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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 

 Key principles: 

 Fat-soluble vitamins 

 Biochemistry and types 
of vitamin A 

 Absorption and transport 

 Functions 

 Functions in the visual 
cycle 

 Deficiency and diseases 

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 

family of molecules that are related to retinol (vitamin 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. 



Vitamins ͟The word vitamin came from 2 words: Vital and ŵiŶerals͟  

Vitamins 

Organic 
compounds 

present in small 
quantities in 

different types of 
food. 

Important for 
growth and 
maintaining 
good health. 

Required in 
very small 
amounts. 

Essential and 
non-caloric. 

Therefore, must be 
supplied by the diet. 

Most act as 
coenzymes. 

Help in various 
biochemical 
processes in 

cell. 

(we need Vitamin A in very small amounts. 
If the persoŶ didŶ͛t get theŵ he͛ll ďe haǀiŶg defiĐieŶĐǇ 

diseases, theǇ͛re helpiŶg iŶ groǁth aŶd ŵaiŶtaiŶiŶg 
ďodǇ phǇsiologǇ so theǇ doŶ͛t proǀide ĐaloriesͿ 

Interesting introductive video 

Vitamins are indirect source of energy. They help the 
body to obtain enough energy from the other sources 

;fats, ĐarďohǇdrates …Ϳ  

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


Vitamins - Classified Based on Solubility: 

Fat-soluble vitamins 

• A,D,E and K 

Water-soluble vitamins 

• ascorbic acid (vitamin C) 

• thiamin (vitamin B1) 

• riboflavin (vitamin B2) 

• Niacin (Vitamin B3) 

• pyridoxine (vitamin B6) 

• biotin 

• pantothenic acid 

•  folate 

• cobalamin (vitamin B12) 

 

They are released, absorbed, and 
transported with dietary fat (not 

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

Mnemonic: KADE (Name of a girl) 

They are readily excreted in urine and 
the toxicity is rare. But their deficiency 

can occur quickly 

Fat soluble vitamins are stored inside the body 
while water soluble are not so developing vitamin 

deficiency in water soluble is more prominent  

* Please doŶ͛t just ŵeŵorize the Ŷuŵďer of 
the vitamin, memorize the name of it so when 

Ǉou are asked iŶ the eǆaŵ Ǉou doŶ͛t get 
confused 



Stored in 
the liver 

and 
adipose 
tissue. 

Excess may 
accumulate 
and cause 

toxicity. 

Cases of 
toxicity 

with 
vitamin A 

and D have 
been 

reported. 

Do not 
need to be 
consumed 
each day 

due to 
storage in 
the body. 

Absorbed 
slowly with 

fats. 

Diseases 
due to 

deficiency 
are rare as 

large 
amounts 

are stored 
in the body. 

Fat-soluble Vitamins: 

theǇ͛re stored iŶ other tissues as ǁell ďut iŶ 
very small amounts. They can cross the 
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 
provide vitamins (as they are stored in it) when 

the persoŶ s͛ Ŷot takiŶg theŵ for that daǇ. 



Vitamin A:  

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

 These are from plant sources 

 One molecule of β -carotene can be cleaved into two molecules of retinal in the intestine. 

Vitamin A from 
plant sources 
(Pro-vitamin) 

 Three preformed compounds called retinoids ͞which are the other 2 forms (with aldehyde > retinal, with acid> retinoic acidͿ͟ 

 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) 

 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 theǇ doŶ͛t haǀe the other tǇpes 

Vitamin A from 
animal sources 

(Preform) ͞Preforŵ: means already forŵed͟ aŶd it s͛ the ŵaiŶ sourĐe 

͞Pro-vitamin: means that this forŵ is Ŷot ŵetaďoliĐallǇ aĐtiǀe . It get aĐtiǀated iŶ the ďodǇ͟ 

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



Forms Vitamin A  

Stored as Retinyl ester 

Retinol is the type that 
is stored in our body. 

Retinal has two 
types which are all-
trans-retinal and 11-
cis-retinal which has 

a cis in its 11th 
carbon ( the one 
having a double 

bond ). 
All-trans-retinal has 
a straight form. Both 
all-trans-retinal and 

11-cis-retinal are 
important in the 

visual cycle. 

Obviously each β-
carotene will split into 

2 Retinols  



Functions of Vitamin A:  

 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 yellowing of the skin, but appears to 

be harmless. 

Functions 

Vision: Vitamin A is 
a component of 

the visual pigment 
rhodopsin. Retinal 

is bound to the 
protein opsin. 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)  Bone metabolism, 
immune functions, 

Skin health, and 
Antioxidant 

activity 

Growth: Vitamin A 
deficiency causes 
loss of appetite. 

