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OBJECTIVES

. Upon completion of this lecture, the students
: should be able to:

» Understand the types and functions of
vitamins B6 and B12

» Recognize the role of these vitamins in
maintaining the myelin sheath of nerves
and their function

 Discuss the consequences of vitamin B6
and B12 deficiency that can lead to
nerve degeneration and irreversible
neurological damage




Overview

The lecture contains a lot of notes but as long as you focus while you are reading them, you will understand the lecture

rapidly

This lecture contains
the following

Types and functions of Disorders due to their Vitamin B12 deficiency
vitamins B6 & B12 deficiency and folate trap

Demyelination neuropathy

and neuropsychiatric
symptoms of vitamin B12
deficiency

YA
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Classification of vitamins

| Vitamins '
[

Water-soluble

* Non-B-Complex ' B-Complex
Ascorbic acid (vitamin C)

Fat-soluble '

. Vitamin A (retinol, -carotenes)

— Vitamin D (cholecalciferol)

= Vitamin K (phylloquinones, menaquinones)
= Vitamin E (tocopherols)

, Energy-releasing ’

. Thiamine (vitamin B,)
. Riboflavin (vitamin B,)
— Niacin (vitamin B,;)

. Biotin

. Pantothenic acid

' Hematopoietic '

- Folic acid

. Vitamin B,,

' Other '

. Pyridoxine (vitamin Bg)
. Pyridoxal
. Pyridoxamine
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Water Soluble Vitamins:

Sttt Characteristics of B complex:
Most Vitamins in vitamin B

: I
. [
| complex act as precursors for |
. coenzymes (involved with
. enzymes that catalyse the |
| reactions involved in energy |
: synthesis). |
: -There are two types of |
. enzymes: holoenzyme and |
: apoenzyme. |
: -What are coenzymes? |
l |
: I
. [
: I
. [
: I
. [
: I
. [
: I
. [
: I
. [
: I
. [

Types of Vitamin B :
* Thiamine (B1)
* riboflavin ( B2 )
* niacin (B3)
e pantothenic acid ( B5 )
e pyridoxine ( B6 )
* biotin (B7)
e cobalamin (312) can be
stored in the body.

* Folate.

* The eight vitamins B
types together (with
folic acid) are called : B

Must be

supplied

regularly
in the
diet.

Present in
Sukll
quantities in
different
types of
food

Not
significan

-tly
stored in
the body.

Holoenzyme: some enzymes
require a non protein part to
become active, this part can
either be a cofactor or a
coenzyme.

-The coenzyme is bound

complex.
P . transiently (not permanent)
* They function as with the enzyme
coenzymes. 00| oo cosmmoooooooooooooo
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Vitamin Bé:

— Functions:

Active Form: ‘

* As coenzyme for:

‘ Transamination,
Three Forms: « All 3 are converted to Deamination,
oyridoxal phosphate Decarboxylation and
(PLP) Condensation
reactions

* Pyridoxine: From
plants.

* Pyridoxal: From
CHoNH»2 (I)

animal proteins such CHoOH
as eggs and meat. \_CHzoH HO Stk RO S SR THO. S GOS0
* Pyridoxamine: Same

source as pyridoxal. Pyﬂdox[ne Py p— Pyrldoxamlne Pyridoxal phosphate

these 4 forms differ only in the
nature of the functional group

Transamination :the amino group is being transported from one molecule to another.
Deamination is the removal of the amino group from a molecule.

Decarboxylation :is the removal of CO2 from a molecule. attached to the ring and they are

Condensation reactions of two molecules combining together to form a third molecule. derivatives of pyridine W/ﬁ
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Glycogen

Metabolic roles of pyridoxal phosphate: ovecke e
T T T T S S T T e S e e e e T = 1}
| i In this image we find some of the important roles which pyridoxal plays in : pr My
: metabolic reactions: : ""‘l’a'e -
: glycogen is giving you glucose phosphate and then finally giving you pyruvate . | Acetyl CoA
: So glycogenolysis and finally entering Kreps cycle. : (Gf:,\l\ .
' The transamination reactions are involved in both the synthesis and breakdown of | I =
i amino acids because they are reversible reactions, these reactions are also : \
! involved in energy synthesis because the resulting molecules enter Kreps. : . e
| In order to form neurotransmitters ,decarboxylation must occur. Glycine and : = T succcoa
| succinyl coA join to form aminoluvilinic acid which then forms heme. : Ao aids
:L What is the principle concept for the test used to diagnose for B6 deficiency ? | . Neum.ml,:;fifi
____________________________________________________ Glycine &
i When tryptophan is degraded it gives you ammonium and carbon dioxide i Sucwlw
| and energy, but this reaction needs vitamin B6 to occur. This reaction : Ar‘
| actually makes the basis of the test used to check for vitamin B6 deficiency. : !
| So if vitamin B6 is deficient you will have a build up of a molecule called i = mmp::foad L
i xanthurenic acid, this molecule is found (accumulated) in the blood of the | Tep
I : : : S N ! J
i patients who have vitamin B6 deficiency. Note that at the beginning of the | pe—m—
: test you give the patient tryptophan (to check if xanthurenic acid will : i _
: accumulate or not). : }
L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = - J ¢
(dy .sm.s?'rg'yco2




