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Water-Soluble Vitamins Only
Water-soluble vitamins are absorbed
in the small intestine and released
directly into the blood.

All Vitamins
Digestive processes in the stomach
begin the release of vitamins from

food.

All Vitamins
Digestive enzymes produced by the
pancreas aid in the release of

vitamins from food.

Fat-Soluble Vitamins Only
Bile produced in the liver (and stored
in the gallbladder) aids in fat-soluble

vitamin absorption.

| Vitamin K Only

Small amounts of vitamin K are made
by bacteria in the ileum of the small
intestine and in the large intestine.
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Adult women RDA = 700 pg

Adult men RDA = 900 pg RDA RDA
Daily Value = 1000 pg* adult adult
women men
Key:
B Grai Margarine, 2 thsp
rans Beef liver, 3 oz ‘ 540%
O Vﬂﬂﬂ'ﬂ bles Cheddar cheese, 30z | |
B Fruits Fat-free milk, 1 cup |
. |
Oils Sweetcpotat, ];2 cup il
, arrots, 1/ cup
— —
m Milk Kale, 1% cup 3
R — —
B Meat & Beans Broccoli, 4 cup
Spinach, 1% cup 4
Romaine lettuce, 1/ cup 4
Acorn squash, 4 cup A

icot, 1
Figure 12-3 Food Apricoly v

sources of vitamin A.

Mango, ' cup
Peach, 4 cup

| | J

% Daily Value 0% 50% 100% 150% 200%
(500 pg) (1000 pg) (1500 pg) (2000 pg)
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Table 12-1 Conversion Values for Retinol Activity Equivalents

1 Retinol Activity Equivalent (RAE) 1 IU vitamin A activity
= | pg reninol = (1.3 pg retinol
= 12 ng beta-carotence = 3.6 ng beta-carotenc

= 24 npg alpha-carotene and beta-cryptoxanthin = 7.2 pg alpha-carotene and beta-cryptoxanthin
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Transthyretin

Figure 12-4 The mechanism of the action of
vitamin A (as retinoic acid) on the target cell. Retinol binding Prote

L vitamin A s carried by retinal-binding protein
and transthyretin in the blood.

B on release, vitamin A enters the target cell.

Ed The vitamin A binds to cellular retinoid-
binding protein.

EJ once released from this protein, vitamin
A then enters the nucleus and binds to its
nuclear-retinoid receptors (RAR and RXR).
Nearly all cells have a least 1 member of the
RAR and RXR families of vitamin A-binding
proteins.

L] This complex then binds to DNA, activating
gene transcription.

1 the resulting messenger RNA (mRNA) has the
code for the protein.

The protein ultimately produces the cellular
responses.
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Deficiency symptoms

Night blindness

Keratinization of
epithelial fissue

Xerophthalmia

Blindness

Toxicity Symptoms

Normal functions

Normal growth and development

ite and color vision
Cell differentiation

Immunity

Gastrointestinal

upsets/ nausea
Headaches

Dizziness

uncoordination

Chronic Teratogenic

Liver da Fetal

Hair |D55w malformation

Bone/muscle Spontaneous
pain aborfion

Loss of appetite

Dry skin and

MUCOUS

m&mm
Hemor
Coma
Fractures



D (alisd

sand) da pLusSiS Dopalid (el s ¢ Jaliaall cra IS Al alliel) Cild gl Chia g ol
alads) g3k o 7 lusil Alaal) COUS)) cudd Ladie 1918 ale s UiSaa dlld 0 al | dagadl)
Crdeal da gl Sl (o dlad) A8 i) ual g D Oalinh GELESS) a8 Ladmy | clandd) a8
M‘ dai 4\353452‘,5 dﬁ @3 cu.uuaéﬁ\u.‘ﬁ D u.uﬁaé s lalell ezud.'ua.\ d&\}\
J9 e o811 Cpa Filia ‘JADU.\AM‘JAMISH“‘M‘MU‘M\UMQS—M

Cabial af 288 Claldal) 4ulil Gubia glilaa) (1S 1) Gollaa Gud A13D) jaaal) AN
Chdd G gasgd dapth g M e (palih Ad) o (g3 JSd (el

