“* Animal Foods
“*constant levels
“*Plant Foods
“*soll composition, sunlight, moisture,

growing conc
< Enrichment: re

Itions, maturity at harvest
nlacing lost nutrients

<+*Fortification: ac
+*Provitamins

ding extra nutrients

<*vitamins In foods In an inactive form
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Vitamins

« yitamin requirements are usually
expressed as ROA s (recommended

dietary allowances)

« guidelines are provided by

2 organizations:

+ the ~ood and Kutriion 2oard of the Kational
Acadery of Sclences- MNational Rezsarch
Counc

+ the Food and Drug Administration (FOA)



Vitamin deficiencies

- diminished absorption
« abhsompbon cefect
» parasiies
« malignancies
- increased requirements
« rapid growh
- increased physical activity
= pregnancy
« hyperthyroidism
« Increased loss
« gdrug therapy
« giUress
« |zctation




Vitamins, autritional deficiency diseases

Vitamin [Disease
Ascorbate (C) Scurvy.
NIcotinic acid Pellagra

Riboeflavin(B5)
Rantetienate(Bs)
diremimesy)
RyRdexali(Br)
ISIONIN

Folzte
Clojezilainriin (5,)

Growth retardation
[Dermatitis 1n chickens
Beriberi

[Dermatitis In rats
[DErmatitis In humans
AnRemia

BEMICIOUS anemia



HH Bogus vitamins jl

+ Vitamin B, adenine

« Vitamin B, identical with Tolic acid

. Vitamin B,

+ \Vitamin B. . pangamic acid

+ Vitamin B orotic acid

. Vitamin B- aetrile

+ Vitamin B. Cheetham’s Secret Formula
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Vitamin A (Retinol)
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Vitamin E («~Tocopherol) Vitamin D; (Calciferol)







ABLESS WaterSoluble Vitanins

Vitamin Coenzyme Typical reaction type Conseqquences of deficiency
Thiamane (B, ) Thiamine pyrophosphute Aldehyde transier Bertben (wesght loss,

heart problems,

eurvlogcal

dysfurction)

Rilwailav (I3} Flovin adenine Omnbation reduion Chelioais and angular

dinucleonde (FAD) storatitus (hesions of the
mouth), derraatitn

Pyridoxase (B, Pyridoxal phosphate Gieoup teatsfer w of from  Depeosion, confussn,
atrano acxls comvulaicma

Nicotins acid (niacin)  Niotinamide adenine Onedation-reduction Pellagra (dermatitia,

dimicloonale (NAD* ) doprowinn, darrhes)

Pantothesic acd Coenzyme A Acyl-group tramfee Hypettenmion

Biotin Bistia - dywine complenos ATE - dependent s sbout the

(bocytn' carbaxylation and eyebrows, mrsche pun,
carhaxyl gron transfes farigue (rare)

Fdhic acid Tetrahydrofolate Transfer of one carbon Anema, newal tube
componets; thymine defocts in derelopment
syrthesis

N, 3 Deaxyadenowd cobdamin Tranafer of methyl Anensa, permicious
groups; istramolecular anemu., methyimalanic
reATAn@aTents acsdoss

Clascarbsc acad) Artiaxicant Scutvy (swollett and

bleeding gums,




enzyme cofactors

(only catalytic quantities are necessary)

T

@ é

. Yitamin A (retirod, D-carotenes)

= ¥itamin D (cholecalcifesrol)

= Vitamin K (phyloquinones; menagquinones)

Non-E-Complex | B-Complex | " viamin€ tocosherots)
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CH-.-CH--OH
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THIAMINE

Vitamin B,; antiberi-ben vitamin; antineuntic factor
was the first water soluble vitamin discovered (Eijkman)




Thiamine

active form Is thiamine pyrophosphate (formed
by the action of thiamine diphosphotransferase)

involved In the oxidative decarboxylation of
pyruvic acid and a-ketoglutarc acid

involved In the transketolase reactions of the
triose phosphate pathway

also reqguired for nerve function (unrelated to
coenzyme activity)
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Thiamine - Vitamin B,

HsC-.  N._NH; _.S. . CHyCHOH
we Lot

>~

T T CHp @ CH3

Thiamine is converied into the active
form thiamine pyrophosphate or TPP.

reactive carbon

HyC- N-__NH, &s :

o

- ”~ = - -
CH @ CHy

TPP is critical in three central reactions
(alcohol fransfers) in energy release from
carbohydrates.