Reactions of Vitamin Bé

decrease B6 may lead to depression

Condensation Reaction:

Formation of ALA by ALA
synthase, The regulatory step in
haemoglobin synthesis

Coo"
CH,
CH,-COO0™ CH,
NH3+ 0= C" CoA
Glycine Succinyl CoA
8-Aminolevulinate v HEMIN
synthase Heme
CoA
CO,
goo™
G
¢y
-0
¢,
NHg* |,

d-Aminolevulinic acid (ALA)

Note that this reaction
requires glycine and succinyl
CoA to join together.

Decarboxylation Reaction:

Formation of Histamine

e Y

T

H2 N—C— COOH
H
Histidine

Decarboxylase

H,N—CH,

Histamine

The decarboxylation of
histidine yields histamine.

Decarboxylation Reaction:
Formation of Serotonin

CH,CHCOO™
J R
N +
H

Tryptophan
Tetrahydro-
biopterin
Dihydro- Hydroxylase
biopterin
+ H2O
CHZCHCOO_
NH3
N
H
5-Hydroxy-
tryptophan

CO, 4Decarboxylase
Ho@j CH,CH,NH,
N

H
Serotonin

The decarboxylation of
tryptophan yields serotonin.
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Reactions of Vitamin Bé

Decarboxylation Reaction: Formation of Catecholamine
“Dopamine, norepinephrine and epinephrine”

Tyrosine is the parent
compound here ,then it gets

CH,CHCOO™ hydroxyase CH,CHCOO™ deoarboxylase > CH,CH,NH,
NH NH; \
HO HO HO
Touu\ydm- Dlhydro CO, OH
Tyrosine bo:paem bfﬁ:g' 34-Dihydm Dopamine
2 laiiie el
(dopa) B-hydroxylase
OHH Phenylethanolamine- OHH
c-C- N’CH“ N-methyl- C-C-NH,
@H H *H transferase H H
HO HO
% AR
Epinephrine S-Adenosyl-  S-Adenosyl  Norepinephrine

decarboxylated into dopamine
which is then converted into

|
|
|
|
|
|
e
€09 : epinephrine and
: norepinephrine So if there is a
: deficiency is vitamin B6 ,the
| catecholamine synthesis will
! decrease or stop.
Dehydro- L o e e e e e )
ascorbate
+H20

Transamination Reaction Alanine transfers its amino

|
|
i group to alpha keto glutarate
|
i ALT ! which then turns into
Alanine » Pyruvate :
i glutamate (catalyzed by alanine
PLR :
|
|
|
|
|

transaminase which needs PLP)
What is left from alanine?
Pyruvate

aKG Glutamate

The transfer of amino groups is
important when a nonessential
amino acid (alanine) is converted into
an essential amino acid (pyruvate).
*Essential Amino Acids: are those
that can’t be synthesized by the body

so we must get it in the diet. :J/\'F/"
__________________________ Al



_Disorders of Vitamin Bé deficiency
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It is rare , but it is observed in:
Dietary deficiency 1- Newborn infants fed on formulas low in Bé.

2- Women on oral contraceptives (desll xia s,
3-Alcoholics.

— ; *Alcohol and oral contraceptives will interferes with
Medication side effect absorption of Vitamin Bé.

Isoniazid tfreatment for tuberculosis (by pyridoxine)
can lead to vitamin Bé deficiency by forming
inactive derivative with PLP.

Demyelination ' Basically isoniazid forms a complex with pyridoxal phosphate (this ;

i complex is an inactive derivative).
Which leads to depleted levels of B6(PLP) in the blood.
Hence vitamin B6 is given to patients being treated for TB with isoniazid.

