
1 | P a g e           Compiled By John Bulungu, with Help from Mary Nandutu Copy with authority 
from jkyaluzib@yahoo.com 
 

VITAMINS 

Vitamins are organic compounds occurring in small quantities in different natural foods and 
necessary for growth and maintenance of good health in human beings and animals. Vitamins 
are essential food factors, which are required for the proper utilization of other nutrients like 
carbohydrates, lipids and proteins. 

The discovery of vitamins started from observation of deficiency manifestations, e.g. scurvy, 
rickets, beriberi, etc. 

The vitamin theory was suggested by Hopkins in 1912 (Nobel Prize, 1929). The term "vitamine" 
was coined from the words vital + amine. The vitamins identified first were water soluble vitamins 
bearing amino groups and hence thought to be amines. Later studies showed that most of the 
vitamins did not contain amino groups, so the last letter ‘e' was dropped in the modern term of 
vitamin. 

Although vitamins are important nutritionally, their role has been over-emphasized in clinical 
practice. They are useful to correct deficiencies. But taking higher doses of vitamins will not boost 
up the health. All the vitamins are usually available in an ordinary mixed diet. 

Classification 

The vitamins are mainly classified into two groups: 

1. The fat-soluble vitamins are A, D, E and K 
2. Water soluble vitamins are named as B complex and C.  

The major differences between these are show bellow  

 

Property  Fat soluble Vitamins Water Soluble Vitamins  

Solubility in fats  Soluble  Not soluble  

Water Solubility  Not soluble  Soluble  

Absorption  Along with lipids, require bile 

salts  

Simple absorption  

Transport in the body  Requires carrier proteins  Dissolves in serum and 

requires no carrier proteins 

Storage  Stored in the Liver  Not stored in the body  

Excretion  Not excreted  Excreted  

Deficiency  Manifests slowly as stores 

are depleted  

Manifest rapidly due to lack 

of storage  
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Toxicity  Hypervitaminosis occurs in 

case of excess  

No toxicity as excess is 

excreted  

Treatment of Deficiency  Single large doses may 

prevent deficiency  

Regular dietary intake is 

necessary  

Major vitamins  A,D,E and K  B group and C 

 

In general, deficiency of vitamins may occur due to: 

a. reduced intake 
b. impaired absorption 
c. impaired metabolism 
d. additional requirements 
e. Increased losses. 

FAT SOLUBLE VITAMINS 

VITAMIN A 

Physical and Chemical Properties 

Vitamin a is a pale yellow solid soluble in non-polar solvents like ethanol, ether, and chloroform 
but not in water. Vitamin A is a thermally stable in oxygen-free environment and can withstand 
the heat of 100 to 120°C. But, in the presence of air at higher temperatures (about 60°C) it 
decomposes rapidly, especially under acidic conditions in the presence of ultraviolet light. The 
vitamin is also unstable to metals. Vitamin A is stored in the body as retinyl ester.  
One molecule of beta-carotene can theoretically give rise to two molecules of vitamin A; but it 
may produce only one in biological systems. 

Structure  

All the compounds with vitamin A activity are referred to as retinoids. They are polyisoprenoid 
compounds having a beta-ionone ring system. 

Three different compounds with vitamin A activity are interconvertible compounds; retinol 
(vitamin A alcohol), retinal (vitamin A aldehyde) and retinoic acid (vitamin A acid)  

The retinal may be reduced to retinol by retinal reductase. This reaction is readily reversible. 

Retinal is oxidized to retinoic acid, which cannot be converted back to the other forms in the 
body. 

The side chain contains alternate double bonds, and hence many isomers are possible. 

The all-trans variety of retinal, also called vitamin A1 is most common. 

Vitamin A2 is found in fish oils and has an extra double bond in the ring. Biologically important 
compound is 11-cis-retinal. 
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Absorption of Vitamin A 

i. Beta carotene is cleaved by a di-oxygenase, to form retinal. The retinal is reduced to retinol 
by an NADH or NADPH dependent retinal reductase present in the intestinal mucosa. The 
ileum is the major site for vitamin A absorption 

ii.  The absorption is along with other lipids and requires bile salts. In biliary tract obstruction 
and steatorrhoea, vitamin A absorption is reduced. Vitamin A absorption is also affected by 
other factors that affect fat absorption such as:  

• amount of fat consumed (increased fat intake reduces fat digestion and hence 
absorption) 

