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7.1 INTRODUCTION 

Vitamins are the organic substances that act as coenzyme and/or regzilator of 
metabolic processes. There are 13 known vitamins, most of which are present in 
foods while some are produced within the body. You would recall from your study 
in Nutritional Biochemistry Course that depending on the property of solubility, vitamins 
are divided into two groups, namely, water-soluble and fat-soluble. Water-soluble 
vitamins include vitamin B-complex, which is a group of B Vitamins, and vitamin C 
or ascorbic acid while the fat-soluble vitamins comprise of 4 vitamins- A, D, E and 
K. In this unit, we shall focus on the fat-soluble vitamins. The next unit shall deal with 
the water-soluble vitainins. 

Fat-soluble vitamins A, D, E and K, are termed so because they are found in nature 
in close association with fatty foods such as butter, cream, vegetable oils, meat, 
poultry and fish and their products. Though these four vitamins have quite different 
properties, this unit discusses low they all share some coillmonalities such as 
mechanism of absorption from intestines, storage of the excess intake and developnlenl 
of deficiency with inadequate intakes, as well as, toxicity at intakes far in excess of 
the requirements. The unit also provides information on their requirements, status 
assessment and interaction with other nutrients. 

Objectives 

After studying this unit, you will be able to: 

describe the structure and functions of fat-soluble vitamins, 

@ identify their food sources, bioavailability and consequences of deficiency, 

recognize the recornnlended amount needed during various physiological stages, 
and 

* appreciate their importance in relation to other nutrients. 

7.2 FAT-SOLUBLE VITAMINS - AN OVERVIEW 

What are fat soluble vitamins? As we already know, there are four fat-soluble 
vitamins - A, D, E and K, The presence of fat is required for the assimilation of 
these vitamins in  the body. All of these, though quite different from each other in their 
structures, sources and physiological roles, are significant to us during different life 
stages. In illis unit, therefore, we shall focus on understancli~~g the following aspects 
for each of the vitamin: 



@ Structure: You would recall reading about the structures of these vitamins and Fat-Soluble Vitamins: 

their forms in the Nutritional Biochemistry Course (MFN-002) in Unit 3. Therefore, Vitamin A, D, E and K 

we are not going into the details in this unit and suggest you refer back to unit 
2 in the Nutritional Biochemistry Course and refresh your understanding. For 
your convenience, however, we have given the structures of these vitamins here 
in the text. Look at Figure 7.1 which illustrates the fat-soluble vitamins. As you 
go through these structures, you would have noticed that all these fat-soluble 
vitamins have certain common features such as an aromatic ring structure with 
an aliphatic side chain, one or more double bonds either in the ling o r  in the side 
chain and a functional group such as an aldehyde (CHO : in vitamin A), ketone 
(C = 0 : in vitamin K), methyl (CH3) or hydroxyl groups (OH : in vitamin D) 

Retinal (Vitamin A) 

cJ% 
a-tocopherol (VitaminE) 

Vitamin Dg 

0 

Vitamin K3 

Figure 7.1: Fat-soluble vitamins 
@ Food sources: Under this sub-section, you will get to know the various food 

sources of these vitamins in our diet. As a student of dietetics, it is essential for 
you to know the foods that are rich in these vitamins. 

Absorption, Storage ulzd Elitnination: Reading through this section you would 
realize that all fat-soluble vitamins undergo similar metabolic fate. They are 
absorbed a h g  with fats from the sinall intestine. Bile is essential for the 
effective absorption of fats and therefore fat-soluble vitamins. The salts of bile 
acids (taurinc and glycine deiivatives of cholic acid) are the digestion promoting 
:oiistituents of bile. They are surface active agents (i.e. they lower the surface 
iencion and emulsify fats) and also activate the enzyme lipases. They combine 
wi~il fat-soluble vitamins to for& molecular components which are then absorbed. 
Further, all fat-soluble vitamins are stored in concentrated amounts in the liver. 
The main pathway of excretion is through the bile into small intestine and 
consequelltly faecal excretion. A detailed discussion on absorption, storage of 
each vitamin is presented later, within this section. 

Bioavailability: The term bioavajlability refers to the overall eficiency of 
utilization, including physiological and biochemical processes involved in 
intestinal absorption, transport, rrtetabolism and excretion of the nutrients. 
In other words, it is the fraction of ingested vitamins absorbed and utilized for 
normal physiological functions or storage. Therefore, under this section we shall 
study the factors which affect the bioavailability of these vitamins. 

Requirements and Recommended Dietary Allowances (RDA): What do we 
mean by requirements and RDA? The requirement level is the amount of 
nutrient needed to be absorbed to maintain adequate nutritional status in an 
individual. It differs with body size, age, rate of growth and special physiological 175 



Advance Nutrition situations such as pregnancy and lactation and some pathological conditions that 
accelerate usage, wastage or destruction as in certain acute or chronic diseases 
(diarrhoea/constipation). RDA, on the other hand, is the amount o f  a nutrient 
that will meet the needs of practically all individuals in n defiried 
yfiysiological category. We shall get to know about the requirements and RDA 
of the fat-soluble vitamins in this section. 

@ Hypo and Hypervitaminosis: This section shall describe the adverse affects 
associated with deficient or excessive intake. 

Criteria fur assessing vitamin status: The ability to accurately assess vitamin 
status requires criteria which are "unique to the vitamin and will provide valid 
results fundamental to clinical and research settings. Such criteria are used to 
assess the nukiture of fat soluble vitamins, which are discussed here in this 
scction. 

So let us get started with our discussion on fat-soluble vitamins. We shall begin with 
vitamin A. 

7.3 VITAMIN A 

Vitamin A, one of the fat soluble vitamins, refers to a sub-group of retinoids that 
possess the biological activity of all-tmns-retinol. The term 'retinoids' includes 
both naturally-occurring forms of vitamin A (rctinol and retinyl esters) and its synthetic 
analogues which possess the biological activity of the most active geoinetsic isomer, 
all-trans-retinol. You would recall reading about the structure of all-trans-retinol in the 
Nutritional Biochemistry Course in Unit 3.  Look at Figure 7.2, which illustrates the 
different forms of vitamin A. Retinol (an alcohol) (refer to Figure 7.2A) can oilly be 
found in animal sources, Retinol is referred to as yre-fomled vitamin A, as it is psesent 
in foods alseady in the active form and does not require any conversion. Retinol is 
oxidized reversibly to retinal (Figure 7.2B), which exhibits all the biological activities 
of retinol, or fuii-&l~er oxidized to retilzoic acid (Figure 7,2C), which is active in animal 
growth, but not in vision or reproduction. The form of vitamin A involved in vision is 
Il-cis-retinal (refer to Figure 7.2D), whereas the priinary storage forms are retiny1 
esters (refer to Figure 7.2E), the most common of which is retiizyl palmitate. 

4 ,411 trans-retinal 

A: dl-tmlw reti~lol: B: ~?ll-trrm retinal; C: all-trstns rctinoic acid; . 
D: I 1-cis retinal: E: rctirlyl cslca, nrzrinly rctinyl pallllitatc: F: all-trans P camlcnc: G: Lycopcnc 

Figure 7.2: Different forms of vitamin A 



The major source of vitamin A, as you may be aware, is the cnrotenoid pigments Pat-Soluble Vitamins: 

which are synthesized by plants. Several carotenoids possess vitamin A activity and Vitamin A, D, E and K 

include alpha, beta and gama carolene, lycope~le (refer to Figure 7.2G) and 
cryptoxanthin to naille a few. The prilnary aiid most efficient pro vitamin A or 
carotenoid is the beta-carotene (molecular weight 536.9) which has two ~nolecules 
of retinal attached tail to tail. Unlike retinol, inost carotenoids can quench singlet 
oxygen and act as antioxidants because of their long chain of conjugated double 
bonds, as can be seen in Figure 7.2F. Upon hydsolysis, each inolecule of beta- 
carotene theoretically yields two molecules of vitamin A. The other casotenoid 
precursors we about half as active as p-carotenc. 

Next, let us study about the food sources of vitanlin A. 

Food Sources of Vitalrzill A 

Vitamin A or reti~zol Q?rtlfi~r-lncd vitnrtzin A), as you may already lci~ow, is found only 
in foods of animal origin, such as n~ilk, cheese, cre:un, buttel; ghee, egg, fish, lcidney 
and liver, liver oils of fish such as halibut, cod and shark. Provifrrr~lirz A (so called 
because it is a precLlrsor aild lias to be chemically transforn~ed into retinal) or 
p-cnrorene is found primarily in plant foods, which contain orange or yellow-colouretl 
pigments called car.otcnoicls. p-carotene is the nlost widely distributed carotenoid in 
plant foods. Palm fruit and red palm oil are the richest source of bcta-carotene and 
dark green leafy vegetables, ripe Fruits such as mango, papaya, itpricots and yellowl 
orangc vegetables like carrot, l>umplcin and sweet potato are rich in B-carotene. 
Figure 7.3 illustrates the sources of vitzunin A and betn-carotene. 

'Vitan~ i n 
k3c'la-~:1ml~nc, ;1 

Ejrccl~nor of vitr 
A, coll~cs from 
grcen, leafy 
\~cgcli~bles and 
in~.c.cnsc.ly colourccl O 

Figure 7.3: ITood sources of vitiumin A and beta-carote~lcr' 

Now that we have looked at the sources, lct us understand how vitamin A is absorbed 
I and stored in our body. 

Absorptiorz, Storage and Excretion 

From our discussion above, it is clear Ihat the dietary supply of vitamin A consists 
of retinoids (retinol and retinyl esters in annual tissues) and cal-otenoids (P- carotene 
and other carotenoid pigments from plants). Let us see how these are absorbed. 

Absorption 

Vitamin A and carotenoids tend to aggregate with lipids into globules, which then pass 
into the small intestine. Dietary vitamin A (leetino]) is absorbed as such jn thc intestines. 
Retinyl esters (mainly palmitate) arc hydrolyzed by the combined action 01 bile salts 
and the estemses in the small intestine. The released carotenoids and retino1 in 111c 
sillall intestine are solubilized into n?iscelles i.e., sillall aggregates of mixed lipids and 
bile salts suspended within tbe gastric bolus (material taken into the body by way of. 
the digestive tract) solution. The inicelles are absorbed illto h e  intestinal mucosal cell. 
Approxilnately 70 to 90% of retinol from the diet is absorbed as long as the diet is 



Advance Nutrition adequate in fat. Carotenoid absorptioil from the diet ranges from about 20% to 50%, 
but cal-utenoid absorption may be as low as 5%. 

Tkansport rcrrd Utilization 

The efficacy of the intestines to facilitate absorption and utilization of retinoids and 
carotenoids depends upon the cellular uptake of these compounds into the intestinal 
mucosal cell, bioavailability or passage of the molecules beyond the inteslirlal mucosa 
into the body with the potential for storage or use in tissues and bioconversion i.e., 
production of active retinoid from provitarnin A carotenoids. Inside the intestinal cells, 
j3-carotene is clcaved by a cytosolic enzyme 15-15' oxygenasp to form retinaldehyde, 
which is then reduced by the microsornal enzytne r~tinal recluctirse to retinal. 'Thus, 
the ultimate product fr~nned in the intestines is retinol, which is then re-esterificd with 
long chain fatty acids by intra cellular retinol-binding proteins (CRBP) and packed 
into chylomic~.oa containing cholesterol esters, phospholipids, triacylglycerol etc. What 
happens to this chylomicra? Let's see this in the next paragraph how arc thcsc 
transported via circulation. 

The chylomicra and retinal-binding protein play an irnportaql role in the transport of 
retiuol. This cl~ylor~licra conlplex enters thc lymphatic systeill via the thoracic duct 
and into systemic circulation. Chylomicrons deliver retinyl esters, some ~lnesterified 
retinol and carotenoids to many extrahepatic tissues such as bone marrow, spleen. 
blood cells, lungs, kidney. Cllylomicron relnnanls deliver retiilyl ester and a portion of 
thc casotenoids not taken by peripheral tissue to the lives. 

For carotenoids reaching the liver, a small portion can be cleaved to form retinol, 
some may be incolporated into the vcry low-density lipoprotein (VLDLs) synthesized 
in the liver, and then be released as pa11 of VLDLs for circulation to variotls tissues 
in the body and sonle may be stored in the liver. 

As for the retinyl esters, ideachirig the liver, hydrolysis of retinyl esters occurs. Within 
the cells, retinol binds wit11 'a cellular retinol-binding protein (C-P). CRBP is thought 
to function both to help control concentration ol  free retinol within the cell cytoplasm 
and thus prevent its oxidation, and to direct the vitamin to specific enzynles of 
mctnbolism. The enzymatic nletabolism of retinol includes esterification by enzymes 
such as l~cithilz retinol ncyl trunsfel.asc (LRAT) or acyl CoA retinol ncyl trunsjrm.se 
(ARAT), oxidation of retiilol to retinal by NAD(P)H-dependent retino1 dehydrogelzas~, 
and phosphoryiation of retinol to retinyl phosphate by ATP for glycop~otein function. 

Retinol not metabolized or transported from the liver inay be storecf in sillall cells 
called srulkate cells (along with lipid ciroplets) following re-esterification, 

Retinol mobilization from the liver and delivery to target tissue are dependent on the 
synthesis and secretion of retinol-binding protein (RBP). It would be interesting to 
note that RBP is a 183 ainino acid residue, has a molecular weight of about 21,000 
and is present in concentsation at 3-4 mg/dl RBP. in turn, joins the binding site on a 
larger protein, ti.ansthyretin (TTR). Thus the hepatic parenchymal cell is involved in 
the uptake and storage of vitamin A in the liver and its release into circulation as 
the retinol-RBP-TTR complex. The retinol-RBP-TTR complex circulates in the 
plasma wilh a half-life of about 11 hours. Some tissues that take up retinol from the 
RBP-TTR complex include the adipose, skeletal, kidney, w!~.ite blood cells and bone 
masrow. 

Next, let 11s get to know about the storage of vitamin A in the body. 



