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Table 1: Vitamins and their discovery, synthesis, and main biological function.

Vitaminl® Discovery lsolation Structural First Main biological function
elucidation SynthesisF!

vitamin A 1916 1931 1931 1947 retinal, the oxidized metabolite of retinol, is required for the process of vision

vitamin D 1918 1932 1936 1959 bone mineralization, control of cell proliferation, and differentiation, regulation of
calcium and phosphate blood levels; modulation of immune system

vitamin E 1922 1936 1938 1938 fat-soluble antioxidant, cell signaling, regulation of gene expression.

vitamin K 1929 1939 1939 1939 blood coagulation, bone metabolism

vitamin B, 1912 1926 1936 1936 cofactor in energy metabolism and pentose metabolism, nerve impulse conduction,
and muscle action

vitamin B, 1920 1933 1935 1935 precursor for biosynthesis FMN or FAD, cofactors involved in redox reactions

niacin 1936 1936 1937 1994 precursor for biosynthesis of NAD and NADP, cofactors involved in redox reactions

vitamin B,

pantothenic 1931 1938 1940 1940 pantothenic acid, as a constituent of coenzyme A, is involved in metabolism of

acid carbohydrates, proteins, and fats

vitamin B

vitamin By, 1934 1938 1938 1939 cofactor involved in neurotransmitter biosynthesis

biotin 1931 1935 1942 1943 cofactor involved in the metabolism of lipids, proteins and, carbohydrates

vitamin B,

vitamin H

folic acid 1941 1941 1946 1946 cofactor involved in amino acid metabolism and synthesis of nucleic acids

vitamin B,

vitamin B,, 1926 1948 1956 1972 necessary for the formation of blood cells, nerve sheaths, and various proteins;
involved in fat and carbohydrate metabolism

vitamin C 1912 1928 1933 1933 involved in collagen synthesis, antioxidant

[a] Vitamins A, D, E, and K represent the subgroup of lipid-soluble vitamins, the others belong to the water-soluble ones. For the sake of clarity only one

representative of each class is given in Figure 4.

Angew. Chem. Int. Ed. 2012, 51, 12960 — 12990



Bltopiveg

O Brrapiveg eival opyavikeg ouoieg amapaitnteg yla tnv opaAn Ste€aywyn Tou petafoAlopou
TOU OPYyaVLOUOU. JUVTEAOUV OKOUN OTNV OVATITUEN TOU CWHATOC, otn BpEdn, otnv vysia Twv
LOTWV. Auédvouv tnv opyavikn apuva (adpuva ot Aolpwéelg). BonBave otnv avamopaywyn,
OTNV LOOPPOTILOL TOU VEUPLKOU ouothuatoc. Eilval amoapaitnte, w¢ ouveviupa oTov
LETOBOALOO BpemTIKWY cuoTatikwy. Emiong moAAEg €xouv avtioéeldwTikn dpaon.

Ot Butapiveg dgv mapdyovtol and Tov avOpwrivo opyaviopd omnoTe eival amopoaitnto va
npoocAappavovtal amnod tn dtatpodn.

O 6po¢ Brtapives mpogpxetal ano 1o «vital amines» ano 1o {WTKO Toug poAo otn dtatpodn Ko
eneldn oL mpwteC PLrapiveg mouv avakaAudOnkav ATAvV ApLVEC.

Aewtoupyieg:

Juvévivpa / Zupmapayovteg vl pwV
OpuoOveC

AvTloéeldwTIKA / AvaywyLKOL TTOLpAYOVTEC




Bltopiveg

Ot Brtapiveg StadEpouv amod tou vdatavBpakec, ta Almn Kat T mpwTteiveg ota €&€Nc:

» AmoteAoUV EeXWPLOTEC HOVASEC XWPLE VOL £€XOUV TNV LKOWVOTNTA VA EVWVOVTAL HETOEY TOUC
(omwc oL udaTAVOpPAKES KaL TO ApLVOEED).

» Otav petafoAilovtal dev mapayouv evépyela (ATP).

» Ol MooOTNTEC TTOU TtPooAapBavovtal ano Ty Tpodn Kal N moooTnTa oU £lval avaykaia
va ipocAapBAavetol o€ KaBnuepLvr) BAon LETPLETOL O ME 1) Ug TTapA OFE g.




Bltoipiveg

MEOCEC CUVIOTWLEVECG NUEPNOLEG TTIAPOXEC O€ BLtapivec yla vyt atopa 19 — 70 xpovwv

Brtapivn A 800 pg Niaoivn (B,) 15 mg
Brtapivn D 10 pg NavtoBeviko (Bg) 5 mg

Brtapivn E 15 mg Mupdodivn (Bg) 1.3 mg
Brtapivn K 100 pg Biotivn (B,) 30 ug
AokopPLko oév (C) 80 mg DuAAko ofp (B) 400 pg
OeLapivn (B,) 1.2 mg Butapivn B,, 2.4 ug

PiBodAapivn (B,) 1.2 mg



Bltapivec

Katnyopieg

AutodlaAvutec (A, D, E, kat K)
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Bltoipiveg

IN SUMMARY

The vitamins are essential nutrients needed in tiny amounts in the diet both
to prevent deficiency diseases and to support optimal health. The water-
soluble vitamins are the B vitamins and vitamin C; the fat-soluble vitamins
are vitamins A, D, E, and K. The accompanying table summarizes the differ-
ences between the water-soluble and fat-soluble vitamins.

Water-Soluble Vitamins: Fat-Soluble Vitamins:
B Vitamins and Vitamin C Vitamins A, D, E, and K
Absorption Directly into the blood First into the lymph, then the
blood
Transport Travel freely Many require protein carriers
Storage Circulate freely in water-filled Stored in the cells associated
parts of the body with fat
Excretion Kidneys detect and remove Less readily excreted; tend to
excess in urine remain in fat-storage sites
Toxicity Possible to reach toxic levels Likely to reach toxic levels when

when consumed from supplements consumed from supplements




Bltoipiveg

Brtapivn A

S N N OH

vitamin A (retinol)

e AVAKEL OTNV KATNYOPLO TWV PETLVOELO WV

o NopPavetol amod to KaApoTEVLA

* 800 ug/uepa

B-kapotévio



Bltoipiveg

Awmno8ialuteg

Brtapivn A

17 16 19 20 HaC CH CHa
HiC  CHa CHa CHs ’ : 11
SN

CHj HaC™ ™
HC=0

PetwvoAn 11-cis PetivaAn

S[EVMUB’]  Conversion of Vitamin A Compounds

Motice that the conversion from retinol to retinal is reversible, whereas the
pathway from retinal to retinoic acid is not.

RHetinyl esters Beta-carotene
INFOODs: | nanimal (in plant foods)
foods) ,
B-kapoTEvio
Retinol _ Retinal _ Retinoic acid
IN THE BODY: (supports « ' » (participates ———=")» (regulates
reproduction) ' in vision) : growth)
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Bltoipiveg

Bltapuivn A
PoAoc¢ Hivn

e MetoBoAlopog

e Apormoinon (mopaywyn wWpLLwV KUTTAPWY TOU aipatog)
e EpBpuoyévveon

* AvVOOoOEMApKELQ

e Opaon

As light enters the eye, rhodopsin
within the cells of the retina
absorbs the light.

Retina cells
(rods and
cones)

Eye Nerve impulses
to the brain

11



Bltapiveg

Brtapivn A

Avemtdpkela Purtapivng A mpokoAel koBuotépnon otnv  avamtuén, &npodOalipia,
VUKTaAWTIL Kot TUPAwon ota rtatdid.