Thiamine (Vitamin B1)
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Thiamine {viismin I'I:]b Thiamine Whnnphnrr (TP

Thiamine pyrophosphate (TPP) 15 active form
Cofactor in decarboxylations when COO- 15 next to carbonyl
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H3C CHE_CHE_ OH

4 5

CH,— N , 'S Thiazolium
NZ~ \‘C'/ ring

Pyrimidine | |
ring k
H

H.C N

Thiamine (vitamin B,)

Thiamine pyrophosphate
(TPP)
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“ Thiamine Pyrophosphate (TPP) W

“*TPP Is a derivative of thiamine (Vit B,)

“*Reactive center is the thiazolium ring (with a
very acidic hydrogen atom at C-2 position)

“*TPP participates in reactions of:
(1) Decarboxylation
(2) Oxidative decarboxylation
(3) Transketolase enzyme reactions
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Aridic prnéin

Thiamine (vitamin B, Iheimine prrophosphate (11'1)
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Reactions in which thiamine®
pyrophosphate I1s a cofactor

Fyruvate decarboxylase
* Alcohol fermentation — pyruvate to acetaldehyde

Fyruvate dehydrogenase
« Synthesis of acetyl-CoA

Alpha-ketoglutarate dehydrogenase
« Cifric acid cycle

Transketolase reaction
« Carbon-fixation reactions of photosynthesis

Acetolactase synthetase
= Valine, leucine hiosynthesis

OLBIOC 2200
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Typical reactions catalyzed by TPP |
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and glycolysis

thiamine deficiency

Transketolase reaction

H-._‘_I__.___-;_.ﬂ

C

. H—C—OH

CH,-OFP0,H,;
J-phozphoglveeraldeby

CH,0H
CH-0H H"‘c"'::'ﬂ L=
—o H—C—OH HO—C—H
HO—(—H H—C—0H Hﬁrhhsi' S s
H—{—0H CHa-OFOsH: H—C—0H
CHx-OPOsH; CH,-OP0,H,
D-xylulose-5-phosphate D-ervibrose-4-phosphate D-fructose-6-phosphate

These reactions provide a link between the pentose phosphate pathway

Activity of erythrocyte transketolase is commonly usaed as an index of



ﬁ Requirement for thiamine .

+ Based on energy needs

— 0.5 =06 mg/1000 calories

— Increased requirements:

+ Fregnancy and lactation

+ Eating large amounts of raw sea food (clams) -
contain thiaminase

+ Sfress situations (high level of exercise, fever,
hyperthyroidism)

+ Drinking large quantities of tea (contains
antagonist)



Thiamine deficiency

Thiamine Intake needs to be proportional to
carbohydrate intake.

Diagnosis: increase in erythrocyte transketolase
activity upon thiamine-PP addition

BeriBeri: severe deficiency usually caused by
high carbs/low thiamine diet.

Alcoholics often have a thiamine deficiency:
Wernicke's Encephalopathy.

symptoms: constipation, appetite suppression,

nausea as well as mental depression, peripheral
neuropathy and fatigue.



Thiamine deficiency

+ earliest symptoms of thiamine
deficiency include:

— constipation
— appefite suppression
— nausea

— mental depression
— peripheral neuropathy

— fatigue



Thiamine deficiency (Eevere o

» beri-beri (once associated with white
polished rice diets and with highly milled
wheat diets)

» 2 clinical types

« dry ben ben or neuntic beriber

— associated with polyneuropathy (depressed

pernpheral nerve function, sensory disturbance, 10ss
of reflexes and motor control and muscle wasting

« wet ben ben or cardiovacular bernbern
— edema, congestive hear failure




What Is the
Treatment ??