Storage 

The primaly organ for storage of vitamin A is the liver. Reserves are found in the 
stellate cells, as me~ltioned above.   he average liver weighs 1.5 kg and when replete, 
contains 450 mg of vitamin A stores. Hepatic tissue concentrations of < 30 mcg /g is 
considered marginal. Total body stores of vitamin A range from 300-900 mg wit11 
20% found in peripheral organs and tissues. 

So far we have discussed about the abs'orption, traasporl, storage of vitamin A. It 
was mentioned in the text above lhal the bioavailability of vitamin A is a determinant 
of its absorption and hence excl-etion. Let us now l~nderstand the key aspects related 
to the bioavailability of vitanlin A. 

Bioavailubility of Vitamin A 

By now it is clear that vitamin A is supplied in two foi-n~s. One form is retirzol, from 
animal foods such as liver, fatty fish, eggs, and milk, and from fortified foods. Retinol 
is considered pre-Ji,rrrzed vitunziiz A. The other f o ~ m  is the carotenoids from plant 
foods (p-carotene, a-carotene and P-cryptoxanthin). These co~lvert to vitamin A in 
the body and are called provitamin A ccln)tenoids. Rctiilol and ca~~otenoids have 
different vitamin A activity. You would realize that it takes greater amounts of 
carotenoids to equal the activity of retinol. Different conversion factors have been 
therefore developed to address this aspect while developing tlle RDA Tor vitalnin A. 
You may come across recoinmentlatinns lor vitamin A expressed as Inter~zntzonul 
Unit or as lstilrol equivulcnt (RE) or as reli~lol uct i~~it j i  eqldivcllerzt (RAE). To 
express the vitamin A activity of carotenoids in dicts 011 a colllnlon basis, a joint FAO/ 
WHO Expert Group in 1967 i~~troduced the concept or the reti1101 equivalent (RE) and 
established the following relationships among food sources of vitamin A: 

1 pg retinol = 1 RE 

1 pg p-carotene = 0.167 pg RE 

I pg other pro-vit:lmin A carolenoids = 0.084 yg RE 

More recently, vilaniin A rccommendntions are in n~g/day as RAE. The term RAE 
was introduced to replace the lei-111 retinol equivaleill (RE) to take into account new 
research on the vitamin A activity (hioefficecy) of carotenoids. T11c conversions in 
terms of RAE, retinol, carotene are presented herewith: 

1 pg RAE = 1 pg retinol (vitamin A) 

= 12 pg p-ciuotenc in mixed foods 
= 24 pg other provitarniil A carolenoids in nlixed foods 

Hence, with the RAE system, we c:un see that the relative proportion of retinol, bet8 
carotene and other carotenoids is 1:12:24, The RAE system helps to account for the 
differences between carotenoids and retinol. It takes about 12 units of bela-carotene 
and 24 units of other carotenoids to make 1 unit or retinol in the body. In Retinol 
Equivalents (RE), retinol, beta carotene and other carotenoids proportion is 1:6: 12. 

Many food and supplement labels still list vitamin A in International Units (IUs). This 
measure can be converted to RAEs with some calculations. If all the vitamin A 
activity is from retinol, then 3.33 IU vitamin A (retinol) = 1 RAE. Otherwise, we can  
use these conversions: 

1 JU vitamin A activity = 0.3 mg retinol 

= 3.6 mg p-casotene 

= 7.2 mg a-carotene or P-cryptoxanthin 

Let us understand this conversion with the help of an example. For example, a 
dessert prepared from carrots and milk supplies 10,000 IU vitainin A (20% as P- 
carotene). The calculation includes: 

Fat-Soluble Vitamins: 
Vitamin A, D, E and K 



Advance Motdtion 1) 10,000 IU >( 20% = 2000 IU (thus 8000 IU as retinol, 2000 IU as p-carotene) 

2) 8000 x 0.3 (or 8000/3.33) = roughly 2400 mg as retinol (= 2400 mg RAE) 

3) 2000 x 3.6 = roughly 7200 ing as p-carotene (7200 mgl12 = 600 nzg 
RAE) 

4) 2400 mg RAE + 600 mg RAE = 3000 mg RAE supplied by this supplement 

With the ll~ternational Units (IU) syslenl, therefore, the relative proportion of retinol, 
bzta carotene and other carotenoids is 1:2:4. 

Having understood the coilcept of bioavaiiability of carotenoids, now let us look at the 
factors which influence the bioavailability of carotenoids. 

Factors Affecting Bioavailability oJ' Carotenoids 

Factors affecting bioavailability of carotenoids can be classified under the following 
two headings: 

1) Factors inflr~elzcing uptake fronz lz~nzen to intestinal cells 

@ ' inhibition by intrinsic matrix, 

inhibition by dietay fiber sources, 

@ differential crowding by stereoisorniric forms, 

@ inverse relationship between ingested amount and uptake, 

s intralunlinal oxidative destruction, 

a enhancement by presence of fat and oil, and 

o enhanceinent by cooking and processing. 

2) Factors irlfluencing the e~ficiency of' biocoi?vel:~ion 

@ amount of provitamin A presented to the 'cell, 

@ differential conversion by stereoisomeric form, and 

vitamin A status of the host. 

With a bricf review of the factors, we end our discussion on bioavailability of 
vitamin A. Next, let us now move on to the functions of vitainin A. I 

I 

fiizctions of Vitamin A 
I 

I 

Vitamin A (retinol) is an esscntial nutrient needed i n  snlall amounts by humans tbr 
the normal functio~ling of the visual system, growth and development, and maintenance 
of epithelial cellular integrity, iminune function, and reproduction, as highlighted in 
Figure 7.4. While we discuss the major fi~nctions of vitamin A, it is important to note 
&at primary vitamin A deficiency (VAD) may give rise to mose than one secondaiy 
effects which can oftell be recogilized in the form of clinical signs and syinptoms 
most irnpnrtant being ocular manifestations grouped under 'xero~~hthulmirr', (about 
which you may recall studying in the Public Nutrition Course (MFN-006) in Unit 3, 
sub-section 3.3.1). In addition to the specific signs and symptoms of xerophthal~nja 
and the risk of irreversible blindness, nonspecific symptoins include increased morbidity 
and mortality, poor reproduc~ive health, increased risk of anaemia, and contributions 
to depressed growth and development. 

Let us then review the functions of vitamin starting with the most critical fuilction of 
vitainin A i.e., its role for maintaining vision. 



Vitiantin A Pat-Soluble Vitamins: 
Vibmira A, D, E and K 
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Figure 7.4: Fur~ctio~~s of vitan~in A 

I )  Role in vissinl perreption nnd's[iilrtinii: Vitamin A plays a critical role for 
~naintaini~lg norn~al vision. This function is of critical importance both from 
clinical relevance, as well ils, public health point ol' view, ns you may nlrcady 
be aware. Vitamin A del'iciency is the leading cause of preventable severe visual 
impairment and blindness, and tlic most vulnerable ilre preschool children n ~ ~ d  
pregnant women, pal-ticularly in our colrntry. It is ironical that n small amouul 
of less than 10 gin of ii.es11 leaves can meet the days requirement of vitamin 
A of pl-eschool children. Yet an estimated 2,50,000 to 5,00,001) VAD children 
world over become blind evely year, a id  about half of them die within n ycur. 
Adtninistration of large doses of vitamin A to childrcn at-risk lias been the inost 
popular approach to contlvl nutritional blindness. 

But, how is vitainin A involved in Lhc muintcnaricc of vision? Our subsequent discussions 
will focus on this aspect. 

The key component which interlinks vision with vitamin A is rhoflo~~sin which is the 
photosensitive pigment of the eye and is also ~-ei'erred to as iji~rral I ? I , ~ I . ~ ~ I L ' .  In the 
visual system, as described above, carrier bound rctinol is tsansported to ocular tissue 
and to the retina by int~xcellular binding and transport proteins. Rhodopsin, the visual 
pigment critical to dim-light vision, is fornled in rod cells after conversion of ~dl-t~ans- 
retinol to retinaldehyde, isornerization to the 11 -cis-form, and bi~idirlg to opsin. Alteration 
of rhodopsin through a cascade of photochemical reactions results in the ability to st:e 
objects in dim light, as illustrated in Figure 7.5. Let us understand these photochemical 
reactions in greater details. 

light 
11-Cis-retinene -t. opsin All-trans-.retime -t- ~ p s b  

11-Cis-Vitamin A AllcTrms-vitam'n A, 
rctinol isomerase 

Figure 7.5: ~ h o d o ~ s i n  cycle 181 



Advance Nutrition Rhodopsin consists of the protein opsin bound lo a pigment cis-isomer of retinal 
(vitamin A aldehyde) formed by the oxidation of retinol in the epithelium of the rods 
in the retina of the eye by alcohol dehydrogenase in the presence of NAD. The 
action of light bteaches the visual purple or dissociates rhodopsin to opsin and 
retineize. During the regeneration of rhodopsin in the dark, the sequence of evenls 
gets reversed? i.e., retinyl palmitate is hydrolyzed to retinol, which is transported to 
the outer segment of the rod. There it is oxidized and isomeiized to 11-cis retinal, 
which then reacts with opsin to form rhodopsin. Thus, the re-synthesis of rhodopsin 
is isomer specific i.e. it call be regenerated only after retinol is rearranged to the 11- 
cis form. The rearrangement is possiblc both as a photochemical reaction and an ! 
oxygen-dependent dark reaction. Thcse cyclic changes in which vitanlin A plays a 
critical role in vision in dim light is called Rhodopsin cycle (vitanlin-A visual cycle), ' 
as is depicted in Figure 7.5. You may recall st~ldying about the shodopsin cycle in tlle 
Nutritional Biochemistiy Course as well. 

The speed at which rhodopsin is regenerated is related to the availal2ility of retinol. 
Night blindness is usually an indicator of inadequate available retinol. Deficiency of 
vitamin A in the diet leads to impaimlent in the vision particularly at nigh1 or when 
dark. This is referred to as 'night blindness', when the individual cannot see in dim 
light. Difficulty in reading or driving a car in ililn light, progresses to inability to see 
the objects in dim light. We shall read about the progressive stages of visual in~paismeilt 
with respect to vitamin A status in thc human body later in this section. 

The next fimction of great significance is the role of vitamin A in differentiation of 
cells. 

2) Role irz growth nrlcl celltilai- diSfererztiatiorz: The growth and differentiation of 
epitlielial cells Lhroughout the body are especially affected by vitamin A deficiency. 
In addition, goblet cell numbers we reduced in epithelial tissues and as a 
consequence, mucous secretions diminish. Cells lining protective tissue surfaces 
fail to regenerate and differentiate, hence they flatten and accumulate keratin. 
Classical symptoms of xerosis (drying or non-wetability) and desquamation of 
dead surface cells as seen in ocular tissue (i.e. xeropl~thalmia) are the exteimal 
evidence of the changes also occurring to various degrees in internal epithelial 
tissues. Current understanding of the mechanism of vitamin A action within cells 
outside the visual cycle is that cellular functions are mediated through specific 
nuclear receptors. Binding with specific isomers of retinoic acid (i.e.al1 trans- 
and 9-cis-retinoic acid) activates these receptors. Activated receptors bind to 
DNA response elements located upstream of specific genes to regulate the level 
of expression of those genes. These retinoid-activated genes regulate the synthesis 
of a large number of proteins vital to maintaining normal physiologic Sunctions. 
There may, however. be other mechanisms of action that are as yet undiscovered. 

3) Role irz inzmune response: Vita~nin A is essential to normal immune function and - 
regulation. As discussed above, during vitamin A deficiency the goblet cell numbers 
are reduced in epithelial tissues and as a consequence, mucous secretions (with 
their antimicrobial components) diminish. Cells lining protective tissue surfaces 
fail to regenerate and differentiate; hence they flatten and accunlulale keratin. 
Both factors - the decline in mucons secretions and loss of cellular integrity- 
reduce the body's ability to resist invasion l'ron~ potentially pathogenic organisms. 
Pathogens can also compromise the immune system by directly intersering with 
the production of some types of protective secretio1l.s and cells. 

4) Integrity of epitlzclial tissues: Vitaillin A is essential for the integrity of the 
mucous-secreting cells. In fact. vitamin A nlailltajns the health of epithelial cells 
that line internal and external surfaces of the lungs, intestines, stomach, vagina, 
urinary tract and bladder. eyes and skin. These cells act as impoiTant barricrs 



to bacteria. Certain epithelial cells secrete mucous to keep the skun, eyes and 
other mucous membranes moist. In deficiency, the epithelial tissues are 
keratinized. The tissues alfected are salivary glands, respiratory tract, eyes, skin 
and sex organs. 

Role as untioxida'arzt: Some carutenoids, in addition to serving as a source of 
vitamin A, have bee11 shown lo fur~ction as 'antioxidants. Studies show that 
b~copcnc. (the pigment which gives tomatoes the red colour) is a scavenger of 
singlet-oxyge~~, offering powerl~ll anlioxidanl activity. Antioxidants protect our 
cells against the effects of frce radicals, which you may recall reading in the 
Nutlitional Biocheinislry Course, are polentially damaging con~pounds produced 
as by-products of metabolism, as well as, through exposure to toxins and pollutants 
(e.g. smoking). 

Free radicals, as yclu may be aware, can cause cell damage that may contribute 
to the developme~lt of cxcliovascular disease and cancers. Thus, vitamin A and 
related nutrients nlay collectively be i~npoltnnt in protecting against conditions 
related to oxidative stress, such as aging, air pollution, arthritis, cancer. 
cardiovascular discasc. cataracts, diabctcs mellitus and infection. Howcver, this 
role has not been co~isiste~\lly demonstrated in humans. 

6 )  Borie nilti rwrr1rs: The role of vitamin A in bonc fbrn~ation and the association 
of its dcficiencgl with thc dcgcncratic)n of myclin s1ne:ltlt il; currently being 
explored. 