Tpodipua mAovola o€ Brrtapivn A
o ZwKA TpodLpa: cukwTtl, nratéAata Popuwyv, Boutupo, Tupl, yaia.

e Qutikd TpodLua: KapOTo, oTtavVAKL, dpouTa, AaXOVLIKA



HeI{MAEH Vitamin A in Selected Foods

Micrograms RAE

Food Serving size (kcalories) 0 100 200 300 400 500 600 70O 800 9S00 1000
Bread, whole wheat 1 oz slice (70 kcal) | | | | | | | |
Cornflakes, fortified 10z (110 kcal) RDA RDA
Spaghetti pasta %c cooked (99 kcal) for for
Tortilla, flour 1 10%round (234 kecal) women, men
Broccoli % c cooked (22 keal) ]
Carrots % ¢ shredded raw (24 kcal) [
Potato 1 medium baked w/skin (133 kcal)
Tomato juice % c (31 keal) - VITAMIN A
Banana 1 medium raw (109 kcal) I Dark green and deep orange vegetables (green)
Orange 1 medium raw (62 kcal) . and f!'uits (purple) and_ [nrtiiied_ fongis such as milk
Strawberries 7¢ fresh (22 kcal) contr_lbute large gua_ntrtu_as of walmlr) A. Some foods

are rich enough in vitamin A to provide the RDA
Watermelon 1 slice (92 kcal) [ and more in a single serving.
Milk, fortified 1 ¢ reduced-fat 2% (121 kcal) | |
Yogurt, plain 1 c low-fat (155 kcal) Key:

Cheddar cheese 1% 0z (171 keal)

Breads and cereals

Cotftage cheese % ¢ low-fat 2% (101 kecal)

Pinto beans % c cooked (11/ keal)

Bl \/=getables
Bl Fruits

1 Milk and milk products

Peanut butter 2 ths (188 kecal)
Sunflower seeds 1 0z dry (165 kcal)
Tofu (soybean curd)  “c (76 kcal)

P Legumes, nuts, seeds

Ground beef, lean 3 oz broiled (244 kcal)

B Meats

Chicken breast 3 oz roasted (140 kcal)

Best sources per kcalorie

Tuna, canned in water 3 oz (99 kcal)

Eag 1 hard cooked (78 kcal)

Excellent, and sometimes unusual, sources:

Beef liver 3 oz fried (184 kcal)

Sweet potatoes ¥ c cooked (116 kcal)

Mango 1 {135 keal)




Vitamin A
Other Names

Retinol, retinal, retinoic acid; precursors are
carotenoids such as beta-carotene

RDA

Beta-carotene: spinach and other dark leafy
greens; broccoli, deep orange fruits (apricots,
cantaloupe) and vegetables (squash, carrots,
sweet potatoes, pumpkin)

Deficiency Disease

Men: 900 pg RAE/day

Women: 700 pg RAE/day

Upper Level

Adults: 3000 pg/day

Chief Functions in the Body

Vision; maintenance of cornea, epithelial cells,
mucous membranes, skin; bone and tooth
growth; reproduction; immunity

Significant Sources

Retinol: fortified milk, cheese, cream, butter,
fortified margarine, eggs, liver

Hypovitaminosis A

Deficiency Symptoms

Night blindness, corneal drying (xerosis), triangu-
lar gray spots on eye (Bitot's spots), softening of
the cornea (keratomalacia), and corneal degener-
ation and blindness (xerophthalmia); impaired
immunity (infectious diseases); plugging of hair
follicies with keratin, forming white lumps (hyper-
keratosis)

Toxicity Disease

Hypervitaminosis A?

Chronic Toxicity Symptoms

Increased activity of osteoclasts® causing reduced
bone density; liver abnormalities; birth defects

Acute Toxicity Symptoms

Blurred vision, nausea, vomiting, vertigo; in-
crease of pressure inside skull, mimicking brain
tumor; headaches; muscle incoordination

14



Bltopiveg

Bitapivn D

KaAottploAn
1,25-6wdpofuPrrapivng D,

15



Brtoipiveg
AutoSLaAUTEC

Mnyn Brtapivng D Bitapivn D

»Tpodua: avya, yaia, Boutupo, papyapivrn, cukwtt, dnuntplakad. (10 pug/uépa)

»HAakn aktivofoAia Katd tnv mnoapatetapévn €kBeon otnv  NALOKA

aktwvofolia napdyovtol oL adpaveic €eVWOELG
AOULLOTEPOAN KOL TOXUOTEPOAN.

HyC,,

In the skin:

7-dehydrocholesterol
(a precursor made in the
l liver from cholesterol)
Ultraviolet
light from
the sun

Previtamin Dy

i fFﬂﬂds

Vitamin D4
Vitamin D, (an inactive form)

HO
Lumisterol,

uv

HSC Yie,,

Previtamin D4

|

HaC.,

7-Dehydrocholesterol

uv

HO"

In the liver: | | Hydroxylation

> i
V/ 25-hydroxy vitamin Dy

In the Hydroxylation
kidneys:

1,25-dihydroxy vitamin D4
{active form)

HsC

OH
Tachysterols



Brtoipiveg
AutoSLaAUTEC
Bitapivn D

H Butapivn D OUUPETEXEL OTO HUNXOVIOUO amoppodnong Ttou acPeotiou kot eival
amapaitnTn yLa TNV KAVoVLKH oVATTTUEN TWV 00TWV Kol SOVTLWV.

A

_*_,_,_._.-—-—-"""'_"_-'2;':}'-':'

ATF

+
I'4 * ® %’
[ JE——— R @ @h‘ ,"@. PMICA,

@ ADP
Ca T1
Calbirdin-Dy, J’/

VDR: Vitamin D Receprot

EAewpn Brrapivng D mpokaAel payitida ota pikpd modld Kot LaAdKuvon 00TWV-00TEOTIOPWON

OTOUC EVNALKEC
17



Vitamin D
Other Names

Deficiency Symptoms

Calciferol (kal-SIF-er-ol), 1,25-dihydroxy vita-
min D (calcitriol); the animal version is vitamin
D; or cholecalciferol; the plant version is
vitamin D, or ergocalciferol; precursor is the
body’s own cholesterol

Rickets in Children

Adequate Intake (Al)

Adults: 5 pg/day (19-50 yr)

10 pg/day (51-70 yr)

15 pg/day (>70 yr)

Upper Level

Adults: 50 pg/day

Chief Functions in the Body

Mineralization of bones (raises blood calcium
and phosphorus by increasing absorption from
digestive tract, withdrawing calcium from
bones, stimulating retention by kidneys)

Significant Sources

Synthesized in the body with the help of
sunlight; fortified milk, margarine, butter,
juices, cereals, and chocolate mixes; veal, beef,
egg yolks, liver, fatty fish (herring, salmon,
sardines) and their oils

Inadequate calcification, resulting in misshapen
bones (bowing of legs); enlargement of ends
of long bones (knees, wrists); deformities of
ribs (bowed, with beads or knobs);? delayed
closing of fontanel, resulting in rapid enlarge-
ment of head (see figure below); lax muscles
resulting in protrusion of abdomen; muscle
spasms

Osteomalacia or Osteoporosis in Adults

Loss of calcium, resulting in soft, flexible,
brittle, and deformed bones; progressive
weakness; pain in pelvis, lower back, and legs

Toxicity Disease

Hypervitaminosis D

Toxicity Symptoms

Elevated blood calcium; calcification of soft
tissues (blood vessels, kidneys, heart, lungs,
tisues around joints)

Anterior fontanel
normally closes
by the end of the
second year.

Fontanel

A fontanel is an
open space in the
top of a baby's
skull before the
bones have
grown together.

