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. : family of molecules that are related to retinol (vitamin A), :
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1 |
| |
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1 |

By the end of this lecture, the students should be
able to:

* understand the function and transport of vitamin A.
* To know the role of vitamin A in vision and

deficiency can lead to blindness

Background of the lecture:

Vitamin A is often used as a collective term for several
related biologically active molecules. The term retinoids
includes both natural and synthetic forms of vitamin A
that may or may not show vitamin A activity. The retinal a

are essential for vision, reproduction, growth, and
maintenance of epithelial tissues.
Retinal is a component of visual pigment and derived from
oxidation of dietary retinol, responsible for vision.

Key principles:
Fat-soluble vitamins

Biochemistry and types
of vitamin A

Absorption and transport
Functions

Functions in the visual
cycle

Deficiency and diseases



VITCI m | ﬂS "The word vitamin came from 2 words: Vital and minerals”

Interesting introductive video

Help in various
biochemical
processes in

cell.

Most act as
coenzymes.

Organic
compounds
present in small
quantities in
different types of
food.

Essential and
non-caloric.

Important for
growth and
maintaining
good health.

Required in
very small
amounts.

| ST
" (we need Vitamin A in very small amounts.
1 If the person didn’t get them he’ll be having deficiency
I diseases, they’re helping in growth and maintaining
! body physiology so they don’t provide calories)

Vitamins are indirect source of energy. They help the
body to obtain enough energy from the other sources
(fats, carbohydrates ...)

3
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https://www.youtube.com/watch?v=Qsp7CEeOwCs&t=78s

Vitamins - Classified Based on Solubllity:

Fat-soluble vitamins Water-soluble vitamins

e A,D,E and K e ascorbic acid (vitamin C)
______________________ e thiamin (vitamin B1)
They are released, absorbed, and . . . .
e riboflavin (vitamin B2)
e Niacin (Vitamin B3)
e pyridoxine (vitamin B6)

|
: transported with dietary fat (not

I excreted by urine) and excess use can
: accumulate and cause toxicity.

1 Mnemonic: KADE (Name of a girl)

G o - o e e e o o S D R e e e e R R R e e

——————————————————————————— L] . .
1 Fatsoluble vitamins are stored inside the body 1 ® b|0t| n
I while water soluble are not so developing vitamin : . .
 _ deficiency in water soluble is more prominent _ - SeSpantotinenicacid
: * Please don’t just memorize the number of : ¢ fOIate
I the vitamin, memorize the name of it so when . . .
: you are asked in the exam you don’t get : o CObaIamln (V|tam|n B].Z)
| confused |

They are readily excreted in urine and
1 the toxicity is rare. But their deficiency
! can occur quickly
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Fat-soluble Vitamins:

INEN:S
due to
deficiency
are rare as
large

Cases of Do not
Stored in Excess ma toxicity need to be
the y with consumed

accumulate . .
vitamin A each day
and cause

Absorbed
slowly with

fats.

and D have due to
been storage in
reported. the body.

amounts
are stored
in the body.

I they’re stored in other tissues as well but in

' very small amounts. They can cross the

| . .

I membrane and stay in the body, their

| deficiency is commonly developed.

: And they are not needed in daily amounts thus
. rarely get deficient

| because the liver is a big organ and can
I provide vitamins (as they are stored in it) when
: the person’s not taking them for that day.

J BIOCHEMISTRY TEAM 436
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Vitamin A:

Vitamin A from

animal sources

( ) “Preform: means already formed” and it’s the main source
/ ..
> Three preformed compounds called retinoids “which are the other 2 forms (with aldehyde > retinal, with acid> retinoic acid)” \
» that are metabolically active and found in animal products:
1. retinol —alcohol form found in animal tissue (can be converted to other forms)
2. retinal or retinaldehyde — aldehyde form derived from the oxidation of retinol (essential in vision)
3. retinoic acid — acid form derived from the oxidation of retinal (for skin and bone growth)
v can not be reduced back or converted to retinol or retinal, they have experienced this by giving only retinoic acid
to mice and when they grow up they were blind and sterile since they don’t have the other types
\ /

Vitamin A from

plant sources

( ) This source is mainly available in carrots and yellow or orange fruits and vegetables .