7 )  Rolr ill proteiil n?etul~oli.rnz lrrzd ,yn)l~rttz: Severe vilanin A deficiency results 
in abnormal RNA nretabolism and protein synthesis and hence interfeses wit11 
growtll. Hence vita~nin A is also calletl ~lwlvth ,vitrzi~zin. Conversely. ahso~ptiou 
and mobilization of vitamin A is impaired in 131-otcin malnutrition. 

8 )  Rolc~ in tlze syn/hesi,s c!j' nil~coproleins and 1rttic.ro~~oly.~trcc~1c~ri~Ie.~~: Yilamin A 
is vital for the synthesis ol' ~nucoprotcins and glycoprotcins and incorpolntion of 
inorganic sulphate i n  nnucopolysadc~~:lrides and their synthesis. 

9 )  Role in r~procl~ict io~~: Deficiency ol'vitan~in A leads to infertility in the tnrlle and 
failurc oi' thc female to conccivc or resorption or abortion of  he foetus, chicfly 
in ani~nals. 

After getting n Lhorouph knowledge of ~ h c  liinctions of vitamin A. let's get to know 
about the effects of its cleficiency and cxcess. 

Deficiency and Toxicit-v of I/ilarnirl A 

WHO defines .VAD as ri,ss~ic c~onc.cl~/r~rtims I?/' vitunzin A low eno~lglz  t o  11n1ro 
udvprse healtlz con,sequciic~es cr)c~lz iJ t12ct-t' i s  no evidel~c-e of clinical 
xero~~lzrhalri~iu. Vitatnin A dcl'iciency (v4D), as you may already know, leads to 
iimpairment in the vision, severe ini'cclions and cvcn death. It cilconipasses the fill1 
speclrum of clinical consecluences associated with sub optimal vilainin A st:itus. 
These disol-ders are know~l to i~lcluclc reduccd inln~unr: connpetence resulting in 
increased morbidity and n~ortality (largely from increased severity of infectious 
diseases), night blindness, corneal ulcers, keratomalacia and related ocular signs and 
symptoms of xcrophthalmia; exacerbation of anaemia through sub oplin~al absorption 
and utilization of iron ancl other contlitions not yet fully ider~tified or clarified (e.g. 
retardation of growth and developiilent). 

Fat-Soluble Vitan~ius: 
Vitamin A, D, E and I[( 

Xerophthalmia (drjiness of the eye) is the halhnark feature of clinical vitalnil1 A 
deficiency and is chasacterized by abnormalities oT [he co~n.junctiva and cornea of 
eye. It has been classifietl into stages according lo specific ocular manifestations as 
described herewith: 



Advance Nutrition One of Lhe earliest manifestations of xeropthalmia is riight blirzdrzess (Stage XN). 
Individuals suffering from night blindness cannot see in diin light or around duslr. 
Subsequently, the conjunctiva, which is the thin transparent membrane that covers the 
cornea and lines the inside of the eyelid, becomes discoloured (muddy coloured), dry ' 

and looses its brightness. This stage is kilown as conj~lnctir~al xerosis (Stage. XI A). 
In addition to xerosis, dry, foamy, triangular spots \nay appear on the conjunctiva. 
These are known as the Bitot:~ spot (Stage XI  B). Though conjunctival changes in 
xeropthalrnin do not lead to blindness, they should be coilsidered as warning signs. 
If neglecled, the changes may progress affecting the cornea causing cnrtzcal xerosi,s 
(Stage X 2). In this condition, the cornea becomes dry and dull and appears like 
ground glass. This condition must be treated as an emergency. If it is not treated 
i~nrnediately with vila~nin A, the individual can develop ulcers (sores) in the cornea 
(Stage XL3A - corrzeal ulce~zltior.~) leading to the liquefication of cornea, a condition 
called keratorntllacin (Stage X3B). Increasing softening of the corneas inay lead 
to corneal infection, rupture (perforation) and degenerative tissue changes. This 
condition inevitably leads to il-reversible blindness. Past involvelnent causing cor7zenl 
~llcers CStc~ge XS) when healed leave white scars on the blaclc portion of the eye 
which can interfere with llortnal vision. A globe destroyed by advanced lcerato~l~alacia 
is xer~ul,lztl~alnzic fzfiolrlus (XF). In addition, thickening of the hair lollic\es (folliculru- 
liyperkeratosis) is a cutaneous mai~jfestation of vitamin A deficiency. You nlay have 
already studied about this classification in the Public Nutrition Course in Unit 3. 

Conditions and populations associated with illcreased need for vitamin A includes 
~ O L I I L S  c.hildren gnrticul~rrly the pre-sclloolcr.~, pregnant and lacruling motherx 
as idready highlighted earlier, as well as, clinical conditions such as ~nalabsorptive 
disorders (steatorrhoea), pancreatic, liver or gallbladdel- diseases. Patients with chronic 
nephritis, acute protein deficiency, intestinal parasites, or acute infections may also 
beconie vitamin A deficient. 

. So far we have focused on the deficiency symptoms. What would be the consequences 
if we were to consume vitamin A Inore than the body required? Read the next sub- 
section and find out. 

Toxicity 

Because vitarnin A is fat-soluble and can be stored, primarily in the liver, routine 
consumption of large amounts of vitanliil A over a period of time can result in toxic 
symptoms, including liver damage, bone abnormalities and joint pain, alopecia, 
headaches, vomiting and skin desquan~ation. In fact, symptoms that occur due to 
intakes in excess of those recommended over a prolonged period are refencd to as 
symptoms of hyl7ervitarizinosis. Hypervitaminosis A appears to be due to abnormal 
transport and distribution of vitamin A and retinoids caused by overloadiilg of the 
plasma transport mechanisms. Very high single doses call cause lransient acute toxic 
syrnptoms that may include bulging fontanelles in infants, headaches in older children 

. and adults, and vomiting, diarrhoea, loss of appetite and irritability in all age groups. 
Rarely does toxicity occur frorn ingestion of food sources of preformed vitamin A. 
When this occurs, it usually results from veiy frequent consu~nption of liver products. 
Toxicity froin food sources of provitamin A, cl-~ieily carotenoids, is not reported, 
except lor the cosmetic yellowing of skin. 

Most childl.en aged 1-6 years tolerale single oral doses of 60,000 11g (2,00,000 IU) 
vitanlin A in oil at intervals of 4-6 months without adverse symploms. Occasionally 
diarrhoea or ~oinit ing is reported but these symploms are transient with no lasting 
sequelae. Older children seldom experience toxic symptoms unless they habitually 
ingest vitamin A in excess of 7,500 yg (25,000 IU) for prolonged periods of time. 
W11en women tdrc vitamin A at daily levels of more than 7,500 yg (25,000 IU) during 
the early stages of gestation, foetal anoinalies aid poor reproductive outcomes are 
reporled. Wornell who are pregnant or might become pregnant should avoid laking 



excessive amounts of vitamin A. A careful review of the latest available information ~nt-Soluble Vitamins: 

by a WHO Expert Group recommended Lhat daily intakes in excess of 3,000 pg Vitamin A, D, E and I< 

(10.000 IU) or weekly intakes in excess of 7,500 pg (25,000IU) should not be taken 
at any period during gestalion. 

From our discussions above, it is clear that both deficient and excess intakes of 
vitamin A can be l~ar~nful .  So then what are the requirements of vitamin A by our 
body and what should be the n~ost oplin1ut11 intake to maintain good health? Let us 
read and find out. 

- Requirement and Recornrneiiderl Dietary AZZowaacc (RDA) for Vitatazin A 

Rec~tn~nendations for adequate vitamin A intalte arc bascd on thc amounts ncedecl 
to correct night blindness among vitamin A dei'icient subjects and to raise plasma 
levels in vitamin A deficient individuals to a nor~ni~l  level. The RDA suggested for 
vitamin A is given in Table 7.l(a). You can observe ii.om the values given in the table 
that the require~nents are highest during lactation. This is due to the fact that human 
milk, particularly cdlostrum is a rich souscc of vit:lrnin A. It is also eviclent that the 
intake reconuneiided lor pre-scholers aid older children are eqiial to that recommended 
for adult Inan and woman. This high level has been suggested keeping in 111intl 
the high prevalencc sate of clinical vitanlin A deficiency in this segment of the 
population. 

Table 7.l(a): Reconnmended allowances for vita~ni~l A 

Source: Reco~nme~ldcd Dieta~y Al1ow:lnces for Indians NIN, ICMR, Hytlerabild, India, 1989. 

q - 
Table 7.1 (b) provides the estimated m e w  requit.etnel~ts for vitamin A and the 
recormnended safe intakes, taking into account the age a~id gender differences in 
mean body weights, as suggested by FAO/WHO repo~z 2004. They are at the upper 
limits of the range so as to cover the mean dietary requirements of 97.5% of the 
population. 

Group Vitamin A (pg/day) 

Man 
Woinan 

Pregnancy 
Lactation 

Inhu~cy 

Children 

Boys 
Girls 

Boys 
Girls 

Boys 
Girls 

Retino1 

CiX) 
id X1 

950 

350 
350 

4(K) 
4x1 
(AX) 

(iX 

(iK) 

600  

0-6 monlhs 
6- 13 nlon~hs 

1 -3 yca1.s 
4-6 years 
7-9 ycnrs 

10- 1 2 years 
10-12 years 

13-15 years 
13-15 years 

16- 18 years 
16- 1 8 years 

p-Carotene 

24X) 
2-100 

3803' 

13,00 

12(X) 

IBX) 
24CX) 

24x3 

2400 

2.400 

- 



Advance Nutrition 'Fable 7.1(b) : Estimated mean requirement and safe level of intake for vitamin A I 
I 

Age Group 

Infants and children 

0 - 6 months 
7 - 12 months 
1 - 3 years 
4 - 6 years 
7 - years 

Adolescents, 
10-18 years 

Aclulls 
Females, 19 - 65 years 
Males, 19 - 65 years 

65 + 
Pregnant women 

Lactati~ig women 

Mean Requirement 
(vg Wday) 

Recom~nended Safe 
In lake (pg REId ay) 

Soun.e: Vitanlin and mineral requirements in human nutrition.FAOAVH0 2004. 

The recotnmendations discussed above, have been based on the fact that what level 
of vitamin A is required to prevent deficiency and also n.laintain health. In calculatiilg 
the safe intake, a normative storage requirement equivalent to 434 mg REIday was 
talcen into consideration. However, when vitarniilA deficiency or toxicity is anticipated, 
it is necessary to assess the existing vitamin A status. This provides vital inforinntion 
regarding the future course of nutrition and medical action which would be necessary 
to restore back good health. Therefore, we shall now review the criteria for assessment 
of vitalnil1 A status. 

Criteria for Assessrnerzt q f F7itarnin A Status 

Various parameterslcriteria can be used for the assessment of vitainin A status. 
Some of these llave been described herewith: 

I )  Clinical As,sessrne~zt 
, 

Clinical features of deficiency occur as oculnr and extraocular 1esinn.s. Oculur 
lesions affect the posterior segment of the eye initially wit11 impairment of dark 
adaptation and night blindness (twilight blindness). Xerosis of the conjunctiva is the 
first sign seen on clinical exalnination. This leads to Bitot's spots. Keratomalacia is 

' 

the last stage. These ocular lesions have already been described in section 7.3 above. 
! 
I 

Extra-ocular lesions include dry scaly skin (follicular hyperkeratosis), toad skin or i 
I 

pluynoderma. There is increased susceptibility to infections. The WHO classification , 
for.assessrnent of vitamin A status, as described above in section 7.3, is surnmwized 1 
in Table 7.2. I 

I 
Table 7.2: WHO classification for assessment of vitamin A status I 

4 
6 

Classificatioli 

.XI A 
XI' B 
X 2  

X 3A 
X3B ' 

X N 
X F  
X S 

Primary Sigi~s 

Coiljunctival Xerosis 
Bitot's Spots 

Corneal Xel-osis 
Corneal Ulceration 

Keratomalacia 
Seconda1.y signs 
Night blindness 
Fulldal changes , 

Corneal scarring 



2)  Coizjunctival hl7ression Cylol0g.y (CIC) Fat-Soluble Vitamins: 
Vitamin A, D, E and I< 

Coniunctival impression cytology (CIC) is a simple, rapid and inexpensive method 
which is suitable for a field survey. By touching with a filter paper the lower teml~oral 
portion of the conjunctiva for about 3-5 seconds, as illustrated in Figure 7.6, the 
desqilalnated layers of cells are transfeired to the filter paper. This strip is then 
stained and examined. CIC is a useful test for the assessment of subclinical VAD. 
It detects the progressive loss of goblet cells in tile conjunctiva and the appearance 
of enlarged, keratinized epithelial cells. 

Figore 7.6: Cor~junctivitl ilnprussion cytology 

CIC provides an early measure of thc histological changes in the eye i.e, changes 
in the conjunctional epithelium with evei~tual keratiiiization. These changes are uscd 
to differentiate between normal childrcn niirl those with mild xerophthalmia. Diagnosis 
is based on the absence or rare,appcarance o f  goblet cells or lnucin spots in sufticient 
quantity. The CIC technique is modil'ied by anothcr method in which cells are 
immediately transferred to a glass slide. This melhocl is called conjurzctir~nl bizprc'ssion 
cytology ~.ipith t~.ansfcr. 

3) Dietury Assess~nent C,'ritcrin 

Several nlethods can be ndoptcd for the dietary assessment of vitamin A such as food 
frequency, wcekly or 3 day food weigilment record, and 3 day or 1 week food recall 
method. 

4) Serum Vitamin A Conterzt 

Assessment of seruin vitamin A content is the most reliable criterion Tor assessing 
vitamin A status. Serulll levels indicative of vru-ious dcgrces of clel'iciency are as 
follows: 

Circulating vitamin A concentrations becoine elevated (>200 nlcg 1 dl) owing to vitamin 
A overload. 

5 )  Liver. Biopsy As.suys 

. These are used to measure the total vitalnin A stores, as well us, thc response in 
levels of vitamin A relative to different dosages of the vitamin. This n~ethod has an 
unacceptably high level of invtfsiveness and risk. 