In rickets, closing
of the fontanel is
delayed.

Posterior fontanel
normally closes
by the end of the
first year.

18




Bltoipiveg
AutoSLaAUTEC

Birapivn E

TokodepoAeg (a, B, v, 6)

o-ToKopEPOAN B-tokodepAAn

y-tokodEPOAN 6-tokopepOAn

19



Bltoipiveg
AutoSLaAuTEC

Birapivn E

OL TokodepOAeC eival Loxupd avtoteldwtikd. H avtioéeldwtikn toug dpaon akoAouBel
NV 6la oelpd pe tnv Brrapvikni toug Spaocna > >y > 6.

CH,

LOO® + T-OH > LOOH + T-0*  +

Hal o
CHy

CHy

CH; CH CH;, CHy

Alpha Tocopherol
(Vitamin E)

(Lipid Vitamin C
- . Free
Polot: ' Radicals)
AvTLOEELO WTLKAL o
PUBuLon evlupukng dpaotikotntoag (PKC) W
AvveioS100ToAN e 18 “dn, o, oy CH
: Tocopheroxyl Free Radical

I_\Y YL-LU\JL\.A.U C\JI N I

JUYKOAANoN atpometaAiwv

(Oxidized Vitamin E)

Tpodpa mAovowa oe PBrtapivn E: ZitéAao, yaia, elatdAado, Enpol kapmol, mpacwa
dUAAWSN Aaxavikd, CUKWTL, dnuntplakad (15 mg / péEpa).

H éAAewdn tng Brrapivng E mpokaAel puikn duotpodia, puikn atagio kot avatpia.
20



Vitamin E

Other Names

Significant Sources

Alpha-tocopherol

Polyunsaturated plant oils (margarine, salad

RDA

dressings, shortenings), leafy green vegetables,
wheat germ, whole grains, liver, egg yolks,

Adults: 15 mg/day

nuts, seeds, fatty meats

Upper Level

@y destroyed by heat and @

Deficiency Symptoms

Adults: 1000 mg/day

Chief Functions in the Body

Red blood cell breakage,® nerve damage

Toxicity Symptoms

Antioxidant (stabilization of cell membranes,
regulation of oxidation reactions, protection
of polyunsaturated fatty acids [PUFA] and
vitamin A)

Augments the effects of anticlotting medication

21



Brtoipiveg
AutoSLaAUTEC

Bitapivn K

Brtapivn K

22



Bltoipiveg
AutoSLaAUTEC

Bitapivn K

H Brtapivn K eival amapaitntn ywo tTnv Kavovikn mnén tou aipatoc. Artovoia tng Brapivng
auTNG to Amap dev pmopel va cuvBéoel tnv mpoBbpoufivn n omoila eivatl n mpodpopog
gvwon tn¢ Bpoupivne (mpwteivn amapaitntn ywa tnv mRén tov aipatoc).

Opoupivn

JUYKEKPLUEVA N Brtapivn K eival umevBuvn yua tnv dnuoupyia tou
TPOTIOTIOLNMEVOU  ApWOEEOC  y-kKapBofu  yAOUTOMULWVIKOU  OTnVv
npoBpoufivn, To omolo eival amapaitnTo ywa TNV OTOXELUON TNG
npoBpoufivne otnv emidpAvelo TOU TPAUMATOC KOl TNV EMOUVAWON
TOU. ZUYKEKPLUEVA TO Y-KopBoEu YAouTapwikd mpoodevel Lovta Cat
Kol €Ttol odnyel tn BpouPivn oto onueio Tou tpavpatog (oto omolo
UTTAPYXOUV aPVNTIKA POPTIOUEVEC ETILPAVELEC) EVEPYOTIOLWVTAC TNV
nnén Tou aipartoc.

@0\6’0 g
\ p H/ H2C_ C\
H /CH—C\ 2 C/ 00
K= = ,’C O @ \ @
<J N H3N C-O
» H,N -0 ® U
® 8 o)

y-kapBofu yhoutopviko o§u YAOUTQLLLVLKO O ;



Brtoipiveg

AutoSLaAUTEC
Opoupivn _ B
Protein precursors KafouAdon tou Completed proteins e c'f 0
M]W y-YAouTtapvikoU “""‘|W IEE:H-*"E _ _1;
CH, CO, O, CH, ;
| . | %
CH, - HC—COOH g
COOH Brrapivn K COOH o]
Glutamyl (Glu) residues v-Carboxyglutamyl (Gla) residues

To y-kapBou yAoutapviko dnuloupyeitol povo napouaoia tne PLrapivng
K. AvaotoAeic tng Brtapivng K pmopei va mpokaAéoouv Bavatndopo
olLpoppayia.

CHs CHs
H dikoupapoAn sival évag avtaywviotng tng Brtapivng K. Na to Adyo
QUTO UMOopel va TPOKOAECEL oaLpoppaylkny acBevela. H SikoupapoAn
Bploketal oto XaAaGHEVO O puKntiaon AUEPO TPLPUAAL.

Avemtdapkela Brrapivng K mpokalel SuoAettoupyiec otnv mnén Tou aipatoc.
Mnyn Brapivng K: Mpaowa ¢puAlwdn Aaxavikad, eAatdAado, cukwTtl, yaAa,
Baktrptla rtaxeoc evtepou (100 pg / pepa)

24



Vitamin K
Other Names

Significant Sources

Phylloguinone, menaquinone, menadione,
naphthoquinone

Adequate Intakes (Al)

Bacterial synthesis in the digestive tract;?
liver; leafy green vegetables, cabbage-type
vegetables; milk

Men: 120 ug/day

Deficiency Symptoms

Women: 90 ug/day

Hemorrhaging

Chief Functions in the Body

Toxicity Symptoms

Synthesis of blood-clotting proteins and bone
proteins

None known

25



Bltoipiveg
YSatodLaAuTEC

Birapivn B,

NH,  CI°
DR
/J\N” L‘s

vitamin By (thiamine)

YUVEVILUHO UE TN popdn mupodwaodopikng Betauivng (TPP). )\)j/\ /g’\—o OH

v/
-0, OH
Elval amapaitnin ywa 1o peTafoAlopd twv vdatavOpakwv ,P 5 OH

Kol Tou AlTtouc. (TPP) o]

Oswapivn

26



Bltoipiveg
YSatodLaAuTEC

Birapivn B,

H avemdpkelo oe Betapivn (Brtapivn B1l)

To éviupo nupootadUALKA
adudpoyovdon armevepyonoleitol
oo QPOCEVIKO KAl LUSPAPYUPO HE
OIOTEAECHA TA METOAAQ autd va

, . . . TMPOKOAOUV GUHITTWHOTA TTOLPOUOLOL
TiPOKAAEL TNV vooo Beri Beri. P v SUMTTTOH PO
, , , , HE TnVv Beri Beri.
Xapaktnpiletal amo Komwon, oaduvapla,
KOLp5LClKr]I OVETIAPKELA KOL VEUPOAOYLKEC pyruvate /
SLatapaXeg L
s s ’ ’ ’ I\TPFD '\‘-—- CD
Mnyeg Brrapivng B;: KpEAG, oUKWTL, pIL(EAL, — 2
Ywui, avyd, matdrec, ydAa. (1,2mg / pépa) ("aceﬂ' CoA Isovaleryl-CoA
T N
— - (TPP) |,—~CO,
| N e 1
oxaloacetate || citrate L
/ \ \ W
i \ \ leucine
.' \ \
I/—-r—-succinyl -CoA —= AN -——o-methylbutyryl-CoA
| ——
\ TPy T
(TPP) |—~CO
isobutyryl- COA ~— }ﬂ 2
\(TPP) / L
C02=- T F'"j) \ / | W .
-- isoleucine

l

valine

a-ketoglutarate

27



H(elI{M[1%E Thiamin in Selected Foods

Milligrams

Food Serving size (kcalories) 0 0.25 0.50 0.75 1.00 1.25
Bread, whole wheat 1 oz slice (70 kecal) | | | | |
Cornflakes, fortified 10z (110 kcal) RDA
Spaghetti pasta ¥ c cooked (99 kcal) \ ;an J,
Tortilla, flour 1 10"-round (234 kcal) S
Broccoli ¥ c cooked (22 kcal) N
Carrots ¥ c shredded raw (24 kcal) - =