____________________________________________________________________________________________________________



_Disorders of Vitamin Bé deficiency
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Dietary deficiency

Medication side effect

Deficiency leads to poor activity of PLP-dependent enzymes

Causing:

1- Deficient amino acid metabolism.

2- Deficient lipid metabolism.

3- Deficient neurotransmitter synthesis:

Serotonin, epinephrine, norepinephrine and gamma amino

butyric acid “GABA”.

Demyelination &

neurogenic symptoms

significant toxicity.

* Mild deficiency leads
to:
1- Irritability

2- Nervousness

3- Depression

* PLP is involved in the synthesis of sphingolipids so Its
deficiency leads to demyelination of nerves and
consequent peripheral neuritis .

Pyridoxine is the only water-soluble vitamin with

* Severe deficiency leads to:
1- Peripheral neuropathy
(sensory neuropathy),occurs at
intakes above 500 mg/day.

2-Convulsions
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Vitamin B12

Cyanocobalamin

Forms of

Vitamin B12

Doctor mentioned this

i *Note that cobalamin is the
only hydrophilic vitamin stored
in the body while other

i Only lipid soluble are stored.

- What is the circulatory form of !
cobalamin? methylcobalamin

Commercial form made in |
factories (factories use bacteria E
to synthesize hydroxycobalamine i
and cyanocobalamine forms of
vitamin B12). :

Hydroxycobalamin

Adenosylcobalamin

form in the liver)

( major storage

Methylcobalamin

( mostly found in
blood circulation )

v

i hydrophilic vitamins are NOT! :

These two are coenzymes for metabolic reactions.
(the body can convert other cobalamins into
active coenzymes).

YA

BIOCHEMISTRY TEAM 436



Vitamin B12

In the centre of the Corrin ring ,we have cobalt And
cobalt can make six bonds. Four of the these bonds can
attach to the nitrogen found in the Corrin ring, and one
is attached to the dimethylbenzimidazole, and the sixth

bond : If it is made with cyanide it is called
cyanocobalamin.

If a methyl group is attached ,its methylcobalamin. Or if adenosyl group is attached
it is called adenosylcobalamine. So the form of cobalamin changes according to the
change in the sixth group while the other 5 bonds remain the same

Methylcobalamin
CH3
I

Cyanocobalamin

CN
I

i
0
CHy

§'Deoxyadenosylcobalamin

=N
OH
0{7 V NH2
H, [0 |
oy | 07 N
|

Dimethylbenzimidazole |

YA
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Vitamin B12 ( Cobalamine )

Mainly found in animal liver bound to protein as: “ Methylcobalamin” or
“5’-deoxyadenosylcobalamin”

v’ Essential for:

1.Normal nervous system function .

2.Red blood cell maturation .

* Note that folic acid and vitamin B 12 are both required in haematopoiesis .
Deficiency in B12 leads to megaloblastic macrocytic anemia.

v" Not synthesized in the body and must be supplied in the diet.

v’ Binds to intrinsic factor “a protein secreted by cells in the stomach “ and
absorbed by the ileum.

* If a condition in which GIT flora are decreased such as in people taking
antibiotics, vitamin B12 deficiency may occur .

* It may also occur in older people because their stomach acidity is decreased
which impairs the absorption of vitamin B12 [Further information in the next slide]

Diet

Parietal
cells

|
Intrinsic factor
glycoprotein)

To ileum

| synthesized by parietal cells of stomach, then it get attached to intrinsic factors in intestine, then it binds to |
1 ileum mucosal cells , then it get absorbed in the ileum as trans-cobalamin protein, deficiency in intrinsic '
L factors due to autoimmune destructions or undergoing sleeve gastrectomy will reduce absorption of B12

L ‘ Eg
e U
Igl fMUCOSAL CELD
B,2-binding IN ILEUM

Pmt&lni\ J
sLoop | GH <— (FEn

\__ LUMEN

OF GUT |

Copyright © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins
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_Vi’ro mMiN B12: IMPORTANT

¢ Liver stores vitamin
Bi2 (4-5 mg), while other
B vitamins are not
stored in the body.

4 Vitamin By, deficiency
is observed in patients
with intrinsic factor (IF)
deficiency due to
autoimmunity or by
partial or total
gastrectomy

~Clinical deficiency
symptoms develop in
several years.

1.Conversion
of
methylmalon
yl-CoA to
succinyl-CoA.

The enzyme in
this pathway,
methyl-
malonyl-CoA
mutase,
requires By,

A R e TN e
+ .
15 2.Conversion
OO
HyC-GC-H nf

G- CoA
=)

homocysteine
to methionine.