Status 

Normal 

Deficiency 

Sub clinical 

Serum vitami; A levels (rncgldl) 

2 25 

< 12 

12 - 25 



A d v a ~ ~ c c  Nutrition 6 )  Dark Adciptation 

In the early stages of VAD, the individ~lal cannot see objects in dim light. This ' 
phenomenon is used as a criterion for assessment in the dark adaptation test. The 
subject is either kept in a dark room for some time and asked to identify an object 
which is dimly illuminated, the inlensity of light being increased till the sub-ject is able 
to see the object (or) he is exposed to bright light for some time, by which the visual 
purple is bleached. The time required for the rhodopsjn to be regenerated is measured 
by the ability to see a dimly illuminated object. Longer time taken to identify the 
objects is indicative of variable stages of vitamin A deficiency. 

With this, we end our study on assessment ciiteria of vitamin  status. Finally, we 
will focus on interaction of vitamin A with other nutrients. Let us get to laow on this 
topic. 

I 7 )  Ijztemction tvitlz Other Nu~t~ients 

Of the various nutrients, the interaction of vitanlin E, proteins, zinc and iron with 
I 

vjta~nin A is of significance. lgow? Let's proceed with our discussion and find out. 

lfitnmin E: Vitamin E is required for the cleavage of p-carotene into retinal and 
to protect the oxidation of these compounds. 

Proteirzs: The protein status of an individual inllueiices vitamin A status and 
transport because an illadequate protein intake depresses the activity of the 
enzyme that cleaves p-carotene. Also, vitamin A metabolism is closely related 
to protein status as vitamin A transport is depeiident on several vitamin A- 
binding proteins synthesized in our body as discussed earlier. 

0 Zinc: Its deficiency interferes with vitamin A tnetabolism. It leads to a reduction 
in the synthesis of plasma proteins, particularly, RBP, made in the liver. Thus, 
plasma retino1 concentrations decrease and liver retinol concentrations increase. 
Also, zinc deficiency decreases hepatic mobilization of retinol from its storage 
form as retiiiyl esters. 

Iron: Iron status of an individual col-relates with vitamin A. The deficiency of 
vitainin A has been found to be associated with rnicrocytic anaeinia. While the 
exact mechanisms underlying the impact of vjlamin A on iron and anaemia are 
unknown, several hypothesis exist to explai~i this phenomenon. One prevalent 
hypothesis is thal vitainin A increases levels of serum iron, which allows 
haeinatopoesis to thrive, increasing haemoglobin and erythrocyte production. In 
vitamin A deficiency, iron would not be available for erythropoesis, and anaemia 
would result. 

Anothcr hypothesis, proposed by Thurrzlzam, involves the irmnune functioi~ of 
vitamill A. Thurnlzum suggests that the anti-infectious activity of vitamin A 
could have an impact on the reversal of anaemia. 

We end our study on vitamin A. the fat-soluble vitamin here. Let us now recapitulate 
what we have learnt so far. 

Check Your Progress Exercise 1 

1) Fill in the blanks: 

............................................... i) One of the major role of vitamin A is 

I ..................................... ii) The enzyme ............................................ .... 
oxidizes retinol to retinene in the retinal rods. 



jji) ...................................................... is also called growth vitamin. 

..... ............................ iv) Vitamin A stinlulates the formation of the protein : 
which facilitates calcium depositioil in the bone. 

...................... V) rile requirement for vitainin A during infancy is lncg and for 
.................................... a preschooler is mcg per day. 

............. vi) Serum retinol content indicative of sub clinical VAD ranges from 
................................. to mcgldl. 

2) What are retinoids? How do p-cru-otene differ fro111 reti~~oids. 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 
. . 

3) Discuss' the role of vitamin A in visual perception. 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

4.) List any five filctors that affect bioavailabi lity of casotenoids. 

...................................... 1 ............................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

5) What level of intake elicits acute vitamin A toxicity'? What are t l ~ c  signs at~cl 
symptoms of acute hype~vitnilliuosis A'? 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

6) Enumerate the mell~ocls for assessing vitamin A status. 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

..............................................................................)...........*............ I.............. 

Next, let us study about vitamin D, the other fat-soluble vitamin. 

Fat-Soluble Vitamins: 
Vitamin A, D, E and K 
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7.4 VITAMIN D 

Vitamin D is a generic term and indicates a lnolecule of the general structure with 
rings (A, B, C, D), as you may have noticed in Figure 7.1 B. The ring structure is 
deiived from the cyclopentanoper hyclrophenenthrene ring struclure for steroids, as 
you may recall studying in the Nutritional Biochemistry Course (MFN-002). 
Ergocalsferol (D?) ,  clzolecnlc.zjero1 (D3 ) are the forms of vitamin D. 

Vitamin D, can either be nlade in the skin from a cholesterol-like psecursor 
(7-dehydrocholesterol) by exposure to sunlight or can be provided pre-formed in the 
diet. The version made in the skin is refei-sed to as vitanzin D.? whereas the dietary 
f o ~ m  can be either vitamin D3 or a closely-related molecule of plant origin lulown as 
vitanzirz D2. Figure 7.7 shows the fortnation of Vitamin D3 froin its precursor 
7-dehydrocholesterol. Thc synthesis of vitainin D3 from its provitamin, 
7-dehydrocholesterol, occurs by UV iradiation and proceeds from the provitamin to 
the previtainin and finally to the vitamin. The first main step of the reaction is the 
photochemical conversion of 7-dehydrocl~olesterol to previtamiil D,. This reaction 
yields uplo 85% of previtamin D3. The next and final step is accomplished by the 
thermal conversion of previtalnin D, to vitainin D3. 

7-Dehydrocholesterol (skill) Provitamin D2 (Skin) 

Side Chain 

CD-Rings 

Seca-D Ring 
A-Ring 

HO w~~ 

L 

27 
7 

HO 
6-s-cis form 

6-s-trans form 71 

Figure 7.7: Pathway for the production of vitamin D3 

wext, let us review the food sources.of vitanlin D. 

Sources of Vitantin D 

Vitamin D, also called the sunshine vilarnin is easily manufactured in the skin rroln 
7-dehydro cholesterol on exposure to sunlight, as already mentioned above and also 
highlighted in Figure 7.8. Small amounts are present in dairy products such as milk, ++ 

cheese, butter, ~nargaiine and cream, egg yolk, liver, oysters and certain varieties of 
fish. So we have seen that it is not just through diet, sunlight can also help us to 
manufacture vitamin D. We j u s ~  read that the form of vitamin D present in food is 
different from that required by our body. So, how our body utilizes it? Let us read 
and find out next. 

Absorption, Storage and Elimination 

As we have already meiltioned earlier, all fat-soluble vitamins share a common 
metabolic fate. Vitamin D is absorbed along with fats from the duodenum and 
jejunum. Bile too is essential for the effective absorption of fats and therefore of 
vitamin D. 



Vitamin 
Chccse. butter, 
margarine, forlified 
milk. fish and 
I'ortified cereals 
arc food sourccs 

. 
Figure 7.8: Vitanltn D sources 

Conditions unfavourable to fat absorption such as lac]< of bile, disorders such as sprue 
and celiac disease results in poor absorption of vitamin D. Once absorption is complete, 
vitamin D enters the blood as n part of the chylon~icrons. Vitainin U rorrncd in the 
skin by the direct irradiation of the provitamin present in the skin is clirectly absorbed 
illto the blood stream. The vitaillin is stored in concentsated cluuntities in the liver and 
to a lesser extent in the skin, spleen, lungs,. brain and kidney. The milin pathway of 
excretion of vitalnin D is through thc bile into the small inlestine ancl consequent 
faecal excretion. Only less than four per cent oS thc intake of the vitamin is excreted 
by the urinary pathway. 

Next, let us now move on to the functions of vitamin D in our  body. 

Functions of Vitamin D 

Vitamin D is required to nlaintaill normal blood levels of calciurn and phosphate, 
which are in turn needed for the normal mineralization of bone, muscle cuntrnction, 
nerve coi~ductioi~ and general ccllular S~inctions in all cells oS the body. 

Vitamin D also n~oclulates ihe tnunscription o S  cell cyclk proteins, which clecrease cell 
proliferation and increase cell differentiation of n number of specialized cclls of the 
body (e.g, osteoclastic precursors, enlerocylcs, ker:ltinocytcs). This property may 
explain the actions of vitanlin D in lxme resorption, intestinal calciunl transport and 
skin. Vitanlin D also possesses im~nunoniodulatory propertics that nlay alter responses 
to infections in vivo. We shall revicw thcsc f~mctions in greater details in this section. 

1) Mobiliziltioli of' bone ailciri~tr ~ald  plzosphoro~is: It is now firlnly establislled 
that vitainin D3 is metabolized first in thc liver to 25-hydroxyvitamin D (25-OH- 
D) (calcicliol) ancl subsequently in the kidrleys to 1,25 dilzyi1~~ox)~c~holeculci~erol 
or 1,25-(OH),D (calcitriol) to produce a biologically active hormone. The 
fi~nctions of vitamin D are ~nedinted by this vital vitamin D ho~mone by a 
hoineostatic mecllanism which i~lvolvcs the hormone acting on the intestines, 
kidney and bone to incsease serum calcium and p h o s p h o ~ s  levels. 1,25-(OH)?D 
stimulates intestinal absorption 01' calcium and phosphate and mobilizes calciunl 
and phosphate by stimulating bone resoll~tion, These functions serve the conlrnnn 
purpose of rcstnring blood levels of calcium and phosphate to normal when 
concentrations of the two ions are low. This helps to achieve a normal blood 
calcium concentration and maintenancr: of calci~unz horrieosit~sis. 

In calciunl homeostasis, 1,25-(OH)zD works in conjunction with pa

r

athyroid hormoile 
" (PTH) to produce its beneficial ei'Sects on the plasma levels of ionized calcium and 

phosphate. The physiologic loop (Refer to Figure 7.9) starts with tlie calcium receptor 
of the parathyroid gland. When the level of ionized cilciunl in plasma lalls, PTH is 
secreted by the parathyroid gland and stitnultrtes the tightly regulated renal enzyine 
25-OH-D-I-a-fz])droxylnse to make more 1,25-(OI-I)2D from the' large circulating 
,pool of 25-OH-D. The resulting incltase in 1,25-(OH)2D (with the rise in PTH) 
causes an increase in calcium transport within the intestine, bone and kidney. All 

Fat-Suhrble Vitamins: 
Vitamin A, D, E and K 



Advance Nutrition these events raise plasma calcium levels back to noimal, which in turn is sensed by 
the calcium receptor of the parathyroid gland. The further secretion of PTH is 
turned off not only by the feedback action of calcium, but also by a short feedback 
loop involving 1,25-(OH)2D directly suppressing PTH synthesis in the parathyroid 
gland. 

low parathyroid 
calcium glnnd 

calcium PTH 

Figure 7.9: Calcium l~omeostasis 

Solrr-ce: Vitnnlin and mineral requirements in human nutrition. FAOJWHO 2004. 

You inay recall studying about how vitamin D helps in calcium horncostasis also in 
the Unit 10, section 10.3, sub-section 10.3.2 in the Nutiitional Biochemistry Course. 

2) Mineralizutioiz and .formotion of new bone: Vitrunin D plays a role in the 
synthesis of a prominent non collagenous protein, osteocalcin, a vitamin K- 
dependent protein found in the bone matrix and dentine - which is associated 
with new bone formation. 

3) Bone growth and develoj~meizt-calciJ'icntion of os t~o id  tissrw: Vitamin D 
participates in metabolic processes associated with bone growth and develop~nent. 
It is involved in calcification of osteoia' tissues. Osteoid is a protein mixture 
which is secreted by osteoblasts. When it mineralizes, it becomes bone. 

4) Modulation cf the tru~zscl-iption of cell cycle proteins: The 1,25-(OH),D 
colnpound (calcitriol), is present in the blood complexed to the vitamin D-binding ; 
protein, a specific a-globulin. Calcitriol is believed to acl on Larget cells in a 
similar way to a steroid hormone. Free hormone crosses the plasma menlbrane , 
and interacts with a specific nucle~u receptor known as the vitamin D receptor, 
a DNA-binding, zinc-finger protein with a relative molecular mass of 55,000. 
This ligand-receptor coinplex binds to a specific vilarnin D-responsive element 
and, with associated transcription factors (e.g. retinoid X receptor), enhances 
[ranscription of mRNAs which code for calcium-transporting proteins, bone 
matrix proteins, or cell cycle-regulating proteins. 

5 )  Forination ojenzyrncs: Vitanlin D is essential for the formation of two enzymes- 
alkaline yhospl;atase in the intestinal lining (involved in calcium transport) and 
aclenosine triphosphntclse, (for collagell for~nation in bone matrix). 

6 )  Aegulatio~z of amino acid levels in the blood: Vitamin D helps to prevent loss 
of amino acids through the kidney and thus regulate the ainino acid levcl and 
also regulate the level of ci l~ic acid in tissues and bones. 

7 )  Parlicipatioiz irz rnuscb fortnation and nzetabolisnz: Vitanlin D takes part in 
muscle function and metabolism. 

8) lnlzibitioiz of cancer cell proliferation and growtlz: Vitamin D diminishes 
proljferation of abnormal intestinal, lymphatic, manlmary and skeletal cells and 



provides a potential for the treatment of skin diseases such as psoriasis (a 
disorder in which there is proliferation of the keratinocytes and a failure to 
differentiate rapidly). 

9) Role in the immune system: Immune responses that are ,mediated by T-cells can 
be inhibited by tile large doses of calcitriol i.e. 1,25 dihydroxycholecalciferol. It 
is a natural steroid hormone fonned in the healthy body as the biologically active 
form of vitamin D. A deficiency of vitamin D also interferes with the T-cell 
mediated immunity. 

10) Regulation of blood pressure: The renin-angiotensin system regulates the blood 
pressure. The synthesis of renin is decreased by calcitriol through its interaction 
with the vitamin D regulator (VDR). Inappropriate activation of the renin- 
angiotensin system is thought to play a role in some forms of human hypertension 
and adequate vitamin D levels may be important for decreasing the risk of high 
blood pressure. 