. . RDA
Potato 1 medium baked wyskin (133 kcal) _ il
Tomato juice %c (31 keal) _ women
Banana 1 medium raw (109 kcal) -
Orange 1 medium raw (62 kcal) -
Strawberries % c fresh (22 kcal) I THIAMIN
Viatermelor 1 lice (92 keal) el R e e
Milk 1 ¢ reduced-fat 2% (121 kcal) variety of nutritious foods will help meet thiamin
Yogurt, plain 1 ¢ low-fat (155 keal) needs. Bread and cereal selections should be either
Cheddar cheese 1% oz (171 keal) whole grain or enriched.
Cottage cheese ¥ c low-fat 2% (101 kcal) Key: : l
Finto beans ¥ ¢ cooked (11/ kcal) | B
Peanut butter 2 ths (188 kcal) | Breads and cereals
Sunflower seeds 1 oz dry (165 kcal) . Bl \egetables
Tofu (soybean curd) % ¢ (76 kcal) = Bl Fruits
Ground beef, lean 3 oz broiled (244 kcal) . 1 Milk and milk products
Chicken breast 3 oz roasted (140 kcal) - Bl Legumes, nuts, seeds
Tuna, canned in water 3 oz (99 kcal) . Bl Meats
Egg 1 hard cooked (78 kcal) | Best sources per kcalorie
Excellent. and sometimes unusual, sources:
Pork chop, lean 3 oz broiled (169 kcal) e
Soy milk 1¢ (81 keal) [
Squash, acorn ¥ c baked (69 kcal) _




IN SUMMARY  RiEtin

Other Names

Deficiency Disease

Vitamin B,

RDA

Men: 1.2 mg/day

Women: 1.1 mg/day

Chief Functions in the Body

Part of coenzyme TPP (thiamin pyrophosphate)
used in energy metabolism

Significant Sources

Whole-grain, fortified, or enriched grain
products; moderate amounts in all nutritious
food; pork

@y destroyed by hezh
—

Beriberi (wet, with edema; dry, with muscle
wasting)

Deficiency Symptoms?

Enlarged heart, cardiac failure; muscular
weakness; apathy, poor short-term memaory,
confusion, irritability; anorexia, weight loss

Toxicity Symptoms

None reported

25evere thiamin deficiency is often related to heavy alcohol consumption with limited food consumption (Wernicke-

Korsakoff syndrome).

29



Bltoipiveg
YSatodLaAuTEC

PiBodAafivn
Birapivn B,

OH

HO,, OH

OH
pewes
N;I%rNH
O

vitamin B, (riboflavin)

H ButapivnB, amotelel ocuvevlupo ywo TOANG 0&EOWTLKA €VIUUOL KOl CUMUETEXEL OTO
UETAPBOALOUO  AUtopwV OEEWV, KETOVOOWMATWY, uvdaTtavOpdkwy Kol TPWTEIVWV.
Xpnotpormoleitat pe tn popdn voukAeotdiwv (FMN, FAD)

30



Bltoipiveg
YSatodLaAuTEC

Bitapivn B,

o /=
FMN KUNWNHE

OAaBvopovovoukAeotiblo

flavokinase FAD

. . OAapwvo-adevivo-dwvoukAeotidlo
riboflavin + ATP——— = FMN + ADP

FAD synthetase
FMN + ATP 2 = FAD + PPi

31



Bltoipiveg

YSatodLaAuTEC

Bitapivn B,

H
| m
HaC @ N
HsC — COOH I
| +
H-C —
2 COOH HaC J,/NH
10}
O
Succinic FAD
acid
O,
HaC N N 0
H— t:|: — COOH | \f
HOOC—C —H NH
HaC
O
Fumaric FADH»

acid

Avemdpkela o€ PBuapivn B, mpokaAel
kaBuotépnon otnv avamntuén, octopatitda,
epeBLONO ot pATIA KoL TN YAwooa,
Sdeppatitida kal avorLpia.

Tpodwua mAovowa oe Prrapivn B,: ldAa,
TUPL, YLOUPTL, KPEACG, OUKWTL, Tpaowva
dUAAWSN Aaxavikd, SnUNTPLAKAL.
JUVIOTWHEVN NUepnotla doon: 1,2 mg
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Hle{I M%) Riboflavin in Selected Foods

Milligrams
0.2 04 06 08 1.0 1.2 1.4 16

]

Food Serving size (kcalories)

Bread, whole wheat 1 oz slice (70 kcal)
Cornflakes, fortified 10z (110 kcal)

Spaghetti pasta % c cooked (99 kcal)

Tortilla, flour 1 10"-round (234 kcal)

Broccoli %, ¢ cooked (22 kcal) -

Carrots % ¢ shredded raw (24 kcal) . %D A

Potato 1 medium baked w/skin (133 kcal) . for

Tomato juice ¥ ¢ (31 keal) . Women

Banana 1 medium raw (108 kcal) -

Orange 1 medium raw (62 kcal) . RIBOFLAVIN

Strawberries 7 ¢ fresh (22 keal) | Milk and milk products (white) are noted for
Watermelon 1 slice (92 kcal) . their riboflavin; several servings are needed
Milk 1 ¢ reduced-fat 2% (121 kcal) to meet recommendations.

Yogurt, plain 1 ¢ low-fat (155 kcal) | |

Cheddar cheese 1% 0z (171 kcal) Key:

Cottage cheese % c low-fat 2% (101 keal) Breads and cereals
Pinto beans % c cooked (117 kcal) Bl Vegetables

Peanut butter 2 tbs (188 kcal) B Fruits

Sunflower seeds 1 oz dry (165 kcal) 7 Milk and milk products

Tofu (soybean curd) % c (76 kcal)
Ground beef, lean 3 o0z broiled (244 kcal)

P Legumes, nuts, seeds
Bl Meats

Chicken bleas_t 3 oz roasted (140 keal) Best sources per kcalorie
Tuna, canned in water 3 oz (99 kcal)

Egg 1 hard cooked (78 kcal)

Excellent, and sometimes unusual, sources:

Liver 307 fried (184 kcal) R
Clams, canned 30z (126 kcal) _

Mushrooms ’ ¢ cooked (21 kcal) I_




IN SUMMARY R:ASSiEYL

Other Names

Easily destroyed by ultraviolet light and
\rradiation

Vitamin B

e — e

RDA

Deficiency Disease

Men: 1.3 mg/day

Ariboflavinosis (ay-RYE-boh-FLAY-vin-oh-sis)

Women: 1.1 mg/day

Deficiency Symptoms

Chief Functions in the Body

Sore throat; cracks and redness at corners of
mouth;?* painful, smooth, purplish red tongue;®

Part of coenzymes FMN (flavin mononucleotide)
and FAD (flavin adenine dinucleotide) used in
energy metabolism