Mathyimalonyl Cof

Adabirylrrralonyd Co

Wit@mrmin B, 5
M s

(Dooxyadaenosyl-
cobalarmin)

HEG-EE:?_ Methionine

synthase
requires B4, in
converting
homocysteine to
methionine

“Storage Wl Functions

“Homocysteine  N°-Methyl-
e tetrahydrofolate
- Vitamin B
Methionine 12
synthase (Methyl-

cobalamin)
Tetrahydrofolate
Methionine

Note that this reaction
requires vitamin B12 in the
form of methyl cobalamin
If deficiency occurs there
will be accumulation of

Vitamin b12 is used in the breakdown of fatty acids methyl-malonel CoA is converted into succinyl CoA
by methyl malonyl CoA mutase which is actually vitamin B12 in the form of deoxy adenosyl cobalamine

-note that all of these points are important!!!!
-if there is a deficiency in vitamin B12 this will lead to accumulation of methylmalonyl coA

homocysteine which may
lead to spina bifida or
heart defects
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- B12 Deficiency And Folate Trap “IMPORTANT” Sty g

e n M C-NH-{(Gh),,
[ ! Tetrahydrofolate (THF)
e
. . — | N
v" Homocysteine re-methylation reaction is the only pathway where &> :[NEQ' =
Ns-methyl TH4 can be returned back to tetrahydrofolate pool "o-¢&
5 H
» Hence folate is trapped as N'0_Formyt THE
“ Ns-methyltetrahydrofolate (folate trap) “ ESSh— o
This leads to folate deficiency and deficiency of other TH4 derivatives . 3 T
(N5 -N10 methylene TH4 and N10 formyl TH4) required for purine and &> :ETEE_
pyrimidine syntheses L o
TH4: Tetrahydrofolate
e Due to trapping of TH4 all of these reactions can’t go on. o nABEH = H
?:t,','.',':,',_‘ NADP*
s -t
) : - : L N
-The functional form of folate is B12 deficiency can be determined QIN%O —NSThymidine
1 i
tetrahydrofolate. by the level of methylmalonic acid in CHI
. . . . . NS N0 pmethylene-THF
Folate is trapped because it can not be blood, Which is elevated in i
NADH +
converted to the active form while it individuals with low intake or K
NAD*
exists as inactive form decreased absorption of the vitamin g
————————————————————————————————————————————————————————— L bl ionine
liver disease leads to elevation of vitamin B12 levels, its required for synthesis of proper red blood cell. :E'.:%'(\NE:DM

NZ-Methy - THF

! |
|

) Fatty acid degradation also requires B12 , homocysteine > methionine reaction also requires B12 as a co-factor . :
1 Deficiency of folic acid can lead to anemia since it’s requires for RBC’s maturation . 1

=
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e e e e e e o e e e e = o — — W
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Disorders of Vitamin B12 Deficiency

Megaloblastic anemia (RBC can’t divide Myelin sheath of neurons s

because of no DNA synthesis so it keeps chemically unstable and
on growing). damaged.

Vitamin B,, deficiency is mainly due to Causes Neuropathy.
the deficiency of intrinsic factor.

Peripheral nerve damage.

Can be corrected with b12 supplements . «Causes of neuropathy:

. o 5 .| *Deficiency of vitamin B, leads to accumulation of
: }:‘Vtmi?eegs:ji:‘?;gﬁg Otﬁcfeur;swnl be accumulation of methyl methyimalonyl CoA.
4 y | *High levels of methylomalonyl CoA is used instead

; malonyl coA then - when the myeline sheath is being

i synthesized- lots of fatty acids instead of getting methyl coA

i they will get methylmalonyl coA in their structure which will Iead
to an unstable form of myelin thus demyelination occurs.

of malonyl CoA for fatty acid synthesis.
‘| *Myelin synthesized with these abnormal fatty
acids is unstable and degraded causing neuropathy.
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SympToms of B12 deﬁciency FOCUS ON THE SYMPTOMS IT CAN PRESENT AS CLINICAL CASE

Neurological
symptoms

Vs

Unsteady gait and
balance (ataxia)

.