“Pro-vitamin: means that this form is not metabolically active . It get activated in the body”

v Carotenoids (B-carotene) and cryptoxanthin can yield retinoids when metabolized in the body.

v' These are from plant sources
v" One molecule of B -carotene can be cleaved into two molecules of retinal in the intestine.
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Forms Vitamin A

A Vi W VN

B-Carotene (a carotenoid) @ = =0 6 e e == — = -

|
Obviously each B-
carotene will split into 1

B-Carotene (antioxidant)

AU 2Retinols | Retinol > Retinyl phosphate
oS e s e (steroid hormone) (glycoprotein synthesis)
Retinol (vitamin A) I isstoredin our body L e
0 bemmmmm - l | Stored as Retinyl ester
CHo0— b mmmm—mm—— - - :
NN & ,  Retinalhastwo
N : types which are all- :
etinol phosphate i trans-retinal and 11-
; .Retmal : cis-retinal which has :
c\( 11 (VISU&I Cycle) I acisinits 11th I
Z W Wi Yo v ) AN NR : carbon ( the one :
| | 1 having adouble
Retinal < 1 bond ). !
(All-trans-retinal) M(A“-ci&retinal) ’ + : All-trans-retinal has :
B 1 astraight form. Both |
N o H . . 1 all-trans-retinal and 1
AUNAN, Retinoic acid ! llcisretinalare !
(steroid hormone) e e

Retinoic acid

Figure 28.2. Structures of vitamin A and related compounds.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.

visual cycle.

Figure 28.3. Vitamin A metabolism and function.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.

A
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Functions of Vitamin A:

D)

Essential role in vision and normal cell
differentiation.

Deficiency is the most significant cause
of blindness in the developing world.

Large doses over a prolonged period of
time can produce intoxication and
eventually lead to liver disease.

Excessive carotenoids intake can result
in of the skin, but appears to

be harmless.

Vitamin A exert its
function through
gene processing

within the nucleus ..

Vision: Vitamin A is

a component of
the visual pigment
rhodopsin. Retinal

is bound to the

protein opsin.

Gene transcription

and Embryonic
development and
reproduction

Growth: Vitamin A
deficiency causes
loss of appetite.
Slow bone growth.
Affects CNS.

Bone metabolism,
immune functions,
Skin health, and
Antioxidant
activity

Supports
spermatogenesis in
male and prevent
fetal resorption in
female

Reproduction:
Retinol and retinal
are essential for
normal
reproduction

Maintenance of
epithelial cells:
Essential for normal
differentiation of
epithelial tissues
and mucus
secretion.

(Skin health)
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Extra Notes about Vitamin A:

Large doses:

there are specialized cells in the liver called stellate cells or the ito cells which store Vitamin A — 80-
90% of Vitamin A get stored here) so if there is an excessive stimulation, it will lead to toxicity, and
there are acute toxicity symptoms like (diarrhea, blindness, nausea) and chronic symptoms like
(pruritus, increased cranial pressure which mimics the symptoms of a brain tumor) but this is
caused by synthetic forms, so for example when you eat too much carrots your skin’s pigmentation
will change but as soon as you reduce or stop eating them your skin will go back to it’s normal color.

| Vitamin A Controls the production of B-carotene (so if retinoic acid is 1
I deficient it will lead to overproduction of B-carotene, and if there’sa |

.. . . . 1
toxicity it will lead to less production of B-carotene). I

(increases the immunity, sometimes it is written as anti-infective :
| vitamin so it prevents infections) I




Vitamin A “Metabolic pathway”

STORAGE OF VITAMIN A

e Retinol is stored as retinyl
esters mainly in liver an
adipose tissue.

VITAMIN A AND VISION

e 11-cis Retinal is a component of
the visual pigment, rhodopsin.

e Vitamin A deficiency results
in night blindness.