So, now we have a good idea about the role of vitamin D in our body. Next, let us 
study the factors which affect the bioavailability of vitamin D. 

Bioavailability of Vitamin D 

The nutritional availability of vitamin D is less sig~lilicnnt because it can be endogenously 
produced and retained fqr long periods by the tissues. Factors that affect availability 
are the duration of exposure to sunlight, seasonal variation, skin pigmentation, cultural 
practices like purdah system associated with clothing ha t  covers the entire body and 
face. 

You might have seen small children with bow legs, who are unable to walk normally 
and have enlarged bone joints. These, along with many other symptoms, are associated 
with vitamin D deficiency. Let us have a look at the deficiency symptoms in further 
detail. Also, the toxicity aspect is discussed next. 

Deficiency and Toxicity of Vitamin D 

Infants constitute a population at-risk for vitamin D deficiency because of relatively 
large vitamin D needs brought about by their high rate of skeletal growth, Breast- 
fed infants are particularly at-risk because of the low conceiltrations of vitamin D in 
human milk. This problem is further coinpounded in some infants fed human milk by 
a restriction in exposure to ultraviolet (UV) light for seasonal, latitudinal, cultural or 
social reasons. 

Dietary absence of vitamin D or lack of UV (sunlight) exposure causes the bone 
disease called rickets (refer to Figure 7.10) in infantslchildren and osteomalacia in 
adults. Let us first study the characteristic features of rickets in children. 

a condition called rickets, a weakening and 
softening of the bones brought on by 

Fat-Soluble Vitamins: 
Vitamin A, D, E and K 

Figure 7.10: Rickets 



Advance Nutridon Rickets: The following characteristics are seen in fully developed cases of rickets: 

1) In case of young infants, delayed closure of the fontanelles i.e. a soft membranous 
gap between the cranial bones, softening and reduced mineralization of the skull 
(craniotabes). 

2) While in older infants, sitting and crawling are delayed and there is bossing of 
skull. Also there are soft, fragile bones, bow legs, enlargement of the costochondral 
junction (a cartilage that attaches the front of the ribs to the breastbone) with 
rows of knobs or beads forming the Rachitic Rosary, pigeon chest and spinal 
curvature. 

3) Enlargement of wrist, knee (knock-knees) and ankle joints. 

4) Poorly developed muscles, lack of muscle tone, pot belly being the result of 
weakness of abdominal muscles, weakness with delayed walking. 

5) Restlessness and nervous irritability. 

6) High serum alkaline phosphatase, low inorganic blood phosphorus, normal or low 
serum calcium. 

7)  Tetany characteiized by low serum calcium, muscle twitching, cramps and 
convulsions. 

8) Delayed dentition and malformation of the teeth, permanent teeth more' subject 
to decay. 

Let us now discuss the symptoms of 'adult rickets' i.e. osteornalacia. 

Osteornalacia: It occurs when there is a lack of vitamin D and calcium, in women 
who have had many pregnancies, who subsist on a meagre cereal diet with little 
exposure to sunshine. In osteornalacia, the following changes are seen: 

1) Softening or demineralization of the bones leading to deformities of legs, spine, 
thorax and pelvis. As the bones soften, weight may cause bowing of the long 
bones, vertical shortening of the vertebrae and flattening of pelvic bone. 

2) Rheumatic pain in bones of the legs and back. 

3) General weakness with difficulty in walking. 

4) Spontaneous multiple fractures. 

5 )  Normal parturition difficult since sacrum convexity is increased, ribs of the iliac 
bone are flattened and the inlet becomes asymmetrical and narrowed. 

Now that you have well understood the consequences of vitamin D deficiency, let us 
have a look at the signs and symptoms of its excessive amounts in our diet. 

Toxicity 

The adverse effects of high vitamin D intakes include hypercalciuria (excessive 
urinary calcium excretion) and hypercalcaemia (h~gh concentration of calcium in 
blood). Excessive amounts of vitamin D are not normally available from dietary 
sources, and hence cases of vitamin D intoxication are rare. Nevertheless, toxicity 
may occur in individuals on excessive amounts of supplenlented vitamins, for example, 
drinking milk fortified with inappropriately high levels of vitamin D3. The signs and 
symptoms associated with it are anorexia, nausea and vomiting, followed by polyuria, 
polydipsia, weakness, nervousness and pruritis (itchiness). Renal function is impaired 
and metastatic calcifications may occur, particularly in the kidneys. 

So, what should be the safe level of intake? For this, recommendations have been 
made. Let us read and find it out. 



Recommended Dietary Allowances for Vitamin D Fat-Soluble Vitamins: 
Vitamin A, D, E and K 

The recommendations of vitamin D are expressed as IU. 1 IU is defined as the 
activity contained in 0.025 rncg of cholecalciferol. The recommended allowances 
for vitamin D as suggested by the Indian Council of Medical Research (ICMR) for 
Indians is 200-400 IU, as highlighted in Table 7.3. A vitamin D supplement providing 
400 to 800 IUs may be essential for the elderly, particularly who consume less milk 
and are totally home bound. Table 7.3 presents the recommendations laid down by 
the joint FAO~WHO 2004 committee on the vitamin and mineral requirements of 
humans. It would be a good exercise for you to compare these levels with those 
recommended by the ICMR. 

Table 7.3: Recommendations for vitamin D according to age groups 

* Units: for vitamin D, 1 IU = 25 ng, 40 IU = 1 pg, 200 IU = 5 pg, 400 IU = 10 pg, 600 IU = 15 
pg, 800 IU = 20 pg; 

Age Group 

Infants 

0 - 6 months 

7 - 12 months 

Children 

1 - 3 years 

4 - 6 years 

7 - 9 years 

Adolescents, 10 - 18 years 

Adults 

19 - 50 years 

Older adults, 51 - 65 years 

Source: ICMR (1989) and Vitamin and Mineral Requirements in Human Nutrition, FAO/WHO 2004. 

The criterion for assessment of vitamin D status is given next. 

Elderly adults, 65 + years 15 (600 IU) 

Pregnant women 5 (200 IU) 

Lactating women 5 (200 IU) 

FAOIWHO 2004 
~ d d a y *  

5 (200 IU) 

5 (200 IU) 

5 (200 IU) 

5 (200 IU) 

5 (200 IU) 

5 (200 IU) 

5 (200 IU) 

10 (400 IU) 

Criteria for Assessment of Vitamin D Status 

ICMR 
WJIday) 

200-400 

You may recall the events involved in calcium homeostasis described earlier in 
this section. We studied that sufficient 25-OH-D must be available to provide 
adequate steroid hormone 1,25-dihydrox7ycholecalciferol (1,25-(OH)2D) synthesis 
and hence an adequate level of plasma calcium. It becofnes evident therefore, that 
vitamin D status can be assessed by measuring the circulating level of the steroid 
hormone 1,25-dihydroxycholecalc$erol. Plasma levels of 3-6 ngldl is considered 
normal. 

What is the effect of other nutrients on vitamin D metabolism and what are these 
nutrients? Let us find out next. 

Interaction of Vitamin D with other Nutrients 

Vitamin D metabolism is inter-related with calcium, phosphorous, vitamin K and iron. 
Let us discuss each of these: 

195 



Advance Nutrition * Calcium: The interaction of vitamin D with calcium has already been discussed 
earlier. Vitamin D initiates calcium absorption, as well as, activation of protein 
kinase. 

Phosphorous: Vitamin D increases the activity of brush border alkaline 
phosphatase, which hydrolyzes phosphate ester bonds allowing phosphorous 
absorption. 

Vitamin K: An inter-relationship exists between vitamin D and K based on their 
relationship to the mineral calcium. Vitamin D has an impact on calcium metabolism 
and vitamin K-dependent proteins bind calcium. The two sites of action of 
vitamin D .are bone and kidney tissues, where vitamin K-dependent calcium- 
binding proteins have been identified which regulate the production of crucial 
enzymes. 

@ Iron: A decrease in vitamin D has been observed as a result of iron deficiency. 
> 

With this, we end our study of vitamin D. Let us recapitulate what we have learnt 
so far by answering the questions given in check your progress exercise 2. 

- -- I Check Your Progress Exercise 2 I I 1) Fill in the blanks: I 
a) The normal circulating plasma levels of vitamin D ranges from .............. 

.............................. I to ngidl. 

I b) ............................. is vital to the utilization of calcium and phosphorous. I 
....................................... c) Vitamin D deficiency leads to in children and 

in adults. ................................. 
d) Vitamin D is also referred to as ........................................ vitamin, 

e) ........................................... and ...................................... results in poor 
absorption of vitamin D. 

2) Indicate whether the following statements are true or false. Also correct the 
false statements. 

a) Vitamin D needs are met mostly from dietary sources. 

.............................................................................................................. 

b) Purdah system increases availability of vitamin D. 

.............................................................................................................. 

c) Craniotabes and rachitic rosary are associated with VAD. , 

.............................................................................................................. 

e )  The nutritional availability of vitamin D is less significant because it can be 
endogenously produced and retained for long periods by the tissues. 

d) Cases of vitamin D intoxication are rare. 

.............................................................. .............................................a. 1 



3) Explain the synthesis of vitamin D3 from its provitamin. 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

4) List the symptoms of vitamin D deficiency in children. 

...................................................................................................................... 

...................................................................................................................... 

....................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

5) Explain the inter-relationship of vitamin D metabolism with vitamin K. 
I 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

Next, we take up the third fat soluble vitamin i.e. vitamin E. 

7.5 VITAMIN E 

Vitamin E is the generic term for tocopherols and tocotrienols that have a phenolic 
functional group on a chromane ring system with an isoprenoid side chain. Figure 7.11 
illustrates the isoprene unit for your reference. Isoprene, as you can see, is a 
branched chain unsaturated hydrocarbon of ,five carbon atoms (C-C-C-C-C). 
This carbon skeleton forms the basis of cwotenoids, steroids and tocopherols. The 
tocopherols and tocotrienols occur as homologues - a, P and y- that differ in the 
number or location of methanyl substituents in the chromanol. 

Figure 7.11: Isoprene unit 

Pat-Soluble Vitamins: 
Vitamin A, D, E and K 

Having looked at the structure of tocopherols and tocotrienols, let us study about the 
food sources of vitamin E. 
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Sources of Vitamin E 

Vitamin E is present in allnost all foodstuffs. It is found in wheat germ, corn, nuts, 
seeds, olives, spinach, asparagus and other green leafy vegetables and vegetable oils 
like groundnut, soy, cotton seed and safflower are rich sources. The vitamin E 
content of edible oils is usually proportional to the amount of polyunsaturated fatty 
acid content of the oils. Table 7.4 gives the vitamin E content of some vegetable oils 
(mg tocopheroVlO0 g). 

Table 7.4: Vitamin E content of vegetable oils (mg tocopheroVlO0 g) 

Source: Vitamin and Mineral Requirements in Human Nutrition, FAOtWHO 2004. 

Oil 

Coconut 

Maize (corn) 

Palm 

Olive 

Peanut 

Soybean 

Wheat germ 

Sunflower' 

We may need to understand here that there may be a variation in the a-tocopherol 
levels or intake, the variation being ascribed mainly to the type and quantity of dietary 
oils used and the proportion of the different hornologues in the oils (as highlighted in 
Table 7.4 above). For example, sunflower seed oil contains approximately 50 lllg 
a-tocophero11100 g in contrast to soybean oil that contains only 10mg/100ml. 

Because vitamin E is naturally present in plant-based diets (whole grain cereals, dark 
green leafy vegetables, pulses, nuts and oilseeds as highlighted in Figure 7.12) and 
animal products (such as egg yolk, butter and liver) and is often added by manufacturers 
to vegetable oils and processed foods, intakes are probably adequate to avoid overt 
deficiency in most situations. Exceptions may be during ecologic disasters and cultural 
conflicts resulting in food deprivation and famine. 

a-tocopherol 

0.5 

11.2 

25.6 

5.1 

13.0 

10.1 

133.0 

48.7 

So we have a large variety of foods which can help us meet our vitamin E needs. 
Next, once inside the body, what is the fate of vitamin E? Let us find out next. 

Figure 7.12: Food sources of vitamin E 

y-tocopherol 

0 

60.2 

31.6 

Trace 

21.4 

59.3 

26.0 

5.1 

6-tocopherol 

0.06 

1.8 

7 .O 

0 

2.1 

26.4 

27.1 

0.8 

a-tocotrienol 

0.5 

0 

14.3 

0 

0 

0 

2.6 

0 



Absorption and Storage of Vitamin E 
0 Absorption and Trarzsport 

Fat-Soluble Vitamins: 
Vitamin A, D, E and K 

Absorption of vitamin E from the intestine depends on adequate pancreatic function, 
biliary secretion and rnicelle formation. Conditions for absorption are like those for 
dietary lipid, that is, efficient emulsification, solubilization within mixed bile salt micelles, 
uptake by enterocytes, and secretion into the circulation via the lymphatic system. 
Emulsification takes place initially in the stomach and then in the small intestine in the 
presence of pancreatic and biliary secretions. The resulting mixed micelle aggregates 
the vitamin E molecules, solubilizes the vitamin E, and then transports it to the brush 
border membrane of the enterocyte, probably by passive diff~~sion.Within the enterocyte, 
tocopherol is incorporated into chyloinicrons and secreted into the intracellular space 
and lymphatic system and subsequently into the blood stream. Tocopherol esters, 
present in processed foods and vitanun supplements, must be hydrolyzed in the small 
intestine before absoiption. 

Vitamin E is transported in the blood by the plasma lipoproteins and erythrocytes. 
Chylomicrons carry tocopherol from the enterocyte to the liver, where they are 
incorporated into parenchymal cells as chyloinicron remnants. The catabolism of 
chylomicrons takes place in the systemic circulation through Lhe action of cellular 
lipoprotein, lipase. During this process, tocopherol can be transferred to high-density 
lipoproteins (HDLs). The tocopherol in HDLs call transfer to other circulating 
lipoproteins, such as low-density lipoprotein (LDL) and very low-density lipoproteins 
(VLDLs). During the conversion of VLDL to LDL in the circulation, some 
a-tocopherol remains within the core lipids and is thus incorporated in LDL. Most 
a-tocopherol then enters the cells of peripheral tissues within the intact lipoprotein 
through the LDL receptor pathway, although some may be taken up by mernbrme 
binding sites recognizing apolipoprotein ( A-I and A-11) present on HDL. 