• age of subject (advancing age increases digestion and absorption of fat and vitamin A but 
decreases with old age) 

• emulsifying agents (such as dietary lipoproteins and biliary salts and acids increase 
digestion and absorption) 

• chain length of FA’s (> 18C reduces digestibility of fats and absorption of fats and fat-
soluble nutrients) 

• degree of saturation of FA (increasing degree of saturation of fat reduces digestibility and 
absorption) 

• overheating and auto-oxidation (rancidification (rot) at double bond) reduces fat 
absorption 

• optimal dietary calcium leads to optimal FA absorption and hence vitamin A absorption 
(High calcium diets lead to formation of insoluble soaps with free fatty acids formin 
insoluble soaps)  

• Excessive fiber consumption reduces vitamin A absorption  
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• Increased gastric motility reduces absorption of nutrients  

• Cholesterol binding drugs  

• Anticonvulsants  

• Gastrointestinal problems such as coeliac disease and ulcers 

• Protein and zinc deficiency 
iii. Within the mucosal cell, the retinol is re-esterified with fatty acids mostly palmitic, acid and 

incorporated into chylomicrons and transported to liver. In the liver stellate cells, vitamin is 
stored as retinol-palmitate. 

Transport from Liver to Tissues 

The vitamin A from the liver is transported to peripheral tissues as trans-retinol by the retinol 
binding protein or RBP. One molecule of RBP binds one molecule of retinol. In the case of vitamin 
A deficiency, the RBP level in blood falls. 

Uptake by Tissues 

The retinol-RBP complex binds to specific receptors on the retina, skin, gonads and other tissues. 
The RBP does not enter in the cell. Inside the cytoplasm of cells, vitamin binds to cellular retinoic 
acid binding protein (CRBP) and finally to hormone responsive cells 

Functions of Vitamin A  

Vision 

The oxidized form of vitamin A (retinal) is required for the formation of the photoreceptor 
rhodopsin, which is a complex of retinal and the visual protein opsin, where retinal functions as 
the chromophore.  Rhodopsins are found in animals and green algae where they act as regulators 
of light-activated photochannels, and in archaea where they act as light-driven ion pumps.  In 
animals, the light-sensitive pigment rhodopsin occurs embedded in the membrane of rod cells in 
the retina at the back of the eye.  When light passes through the lens, it is sensed in the retina by 
both rod cells (black and white vision) and cone cells (colour vision).  In rod cells, the exposure of 
rhodopsin to light causes 11-cis-retinal to be released from opsin, resulting in a conformational 
change in the photoreceptor that activates the G-protein transducin.  Transducin activation leads 
to the closure of the sodium channel in the membrane and the hyperpolarisation of the rod cell, 
which propagates a nerve impulse to the brain that is perceived as light.  Rod cells are especially 
important for night vision as they can detect very small amounts of light.  Inadequate amounts 
of retinol can lead to Night Blindness and corneal malformations, therefore eating carrots do let 
you see better in the dark! 

Growth and development  

Vitamin A is essential for the growth of all cells, especially skeletal cells. The Vitamin participates 
in protein synthesis and cell differentiation thereby maintaining the health and integrity of the 
epithelium most especially the mucous membranes which line the eyes, mouth, alimentary canal, 
salivary glands, urinal-genital, skin and respiratory tracts.  In absence of Vitamin A, these tissues 
become keratinized.   
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During the last few years, vitamin A has proven its vital role in embryonic development as well as 
being a key regulator of the growth and differentiation of many cell types through- out life.  

Its role in the growth regulation of hematopoietic cells has long been suggested, and in particular 
the dramatic effects of growth inhibition and induced differentiation of myeloid leukemic cells 
are well recognized.  

There have been several reports on the effects of a high or low intake of vitamin A on the 
lymphoid system in studies of animals as well as of humans. 

Gene transcription 

Retinol and retinoic acid are important signaling molecules in vertebrates that act to alter the 

transcriptional activation or repression of numerous genes. The physiological form of retinoic acid (all-

trans-retinoic acid) regulates gene transcription by binding to nuclear receptors known as retinoic acid 

receptors (RARs) which are bound to DNA as heterodimers with retinoid "X" receptors (RXRs). Several of 

these retinoid-controlled genes are involved in growth and differentiation, such as those involved in the 

differentiation of the three germ layers, organogenesis and limb development during embryogenesis.  

