
Fat-Soluble Vitamins 
Vitamin Description/forms Digestion/Absorption/Activation Transport/Storage/Excretion Functions and 

MOA 
Deficiency/Toxicity 
signs/symptoms 

Units and 
conversion to 
IU 

Food sources 

Vitamin 
A 

Active: Retinoids 
-Retinol, retinal, 
retinoic acid 
Carotenoids 
-alpha carotene, beta 
carotene, beta 
kryptoxanthin  

Digestion 
-Retinyl esters --> retinol + fatty 
acids in GIT via bile and 
pancreatic lipase   
-Provitamin A carotenoids 
usually bound to protein 
molecule in food, split via 
enzyme activity in GIT to be 
absorbed 
Absorption 
-90% retinol intake absorbed via 
carrier proteins 
-5-60% carotenoids intake 
absorbed by passive diffusion 
(dependent on fat intake) 
Activation 
-Carotenoids cleaved --> retinal 
or retinoic acid 
-Retinal --> retinol + retinoic 
acid 

Transport 
-In enterocytes: retinyl 
esters reformed, packaged 
in chylomicrons, 
transported via lymphatic 
system, blood, liver; retinoic 
acid --> blood --> liver 
-From liver: retinoids bound 
to retinol binding protein --> 
cells; carotenoids not 
transformed --> VLDL 
Stores 
>90% retinoids found in liver 
(to last several months), 
small in adipose tissue, 
kidney, bone marrow, 
testicles, eyes 
Excretion 
Small in urine; carotenoid 
excreted as bile 

As retinoids 
-growth and 
development 
-cell 
differentiation 
gene 
expression (as 
transcription 
factor) 
-vision (cornea, 
light-dark 
adaptation) 
--in light, 
rhodopsin 
absorbs, II-cis 
retinal 
converted to 
all-trans retinal, 
all-trans retinal 
separates from 
opsin, opsin 
triggers 
cascade of 
changes that 
send signals to 
brain, in dark, 
all-trans retinal 
enzymatically 
converted to II-
cis retinal, 
opsin and II-cis 
enzymatically 
combined 

RDI 
-Men: 
900ug/3000IU 
-Women: 
700ug/2333IU 
UL: 
3000ug/10000IU 
  
Deficiency 
-night blindness 
-xerophthalmia 
-follicular 
hyperkeratosis  
  
Toxicity 
-acute: GIT 
upset/nausea; 
muscular 
incoordination, 
headaches 
-chronic: liver 
damage, 
haemorrhages, dry 
skin and mucous 
membrane, hair 
loss, bone loss, 
coma 
-teratogenic: 
foetal 
malformation, 
spontaneous 
abortion  
  

1ug Retinol 
Equivalent 
=1ug retinol 
=6ug beta-
carotene 
=12ug alpha-
carotene, 
beta-
crytoxanthin 
  
1 IU Vitamin A  
=0.3ug RE 
=0.3g retinol 
=1.8ug beta-
carotene 
=3.6ug alpha-
carotene, 
beta-
cryptoxanthin  

Carotenoids 
(mainly beta-
carotene) 
-yellow/orange 
fruits and veg., 
green leafy 
veg.   
  
Retinoids  
-liver, fish, fish 
oils, fortified 
milk, eggs  



regenerating 
rhodopsin 
-immune 
function 
(decreased 
infection, 
integrity of 
epithelial cells, 
mucous form.) 
-dermatology 
(psoriasis) 
Carotenoid 
-free radical 
damage 
protection 
-ageing and 
chronic disease 
protection? 

Death either 
direction  

Vitamin 
E 

-4 tocopherols 
-4 tocotrienols 
-alpha tocopherol most 
active form 
-natural more potent 

Absorption 
-depends on dietary fat and 
amount consumed 
-passive diffusion 
-20-70% of intake absorbed 
-alpha tocopherols best 
absorbed 

Transport 
-micelles, enterocytes: bile, 
pancreatic lipase 
-chylomicrons, lymphatic 
system, circulation, liver 
-from liver to tissue via 
lipoproteins 
Storage  
-adipose tissue (90%) not 
liver 
Excretion 
-Bile, urine, skin (diffusion) 

Antioxidant 
-reduces lipid 
peroxidation 
(e.g. in 
phospholipid 
bilayer) 
-works with 
other 
antioxidant 
compounds 
and enzymes 
(glutathione 
peroxidase, 
superoxide 
dismutase) 
  
Some evidence 
of benefit in 
chronic 

Deficiency 
-haemolytic 
anaemia: 
premature 
haemolysis of RBC 
-impaired immune 
function 
-large amount of 
alpha may reduce 
gamma --> 
deficiency 
  
Toxicity 
-interfere with 
Vitamin K activity 
in blood clotting --
> haemorrhaging 

No EAR, no 
RDI 
AI 
-Men: 10mg 
alpha-
tocopherol 
(15IU) 
-Women: 7mg 
(10.5IU) 
  
-1IU = 
0.667mg 
(natural) 
         = 0.45mg 
(synthetic) 
  
Smoking leads 
to increased 
requirements 

Nuts, seeds 
and derivatives 
-canola oil 
-safflower oil 
-sunflower oil 
-peanuts 
-peanut butter 
-almonds 
-sunflower 
seeds 
-avocado 
-mayonnaise 
-margarine  



inflammatory 
disease (long 
term safety of 
high dose not 
established 
  
Cancer, CVD 
protection? 
Dermatological 
use  

  
UL: 
300mg/450IU 

 