Although the process of absorption of all the tocopherol homologues in the diet is 
similar, the a-form predominates in blood and tissue. From a nutritional perspective, 
the most important form of vitamin E is a-tocopherol. It is absorbed faster and 
retained better than other forms. T11is is due to the action of binding proteins that 
preferentially select the a form over other forms. 

Storage 

Vitrunin E is mainly stored in muscles and adipose tissue. Vitamin E content of 
erythrocytes is about 20 percent of that in plasma and there is an efficient exchange 
between these pools. The vitamin is most concenkated in cellular fractions that are 
rich in membrane lipids such as mitochondria. 

Elimination 

The primary oxidation prod~~ct of a-tocopherol is a-toco~~heryl quinone that can be 
conjugated to yield the glucuronate. This glucnronide is excreted in the bile as such 
or further degraded in the kidneys to a-tocopheronic acid glucusonide and hence 
excreted in the bile. Those vitamin E holnologues not preferentially selected by the , 

hepatic binding proteins are eliminated during the process of nascent VLDL secretion 
in the liver and probably excreted via the bile. Some vitamin E may also be excreted 
via skin sebaceous glands. 

Next, let us now move on to the functions of vitamin E. 

Functions of Vitamin E 

Vitamin E is the major lipid-soluble antioxidant in the cell antioxidant defense system 
and is exclusively obtained from the diet. The main role of vitamin E and the biological 
activity of tocopherols are due to its antioxidant property. This antioxidant property 
of vitamin E is useful for various body processes and substances which is enumerated 
herewith. 



Advance Nutrition 1) Protection of poly u~zsaturated fatty acids (PUFA) from oxidative damage: 
The major biological role of vitamin E is to protect PUFAs and other components 
of cell membranes and low-density lipoprotein &DL) from oxidatioil by free 
radicals. Vitamin E is located primarily within the phospholipid bilayer of cell 
membranes. It is particularly effective in preventing lipid peroxidation - a series 
of chemical reactions involving the oxidative deterioration of PUFAs, as described 
in Figure 7.13. Elevated levels of lipid peroxidation products are associated with 
numerous diseases and clinical conditions. 

Let us understand the reactions involved in the oxidative deterioration of PLFAs 
next. The PUFAs, you may recall studying in the Nutritional Biochemistry Course, 
ha;e methylene (-CHI-) groups located between two double bonds. This type 
of functionality makes PUFA particularly sensitive to the flameless oxidation in 
air that is called autoxidation, because the doubly allelic hydrogen atoms in 
these methylene carbons are very rapidly abstracted by peroxyl radicals. Free 
radicals are produced in normal metabolism and by the effects of toxins on 
tissues. 

These free radicals (eg. superoxide produced endoge~~ously by many processes 
like phagocytosis) can cause the formation of lipid free radicals as shown in the 
initiation sequence reactions 1 and 2 in Figure 7.1 3 In reaction 2, initiation 
produces the lipid free radicals and a conjugated dienyl radical (L). The lipid 
radical L then undergoes the propagation sequence reaction 3 and 4 leading to 
the formation of lipid hydroperoxides, LOOH. 

Initiation 

?? X- 
primoxdial radical 

conjugated dienyl conjugated 
structure in PUFA (LH) , dienyl radical (L*) 

Termination (examples) 
2 LOO' LOOL + 0 2  (5) 
LOOe + ArOH -> LOOL + ArOo 

(Vitamin E) 
(6) 

LOO. + ArOe non-radical product (7 

Figure 7.13: The autoxidation of PUFAs 

Lipid hydroperoxides produced in autoxidation processes are also foimed in 
enzyme-catalyzed reactions. For example, the enzymes in cyclooxygenase 
pathway which converts arachidonic acid to several types of hydroperoxides. 
These have potent biological properties. 
Autoxidation is a chain process. Reactions 3 and 4 continue to alternate until a 
termination occurs in which two radicals combine to form a new two-electron 
bond. When vitamin E is absent, from five to twenty five LOOH molecules are 
fom~ed in reaction 4 for each primordial X radical formed in reaction 1. If 
vitamin E is present, it traps peroxylradicals to give stable LOOH molecule and 
a vitamin E radical (Ar O0 in reaction 6). The vitamin E radical is stable enough 
to seek another LOO* radical as in reaction 7 and complete the termination 
sequence. In absence of vitamin E, however, each primordial radical produces 
<1 molecule LOOH. Thus, vitamin E effectively stops the autoxidation chain 
reaction which converts PUFA to lipid hydroperoxides, LOOH. One molecule 
of tocopherol can effectively protect 100 or more PUFA molecules from 



autoxidative damage. Biological membranes generally contain - one percent as Bat-Soluble Vitamins: 

many molecules of vitamin E as lnolecules of PUFA. Vitamin A, D, E and K 

2) Protection of erythrocytes: Vitamin E protects erythrocytes from haemolysis by 
the production of oxidizing agents e.g. dialuric acid ,and hydrogen peroxide. 

3) Protection of cell membrane: It protects the cell membrane from getting damaged 
from naturally occurring peroxides and toxic free radicals formed from fatty 
acids and oxidative tissue damage as described above. 

4) Protection against poisoizing: It protects liver from injury due to carbon tetra 
chloride poisoning. 

5 )  Protection of both vitamin A and carotene: It protects vitamin A and 
p-carotene from destruction by oxidation, especially in the alimentary tract, thus 
sparing the supply of vitamin A available to the body. 

6 )  Synthesis of enzymes and proteins: It serves as a co-repressor in the synthesis 
of certain enzymes and plays a specific role in the synthesis of haem proteins. 

7) Protection of mitochondria: It protects the mitochondria1 function of the muscles 
and cardiac tissue. Tocopherol acts as an electron acceptor in the electron 
transport system and prevents the disruption of mitochondria. 

8) Reduc~ion in free radical generation: Vitamin E acts synergistically with 
selenium thereby reducing susceptibility of LDL lo oxidation, free radical 
generation and membrane damage. This antioxidant role of vitamin E together 
with selenium protects against cardiovascular diseases especially atherosclerotic 
lesions. 

9) Regulation of rlze enzyme activities: Vitamin E regulates the activity of enzymes, 
6-a~nino levulinic acid ( A L 4 )  synthetuse in bone marrow and ALA dehydl-ase 
in liver, 

10) Prevention of diseases: Because of its anti-oxidant function and its role in 
inhibiting cell proliferation of smooth muscles, vitamin E can be used for prevention1 
treatment of diseases. Epidenliological studies suggest that dietary vitamin E 
influences the risk of cardiovascular disease. It has also been suggested that 
vitamin E supplementation (200-400 mglday) may be appropriate therapeutically 
to moderate some aspects of degenerative diseases such as Parkinson disease, 
reduce the severity of neurologic disorders such as tardive dyskinesia (petentially 
irreversible and involuntary movements), prevent periventricular haemorrhage in 
pre-term babies, reduce tissue injury arising from ischaernia and reperfusion 
during surgery, delay cataract development, and improve mobility in arlhritis 
sufferers. 

From our discussion above, it inust be clear that the major role of vitamin E lies in 
its antioxidant property. Next, let us get lo know about the bioavailability of the 
tocopherols and the resulting diseases. 

Bioavailability 

For dietary purposes, vitamin E activity is expressed as a-tocopherol equivalents 
(a-TEs). One a-TE is the activity of lnlg a-tocopherol. To estimate the a-TE of 
a mixed diet containing natural forms of vitamin E, the number of milligrams of 
p-tocopherol should be multiplied by 0.5, y-tocopherol by 0.1, and a-tocotrienol by 0.3. 

The bioavailability of tocopherols varies inversely with the uptake. This means that 
ingesting four times the amount of the vitamin raises tissue levels by only two-fold. 



Advance Nutrition A high correlation exists between the total fat and tocopherol collcentrations in blood 
serum. Thus, diseases associated with high serum lipids (hypothyroidism, diabetes, 
hypercholesterolemia) produce high plasma vitamin E levels and those associated to 
low serum lipids (abetalipoproteinemia-a genetic disorder that interferes with the 
normal absorption of fats and fat-soluble vitamins, malnutrition, cystic fibrosis) produce 
low vitamin E levels. 

What then are the consequences of deficiency and excessive intake of vitamin E? 
Read the next sub-section and find out. 

Deficiency and Toxicity of Vitamin E 

Fortunately, vitamin E deficiency in human is extremely rare. This may probably be 
due to its wide occurrence. in natural foods as highlighted above. Evidence of 
deficiency is however seen in individuals with chronic fat malabsorption e.g. sprue 
and fibrocystic disease of pancreas. Changes occurring in severe deficiency include 
disorders of reproduction, abnormalities of muscle, liver, bone marrow and brain 
function, defective embryogenesis, increased haernolysis of red blood cells, creatinuria 
and deposition of brownish ceroid pigment in smooth muscle. Skeletal muscle dystrophy 
may occur and, in certain species, is accompanied by cardiomyopathy. 

Recent evidence has established that vitamin E deficiency is a cause of the impaired 
neuromuscular function, sometimes seen in patients with disorders that interfere with 
absorption or transport of the vitamin. Symptoms include poor reflexes, impaired 
locomotion, decreased sensation in the hands and feet, and changes in the retina. 
Disorders provoked by traces of peroxidized PUFAs in the diets of animals with low 
vitamin E status include cardiac or skeletal myopathies, neuropathies and liver necrosis. 
Muscle and neurological problems are also a consequence of human vitamin E 
deficiency. Early diagnostic signs of deficiency include leakage of muscle enzymes 
such as creatine kinase and pyruvate kinase into plasma, increased levels of lipid 
peroxidation products in plasma and increased erythrocyte haemolysis. 

We read about the consequences of low intake of vitamin E on the human body. A 
very high intake of vitamin E can also elicit severe adverse reactions, as described 
next. 

Toxicity 

Vitamin E is relatively non-toxic. Adults tolerate doses as high as 100 to 1,000 IU per 
day. However, adverse effects such as muscle weakness, fatigue, nausea, diarrhoea, 
double vision, elevation of serum lipids, impaired blood coagulation and reduction of 
serum thyroid hormones occur due to indiscriminate ingestion of excessive amounts 
of vitamin E over long periods of time. 

Evidence of pro-oxidant damage has been associated with the feeding of supplements 
but usually only at very high doses (e.g. >I000 mglday). 

Next, let us get to know about the requirements for vitamin E. 

Recommended Dietary Allowance of Vitamin E 

The requirements for the vitamin E are expressed in terms of tocopherol equivalents 
(TE) as mentioned earlier - 8 mg for fepales and 10 mg for males. 

It has been seen that the adequacy of RDA varies with PUFA content significantly; 
increased intakes necessitate larger amounts of vitamin E in the diet. FAOIWHO 
2004 committee has suggested that when the main PUFA in the diet is linoleic acid, 
a G-tocopherol-PUFA ratio of 0.4 (expressed as mg tocopherol per g PUFA) is 
adequate for adult humans. This ratio has been recommended in the United Kingdom 
for infant formulas, Use of this ratio to calculate the vitamin E requirements of men 
and women with energy intakes of 2550 and 1940 KcaUday, respectively, and containing 



PUFAs at 6% of the energy intake (approximately 17 g and 13 g, respectively), Fat-Soluble Vitamins: 

produced values of 7 and 5 mglday of a-TEs, respectively. Vitamin A, D, E and K 

The criterion for assessment of vitamin E status in our body is presented, next. 

Criteria for Assessmerzt of Vitamin Status 
Vitamin E is assessed by determining the plasma lipid fraction levels. 0.8 mg of total 
tocopherol/g total plasma lipids indicates adequate nutritional status. 

The interaction of vitamin E with other nuhients i s  enumerated finally. 

Interaction with other Nutrients 

Vitamin E is directly related to selenium, other fat-soluble vitamins and P~TFA. Let 
us study this relationship. 

0 Selenium: An inter-relationship exists between vitamin E and selenium, as selenium 
functions as an integral par1 of glutathione peroxidase-an enzyme- that 
converts lipid peroxide into a lipid alcohol. 

0 Vitamins A, D and K: A high intake of vitamin E interferes with the functions 
of other fat-soluble vitamins such as vitamin K absorption and vitamin D in 
terms of bone mineralization while in case of vitarniil A deficiency. It lowers t l ~ e  
rate of vitamin A depletion from the liver. It protects the cleavage products and 
substrate froin oxidation. However, large doses of vitamin E inhibit p-carotene 
absorption or conversion to retinol in the intestine. 

Polyunsaturated Fatty Acid (PUFA): A relationship between vitainin E and 
dietary PUFA is strong, as we have already studied earlier, because the 
requirement for the vitamin increases or decreases as the dietary intake of 
PUFA rises or falls. 

We now end our study about vitamin E. Do answer the questions given in check your 
progress exercise 3'and check your understanding on the topic. 

cr 

Check Your Progress Exercise 3 

1) State whether the following statements are true or false. Also correct the false 
statements. 

a) Vitamin E is present in almost all food stuffs. 

............................................................................................................... 

b) Tocopherols and tocotrienols have a phenolic functional group on a chrornane 
ring system. 

............................................................................................................... 
c) Vitamin E supplementation can adversely affect insulin action. 

............................................................................................................... 
d) The vitamin E content of edible oils is usually proportional to the amount of 

polyunsaturated fatty acid content of the oils. . 

............................................................................................................... 
2) Name a few rich sources of vitamin E. 

....................................................I(......*................... ..........................I........... 

...................................................................................................................... 

...................................................................................................................... 
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3) List the crucial functions of vitamin E. 

........................ ,..,........._ ................................................................................. 

4) What is the recommended allowance for vitamin E? Name the unit in which 
the recommendations are expressed? 