Retinoic acid exerts its effect through its binding to retinoic acid receptors (members of the steroid 

hormone superfamily of proteins), where the vitamin-receptor complex interacts with the genes.  Two 

families of receptors interact with vitamin A: the retinoic acid receptor (RAR) family that bind all-trans-

retinoic acid (and 9-cis-retinoic acid), and the retinoic acid X receptor (RXR) family that bind only 9-cis 

retinoic acid.  Together these receptors can regulate the rate of gene expression.  Both vitamin A 

deficiency and excess can cause birth defects. 

Immunity and Vitamin A 

Vitamin A is required for the normal functioning of the immune system.  Retinol and its 
derivatives are required for the maintenance of the skin and mucosal cells that function as a 
barrier against infection, and are also required for the development of white blood cells that play 
a critical role in mounding an immune response.  For example, the activation of T-cell 
lymphocytes requires the binding of the RAR receptor to retinoic acid.  A deficiency in vitamin A 
can cause the mucosal membranes to atrophy, decreasing resistance to infection, and can 
increase the severity of infection.  As such, vitamin A deficiency can be regarded as a nutritionally 
acquired immunodeficiency disease. 

Vitamin A and Heart Health  

Carotenoids through their antioxidant property reduce the risk of heart diseases. Foods rich in 

carotenoids should be consumed to ensure heart health. 

Cancer and Vitamin A 

Vitamin A intake has a complex relationship with cancer prevention:  while small doses of vitamin 
A or beta-carotene appear to help prevent cancer, higher doses seem to have the reverse effect.  
The anti-cancer effects of beta-carotene appear to stem from its anti-oxidative ability to scavenge 
for reactive oxygen species, as well as through its conversion to vitamin A, which can improve 
immune function in addition to eliciting an anti-proliferative effect through the RAR and RXR 
receptors, thereby acting to block certain carcinogenic processes and inhibit tumour cell growth.   
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However, an excessive intake of beta-carotene appears to have carcinogen effects, possibly 
through its promotion of the eccentric (or asymmetric) pathway of beta-carotene cleavage, 
which produces breakdown products that might lead to the destruction of retinoic acid through 
the activation of the P450 enzyme, which in turn could decrease retinoid signaling leading to 
enhanced cell proliferation.  Therefore, dosage seems to be an important factor in beta-carotene 
action. 

The consensus seems to be that both vitamin A deficiency and hypervitaminosis A may impair 
normal immune responses  

Vitamin A and Reproduction  

It is now generally believed that all-trans retinoic acid (RA) supports both male and female 
reproduction as well as embryonic development. This conclusion is based on the ability to reverse 
most reproductive and developmental blocks found in vitamin A deficiency induced either by 
nutritional or genetic means with RA, and the ability to reproduce the majority of embryonic 
defects in organisms with mutations that prevent use of retinoic acid.. In severely vitamin A-
deficient (VAD) female rats, reproduction fails prior to implantation, whereas in VAD pregnant 
rats given small amounts of carotene or supported on limiting quantities of RA early in 
organogenesis, embryos form but show a collection of defects called the vitamin A deficiency 
syndrome or late vitamin A deficiency. Vitamin A is also essential for the maintenance of the male 
genital tract and spermatogenesis. Recent studies show that vitamin A participates in a signaling 
mechanism to initiate meiosis in the female gonad during embryogenesis, and in the male gonad 
postnatally. The mechanism of action of vitamin A in reproduction is still eing studied to 
understand the mechanisms. 

Deficiency manifestations of Vitamin A 

1. Night Blindness or Nyctalopia 

Visual perception is diminished in dim light. The patient cannot read or drive a car in poor light. 
The dark adaptation time (time needed to adjust when moving from bright to dim light) is 
increased. 

2. Xerophthalmia 

The conjunctiva becomes dry, thick and wrinkled. The conjunctiva gets dry, keratinized and loses 
its normal transparency. Dryness spreads to the cornea. It becomes glazy and lusterless due to 
keratinization of corneal epithelium. Infections may follow. 

 
3. Bitot's Spots 
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These are seen as greyish-white triangular plaques firmly adherent to the conjunctiva. This is due 
to increased thickness of conjunctiva in certain areas. All the ocular changes mentioned so far 
are completely reversible when vitamin is supplemented. 