Neurological
symptoms of B12
deficiency

Absence of
reflexes

Paresthesia
(abnormal sensation of

hands and feet)

Reduced
perception of
vibration and

position

Psychological
symptoms

~[ Depression

[Unstable mood

Confusion and
memory loss

A

i —

D

Wl

NUMBNESS

=

&

LOW ENERGY

Nl 5
NN\ I’/
;,“ e
e -
/.‘1 \.\H
/ I' A \\ ~

INFERTILITY

VITAMIN -

= A

DEPRESSION

(e

—

DEFIGIENGY
ANDHOW TOFIKIT

Topiu

Home PRemedies
To explore more, visit

www.ToplOHomeRemedies.com

b

COGNITIVE
DECLINE

4 7‘\'\
) \

&

L a)
\\/ & /

‘] "
P AN
/"'.A. /" \
[ N

HYPOTHYROIDISM
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Summary

|
1- Newborn infants fed on formulas low in B6
I 2- Women on oral contraceptives
Dietary deficiency
. 3-Alcoholics
- _ (B1) Thiamin Folate dus to
riboflavin (B2)
Isoniazid treatment for tuberculosis: by forming
Medication side effect inactive derivative with PLP.
niacin (B3)
Tyes of Vitamin B
pantothenic acid (B5)
s : 1- Deficient amino acid metabolism.
biotin (B7) (V't B6 Deﬁcnency] 2 Deficient lipid metabolism.
\ 3- Deficient neurotransmitter synthesis:
\ - Serotonin, epinephrine, norepinephrine and
\ poor activity of PLP-dependent gamma amino butyric acid "GABA".
cobalamin (B12) | enzymes Causing: ) s
\
\
\
Vltaml n BB] \
\
lead to M ;
\ e ild deficiency leads to
Forms of B6 \ demyelination 1- Irritability
Functmns \ 2- Nervousness
!
1- Pyridoxine (plants) 1
2- Pyridoxal (animal) M
3-Pyridoxamine (animal)
coenzyme for:
Active Form + Transamination
» All 3 are converted to pyridoxal phosphate (PLP) * Deamination

3- Depression

Severe deficiency leads to
« Decarboxylation: {(Formation of Histamine, Serotonin, Catecholamines)
+ Condensation reactions: (regulatory step in hemoglobin synthesis)

1- Peripheral neuropathy ’
2-Convulsions

YA
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Summary

- - (B1) Thiamin Folate
riboflavin (B2)

niacin (B3) :
Liver stores vitamin B12 (4-5 mg),

Tyes of Vitamin B while other B vitamins are not stored in the body.

Vitamin B12 deficiency is associated with
storage

pantothenic acid (B5)

intrinsic factor (IF) deficiency

1- depression
2- unstable mood

biotin (B’
iotin (B7) 3- confusion and memory loss

Psychiatric

Symptoms of B12 deficiency o AbsA‘a-n{élela;fI?éﬂexes

(Vit B6 Deficiency] / \ MNeurological 3- Paraesthesia

[ ] 4- Reduced perception of vibration and position
" L] I
FormsorB12) (Vitamin B12 ;

1- Cyanocobalamin
2- Hydroxycobalamin
3- Adenosylcobalamin
{ major storage form in the liver )
4- Methylcobalamin
( mostly found in blood circulation )

Pernicious anemia (Megaloblastic anemia)

Essential for:

Myelin is chemically unstable and damaged.
Imad to demyelination d Causeg Neuropathy. 9

1- Conversion of methylmalon yl-CoA to succinyl-CoA. Neuropathy (Peripheral nerve damage) Deficiency of vitamin B12 leads to

2- Conversion of homocysteine to methionine. accumulation of methylmalonyl CoA.
) - Myelin synthesized with these abnormal
fatty acids is unstable and degraded
causing neuropathy.

1.normal nervous system function
2.red blood cell maturation

YA
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Quiz

1) The active form of vitamin B6 is:?

0 o w
—r “—

(o
~— —

2) Which one of the following is a psychiatric symptom of vitamin B12 deficiency?

0O o w
— “—

(o
~— —

3) Which one of the following symptoms is caused by severe deficiency of

Pyridoxine
Pyridoxal
Pyridoxamine
PLP

Paresthesia

Reduced perception of vibration and position
Confusion and memory loss

Ataxia

vitamin B6?

a) Irritability

b) Depression
c) Convulsions
d) Nervousness

4) Which one of the following is the major
storage form of vitamin

B12 in the liver?

a) Cyanocobalamin

b) Hydroxycobalamin

c) Adenosylcobalamin

d) Methycobalamin

Q : Describe the process through
which folate is trapped as
N5-methyltetrahydrofolate causing
vitamin B12 deficiency ?

Q : List the functions of vitamin B6
as a coenzyme ?

Suggestions and recommendations

aaaaaaaaaaaaaaaaaa
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