5) Explain the interaction of vitamin E with other fat-soluble vitamins. 

...................................................................................................................... 

The last vitamin covered in this unit is vitamin K. Vitamin K you must have read with 
relevance to our blood clotting mechanism. So let us get to know this vitamin in detail. 

7.6 VITAMINK 

Vitamin K is an essential fat-soluble rnicronutrient;'the only unequivocal role in health 
is in the ~naintenance of normal coagulation. 

Vitamin K is the family name for a series of fat-soluble compounds which have a 
common Zmethyl- 1 ,Cnaphthoquinone nucleus (refer back to the Figure 7.1) but 
differ in the structures of a side chain at the 3-position. They are synthesized by 
plants and bacteria. In plants, the only important molecular form is phylloquinone 
(vitamin K1), which has a phytyl side chain. Bacteria synthesize a family of compounds 
called menaquinones (vitamin Kz), which have side chains based on repeating 
unsaturated 5-carbon (prenyl) units. Look up Unit 3 in the Nutritional Biochemistry 
Course to study the structure of these two compounds. 

Menaquinones are designated menaquinone-n. (MK-n) according to the number (n) 
of prenyl units. The compound 2-methyl-1,4-naphthpquinone (common name 
rnenadione) may be regarded as a provitamin because vertebrates can convert it to 
MK-4 by adding a 4-prenyl side chain at the 3-position. 

What are the food sources of vitamin K? Let us find out. 

Sources of Vitamin K 

As mentioned above, in plants, the only important molecular 'form of vitamin K is 
phylloquinone. Phylloquinone is distributed ubiquitously throughout the diet, and the 



range of concentrations in different food categories is very wide. In general, the 
highest values (normally in the range 400-700 mg I 100 g) are found in green leafy 
vegetables (such as spinach, cauliflower, cabbage and lettuce as shown in Figure 
7.14). The next best sources are certain vegetable oils (e.g. soybean, rapeseed and 
olive), which contain 50-200 mgIlOOg, other vegetable oils, such as peanut, corn, 
sunflower and safflower, however, contain much lower amounts of phylloquinone 
(1-10 mg/100 g). The great differences between vegetable oils with respect to vitamin 
K content obviously present problems for calculating the phylloquinone contents of oil 
containing foods when the type of oil is not known. Other good sources include 
animal foods such as egg yolk, milk and organ meats like liver. 

Figure 7.14: Food sources of vitami11 K 

Importance of Intestinal Bacteriul Syntlzesis as u Source of Vitamin K 

Intestinal microflora synthesize large amounts of menaquinones, which  are 
potentially available as a source of vitainill K. Quantitative lneas~lrements at different 
sites of the human intestine have deinonstrated that most of these meilaquinones are 
present in the distal colon. Major forins produced are NIK-10 and MK-11 by 
Bacteroides, MK-8 by Enterobacter, MK-7 by killonella, and MK-6 by Eubacterium 
lentum etc. 

However, the balance of evidence suggests that the bioavailability of bacterial 
menaq~linones is poor because they are for the most part tightly bound to the bacterial 
cytoplasmic membrane and also because the largest pool is present in the colon, 
which lacks bile salts for their solubilization. 

What about the bioavailability of vitamin K from different foods? Let u s  read the next 
sub-section and find out. 

Bioavailability of Vitamin K 

Very little is known about the bioavailability of the K vitamins from different foods. 
It has been estimated that the efficiency of absorption of phylloquiilone from boiled 
spinach (eaten with butter) is no greater than 10% compared with an estimated 80% 
when phylloquinone is given in its free form. This poor absorption of phylloquinone 
from green leafy vegetables may be explained by its location in chloroplasts (organelles 
in plant cells that conduct photosynthesis) and tight association with the thylakoid 
membrane (a phospholipid bilayer memberane-bound compartment internal to 
chloroplasts). In comparison, the bioavailability of MK-4 from butter artificially enriched 
with this vitamin was more than two-fold higher than that of phylloquinone from 
spinach. The poor extraction of phylloquinone from leafy vegetables, which as a 
category represents the single greatest food source of phylloquinone, may place a 
different perspective on the relative importance of other foods with lower concentrations 
of phylloquinone (e.g. those containing soybean and rapeseed oils) but in which the 
vitamin is not tightly bound and its bioavailability is likely to be greater. 

Fnt-Soluble Vitamins: 
Vitamin A, D, E and K 



Advance Nutrition Vitamin K availability varies directly with fat intake and any condition of fat 
malabsorption reduces its bioavailability. In healthy adults, absorption of phylloquinone 
has been estimated to be 80 percent when phylloquinone is administered in its free 
form as discussed above, but decreases significantly when absorbed from foods. 
Cooking has no effect, but addition of fat increases absorption multifold. 

What happens to the vitamin in our body? Let us find out next. 

Absorptiorz, Storage and Elimination of Vitumin K 

Dietary vitamin K, mainly phylloquinone, is absorbed chemically unchanged from the 
proximal intestine after solubilization into mixed micelles composed of bile salts and 
the products of pancreatic lipolysis. In healthy adults, the efficiency of absorption of 
phylloquinone in its free form is about 80%. Within the intestinal mucosa, the vitamin 
is incorporated into chylomicrons, is secreted into the lymph, and enters the blood via 
the lacteals (minute intestinal lymph-carrying vessels). Once in the circulation, 
phylloquinone is rapidly cleared at a rate consistent with its continuing association 
with chylomicrons and the chylornicron remnants, which are produced by lipoprotein 
lipase hydrolysis at the surface of capillary endothelial cells. Although phylloquinone 
is the major circulating form of vitamin K, MK-7 is also present in plasma, at lower 
concentrations and with a lipoprotein distribution similar to phylloquinone. 

Vitamin 
consists 
found in 

K is stored in the liver - the site of synthesis of coagulation proteins -and 
of 90 percent menaquinones. Phylloquiucnes and menaquinones are also 
extra hepatic tissues. Phylloquinone levels are high in liver, heart and pancreas. 

Vitamin K is extensively metabolized in the liver and excreted in the urine and bile. 
About 60-70% of the amount of' phylloquinone absorbed from each meal will ultimately 
be lost to the body by excretion. This, therefore, suggests that the body stores of 
phylloquinone are being constantly replenished. 

Next, let us get to know the functions of vitamin K in the body. 

Functions of Vitamin K 

The functions of vitamin K are both physiological and biochemical. These include: 

1) Blood coagulation: The primary function of vitamin K in the body is in the 
maintenance of normal blood coagulation. The vitamin K-dependent coagulation 
proteins are synthesized in the liver and comprise Factor IT (prothrombin), Factor 
VII (proconvertin), Factor IX (Christmas factor) and Factor X (Stuart factor), 
which have a haemostatic role i.e. they are procoagulants that arrest and prevent 
bleeding. Let us get to know how this mechnism works. Prothrombin is converted 
to its active form, thrombin, which in turn, is necessary for the formation of 
fibrin, a protein that is the basis for a blood clot, as shown in Figure 7.15. 
Vitamin K also acts as a cofactor for an enzyme in the liver which converts 
glutamic acid residues in a precursor process to gamma-carboxy glutamic acid. 
This reaction is necessary before prothrombin can function in blood coagulation. 

Prothrombin-glutamate Carboxylase Prothrumbin 
residues _I_L___) I 

(clotting factor 11) N~ Vitamin K - carboxygIutamatc residues 

Prothrornbin 
I 

y - carboxyglutt~rnate - ca2'" Tllrornbin 

k RBC's, WBC's, other 
plasma proteins 

Blood Clot 

Higure 7.15: Biological role of vitamin K in thc formation of blood clot 



2) Vitamin K-dependent carboxylation: Vitamin K acts as a cofactor in the 
synthesis of y-carboxyglutamic acid (Gla) from glutamic acid residues required 
for the normal coagulation of blood. This is well explained in the Nutritional 
Biochemistry Course in Unit 10, section 10.3, sub-section 10.3.4 under the vitamin 
K cycle. Figure 7.16 here also illustrates the vitamin K cycle. 

i , The biological role of vitamin K, therefore, is to act as a cofactor for a specific 
carboxylation reaction that transforms selective glutamate (Glu) residues to y- 
carboxyglutamate (Gla) residues. The reaction is catalyzed by a rnicrosomal enzyme, 
yglutamyl, or vitamin K-dependent carboxylase, which in turn is linked to a cyclic 
salvage pathway known as the vitamin K epoxide cycle. The hydroquinone (reduced 
form of vitamin K), COP and 0 2  are required for the reaction. During the catalysis, 
hydroquino~le is oxidized to vitamin K 2,3-epoxide and the energy derived from the 
oxidation drives the carboxylation. 

csrbuxylase 
Plathro~nbin pt.ecursor Prutl~rornbin 

(containing y-cnrboryglutamic acid) 

Vitnn~in K 
OH 

hydroquinone WR 
(KEI,) 

011 

Figure 7.16: Vitamin K cycle 

3) Vitavnin K dependent proteirts: The four vitamin K-dependent procoagulants 
(factor 11 or prothrombin, and factors VII, IX, and X), about which we studied 
above, are serine proteases that are synthesized in the liver and then secreted 
into the circulation as inactive forms (zymogens). Their biological activity depends 
on their nonnal cornplenlent of Gla residues, which are efficient chelators of 
calcium ions. In the presence of Gla residues and calcium ions, these proteins 
bind to the surface membrane pl~ospholipids of platelets and endothelial cells 
where, together with other cofactors, they form membrane-bound enzyme 
complexes. When coagulation is initiated, the zymogens of the four vitamin 
K-dependent clotting factors are cleaved to yield the active protease clotting 
factors. 

Fat-Soluble Vitamins: 
Vitamin A, D, E and K 

Two other vitamin K-dependent proteins, protein C and protein S, play a regulatory 
role in the inhibition of coagulation. The function of protein C is to degrade phospholipid- 
bound activated factors V and VIII in the presence of calcium. Protein S acts as a 
synergistic cofactor to protein C by enhancing the binding of activated protein C to 
negatively charged phospholipids. There is an evidence that protein S is synthesized 
by several tissues including the blood vessel wall and bone and may have other 
functions besides its well-established role as a coagulation inhibitor. Yet another 
vitamin K-dependent plasma protein (protein 2) is suspected to have a haemostatic 
role but its function is currently unknown. 



Advance Nutrition Apart from the coagulation proteins, several other vitamin K-dependent proteins have 
been iqolated from bone, cartilage, kidney, lungs and other tissues. Only two, osteocalcin 
and nlatrix Gla protein (MGP) ,  have been well characterized. Both are found in 
bone but MGP also occurs in cartilage, blood vessel walls, and other soft tissues. One 
function of MGP is to inhibit nlineralization. Thus far, no clear biological role for 
osteocalcin has been established despite its being the major noncollagenous bone 
protein synthesized by osteoblasts. Nephrocalcin has been isolated from kidney and 
urine. Atherocalcin, plaque Gla protein;proline rich Gla proteins have been identified 
from atheromatous plaques, spinal and thyroid tissues. Table 7.5 shows the vitamin 
K dependent proteins md their functions. 

Table 7.5: Vitamin K dependent proteins arid their functions 

Factor X 
Protein C 
Protein S 

Protein Z 
Bone 

Proteins 

Blood coagulation 

Prothrombin 
Factor VII 
Factor IX 

Matrix y-carboxy glutamic acid 
(Gla) protein 
Protein S 

Others 
Nepllrocalcin 
Atherocalcin 
proline rich Gla proteins 1 and 2 

0 4) Sphingolipid metabolism: Vitamin K 

- -- . - - - - - 

Physiological Function 

Procoagulant 
Procoagulant 
Procoagulant 
Procoagulant 
Anticoagulant 
Anticoagulant 
undetermined 

1 Negative regulator of bone formation1 
Calcification inhibitor 

Undetermined I 
Undetermined 
Undetermined 
Undeteimined I is essential for sphingolipid metabolism. 

Spingolipids, as you would recall from your Biochemistry Course, are a class of 
membrane lipids that are composed of one molecule of the long-chain amino 
alcohol sphingosine (4-sphingenine) or one of its derivatives, one molecule of a 
long-chain acid, a polar head alcohol and sometimes phosphoiic acid in diester 
linkage at the polar head group. 

5 )  Prevents bone loss: Vitamin K is known to inhibit bone loss through inhibiting 
effect on osteoclast formation. 

Thus, adequate levels of vitamin K must be maintained in the human body. From 
f~~nctions, we move on to study about the deficiency and toxicily of vitamin K. 

Deficiency and Toxicity of Vitamin K 

Both excess and low intakes can have seiious implications on human healtl~, Although 
such conditions arise rarely, these can often be life-threatening. Our subsequent 
discussions are pertaining to excess and deficient intake. 

Adults are usually protected from a lack of vitamin K because vitamin K is widely 
distributed in plant and animal tissues, the vitamin K cycle conserves the vitamin, and 
microbiological flora of the normal gut synthesizes menaquinones. Also, a normal diet 
contains about 300 to 500 Incg vitamin K daily and therefore supplies at least three 
times the amount of recommended vitamin K 

Vitamin K deficiency leads to a lowered prothrombin level and increased clotting 
time, and thereby haemorrhages. The factors that lead to vitamin K deficiency 
include: . 



1) Marginal dietary intake if one undergoes trauma and extensive surgery etc. Fat-Soluble Vitamins: 
Vitilrnili A, D, E and IC 

2) Inadequate intake of vitalnit1 K by the mother leads to haemorrhagic disease in 
the newborn, with low prothrombin level. 

3) Inadequate intestinal absorption (disease of liver and intestine such as bilia~y 
obstruction, malabsol-ption and parenchymal liver disease) leads to deficiency in 
adults. Large amounts of vitatnin A ancl E may interferc with the absorption or 
metabolism of vitamin I<. In severe disease of the liver, the synthesis of the 
clotting factors is impaired even though the source of vitamin K is adequate. 

The population groups that appear most at risk for vitamin K dcficiency are newborn 
infants and people who have been injurecl and have renal insufficiency. 