Slow bone growth. 
Affects CNS. 

Gene transcription 

and Embryonic 
development and 

reproduction 

Supports 
spermatogenesis in 
male and prevent 
fetal resorption in 

female  

Vitamin A exert its 
function through 
gene processing 

within the nucleus .. 



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 

Đaused ďǇ sǇŶthetiĐ forŵs, so for eǆaŵple ǁheŶ Ǉou eat too ŵuĐh Đarrots Ǉour skiŶ s͛ pigŵeŶtatioŶ 
ǁill ĐhaŶge ďut as sooŶ as Ǉou reduĐe or stop eatiŶg theŵ Ǉour skiŶ ǁill go ďaĐk to it s͛ Ŷorŵal Đolor. 

Extra Notes about Vitamin A: 

Vitamin A Controls the production of B-carotene (so if retinoic acid is 
deficient it will lead to overproduction of B-ĐaroteŶe, aŶd if there s͛ a 

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

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



Vitamin A “Metabolic pathway”  

It carries the fat 
through the body . 

(Transporter) 

Retinol is converted 
to Retinal in the eyes 
, and to retinoic acid 

in other tissues . 

When we eat meat 
from animal source , 

our bodies will be 
supplied with retinyl 

ester that is 
exclusive for animals 
. So , this ester when 
it enters the body it 
will be converted to 

RETINOL to enter 
the intestine , then it 

will be converted 
again to Retinyl ester 
that is exclusive for 
human . Which will 
go to the liver and 
be stored there .  

Retinyl palmitate is 
the stored form of 
Vit.A . Vit.A cant be 
stored freelǇ so it s͛ 

comined with a 
fatty acid . 

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. 

When we eat vitamin A in 

the ͞pre͟ forŵ the fattǇ 
acid gets removed and it 

becomes a free retinol in 

order to be absorbed in 

intestine , after 

absorption it get 

combined to fatty acid 

again and get transported 

to the liver by 

chylomicrons .. 

مϡϬ في الصϭرة يحϔظ 
 ΎϬتخزين ϡرة التي تϭالص

في كل مكΎن سϭاءً من كبد 
 اϭ اديبϭس تيشϭ ϭغيره

Ύهن ϱاϭثΎالب ϡلك Ύشرحن:  

https://youtu.be/iiWvBdM70zQ


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

هذا الريتينϭل .  ϭRetinol يتحϭل الfatty acid  ϰهذ الاستر بيخسر ϭاحد” الخΎص بΎلحيϭان“ Retinyl esterمن الϠحϡ  نΎخذلمΎ احنΎ نΎكل لحϡ مثلا ، 
 !  عشΎن يرجع ϭ يسϱϭ لنΎ ريتنΎيل استر ϭ لكن هذه المرة الخΎص بΎلإنسΎن ϭليس الحيϭان   Acetyl CoAبيدخل الأمعΎء ϭ يتΎϔعل مع 

ϰϠع Ώهذا الاستر بيركChylomicron  له لانهΎلح ϡلجسΎب ϰدر يتمشϘي Ύم Ύلأنه طبعhydrophobic   رترϭج ترانسبΎفيحت . Ώاذا رك ϡϬحالمϭعبر  بير
lymphatic system  ϰال ϙΎل هنϭيتح ϭ كبدϠلAll trans retinol Δي هيئϠيتخزن في الكبد ع ϭ ،retinyl palmitate   جهΎتحت Ύم ϰإل ϙΎيضل هن ϭ ،

بحيث انه يشيل الΎϔتي أسيد الϠي كΎنΕ لاصΔϘ فيه ϭ يركΏ التΎكسي حϘه   trans retinolمثلا العين تحتΎجه الحين ، بيتحϭل مرة ثΎني إلϰ . الأعضΎء 
 ϭي هϠصل العين ، الϭي بيϠالRBP (Retinol binding protein)  حϭير ϡعين ثϠه لϠصϭكسي بيΎالت ، . ϙΎل هنϭعين بيتحϠل لϭصل الريتينϭ إإذا ϰل

 .   which is the active form in the eyesريتينΎل ، 
 ϱل زϭج ريتينΎني غير العين يحتΎث ϭإذا مثلا في عضepithelial tissue   ش بيصير ؟؟؟ϭ ؛ 

 ϭي هϠكسي الΎالت Ώيرك ϭ ΔϘس الطريϔل من الكبد بنϭفر الريتنΎبيسRBP  ϰل الϭراح يتح ϭل تيشΎيϠصل للابيثيϭ اذا ϭRETINOIC ACID   ϭمretinal 

