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FAT-SOLUBLE VITAMINS: STUDY 
SUMMARY

Final on Wednesday Dec 11, total 100 pts
- (Xu 50 pts) 
- Rettie 50 pts, multiple choice and short answer.  

o Chemistry/Metabolism  - Pathways and Enzymes
o Functions/Therapeutic Uses
o Deficiency States/Symptoms
o Toxicities
o Daily Requirements/Upper Limits

ALL RETTIE NOTES MATERIAL IS FAIR GAME



Fat-Soluble Vitamins: History and General Properties

o ADEK is the acronym, ‘fat cat is in the attic’ (world’s worst mnemonic!).

o Early work on vitamins A and D because of their role in children’s diseases.

ü Xerophthalmia (dry eye)à chronic conjunctivitisà corneal ulcerationà blindness

ü Rickets

o Second phase of interest in vitamin D in the 1980s when the ‘vitamin D cancer hypothesis’ 
emerged.  Colon cancer mortality found to be inversely associated with exposure to UV-B.

o Unlike water-soluble vitamins that need regular replacement in the body, typically fat-
soluble vitamins are stored in fatty tissues; e.g. adipose tissue, skeletal muscle, liver.  

o Consequently, it takes time to bring on a deficiency state (rare in US with an adequate diet).   
However, they are more likely to cause toxicity on over-dosage (e.g. mega-doses of vitamin 
supplements).



o Unlike water-soluble vitamins, notably the B-family that serve as coenzymes/cofactors for 
energy-producing reactions, the fat-soluble vitamins either act directly (e.g. vitamin E), bind to 
specific receptors in the cell nucleus to influence gene expression (e.g. vitamin D, vitamin A) or 
act as the cofactor for Gla protein production (vitamin K).

o Fat-soluble vitamins are absorbed, through the lymphatic system, in association with dietary fat
- bile is required.  Bile salts, free fatty acids and b-monoglycerides combine in mixed micelles, 
whose hydrophobic cores provide a suitable environment for the fat-soluble vitamins. 

o Diseases that impair fat absorption such as ulcerative colitis, Crohn’s, can lead to deficiencies, 
as can certain medications. 

ü Cholestryramine – bile acid sequestrant, reduces blood levels of cholesterol

ü Mineral oil - laxative

o Fat-soluble vitamins are largely stable to heat/cooking.  Mild heat is OK, frying less so.

o Several are light sensitive - vitamin A/vitamins E and K.









o AREDS (Age-Related Eye Disease Study, 2001) showed lowered risk of progression of 
AMD (Acute Macular Degeneration) with increased intake of b-carotene and zinc.
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Metabolism of Vitamin A
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- induces conformational change in opsinà signal transduction

Oxidation

Reduction



• 11-cis retinal binds to opsin and holds rhodopsin – a GPCR - in an inactive 
conformation. 

• When light strikes rhodopsin, isomerization of 11-cis retinal to all-trans retinal 
pushes rhodopsin into an active conformation and initiates phototransduction. 

• After several decay steps, all-trans retinal is released.
• So, opsin must bind new 11-cis retinal to continue detecting light. 













RAR ligand

RAR ligand
(weak)

PML - oral

Severe nodular acne - oral

RXR ligand

• Chronic eczema – oral
• Skin lesions in Kaposi’s sarcoma – topical

• Severe nodular acne– oral
• IPLEDGE

• PML - oral

Vitamin A-related Drugs - Three generations – all used to treat severe skin conditions and 
some cancers, e.g. PML, Kaposi’s sarcoma, T-cell lymphoma.



• Capsules removed from 
US market in 1998.

• Pro-drug, teratogenic with 
long half-life of 3-4 
months.

• Teratogenic, but with 
shorter half-life of 2 days-
so thought to be more 
‘manageable’.  

• RAR ligand.

• Cutaneous manifestations
• of T-cell lymphoma.
• RXR ligand

• Psoriasis, acne.
• Prodrug for tazarotenic acid
• RAR ligand
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UL is only 10,000 IU/day
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Other inactivation pathways

Inducible
enzyme 



o UVB provides high energy 
photons that are absorbed into the 
B ring via the conjugated diene.



TRPV6 and TRPV5, respectively.





milk





o Osteomalacia – defect in bone-building process resulting in softened bones
Osteoporosis  – weakening of previously constructed bone 