Retinol-RBP ——>All-trans retinol

o
)

All-trans retinal

Retinyl palmitate vt

(stored) —-": Retinyl palmitate is : 1-cis Retinal

_» ;| thestored form of I l i Opsin
I Vit.A.Vit.Acantbe | Rhodopsin
I stored freelysoit’s 1 ugml\
Chylomicron ' comined witha | Opsin
- Retinol remnants : fatty acid | All trans retinal J
‘ I
N S SRR I
v (lymph—blood)

retiny
Retinol

binding proteins.

TRANSPORT OF VITAMIN A

° Dieta?y retinol is transported as
esters in chylomicrons.

o Retinol is secreted by liver in
association with plasma retinol-

DIETARY SOURCES
OF VITAMIN A

e Retinyl esters and retinol are
found in certain animal tissues.

e [-Carotenes (and other caroten-
oids) are found in certain plants.

Retinoic acid ~

activation

}

mRNA

'

Specific proteins

}

Cellular
differentiation

k TARGET TISSUES

| ACTIONS IN TARGET TISSUES
e Retinol is oxidized to retinoic acid,
which binds to nuclear receptors.

e Activated retinoic acid receptor
stimulates responsive aenes.

B-Carotene < f-Carotene €— Diet

Retinyl

Retinal esters

Fatty acyl CoA

Retinyl €————Retinol <
esters r

Fatty
acids

Retinol

k INTESTINAL CELL

Retinol is converted
| to Retinal in the eyes
I , and to retinoic acid
:_ in other tissues .

It carries the fat

—, throughthe body.

I (Transporter)

I When we eat meat
I from animal source,
: our bodies will be

; supplied with retinyl
| ester that is

I exclusive for animals
I So, this ester when
: it enters the body it
1 will be converted to
I  RETINOL to enter

I the intestine, then it
: will be converted

| again to Retinyl ester
1 thatis exclusive for
I' human . Which will
: go to the liver and

; be stored there.

Retinol is oxidized to retinoic acid.
Movement from cytosol to nucleus
is guided by cellular retinol-binding
proteins and cellular retinoic acid-
binding proteins.

RBP—»CWDI D .

Plasma retinol-RBP
] |

Retinol

Retinoic acid

Retinoic

=

e\l

Inactive
receptor

Activated
receptor
complex

Retinoic acid
binds to intra-
nuclear receptor.

complex binds to
chromatin, activating
the transcription

of specific genes.

\ differentiation /

Specific proteins

¥

Cellular

Liny 3 ) seall (8 age
L ad & (Al 3 ) saall
AS (e el OlSe S
o ;& 5 $ili s gndl

I When we eat vitamin Ain 1|
: the “pre” form the fatty :
1 acid gets removed and it
I becomes a free retinol in I
: order to be absorbed in :
1 intestine , after |
: absorption it get :
| combined to fatty acid |
I again and get transported |
: to the liver by :
I chylomicrons .. I
RBP takes retinol to the
targeted tissue within the
blood, then ONLY retinol
goes inside and gets
converted into retinoic
acid which will go to the
nucleus and bind to
specific receptors
(retinoid receptors / RAR)
there and makes it active
which will affect gene
transcription.

A
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https://youtu.be/iiWvBdM70zQ

Explanation for Vitamin A pathway in the Body : (Previous slide) 435 team

Jsii )l 13 Retinol () Jsai sfatty acid 25 s WY 38 7)) sl aAIRetinyl ester aslll (o 330 ¢ D asd JSU Lal Wl
L Osanll Gl g LYl alall 5 pall o2a (1 5 il Jlihy ) W (5 sam 5 g Gldie Acetyl CoA ao delily 5 elaad) Jaay