 
Source: Wikimedia commons 

4. Keratomalacia 

When the xerophthalmia persists for a long time, it progresses to keratomalacia (softening of the 
cornea). There is degeneration of corneal epithelium which may get vascularized. Later, corneal 
opacities develop. Bacterial infection leads to corneal ulceration, perforation of cornea and total 
blindness. 

  
Source: Wikipedia commons 

5. Preventable Blindness 

The deficiency of vitamin A is the most common cause of blindness in Indian children below the 
age of 5. One-third of the world's blind population are residing in India. About 40% of blindness 
is preventable. Vitamin A deficiency is a major public health problem. A single dose of vitamin A 
is given, as a prophylactic measure, to children below 1year of age. 

6. Skin and Mucous Membrane Lesions 

i. Follicular hyperkeratosis or phrynoderma results from hyperkeratinization of the epithelium 
lining the follicles. The skin becomes rough. Keratinizing metaplasia of the epithelium of the 
respiratory, gastrointestinal and genitourinary tract have been observed. Epithelium is atrophied. 
Keratinization of urinary tract epithelium may lead to urinary calculi. 

ii. The alterations in skin may cause increased occurrence of generalized infections. Therefore, in 
old literature, vitamin A is referred to as anti-inflammatory vitamin. 

iii. Isoretinone, a synthetic variant of vitamin A is known to reduce the sebaceous secretions; 
hence it is used to prevent acne formation during adolescence. 
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Source: Wikipedia Commons 

Causes for Vitamin A Deficiency 

i. Decreased intake. 

ii. Obstructive jaundice causing defective absorption. 

iii. Cirrhosis of liver leading to reduced synthesis of RBP. 

iv. Severe malnutrition, where amino acids are not available for RBP synthesis 

v. Chronic nephrosis, where RBP is excreted through urine. 

Hypervitaminosis A or Toxicity 

Excessive intake can lead to toxicity since the vitamin is stored. It has been reported in children 
where parents have been overzealous in supplementing the vitamins. Eskimos refrain from 
eating the liver of polar bear due to its high vitamin A content. Early symptoms include sparsely 
distributed, coarse hair; alopecia of the eyebrows; dry, rough skin; dry eyes; and cracked lips. 
Later, increased intracranial pressure and pseudotumor cerebri resulting into severe headache, 
and generalized weakness anorexia, irritability, headache, peeling of skin, drowsiness and 
vomiting. Cortical hyperostosis of bone (swelling over long bones) and bone arthralgia may occur, 
especially in children. Fractures may occur easily, especially in the elderly. In children, toxicity can 
cause pruritus, anorexia, and failure to thrive. Hepatomegaly and splenomegaly may occur in 
children. 

 Higher concentration of retinol increases lysosomal enzymes, leading to cellular death. 

Hypercarotenemia can result from persistent excessive consumption of foods rich in carotenoids. 

The skin becomes yellow, but no staining of sclera as in jaundice is observed. 

Food sources of Vitamin A  

Vitamin A is present in a lot of foods including the following; 
Fruit, carrots, green and yellow vegetables, butter, cheese, cream, dairy products e.g. butter and 
ghee, eggs, fish liver oils, especially halibut and cod, lamb, liver, milk, yogurt, red palm oil. 

Vitamin A requirement  

Recommended Intakes 

Intake recommendations for vitamin A and other nutrients are provided in the Dietary Reference 

Intakes (DRIs) developed by relevant bodies such as the Food and Nutrition Board (FNB) at the 

Institute of Medicine of the National Academies (formerly National Academy of Sciences) for the 
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USA, the Food and Agricultural Organisation (FAO) and the World Health Organisation (WHO) 

also make recommendations . DRI is the general term for a set of reference values used for 

planning and assessing nutrient intakes of healthy people. These values, which vary by age and 

gender, include: 

• Recommended Dietary Allowance (RDA): Average daily level of intake sufficient to meet 

the nutrient requirements of nearly all (97%–98%) healthy individuals; often used to plan 

nutritionally adequate diets for individuals. 

• Adequate Intake (AI): Intake at this level is assumed to ensure nutritional adequacy; 

established when evidence is insufficient to develop an RDA. 

• Estimated Average Requirement (EAR): Average daily level of intake estimated to meet 

the requirements of 50% of healthy individuals; usually used to assess the nutrient intakes 

of groups of people and to plan nutritionally adequate diets for them; can also be used to 

assess the nutrient intakes of individuals. 

• Tolerable Upper Intake Level (UL): Maximum daily intake unlikely to cause adverse health 

effects. 