Significant Sources

Milk products (yogurt, cheese); whole-grain,
fortified, or enriched grain products; liver

inflammation characterized by skin lesions cov-
ered with greasy scales

Toxicity Symptoms

MNone reported

*Cracks at the corners of the mouth are called angular stomatitis or cheilosis (kye-LOH-sis or kee-LOH-sis).
BSmoothness of the tongue is caused by loss of its surface structures and is termed glossitis (gloss-EYE-tis).
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Bltoipiveg

YSatodLaAuTEC
Niaoivn
Butapivn B,
O
| X" “OH | = NHz
P
N N
NiKoTIVIKG 0&L Nwotwvapidio
H Nwaoilvn xpnoluormoleital oav cuveEVIUUO UE . ~
™ popdpny NAD* f NADP*. Xpnotlpomoleital otov opb_ | i
netaBoAlopo ALtapwv oEEwv Kol 0
vdatavBpakwyv. Emiong xpnolpomoleitol otnv s
erubLopbwon tou DNA. H avnypevn popdn Of OH
(NADPH) xpnotwomoleital yia BloouvBeon aAld </N i
Kol 0TNV AmoToéikwon avildpaoTIKWV EVWOEWV °=(|)P__ N o !
oéuyovou.
2tov avlpwno n Niwaoivn cuvtiBetal and to OH OH
opvoéV Bpumnttodpavn. NAD*

| = NH,

o=|?-—— N

NADP*
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Bltoipiveg
YéatodlaAutEg

Niaoivn
Bitapivn B,

Avenapkela oe Niaoivn aAld kot og Bpunttodpavn mpokaAel Tnv acBevela neAAdypa. H

KALVIKN) €lKOva TNG XYopoktnpiletor omod OepuatikeG PAABEC, YOOTPEVIEPLKEC KOl
VEUPOPUXLKEC EKONAWOELC.

Tpodpua mhovowa og Nwaoivn: Kpéag, Snuntplaka. 15 mg/uépa
Tpodua mAovowa oe Bpuntodavn: Papla, afyd, to yaia, ol
TTAVAVEC, TAL YOAOKTOKOMLKA, OL NALOGTIOPOL KOlL TO KPEQC.

NITarmirpd
130

'\ An inability to absorb
niacin (vitamin B3)
or the amino acid
tryptophan may
cause pellagra, a
disease characterized
by scaly sores,
mucosal changes
and mental symptoms
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eV {MOYA Niacin in Selected Foods

Milligrams
Food Serving size (kcalories) 0 2 4 G 8 10 12 14 16 18 20
Bread, whole wheat 1 oz slice (70 kcal) | | | | | | | |
Cornflakes, fortified 10z (110 kcal)
Spaghetti pasta . c cooked (99 kcal)
Tortilla, flour 1 10%round (234 kcal)
Broccoli % ¢ cooked (22 kcal)
Carrots ¢ shredded raw (24 kcal)
Potato 1 medium baked w/skin (133 kcal)
Tomato juice % ¢ (31 keal)
Banana 1 medium raw (109 kcal) NIACIN
Orange 1 medium raw (62 kcal) Members of the meat group (red)
Strawberries ¥ ¢ fresh (22 kcal) are prominent niacin sources.
Watermelon 1 slice (92 kcal) — :
Milk 1 ¢ reduced-fat 2% (121 kcal) Key:
Yogurt, plain 1 ¢ low-fat (155 kcal) Breads and cereals

Cheddar cheese

1% 0z (171 kecal) Bl \Vegetables

Cottage cheese

Bl Fruits

% c low-fat 2% (101 kcal)

Pinto beans

% ¢ cooked (117 kecal) 1 Milk and milk products

Peanut butter

2 thbs (188 kcal) B Legumes, nuts, seeds

Sunflower seeds

1 0z dry (165 kcal)

B Meats

Tofu (soybean curd)

Yo (76 kcal ,
sc( ) Best sources per kcalorie

Ground beef, lean

3 oz broiled (244 kcal)

Chicken breast

3 0z roasted (140 kcal)

Tuna, canned in water

3 0z (99 kcal)

Egg

1 hard cooked (78 kcal)

Excellent, and sometimes unusual, sources:

Liver 3 oz fried (184 kcal)
Peanuts 1 oz roasted (165 keal)
Mushrooms ¥, c cooked (21 kcal)




IN SUMMARY RNEED

Other Names

Significant Sources

MNicotinic acid, nicotinamide, niacinamide,
vitamin B; precursor is dietary tryptophan (an
amino acid)

RDA

Milk, eggs, meat, poultry, fish; whole-grain,
fortified, and enriched grain products; nuts and
all protein-containing foods

Deficiency Disease

Men: 16 mg NE/day

Pellagra

Women: 14 mg NE/day

Upper Level

Adults: 35 mg/day

Chief Functions in the Body

Deficiency Symptoms

Diarrhea, abdominal pain, vomiting; inflamed,
swollen, smooth, bright red tongue;* depres-
sion, apathy, fatigue, loss of memory,
headache; bilateral symmetrical rash on areas
exposed to sunlight

Part of coenzymes NAD (nicotinamide adenine
dinucleotide) and NADP (its phosphate form)
used in energy metabolism

Toxicity Symptoms

Painful flush, hives, and rash (“niacin flush™);
nausea and vomiting; liver damage, impaired
glucose tolerance

*smoothness of the tongue is caused by loss of its surface structures and is termed glossitis (gloss-EYE-tis).

38



Bltoipiveg

YSatodLaAuTEC

MNavtoBeviko o€y
Brtapivn B
H OHH

-
-
Ld

To mavtoBevikd o0&V elval To cUOTATIKO TOU JUVeEVIUMOU A. SUMUETEXEL OTO UETAPBOALOHLO
TWV AUTopwv 0€EWV, TNC XOANOTEPOANC KoL 0TOV KUKAO TOU KLTPLKOU OEEOC.

OH
0=p—0"

Zuvevivuo A

H avemndpkela tou tavtoBevikol of€oc ival omtavia Aoyw tn¢ adOovng napouaciog Tou ota

TPOdLuaL.
Tpodpa mAovola o€ tavtoBevikd ofU: ZukwtL, KN, PACIALKOC TTOATOC, PPEOKA AAXAVLKA,

auya, LooXAPL, KOTOTIOUAO, SnunTpLaka. 5 mg/ pepa 39



NIV A Pantothenic Acid

Adequate Intake (Al)

Deficiency Symptoms

Adults: 5 mg/day

Chief Functions in the Body

Part of coenzyme A, used in energy metabolism

Significant Sources

Vomiting, nausea, stomach cramps; insomnia,
fatigue, depression, irritability, restlessness,
apathy; hypoglycemia, increased sensitivity to
insulin; numbness, muscle cramps, inability to
walk

Toxicity Symptoms

Widespread in foods; chicken, beef, potatoes,
oats, tomatoes, liver, egg yolk, broccoli, whole
grains

@ destroyed by food pmcessinh
e

MNone reported
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Bltoipiveg

YSatodLaAuTEC

Brtapivn B

HO OH 20 IN\ CHj
\_/ " [ ©H MO~ on
HO N Y HoN
Muptdoéivn Mupdo&ain NuptSofapivn
0
o HO_ OH
HO ¥
Z X0

Ddwodopikn nuptdoaAin (PLP)
Evepyn popon

Baolkd oUVEVIUUO OTLC BLOXNMLKEG LETOTPOTIEC TWV OULVOEEWY. ZUMBAAEL OTN LETATPOTIA TNG
Opunttopavng oe Niaoivn kat Zepotvivn. ZUUBAAEL OTO OXNUATIOUO TWV EPUOPOKUTTAPWV.
EAAewpn mpokaAel avatlpia, veupkotnta, katabAwpn, deppatitida, aduvapia (1.3 mg/uépa)

Eival dtadedopévn oto putiko Kat oto {wiko BaciAelo.
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S(ElV W] Vitamin B, in Selected Foods

See the “How to” section on p. 329 for more information on using this figure.