i zaon S 1) agall |5 sail 53 #lisd hydrophobic 43Y Allad awally iy 508 L Lok 433 Chylomicron oo S m 5iwY) 1
4alini Lo ) ellia iy 5 ¢ retinyl palmitate 4 = 28V G4 (555 5 <All trans retinol Y <lis Js=% 5 28l lymphatic system
M;GHSLJ\ L_\SJJJ"\_\SM.\AY ;u\SQ_A]\ A.u.u\ @\Aﬂ\ Judn 43) Euss trans retinol ‘;\ u_a\_\ ofdj;_m ¢ cad) aaliag pel) Db | cleac V)
) b Jsatn el J i ) Jag 13) | 7 5 3 a3 el alia sy wSUl ¢« RBP (Retinol binding protein) s& G ¢ Guadl Joa g Al
.which is the active form in the eyes « Juh

$9¢ Juan iy ¢ epithelial tissue ) Jsub) zlsy (pall e A0 giae AN v

retinal s RETINOIC ACID ! dsais 7)) s Julin™ Jaa s 1) RBP 58 (A (cuSUl oSy i all (s 30 n S il
calall daal datiy apal oy ity Sl 5 45,0 daidy JUsiy I ) s e 5 51 LB Le (g 5 Y

A A Slie 0 138 (8iST 4l s Licretinoic acid receptor st (A JLLinYL 5 g sall ) sin 5L Gaaly auul el gty J | agall

L O Ol Rl K g s 5 chromatin Jb iy sty 5 )
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Role of Vitamin A In Vision

Visual Cycle

A process by which light impacting on the retina of the eye is converted
to an electrical signal.

** The optic nerve carries the electrical signal to the brain (nerve o _______ .
. ; It’s a cyclical process so there are molecules which stay there. 1
|mPUI5e)- I Input: Light. :

“* The brain processes the signal into an image. Lo Qutput: Nerve impulse 1

Vitamin A (Retinal) combine with “opsin” in order to make
the pigment photosensitive I

Retina

is a light-sensitive layer of cells at the back of the eye where an image is

formed.
Retina consists of: Rod and cone cells (photosensitive cells).
Rod cells process black image. (they have rhodopsin)

Cone cells process colo =d image.
(they have three types of iodopsin for colored vision: red, green and blue.)

v
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Rhodopsin and retfinal structures

Pigwn2
Rod Cell
H /“ Disks Containing f Cone Ce”
H\' CH, i Rho:r.-xi':m ' %
u,c/ N cn, e Nt % E
Disks ..,L\ é é =
O \f' =
L": H !3": =
| cis isomer e
Cell body Inside
| “3 ; Light Enzymes \
synaptic “ f ' ‘ ! { \ !\ ;\ i\ quh'_.
terminal () vy M
- 1 ! .) 7 /i : | ‘ Ay /é l H _______________________
’ ' "l: I Rods and cones have disks that contain
L }\ é\ : rhodopsin.
5 L f’ Y’ I’ <u 1 If we take a transverse section from these
Cytosol H CH, : disks we will see a transmembrane
i complex (opsin is a transmembrane
) Retinal am isomer 1 protein and it makes a complex with the
Rhodopsin Doain I aldehyde form (11-cis-retinal) of Vitamin A
P : Then in presence of light it gets converted
(a) (b) I into the isomerased form or straight form
|

which is all-trans-retinal.



Role of Vitamin A In Vision

Normal vision depends on the retina and on When stimulated by light vitamin A isomerizes

adequate vitamin A. from its bent ‘cis’ form to a straighter ‘trans’
form and detaches from opsin

First discovered by George Wald in 1967 (a
Nobel Laureate). The opsin molecule changes shape, which

sends a signal to the brain via optic nerve and
an image is formed

In the retina, vitamin A in the form of retinal
binds to a protein called opsin to make

rhodopsin (in rod cells) and iodopsin (in cone Most retinal released in this process is quickly
converted to trans-retinol and then to cis-

cells). retinal, to begin another cycle
Rhodopsin and iodopsin are light-sensitive —— opsin
pigments.