2 D Omalid (e A81S daS J gl (5 9 pal) (e prmnay Apadi) (368 dadD (a il QLS b
Ada 4 glad) clalial) b gil g Al e daalil) (2l ja¥) g ZLusl) e 48 ol ¢1330

(a (§3dal) (cholecalciferol) D3 (alid Glady) @iy cuadd) dadl (2 aill 2y
R DOmbidl hddl) ZUY 4] JausS 5 )i As gada (ASll g sl (pa JS il L J g ] oS
(calcitriol)s!(1,25 dihydroxy D3)



LEY A D2 ol

A8 o 38 C g (Osaladl s O ) Jia) Adadll dlenl A D Oaliadl ¢138d) jilas Jud] =
400) &) £ 550 10 @ ale JSdy culal) ae X Al das dal) JUadY) ugia (lama g asdall Glll g
G kel £ gi) a9 ATl g By 3 g sl (8 aa g LaS | A1 JSI D (maliid (e (Aplga Baag

JS Ao dule 4 glal) das aall 4l ) cBlaSal) g dankal) aliva A D (palid )9Sy m
AY) B s (S8 35a gal) JSAN (udi a9 D2 (i gl Ergocalciferol

Al Ga B laSy o8l pdiall gl (2) cmalish bl Ergocalciferol JyossdlS o 30 =
(D3 ¢alid) cholecalciferol W 8

Aall A D3 Opalid Jusds

P ¢ uadd) Al (il oL J g pe] 68 9 hgi-T (oo S D3 (ppalid JuSAT oy
(Joniaadls (J68) UL <Y D3 (palid S8l lsasS Jgady 55 5ad) e Saal g 4dla

OH Al&Y auady dua Sl g 2l ) Alill aal) 5 o J5ad D3 (el ) 138 groansy =
.1,25 dihydroxy D3(calcitriol) sl AlSd A} Eadd) Jgadlly



ﬁjw\wng\ﬂ\cﬁﬂ\jeﬂ\@wﬁ\m‘iwﬂ\jm u.k—dhd.uuj
daandill (368 Al ;y.aﬁyc_”Sw‘u&qu\uﬂ\Ja\M\ngmujguM\
duay Ladie 770 Mgy Aal) (2D3 (el L) (abliiy Las chladi Ao ( p (e A aldda
T0 G () 5l

2y SLl) pluall b dald Guaddl o il (e 8 psua cilpaS o Jganlly cpad) LS pall
.2kl adal D (palid cidlaSa Joliiy (Aladh Gl e dba) jhad JulEl) jela

Aadinl) (398 AadY) s 48 ASS)Al) B pdid) (g 93 31 EY) B (Alad) daa) Cuidlall (pa B S dgaS () m
S JSo D3 (abid g lkual pdal

Al Gl s dilal) slad

Gy ) clalia¥) jgladh Ly D Omalisd plbial ) (uadd) dadl Al gl <l 88l (o pil) gass Y
Al



- S
I

Addition of hydro | roups
| chH, OO Bt liver [oorlban B25)
and then by the kidney (carbon #1)
HO yvields the final product.

Cholecalciferol

(vitamin D3)
Carbon #25

| /‘/ Carbon #1
HO I OH

Active form of vitamin D: 1,25 dihydroxy D5 (calcitriol)

The form produced by the is called cholecalciferol

(vitamin D3). A form typically found or added to foods is
ergocalciferol (vitamin D3). It has a double bond in the
starred position in the top structure.

Vitamin D family
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Ultraviolet

Vitamin D is converted in the liver
to 25-OH vitamin D.

light

A

Vitamin D is converted in the kidney

to 1,25(0OH), vitamin Ds.

Figure 12 Whether
synthesized in the skin or
obtained from dietary
sources, vitamin D ultimately
functions as a hormone:
1,25(OH)2vitamin D3
(calcitriol).

E Heart and |
| general circulation

in the bod

Sun

' 4 A\
4 L |

Vitamin D, in food or supplements

Ultraviolet light from the sun converts
7-dehydrocholesterol to vitamin D5
(cholecalciferol) in the skin.

Dietary vitamin D, is absorbed with
dietary fat in the intestine.

