R
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Warfarin
Oxidized vit K

Reduced vit K

Nonfunctional form
prothrombin (FII)
FVII
FIX
FX

The shorter the half-life of a GLA-
containing factor, the sooner its
function is compromised by warfarin:

Factor Plasma Half-Life
Vil 3-6 hrs
IX 18-24 hrs
X 40 hrs
[l 70 hrs

TO CIRCULATION
Functional form
prothrombin (FIIa) l
FVII
FIX
FX (DEGRADED)

Coagulation factors are synthesized in the liver
and released into the bloodstream.

Warfarin impairs the carboxylation of coagulation
factors in the liver.

Functional coagulation factors (with GLA
residues) that make it to the circulation are not
affected by warfarin treatment.

Since coagulation factors are constantly
made/degraded (at different rates), warfarin (or
a vitamin K deficiency,) cause the functional
factors to be replaced by nonfunctional factors
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