: So rhodopsin is
Rhodopsin 1 the molecule
I being used (by
: light) and
1 regenerated (by
I enzymes).

trans-Retinal

nerve impulse

opsin P
Figure 28.4. Role of vitamin A in vision. M

book of Bio stry With Clinic orrelations, th ion, Edites Thomas M. Dev opy! 200
Texthook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons. Inc BIOCHEMISTRY TEAM 436



Role of Vitamin A In Vision

Dark Adaptation time

It is the time needed to regenerate rhodopsin, it depends on the amount of Vitamin A, so for example if you have a high amount
of Vitamin A, adaptation will be faster, and if we have low amount of Vitamin A, adaptation will be prolonged. And if there isn’t
Vitamin A at all > night blindness occur

+* Bright light depletes rhodopsin and called (photobleaching).

+* Sudden shift from bright light to darkness causes difficulty in seeing.
“temporary deficiency of rhodopsin”

** Rhodopsin is synthesized in a few minutes and vision is improved in the dark.
** The time required to synthesize rhodopsin in the dark is called dark adaptation time.

s Itisincreased in vitamin A deficiency.
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Recommended Dietary Allowance (RDA) vitamin A for Adults

UL Men or
Women:
3,000 pg or
10,000 U

Women:
700 pg or
2,330 1U

Men: 900
ug or 3,000
U

1 (because it causes toxicity symptoms, so molecules
I that do not have toxicity symptoms will not have :
: upper limit) i

Upper limit in men or women 3000ug or 10,000 IU .
Above this they will have toxicity.

A
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Vitamin A Deficiency and Diseases

Bitot’s spot

localized increased
thickness of the
Xerophthalmia conjunctiva.

Keratomalacia

prolonged
xerophthalmia
leads to drying and
clouding of cornea.

dryness of the
conjunctiva and
cornea.

Nyctalobia Vitamin A

(night blindness): .
patient cannot see associated

in low light or near g (in severe
darkness conditions dlseases deficiency).

I Xerophthalmia: (Vitamin A affects gene I
: transcription and one of the genes is (repressors | :
1 think) so when there is a deficiency in Vitamin A,
: too much of carotene is being produced. So in the !
1 lacrimal gland, instead of secreting fluids it gets :
I keratinized so it stops producing lacrimal fluid 1
I : I
I which leads to dryness of the cornea) |

: Nyctalobia: is one of the first signs of vitamin A

: deficiency. Visual threshold increases leading to
I the difficulty in seeing in dim light.

: Xerophthalmia: most effects children and people
: in tropical areas. And it could lead to permanent
I blindness.

IOCHEMISTRY TE/ 3


https://www.youtube.com/watch?v=olhNU_lt7b8
https://www.youtube.com/watch?v=nnCrnWOiKG4

Take home messages

+*» Vitamin A plays a major role in visual cycle and color vision.

¢ Its deficiency can lead to vision impairment and blindness.

Good luck doctors




Quiz

1) Which ONE of the following is a fat soluble protein?

a) Vitamin B12
b) Vitamin B6
c) VitaminC
d) VitaminE

2) Which of the is the plant source of vitamin A ?

a) Pyridoxine
b) Retinoids
c) PB-carotene
d) Biotin

3) Which ONE of the following best describes Xerophthalmia ?

a) Localized increased thickness of the conjunctiva.

b) Inability see in low light or near darkness conditions
c) Dryness of the conjunctiva and cornea.

d) None of the above

4) Excessive carotenoid intake lead to skin
discoloration but in what colour ?

a) Blue
b) Red
c) Yellow
d) Pink

Q : Describe the role of vitamin A in
vision and visual cycle?

Q : List the functions of vitamin A ?

Suggestions and recommendations
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https://docs.google.com/forms/d/e/1FAIpQLSeeKrAr2iLn_EUKM_RmUOv2rVYZ8HB_6lTjZkaa81joYv4Q8Q/viewform?c=0&w=1
https://docs.google.com/forms/d/e/1FAIpQLSeeKrAr2iLn_EUKM_RmUOv2rVYZ8HB_6lTjZkaa81joYv4Q8Q/viewform?c=0&w=1
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