Tofu (soybean curd) Y c (76 kcal)

Ground beef, lean 3 0z broiled (244 kcal)

1 Milk and milk products
B Legumes, nuts, seeds
Bl Meats

Best sources per kcalorie

Milligrams

Food Serving size (kcalories) 0 0.5 1.0 15 2.0
Bread, whole wheat 1 oz slice (70 keal) | | | |
Cornflakes, fortified 1 0z (110 kcal)
Spaghetti pasta ¥ c cooked (99 kcal) A
Tortilla, flour 1 10"-round (234 kcal) _“RDA for
Broccoli % ¢ cooked (22 kcal) -] | adults
Carrots % ¢ shredded raw (24 kcal) - (19-50
Potato 1 medium baked w/skin (133 kcal) _
Tomato juice ¥ ¢ (31 kcal) I
Banana 1 medium raw (109 kcal) _
Orange 1 medium raw (62 kcal) - HI’AMfLN(IiEIE —_—
Strawberries ¥ ¢ fresh (22 kcal) | veagngtab?ess.;:ﬂg .uarlzlgme r
Watermelon 1 slice (92 kcal) I offer vitamin Bg. Variety helps a
Milk 1 c reduced-fat 2% (121 kcal) person meet vitamin Bg needs.
Yogurt, plain 1 c low-fat (155 kcal) |
Cheddar cheese 1% 0z (171 kcal) Key:
Cottage cheese % ¢ low-fat 2% (101 kcal) BEreads and cereals
Pinto beans Y, c cooked (117 kcal) I Bl Vegetables
Peanut butter 2 tbs (188 kcal) | B it
Sunflower seeds 1 oz dry (165 kcal) _

|

|

|

|

|

P

]

|

Chicken breast 3 0z roasted (140 kcal)
Tuna, canned in water 3 oz (99 kcal)

Egg 1 hard cooked (78 kecal)
Excellent, and sometimes unusual, sources:
Prune juice % ¢ (137 keal)

Bluefish 3 0z baked (135 kcal)
Squash, acorn % ¢ baked (89 kcal)




NNV @ Vitamin B

Other Names

Significant Sources

Pyridoxine, pyridoxal, pyridoxamine

RDA

Meats, fish, poultry, potatoes and other starchy
vegetables, legumes, noncitrus fruits, fortified
cereals, liver, soy products

Adults (19-50 yr): 1.3 mg/day @Esm}“ by @

Upper Level

Adults: 100 mg/day

Chief Functions in the Body

Part of coenzymes PLP (pyridoxal phosphate)
and PMP (pyridoxamine phosphate) used in
amino acid and fatty acid metabolism; helps to
convert tryptophan to niacin and to serotonin;
helps to make red blood cells

Deficiency Symptoms

Scaly dermatitis; anemia (small-cell type);*
depression, confusion, convulsions

Toxicity Symptoms

Depression, fatigue, irritability, headaches,
nerve damage causing numbness and muscle
weakness leading to an inability to walk and
convulsions; skin lesions

35mall-cell-type anemia is called microcytic anemia.
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Brtoipiveg

YSatodLaAuTEC

Bitaptivn B,,

OH  on
| Coenzyme B,
*"r | (5'-Deoxyadenosylcobalamin)
H,C M-

X 2 M - |
1 = 1 III |

" \ M

\N__. .

o= \ J o fof

, o Cyanocobalamin Methylcobalamin
oL



Bltoipiveg

YSatodLaAuTEC

Bitapivn B,

MetaBoALlopOG AtmapwV 0EEWV HE TLEPLTTO APLONO aTOpwWV AvOpaka

HCOs™ P,

+

0 ATP C' 'ﬁ' 0 1|Z|.‘r ﬁ
i - Ha
HSC'\-\. (|:| \ / o :CMHH C ""‘”CGH = {: T .-""':-""-- -"CGA D o .-'"'C et -"'C."'H - CGA
H"C'f o C 5 o C ~57 _ 7 T -3
Hy c/ H Yy o Ha
Hs HzC 0
Propionyl CoA o-Methylmalonyl CoA t-Methylmalonyl CoA Succinyl CoA

KUkAo¢ evepyomolnpuévou pebuliov

| 5 Adenosyl-
ATP / methionine |

Methionine S-Adenosyl-
homocysteine

\ e

Homocysteine
“chy) ¥

EAAewpn tpokaAel kakonOn avatpia, yevik SucAeltoupyia Twv veupwy (mapdAuvon).
Tpodipa mAovola oe Brtapivn B,,: cukwty, KpEag, yala, Tupi, Yapla, avyd.
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NS CAME Vitamin B,

Other Names

Significant Sources

Cobalamin (and related forms)

RDA

Foods of animal origin (meat, fish, poultry,
shellfish, milk, cheese, eggs), fortified cereals

Adults: 2.4 pg/day

Chief Functions in the Body

@yed by microwave m

Deficiency Disease

Pernicious anemia?®

Part of coenzymes methylcobalamin and
deoxyadenosylcobalamin used in new cell
synthesis; helps to maintain nerve cells; re-
forms folate coenzyme; helps to break down
some fatty acids and amino acids

Deficiency Symptoms

Anemia (large-cell type);® fatigue, degeneration
of peripheral nerves progressing to paralysis;
sore tongue, loss of appetite, constipation

Toxicity Symptoms

MNone reported

*The name pernicious anemia refers to the vitamin B, ; deficiency caused by atrophic gastritis and a lack of intrinsic factor,

but not to that caused by inadequate dietary intake.

®large-cell-type anemia is known as either macrocytic or megaloblastic anemia.
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Bltoipiveg

YSatodLaAuTEC

DUAALKO o€V
Bitapivn B,

NH

/’ /’
HaN

Xpnotuoroleital otn PloouvBeon Pacewv VOUKAElkwV ofEwv (moupiveg, muptpdiveg) kal
OPLOUEVWV QULVOEEWV.

Elvaw dlaitepa onpavtikd katd tn Stdpkela meplodwv taxeiog avamntuéng, onwe n Bpedikn
nALkla kat n eykupoouvn.

EAAewpn puAAikoU o&€oc mpoKaAel alpaToAOYIKEC avwpaAies (avalpia), koupaorn, Tovokedalo.
Mny£g mAovoieg oe PUAALKO 0€U: Mpaoiva Aaxavikd, veppd, CUKWTL, BakTApLa EVTEPOU.

400 pg / uépa .