Vitamin D from both dietary sources
and synthesis in the skin is bound to
carrier proteins in the bloodstream
and transported to the liver.
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Figure 13 The active vitamin D
hormone—1,25(0OH), vitamin D3—
and parathyroid hormone interact
to control blood calcium
concentration. Low blood calcium
is a trigger for the foIIowin%
actions, all of which raise blood
calcium levels.

1 Parathyroid hormone (PTH) and
1,25(0H%2 vitamin D3 mobilize
calcium from the bone.

2 PTH also

a. Reduces calcium excretion by
the kidneys

b. Stimulates kidney synthesis of
1,25(OH)2 vitamin D3.

3 1,25(0OH)2 vitamin D3
stimulates intestinal calcium
absorption.

Conversehg when calcium levels in
the blood become too high, the
hormone calcitonin responds by
promoting calcium deposition in
the bone.

Increased PTH
production

Low blood

caleium

level

Increased
calcitonin
synthesis

High blood = .

calcium
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/ a. Decreqsed calcium Normal
excretion i blood
\ b. Increased synthesis calcium

of 1,25(0H), vitamin level
D5 in kidney

[] Increased calcium absorption
in small intestine

Increased deposit of
calcium in bone
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Figure 17 The body
does not rely solely
on vitamin E for
antioxidant
protection. Such
protection is a team
effort, utilizing a
number of nutrients,
metabolites, and
enzyme systems.
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Figure 20 Forming a blood Intrinsic pathway for Extrinsic pathway for
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Table 12-2 Summary of the Fat-Soluble Vitamins

Major Vitamin
Vitamin A
Preformed
retinoids and

provitamin A
carotenoids

Vitamin D
Cholecalaferol D3
Ergocalciferol D;:

Functions

Vision in dim
light and color
vision, cell
differentiation,
bone growth,
immunity,
reproduction

Maintenance
of calcium and
phosphorus
concentrations,
Immune
function, cell

cycle regulation

Deficiency
Symptoms

Poor growth,
night blindness,
total blindness,
dry skin,
xerophthalmia,
hyperkeratosis,
impaired
immune function

Rickets in
children,
osteomalacia in
older adults

People at Risk

Rare in U.S.

but common in
preschool children
living in poverty in

developing countries

and patients with
fat malabsorption
syndromes

Dark-skinned
mndividuals, older
adults with low
intakes or low
UV exposure,
patients with fat
malabsorption
syndromes

Sources

Preformed vitamin
A (retinoids):

liver, fortnfied
milk, fish liver oils;
Provitamin A
(carotenoids):

red, orange, dark
green, and yellow
vegetables; orange
fruits

Vitamin
D—forufied mulk,
fish oils, oily fish

RDA or
Adequate Intake

700 pg (RAE) for
women and 900 pg

for men

5-10 png

15 ng > 70 yrs

5 ng tor 19-50 vyrs.
10 pg for 51-70 yrs
15 ng for > 70 yrs

Toxicity
Symptoms

Headache,
vomiting, double
vision, dry mucous
membranes, bone
and joint pain,
liver damage,
hemorrhage,
coma, spontaneous
abornons, birth
defects. Upper
Level 1s 3000 ng
of preformed
vitamin A.

Calcification

of soft tssues,
impaired growth,
excess calcium

in the blood and
excretion in the
urine; Upper
Level is 50 pg



Vitamin E
Tocopherols

Tocotrienols

Vitamin K
Phylloquinone
Menaquinone

Antioxidant,
prevention of
free radicals

clamagt

Synthesis of

bl-:m:::cl—c]utting
factors and
bone proteins

Hemolysis of

red blood cells,
degeneration of
Sensory neurons

Hemorrhage due
to poor blood
clotting

Patients with fat
malabsorption
syndromes

Those taking

antibiotics for a

long period of time,

adults with low
green vtgttable

intake, patients with

fat malabsorption
syndromes

Plant oils, seeds,
nuts, products
made from ols

Green vegetables,
synthesis by
intestinal
MICTOOrganisms

15 mg alpha-
tocopherol for men
and women

90 ng for women,

120 ng for men

[nhibition

of vitamun K
metabolism;
Upper Level 15
1000 mg

Rare, can cause
hemolytic anemia;
no Upper Level

has been set