RDAs for vitamin A are given as retinol activity equivalents (RAE) to account for the different 

bioactivities of retinol and provitamin A carotenoids, all of which are converted by the body into 

retinol (see Table below). One mcg RAE is equivalent to 1 mcg retinol, 2 mcg supplemental beta-

carotene, 12 mcg dietary beta-carotene, or 24 mcg dietary alpha-carotene or beta-cryptoxanthin. 

Table 1: Recommended Dietary Allowances (RDAs) for Vitamin A 

Age Male Female Pregnancy Lactation 

0–6 months* 400 mcg RAE 400 mcg RAE 
  

7–12 months* 500 mcg RAE 500 mcg RAE 
  

1–3 years 300 mcg RAE 300 mcg RAE 
  

4–8 years 400 mcg RAE 400 mcg RAE 
  

9–13 years 600 mcg RAE 600 mcg RAE 
  

14–18 years 900 mcg RAE 700 mcg RAE 750 mcg RAE 1,200 mcg RAE 

19–50 years 900 mcg RAE 700 mcg RAE 770 mcg RAE 1,300 mcg RAE 

51+ years 900 mcg RAE 700 mcg RAE 
  

 

*Adequate Intake (AI), equivalent to the mean intake of vitamin A in healthy, breastfed infants. 

International Units and mcg (μg) RAE 

Vitamin A is listed on the new Nutrition Facts and Supplement Facts labels in mcg RAE. The U.S. 

Food and Drug Administration (FDA) required manufacturers to use these new labels starting in 

January 2020, but companies with annual sales of less than $10 million may continue to use the 

old labels that list vitamin A in international units (IUs) until January 2021. To convert IU to mcg 

RAE, use the following: 

• 1 IU retinol = 0.3 mcg RAE 

• 1 IU supplemental beta-carotene = 0.3 mcg RAE 

• 1 IU dietary beta-carotene = 0.05 mcg RAE 
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• 1 IU dietary alpha-carotene or beta-cryptoxanthin = 0.025 mcg RAE 

RAE can only be directly converted into IUs if the source or sources of vitamin A are known. For 

example, the RDA of 900 mcg RAE for adolescent and adult men is equivalent to 3,000 IU if the 

food or supplement source is preformed vitamin A (retinol) or if the supplement source is beta-

carotene. This RDA is also equivalent to 18,000 IU beta-carotene from food or to 36,000 IU alpha-

carotene or beta-cryptoxanthin from food. Therefore, a mixed diet containing 900 mcg RAE 

provides between 3,000 and 36,000 IU vitamin A, depending on the foods consumed. 

 
Table 2: Selected Food Sources of Vitamin A 

Food 
Micrograms (mcg) 
RAE per serving 

Percent 
DV* 

Beef liver, pan fried, 3 ounces 6,582 731 

Sweet potato, baked in skin, 1 whole 1,403 156 

Spinach, frozen, boiled, ½ cup 573 64 

Pumpkin pie, commercially prepared, 1 piece 488 54 

Carrots, raw, ½ cup 459 51 

Ice cream, French vanilla, soft serve, 1 cup 278 31 

Cheese, ricotta, part skim, 1 cup 263 29 

Herring, Atlantic, pickled, 3 ounces 219 24 

Milk, fat free or skim, with added vitamin A and vitamin D, 1 cup 149 17 

Cantaloupe, raw, ½ cup 135 15 

Peppers, sweet, red, raw, ½ cup 117 13 

Mangos, raw, 1 whole 112 12 

Breakfast cereals, fortified with 10% of the DV for vitamin A, 1 serving 90 10 

Egg, hard boiled, 1 large 75 8 

Black-eyed peas (cowpeas), boiled, 1 cup 66 7 

Apricots, dried, sulfured, 10 halves 63 7 

Broccoli, boiled, ½ cup 60 7 

Salmon, sockeye, cooked, 3 ounces 59 7 

Tomato juice, canned, ¾ cup 42 5 

Yogurt, plain, low fat, 1 cup 32 4 

Tuna, light, canned in oil, drained solids, 3 ounces 20 2 

Baked beans, canned, plain or vegetarian, 1 cup 13 1 

Summer squash, all varieties, boiled, ½ cup 10 1 

Chicken, breast meat and skin, roasted, ½ breast 5 1 

Pistachio nuts, dry roasted, 1 ounce 4 0 
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