Bltoipiveg

YSatodLaAuTEC

DUAAKO o€V

Tetpaiid6podpuAAKo oy Birapivn B,

H T
+
HaM M. N Ser  Gly H NADPH NADP* H
. H L. J=H
) H / x.HN_,.-— ' / \HN‘/ "
HH e _._--""-ﬁ-\"ﬁ.._‘_ ___.-""' ’i'-'._ l,II II," :I..
ﬂ H N\ HaC—Ne_ HiC  HiNe_
0 / Tetrahydrofolate NEN'""-Methylene- N*-Methyl-
HM . . tetrahydrofolate tetrahydrofolate
Pteridine 0 i:l IC: l:: H Formate + ATP NADP*
| [ H | Y
L,-h | - ADP +P; NADPH
i o I I"'-I ':_C:':.:'
TAN o §
o coo- n=U4 C|-|2 C|-|2 T NCH,
p-Aminobenzoate Glutamate | ,_L:-H
».N.—' .,
_CHuN,
T HN
0
N'0-Formy N3 N'"-Methenyl- N5-Formimino-
letrahydrofolale hetrahydrofolate tetrahydrofolate
/ ADP + P
1 4 ’ oo 1 4 ’
QDuUAAKO 00 — > TetpalidpoPpuAAiko oy o
7 ] ’ - ,-H
AOTNC povavBpaKkikwy povadwv N
o = '-"HHN“-.H . _
NS-Formyl- Figure 29.8 Conversions of one-carbo
tetrahydrofolate units attached to tetrahydrofolate.
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Brtoipiveg

. DOUAAKO oL
H,N N N ,
W - Bitapuivn B,
HN ” = i AwdpodpuAAKO
[ T > H -y
0  HC N._R H,N N _N, bl i
MeBuAevotetpaiidpoduAAiko i | LH HN | o
- B ol "N )
) NS |
‘A ~0 (IJJ ||_,f _ 0 H J
oupakirn ~ CHy N, ——— ' N
. H |/ “R - , A2
HNT S S HN 5|
H E|1zyn1e?SH o N/:-H OAKN/\H 9U|J.w|1
j\ | = S——enzyme HS——enzyme
o N H - deoxyribose-P deoxyribose-P
‘ Thymidylate
(TMP)
deoxyribose-P
Deoxyuridine
monophosphate
(dumP)
Avaywyaon Tou y
H SwdpodpurAkol Hz"\(/”‘\/”
HN + NADPH + H* ——  HN | o + NADP*
\H/‘\ \{H)/\ﬁ Hr&x
S S
H
‘ - H\<\/coo- ‘ P N <\/c00—
H Co0~ 0 H Co0~
AwWwdpoduAAko TetpaldpodpuAAiko
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AVTIKOPKLVLKA

0
Fluorouracil H
E HN. N N
)\ H + HN._ A :
Fluorodeoxyuridylate O N ~ N

(suicide inhibitor) )

| N

deoxyribose-P HyC—N

-
H"\

k @ deoxyribose-P
Fluorodeoxyuridylate N3 N'0-Methylene- Stable adduct
dUMP _ TMP tetrahydrofolate
Thymidylate
synthase
N®, N'0-Methylene- Dihydrofolate N
tetrahydrofolate T
N
Glycine NADPH + H* Hy / \ N/
Dihydrofolate ., [ Aminopterin —
reductase @ and
Serine . methotrexate NH;
Tetrahydrofolate NADP (amethopterin) Aminopterin (R = H) or methotrexate (R = CHs)
|
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Food

eI {M™RN Folate in Selected Foods

Serving size (kcalories)

Micrograms

=
(o]
=

100 150

200 250 300 350 400

Bread, whole wheat

1 0z slice (70 kcal)

Cornflakes, fortified

1 0z (110 kcal)

Spaghetti pasta

% c cooked (99 kcal)

Tortilla, flour 1 10%-round (234 kcal)

Broccoli ¥ ¢ cooked (22 kcal)

Carrots ¥ ¢ shredded raw (24 kcal)

Potato 1 medium baked w/skin (133 kcal)

Tomato juice % ¢ (31 keal)

Banana 1 medium raw (109 kcal) FOLATE

Orange . 11 medium raw (62 kcal) ere T (e T R T
Strawberries % ¢ fresh (22 keal) (brown) are rich sources of folate, as
Watermelon 1 slice (92 kcal) are fortified grain products (yellow).

Milk 1 ¢ reduced-fat 2% (121 kcal)
Yogurt, plain 1 ¢ low-fat (155 kcal)
Cheddar cheese 1%, 0z (171 kcal)

Cottage cheese % ¢ low-fat 2% (101 kcal)
Pinto beans ¥ c cooked (117 kcal)

Key:

Breads and cereals
Bl \egetables

Peanut butter 2 tbs (188 kcal) Bl Fruits
sSunflower seeds 1 oz dry (165 kcal) 1 Milk and milk products
Tofu (soybean curd) ¥ c (76 kecal) Bl | egumes, nuts, seeds

Ground beef, lean 3 oz broiled (244 kcal)
Chicken breast 3 oz roasted (140 kcal)
Tuna, canned in water 3 oz (99 kcal)

Bl Meats
Best sources per kcalorie

Egg 1 hard cooked (78 kcal)
Excellent, and sometimes unusual, sources:
Lentils ¥ ¢ cooked (115 kcal)
Asparagus % ¢ cooked (22 kcal)
Orange juice % c fresh (84 kcal)




IN SUMMARY RZIEIES

Other Names Significant Sources

Folic acid, folacin, pteroylglutamic acid (PGA) Fortified grains, leafy green vegetables,
legumes, seeds, liver

RDA @trﬂ}!ﬂd by heat andm

Adults: 400 pg/day

Deficiency Symptoms

Upper Level Anemia (large-cell type);* smooth, red

. 1:1:Jnng|ue-_:b mental confusion, weakness, fatigue,
Adults: 1000 pg/day irritability, headache; shortness of breath;
elevated homocysteine

Chief Functions in the Body
Part of coenzymes THF (tetrahydrofolate) and Toxicity Symptoms

DHEF (dihydrofolate) used in DNA synthesis and Masks vitamin B, ~deficiency symptoms

therefore important in new cell formation

3] arge-cell-type anemia is known as either macrocytic or megaloblastic anemia.
BSmoothness of the tongue is caused by loss of its surface structures and is termed glossitis (gloss-EYE-tis).
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Bltoipiveg
YSatodLaAuTEC

Blotivn
Bitapivn B,

jl
HN NH
H
S

H
i f’“m/\/\COOH

Xpnotuoroleital cav cuveviupo o avidpaoelg kapBofuAiwonc.

EMewpn Blotivng mpokaAel katdOAwpn, mapalcbnoslg, poudlaopo XepLwV Kal Ttodlwy,
ATtWAELD LOAALWV.

Mny£g mAoUoLeg o€ Blotivn: vedpd, cukwTtl, avyd, PapLa, SnuUntplakd, faktipla EVIEPOU.
30 pg/uepa
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Brtoipiveg

YSatodLaAuTEC

Blotivn
Bitapivn B,

KapBofuAdon tou mupootadUALlkoU

HCO;  + ATP ——= HOCO,-PO;*~ + ADP
Biotin-enzyme + HOCQO,-PO3;* ——= CO,-biotin-enzyme + P;

CO,-biotin-enzyme + pyruvate
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IN SUMMARY IS

Adequate Intake (Al)

Deficiency Symptoms

Adults: 30 pg/day

Chief Functions in the Body

Part of a coenzyme used in energy metabo-
lism, fat synthesis, amino acid metabolism, and
glycogen synthesis

Significant Sources

Widespread in foods; liver, egg yolks, soy-
beans, fish, whole grains; also produced by Gl
bacteria

Depression, lethargy, hallucinations, numb or
tingling sensation in the arms and legs; red,
scaly rash around the eyes, nose, and mouth;
hair loss

Toxicity Symptoms

MNone reported
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JEIMAR] Animaied! Metabolic Pathways Involving B Vitamins

These metabolic pathways were introduced in Chapter 7 and are presented here to highlight the many coenzymes that facilitate the
reactions. These coenzymes depend on the following vitamins:

* NAD and NADP: niacin ¢ FMN and FAD: riboflavin
s TPP: thiamin * THF: folate
* CoA: pantothenic acid e PLP: vitamin B, Glycogen
* B, vitamin B, ¢ Biotin
Pathways leading toward acetyl CoA and the TCA cycle are BEE
catabolic, and those leading toward amino acids, glycogen,
and fat are anabolic. For further details, see Appendix C. Glucose
[ PLP |
Some amino acids =~ Pyruvate