 . لانه زϱ مΎ قϠنΎ لϭ ترجع ϭرا الريتينΎل يشتغل لϠرؤيϭ Δ الريتينϭيϙ اسيد يشتغل لصحΔ الجϠد 
 ϡϬالم ..ϙيϭاسيد  الريتنϕصϠر بيϭلرسيبتΎد  بϭجϭلالمΎيϠلابيثيΎب  ϭي هϠالretinoic acid receptor  نΎهعشϠيϭيشن يسϔكسهذا .  أكتϠمبϭالك  ϭي هϠال
 .ϭ يسϱϭ ترانسكريبشن لجين معين   chromatinبΎل  بيرتبط الرسبتϭرϭ  الآسيد



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 

impulse). 

 The brain processes the signal into an image. 

 

 

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  white image. (they have rhodopsin) 

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

It s͛ a cyclical process so there are molecules which stay there. 
Input: Light. 

Output: Nerve impulse 

VitaŵiŶ A ;RetiŶalͿ ĐoŵďiŶe ǁith ͞opsiŶ͟ iŶ order to ŵake 
the pigment photosensitive  



Rhodopsin and retinal structures 

Rods and cones have disks that contain 
rhodopsin. 

If we take a transverse section from these 
disks we will see a transmembrane 
complex (opsin is a transmembrane 

protein and it makes a complex with the 
aldehyde form (11-cis-retinal) of Vitamin A 
Then in presence of light it gets converted 
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 

adequate vitamin A. 

 

 First discovered by George Wald in 1967 (a 

Nobel Laureate). 

 

 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 

cells). 

 

 Rhodopsin and iodopsin are light-sensitive 

pigments. 
 

When stimulated by light vitamin A isomerizes 
froŵ its ďeŶt ͚Đis͛ forŵ to a straighter ͚traŶs͛ 

form and detaches from opsin 

The opsin molecule changes shape, which 
sends a signal to the brain via optic nerve and 

an image is formed 

Most retinal released in this process is quickly 
converted to trans-retinol and then to cis-

retinal, to begin another cycle 

So rhodopsin is 
the molecule 

being used (by 
light) and 

regenerated (by 
enzymes). 



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 isŶ͛t 

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. 
͞teŵporarǇ defiĐieŶĐǇ of rhodopsiŶ͟ 

 

 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. 

 

 It is increased in vitamin A deficiency. 

 



Recommended Dietary Allowance (RDA) Vitamin A for Adults 

Women: 
700 µg or 
2,330 IU  

Men: 900 
µg or 3,000 

IU 

UL Men or 
Women: 

3,000 µg or 
10,000 IU 

(because it causes toxicity symptoms, so molecules 
that do not have toxicity symptoms will not have 

upper limit) 

Upper limit in men or women 3000µg or 10,000 IU . 

Above this they will have toxicity.   



Vitamin A 
associated 
diseases 

Nyctalobia 
(night blindness): 

patient cannot see 
in low light or near 

darkness conditions. 

Xerophthalmia 

dryness of the 
conjunctiva and 

cornea. 

Bitot s͛ spot 

localized increased 
thickness of the 

conjunctiva. 
Keratomalacia 

prolonged 
xerophthalmia 

leads to drying and 
clouding of cornea. 

Complete 
blindness 

(in severe 
deficiency). 

Vitamin A Deficiency and Diseases 

Xerophthalmia: (Vitamin A affects gene 
transcription and one of the genes is (repressors I 
think) so when there is a deficiency in Vitamin A, 
too much of carotene is being produced. So in the 

lacrimal gland, instead of secreting fluids it gets 
keratinized so it stops producing lacrimal fluid 

which leads to dryness of the cornea) 

Nyctalobia: is one of the first signs of vitamin A 

deficiency. Visual threshold increases leading to 

the difficulty in seeing in dim light. 

Xerophthalmia: most effects children and people 

in tropical areas. And it could lead to permanent 

blindness. 

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)  Vitamin C 

d)  Vitamin E 

 

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

 

a)  Pyridoxine 

b)  Retinoids 

c)  β-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 

 

Q : Describe the role of vitamin A in 

vision and visual cycle? 

 

 

Q : List the functions of vitamin A ? 

 

 

1- D  

2- C 

3- C 

4- C 

4) Excessive carotenoid intake lead to skin 

discoloration but in what colour ? 

a)  Blue 

b)  Red 

c)  Yellow 

d)  Pink 

Suggestions and recommendations 

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

Don’t forget to reǀieǁ the notes 

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