%
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CH,-CH.-OH
CH:-CH;-OH
DXYTHIAMINE NEOPYRITHIAMINE

These 2 compounds are potent antithiamine agents which may
be used to induce symptoms of vitamin B, deficiency in

selected animals. Oxythiamine competitively inhibits thiamine
pyrophosphate and becomes active after phosphorylation;

neopyrithiamine prevents the conversion of thiamine to
thiamine pyrophosphate




» KSAHRoMR ST R bR FEyepheathy)
Y AT RUmEIR AR & B dERineavy use of alcohol
R8I O S R N AT R R FSS
. lﬁﬁﬁaﬁﬂﬁﬁmﬁ, foot drop

« Wermbelwsimeancephalopathy
e [Eisorlantationiegenseration of basal ganglia due to
 ONFOINC fbsies use of alcohol

+ CornBifiet Wﬁﬁ?ﬁ}ﬁﬁ—f&mqa koff syndrome

omplete of part almoplegia
+ PregpaBcynsusmntis

» CertalpUeridthififdidithal disorders
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Vitamin B,

Nutritional sources include:
Milk, eggs, liver, green leafy vegetables




“*Vitamin B2

“*\Water-soluble

“*Required for metabolism of amino
acids, fatty acids, and carbohydrates.

*»*Activates Vitamin B6 (pyridoxine)

**Found in meats, nuts, cheese, milk,
leafy vegetables, fish, legumes,

grains
“*Not toxic in high doses (but turns
urine dark yellow) CH,0H

< Deficiency (not common) seen in ERAMn, 2

eye and skin disorders, mouth
inflammation.

(Riboflavin)



Sibolsin (¥ lamin 00

Also involved 1n redox reactions
And electron transport
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Flavin adenine duesckeonde, FAD

-~ AMP
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* %I Ribeftavin and-its coenzymes -
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CH, L
Ribitol |




FMN or FAD
(quinone form)

+H®
+H®

FMNH - or FADH-
(semiquinone form)

NH _H® _ O

1
N O
H

FMNH-, or FADH,
(hydroguinone form)




Riboflavin

Flavin Coenzymes

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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"p;cJ%U and FMINE H2 aré 2-electron earﬂ&rs 255

isoalloxazine ring

— - | (0] | T 0
CPK:[NTKNH H++! ol KI f\uu ! :3: l:NIN\Nu
CH3 I\II \N/ko H3 N N/k
c||-|2 l l
—_— HCOH FADH’ (FMNH) FADH, (FMNH,)
HCIOH (semiquinone) (fully reduced)
HC:OH
CH . . .
FAD I These flavin derivatives are
-o_,:,= reduced by the sequential
-------- 0-------- 4, addition of 2 hydrogen atoms
=i </~ S (2 electrons and 2 protons)
éH o_ NJ
Al As coenzymes, they are bound
H H tightly in a flavoprotein complex
L OH OH

Flavin adenine dinucleotide (FAD) and
flavin mononucleotide (FMN)



Riboflavin

FAD Is a cofactor for succinate
dehydrogenase

FAD FAD H;

N

succinate
dehydrogenase

Succinate Fumarate

AG'° = 0 kJ/mol

A reaction in the citric acid cycle
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H-G-OH
CH,OH
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FAD is made from
Riboflavin or Vitamin B,

0L

M = M I'-Ir' e H """-'I

J']:, ATF  ADF HF-.{__,-L, ,.-l-m,..lﬂ ATP  PH HI;DH h,__f,.%
'E f 4 H-C-OH ¢ ]
H-E2-0l H-LOH O O N “H”
H_"F_m CHyO-P-O-B-OCH, o |
Hg_m - R et
CHr0-PO, HO M
Flavin mononuclootizo Flavin acerine dinaclealide
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FAD and FMN

Flavin adenine dinucleotide (FAD) and Flavin
mono-nucleotide (FMN) are derived from riboflavin

(Vit B,)

Flavin coenzymes are involved in oxidation-
reduction reactions for many enzymes (flavoenzymes
or flavoproteins)

FAD and FMN catalyze one or two electron
transfers

FAD and FMN absorb at 450 nm; FADH, and
FMNH, do not. Reaction followed at 450 nm.