7~

Some amino acids —/—/———— ————— S0me amino ACi(S =—

AL

Some amino acids

N rir [
TCA Cycle

Yields

I energy

Electron Transpert Chain

Other compounds

{

Yields
energy

Yields
energy



Bltoipiveg

YSatodLaAuTEC

AokopBLKoO o€L
Brtapivn C

N ITSIrmMigh
Citrus fruits, green peppers, strawberries,
tomatoes, broccoli and sweet and white
potatoes are all excellent food sources of
vitamin C (ascorbic acid)

AvTtloEeldwTLKO, oUVEVIUUO.
Tpod£c mAoUoLeg o€ Brtapivn C: Eomepldoeldry, Aaxavo, viopatec, papoUAL. 90 mg/uepa
EAAewWn Brrapivng C npokaAel cuxVEG LOAUVOELG, avaLUia, aVaTTOTEAECUATLKY EMOUVAWGCN
Tpaupatwy, KatdBAupn, okopBouto
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Bltoipiveg

YSatodLaAuTEC

AokopBLKoO o€L
Brtapivn C

O¢voc xapaktnpag

HO 11

HO & 0
y;a -H# "
H
HEO) ‘OH

AvtloeldwTtikn dpaon

MOy Hw Oy . LI
HO\/\qO -H HO\/\SIO Ho\/\"g_(O -H HO\/\;_\(O
HO OH HO o} HO 0 O O

AokopBLKo o&L Acb6poackopBLkd oL
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Brtoipiveg

YSatodLaAuTEC

AokopBLKoO o€L

ntpoAuAoUdpouldon
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4-ubpogumpoAivn Succinate

Brtapivn C

To okopPBouto odeiletal otnv

QVOTTOTEAECUATIKAG UOPOEUALWON

NG TPOAIvNG Aoyw EANAeldng

Brrapivng C

Ma va dtatnpnOel to koAAayovo Tou
OpPYQVIOUOU OTNV TOooOTNTA  TOU
XpeLaletol TPETEL va
KatavoAwvovtal  adpBova dpolta
Kal Aaxovikda. Emiong mpémel va
amodevyovtal ouvnOeleC TIou
kataotpépouv TV  Brrapivn C
(kamviopa).

KoAAayovo
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Bltoipiveg
AokopBLko o0
Brtapivn C
Amroppodnon odripou
O oldnpog pmnopei va Bpebel o Suo ofeldWTLKES KaTaoTAOELS: Fe?* kal Fe3*. I& moAAQ TpodLua
o olénpoc Bploketal pe tn popdn Fe3t o omoilog opwe dev amoppodatal sukoAa. O oidnpocg

amoppodatal povo pe tn popdn Fe?t. Omote n avoywyn tou owdripou amo 3+ oe 2+ eival
amapaitntn yLa tnv anoppodpnon tou.

HO HQ
~= O~ 0 ~=O0~ 0
HO\/ﬁ + 2Fe3+ HO\/W + 2FeZ+
HO OH @) @)
i

Iron And Haeme Absorption
Iron loss by faeces, bile,

1;::3 e sweat, urine: 0.5-1 mg daily
\L Vitamine C Iron loss by menstruation, bleeding,
9 Fei etc: 0,5- 1 mg daily
e
) 2. Gut transferrin~ Fe™ Fe*
KM‘:MH ’ —3 %7 Transferrin receptor Daily uptake
- F 7
L gy e s
(: Nme SR e 3. Receptor-mediated Enterocyte \J/
\;\{;’{ r"_' endocytosis Fe* Fa 1-2 mg iran
e *

Haemopraoteins

Haemosiderin
rﬂI\ — A Frei,e poal (Fe™)
Degraded Cinig] OOO

ferritin Ferritin

O
\ Auto- O o0 ©

O nubog tou nomal

Reduction

Phagosame

Oxidation —>° *©°
Blood Plasma transferrin
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S(elV{|MBE] Vitamin C in Selected Foods

Milligrams
Food Serving size (kcalories) 0 10 20 30 40 50 60 70 80 a0
Bread, whole wheat 1 oz slice (70 kcal) | | | | | | | |
Comflakes, fortified 1 0z (110 keal) e
Spaghetti pasta . c cooked (99 kcal) me—_nj/
Tortilla, flour 1 10"round (234 kcal)
Broccoli % ¢ cooked (22 kcal)
Carrots /% ¢ shredded raw (24 kcal) RDA
Potato 1 medium baked w/skin (133 kcal) for
Tomato juice ¥ c (31 kecal) Womern
Banana 1 medium raw (109 kcal)
Orange 1 medium raw (62 kcal)
Strawberries ¥ ¢ fresh (22 kcal)
Watermelon 1 slice (92 kcal)
Milk 1 ¢ reduced-fat 2% (121 kcal)
' Yogurt, plain 1 ¢ low-fat (155 kcal)
| Cheddar cheese 1% 0z (171 kcal)
Cottage cheese Y c low-fat 2% (101 kecal) WTA_"“N C ) Key:
Pinto beans “c cooked (117 kcal) P ﬂﬁﬁg&gﬁﬂmg]u?plﬁ?nsd = E;Zi?:;g: cereals
Peanut butter 2 ths (188 kcal) vegetables (green) is almost _
Sunflower seeds 1 oz dry (165 kcal) impossible. Many of them B Fruits
Tofu (soybean curd)  %c (76 kcal) g:-;:r}v\.'ilrtlie t:lﬁdeggzggD? ml.rri]d((}angl 1 Milk and milk products
Ground beef, lean 3 oz broiled (244 kcal) least h%tf. Most mea?s. B Legumes, nuts, seeds
Chicken breast 3 oz roasted (140 kcal) legumes, breads, and milk Bl Meats
Tuna, canned in water 3 oz (99 kcal) products are poor sources. Best sources per kcalorie
Eog 1 hard cooked (78 kcal)
Excellent, and sometimes unusual, sources:

Red bell pepper % ¢ raw chopped (20 keal)
Kiwi 1 (46 kcal)
Brussels sprouts Y c cooked (30 kcal)




IN SUMMARY BRGAEhinKe

Other Names

Significant Sources

Ascorbic acid

RDA

Men: 90 mg/day

Women: 75 mg/day

Smokers: +35 mg/day

Upper Level

Citrus fruits, cabbage-type vegetables (such as brussels sprouts and cauli-
flower), dark green vegetables (such as bell peppers and broccoli),
cantaloupe, s jes, lettuce, tomatoes, potatoes, papayas, mangoes

Easily destroyed by heat and oxym
—

Deficiency Disease

Scurvy

Deficiency Symptoms

Adults: 2000 mg/day

Chief Functions in the Body

Collagen synthesis (strengthens blood vessel walls, forms scar tissue, pro-
vides matrix for bone growth), antioxidant, thyroxin synthesis, amino acid
metabolism, strengthens resistance to infection, helps in absorption of iron

Anemia (small-cell type),® atherosclerotic plagues, pinpoint hemorrhages;
bone fragility, jeint pain; poor wound healing, frequent infections; bleeding
gums, loosened teeth; muscle degeneration and pain, hysteria, depression;
rough skin, blotchy bruises

Toxicity Symptoms

MNausea, abdominal cramps, diarrhea; headache, fatigue, insomnia; hot
flashes, rashes; interference with medical tests, aggravation of gout
symptoms, urinary tract problems, kidney stones®

aSmall-cell-type anemia is microcytic anemia.

EPeople with kidney disease, a tendency toward gout, or a genetic abnormality that alters the breakdown of vitamin C are prone to forming kidney stones. Vitamin C is inactivated and degraded

by several routes, sometimes producing oxalate, which can form stones in the kidneys.
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