In infants up to around age 6 months, vitamin K deficiency, although rare, represents 
a significant public health problem thro~~ghout the world. The deficiency syndrome is 
traditionally known as I~aenro~-~ l~ i~g ic  clison.se of' the ne~~boi.1~. More recently, in 
order to give a better definition ol' the cause, it has been termed vitninirz K tlefi'ciei~c.j~ 
bleeding ( VKDB ). 

Epidemiological studies worldwide have identified two lllajor risk factors for VKDB 
viz; exclusive human-milk feeding iund the failure to give any vitamin K prophylaxis. 
The increased risk for infants fed human nlilk compared with formula milk is probably 
related to the relatively low concentrations of vitamin K (phylloquinone) in breast inilk 
compared with Sonnula milks. 

Toxicity 

Vitamin K, does not produce any toxic effects in doses (10-20 ing) llorinally used 
for the treatment or subjects sufl'ering from disorclers of liver or intestines. Vitamin 
K analogues (menadione and water soluble forms of menndione), administered to 
premature infants produce toxicity attributed to increased breakdown of red blood 
cells (haernolytic anaemia), l~yperbilirubinae~nia and inhihition OF glucourc~nide formation. 

Recommended Dietary Allo~vances 

Recommended dietary intakes have not been suggested for cliflerent age groups or 
gentler. The safe levels of iiltilke havc been suggested to be 80 incg for adult inales 
and 65 incg for adult females. The ~.ecomrncnded nutrient intake for vitanliil K, as 
suggcstecl by FAOrWHO (2004). are presented in Table 7.6. 

Table 7.6: Recoinmended ~ii~trielits intakes for vitaillin K 

t The RNI for each age group is based on a daily intake of approxiinately 1 microgradbody weight 
of phylloquinone. 

* This intake cannot be met by infants who are exclusively breast-fed. 

Age Group 

Infants ancl children 
0 - 6 months 
7 - 12 months 
1 - 3 years 
4 - 6 years 
7 - 9 years 

Adolescents, 10 - 18 years 
Females 
Males 

Adults 
Females, 19 - 65 yeus 
65+ years 
Males, 19 - 65 years 
65+ years 

Pregil ancy 
Lactation 

Recommended Nutrient Intaket pg /day 

5:" 
10 
15 
20 
25 

35 - 55 
35 - 55 

55 
55 
6 
65 
55 
55 
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Advance Nutrition Having learnt about the requirements, let us next review the criteiia for assessment 

of vitamin K status. ~ : Criteria for Assessiltent of Vitamin K Status 

The parameters of blood clotting time and prothrombin time are used as criteria 
to assess vitamin K status as this vitamin is vital for the formation of the factors 
involved in blood coagulation especially prothrombin. A iloi~nal prothrombin timc is 
considered to be between 11 and 13 seconds, while a duration greater than 25 
seconds is associated with major bleeding. In addition, maintenance of plasma 
prothrombin concentrations in the range 80-120 mglml suggests adequate vitanliil K 
status. 

Finally, let us get to know about the interaction of vitamin K with other nutrients. 

Interactio~l with other Nutrients 

Vitamin K absorption is inter-related to other fat-soluble vitamins (A and E) a.nd. 
calcium. 

@ Vitamins A and E: Excess vitamin A interferes with vitamin K absorption while 
the a-tocopherol or vitamin E, as we have already studied earlier, also affects 
absorption, function and metabolism of vitamin K. It may block the regeneration 
01 the reduced form of vitainin K mdlor may affect prothro~nbin formation. 

@ Calcium: Since vitamin D functions have an impact on calcium metabolism, ail 
inler-relationship exists between vitamin IS-dependent proteins and vitamin D, as 
well as, calcium. In the tissues of the bones and kidney, where vitamin D plays 
a major role, vitamin K-dependent calcium-binding proteins have been identified 
and shown to regulate the production of crucial enzymes. 

With a discussion oil vitamin K, we end our study on fat-soluble vitamins. The next 
unit will focus on the water-soluble vitamins. 

Let us now perform the check your progress exercise 4 to assess our knowledge 
based on the above discussions. 

Check your Progress Exercise 4 

1) State whether the followirlg statements are true or false. Also correct the false 
statements. 

a) Half of the vitamin K needed by humans is manufactured in the intestinal 
tract. 

............................................................................................................... 

b) Vitamin K is stored in adipose tissues, 

............................................................................................................... 

c) The bioavAlability of vitamin I< depends on the status of fat in the body. 

............................................................................................................... 

d) Vitamin K is responsible for the formation of protluornbin. 

...................................................... ........................................................ . 
2) Enumerate physiological and biochemical functions of vitamin K. 

..................................................................................................................... 
..................................................................................................................... 
..................................................................................................................... 



3) List the factors that lead to vitamin K deficiency. 

..................................................................................................................... 

........................... .......................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

4) Where are vitamin K and its forms stored in our body? 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

............................................................... ...................................................... 

5) Give ilormal standard values for prothrombin time which is used for assessing 
vitainin K status. 

................................................................................................................... 

..................................................................................................................... 

Fat-Soluble Vitamins: 
Vitamin A, D, E and K 

- 

7.7 LET US SUM UP 

This unit focussed on the fat-soluble vitamins. Fat-soluble vitamins are vital to health. 
They can be obtained from inexpensive, readily available plant: foods and sunlight. A 
summary of the important functions and sources of fat-soluble vitamins is presented 
herewith. We learnt that the deficiency of vitamin A is a nutritional disorder of public 
health significance in India. 

Summary of Fat Soluble Vitamins 

7.8 GLOSSARY 

Vitamins 

Vitamin A 

Vitamin D 

Vitamin E 

Vitamin K 

I 

Abetalipoproteinemia : a rare inherited disorder of fat metabolism 
characterized by severe deficiency P-lipoproteins and 
abnormal RBCs and abnormally low cholesterol 
levels. 

Sources 

Retinol: liver, egg yolk, 
cream, butter, gllee, milk 
p-carotene: yellow and 
orange vegetables, green 
leafy vegetables 
Action of sunlight 
on the skin 
Animal foods like eggs, 
butter, fisl~ liver oil 
Vegetable oils, wholc grains, 
deep green leafy vegetables, 
pulses, nuts and oilseeds, 
Dark green leafy vegetables, 
egg yolk, liver. 
Bacterial synthesis 

Functions 

Majnleilance of health 
of epithelial tissues 
Vision in dim light 
Growth of skeletal and soft tissues 
Resistance to infections 
Absorptioll of calcium 
and phosphorous 
Deposition of calcium 
and phosphorous in bones 
Protection of unsaturated fatty 
acids, vitamin A and C from 
destruction in the bodylfood. 

0 Clottiilg of blood. 



Advance Nutrition Arthralgias : neuralgic pain in a joint or joints. 

Beta carotene : a fat-soluble carotenoid pigment present in plants 
which is a precursor of vitamin A. 

Bioavailability : the fraction of ingested vitamins utilized for normal 
physiological f~~nctions and storage. 

Blepharitis : an inflarnrnatioil of the eyelid margins. 

Chromanol 
ring system 

Coenzymes 

: the most important groups of substances in which 
the all-carbon ring is heterocyclic. 

: specific substances which are essential for proper 
functioning of certain enzymes. 

Cystic fibrosis : a condition in which there is section of abnot-mal 
mucus in lungs and problems with pancreatic fi~nction 
and food absorption. 

Differentiation : the growth of cells into a specific type of cell. 

Isoprene : a branched chain composed of unsaturated 
hydrocarbon of five carbon atoms. 

Myalgias : pain in the muscles. 

Osteocalcin : a protein responsible for the deposition of calcium 
salts in the bone. 

Rhodopsin : a pigment formed by the combination of a specific 
form of vitamin A with a protein. 1 

Seco-steroids : the steroids in which one of the rings have been 
broken. i 

Sprue 

Vitamins 

i : a chronic disorder that occurs in children and adults i 
in which nutrients are not absorbed. Symptorris 
include foul-smelling diarrhoea and emaciation. 

1 
I 

: organic compounds (other than carbohydrates, fats 
and protein) which are needed only in small amounts 

I 
by the body. 

I 
i 
I 
I 

7.9 ANSWERS TO CHECK YOUR PROGRESS I 

EXERCISES 

Check Your Progress Exercise 1 I 1  

11 

1) i) maintenance of visual perception I! 
ii) Retinol (alcohol) del~ydrogenase 1 
iii) Vitamin A 

iv) Osteocalcin 

v )  350; 400 

vi) 12-25 

2) Retinoids typically consist of 4 isoprenoid units joined head-to-tail with 5 conjugated 
carbon-carbon double bonds. Retinol can be oxidized reversible to retinal (vision 
cycle) and further to retinoic acid (growth and reproduction). The primary storage 
fonns are retinyl esters. Retinoids are usually obtained from aniinals whereas, 
carotenoids are principally from plant origin. 

3) Vitamin A plays most significant role in maintaining vision. The key component 
associated with vision is the photosensitive pigment of the eye, that is the visual 



purple or rhodopsin. It consists of the protein opsin bound to a pigment cis - 
isomer of retinene foimed by the oxidation of retinol in the epithelium of the rods 
in the retina of the eye by alcohol dehydrogenase in the presence of NAD. The 
action of light bleaches the visual purple or dissociates rhodopsin to opsin and 
retinene. Resynthesis of rhodopsin is isomer specific i.e. i t  can be regenerated 
only after retinene is rearranged to the 11-cis form. The rearrangement is possible 
both as a photochemical reaction and an oxygen-dependent dark reaction. 

Any of the five factors from the following: 

inhibition by intrinsic matrix, inhibition by dietary liber sources, differential crowding 
by stereoisomeric forms, inverse relationship between ingested amount and uptake, 
intraluminal oxidative destruction, enhancement by presence of fat and oil, 
enhancement by cooking and processing, amount of provitamin A presented to 
the cell, differential conversion by stereoisomeric form, and host's underlying 
vitamin A status. 

An intake above 1000,000 mg or 300,000 1U elicits signs of acute toxicity. It 
manifests as increased intracranial pressure and vomiting, which may lead to 
death unless ingeslion is discontinued. 

Clinical Assessmenl, Conjunctival Ilnpression Cytology (CIC), Dietary Assessment 
Criteria, Serunl vitamin A conlenl, Liver biopsy assays, and Darlc adaptation. 

heck Your Progress Exercise 2 

b) Vitamin D 

c) Rickets and osteoinalacia 

d) sunshine " 

e) Sprue and celiac disease 

a) False - met from sunshine 

b) False - decreases exposure to sunliglit 

c)  False - vitamin D deficiency 

d) True 

e) True 

Vitamin D3 is lormed from its precursor 7-dehydrocholeslerol. The synthesis of 
vitamin D, from its provitainin: 7-dehydrocholesterd occurs by UV irradiation 
and proceeds from the provilamin Lo the previlamin and finally to the vitamin. 

T l~e  symptoms of rickets are: 

In case of young infants, delayed closure of the fonlanelles i.e. a soft 
- nlernbranous gap between the cranial bones, softening and reduced 

mineralization of the skull (craniotabes). 

While in older infants, sitting and crawling are delayed and there is bossing 
of skull. Also there are soft, fragile bones, bow legs enlargement of the 
costochondral junction wit11 rows of knobs or beads forming the Rachitic 
Rosay; pigeon chest and spinal curvature. 

Other syinptoms include: enlargement of wrist, knee (knock-knees) and ankle 
joints; poorly developed muscles; lack of muscle tone; pot belly being the 
result of weakness of abdominal muscles; weakness with delayed walking; 
restlessness and nervous irritability; high serum alkaline phosphatase; low 
inorganic blood phosphorus; normal or low senlin calcium. Tetany and delayed 
dentition and malformation of the teeth, permanent teelh more subject to 
decay may also be observed. 

Fat-Soluble Vitamins: 
Vitamin A, D, E aiid K 



Adva~ice Nutrition 5 )  An inter-relationship exists between vitamin D and K based on their relationship 
to the mineral calcium. Vitamin D affects calcium metabolism and vitamin K- 
dependent proteins bind calcium. The two sites of action of vitamin D are bone 
and kidney tissues, where vitamin K-dependent calcium-binding proteins have 
been identified which regulate the production of crucial enzymes. 

Check Your Progress Exercise 3 

1) a) True 

b) True 

c )  False, vitamin E improves insulin action 

d) Tnle 

2) It is found in wheat genn, corn, nuts, seeds, olives, spinach, asparagus and other 
green leafy vegetables and vegetable oils like ground nut, soy, cotton seed and 
safflower. 

3) Major functions include: Protection of poly unsaturated fatty acids (PUFA) from 
oxidative damage, protection of erythrocytes, cell membrane, mitochondria, 
vitamin A and carotene, synthesis of enzymes and proteins, protection against 
poisoning, maintenance of body processes, reduction in free radical generation, 
regulation of the enzyme activities, prevention of diseases. 

4) The RDA for vitamin E is 8 nlg for females and 10 mg for males. The requirements 
for the vitamin E are expressed in terms of tocopherol equivalents. 

5 )  A high intake of vitamin E interferes with the functions of other fat-soluble 
vitamins such as vitamin K absorption and vitamin D in terms of bone mineralization 
while in case of vitamin A deficiency, it lowers the ratepf vitamin A depletion 
from the liver. However, large doses of vitamill E inhibit p-carotene absorption 
or conversion to retinol in the intestine. 

Check Your Progress Exercise 4 

1) a) True 

b) False - liver 

C) True 

d) True 

2) Blood coagulation, Vitamin K- dependent syntllesis of y- carboxyglutanic acid, 
hnctioning of vitamin K dependent proteins, sphingolipid metabolism, and prevents 
bone. loss. 

3) Marginal pr inadequate dietary intake or inadequate intestinal absorption leads to 
a deficiency in adults, childre11 and infants. 

4) Vitamin K is stored in the liver of which 90 percent are menaquinones. 
Phylloquinones and menaquinones are also found in extra hepatic tissues. 
Phylloquinone levels are high in liver, heart and pancreas. 

5 )  A prothrombin time between 11 and 13 seconds. 




