
C H A P T E R  II

BACKGROUND INFORMATION

2.1 Egg yolk cholesterol

2.1.1 Y o lk  com position

App rox im a te ly  33%  o f yo lk is so lid . There are three m a jo r constituents: 
tr ig lyce ride -rich  lipopro te ins, lipovite llin  and phosvitin . M inor com ponen ts  com prise  
im m unog lobu lins , serum  a lbum in  and b ind ing  pro te ins fo r va rie ties o f v itam ins (e.g. 
th iam ine, ribo flav in  and biotin) (G riffin e t al., 1985). O ver 95%  of yo lk cho les te ro l is 
assoc ia ted  w ith the yo lk tr ig lyce ride -rich  lipopro te ins. The rem a inder is bound to lipovite llin , 
a p ro te in /lip id  com p lex  tha t con ta ins abou t 20%  lip id  o f w h ich  on ly 4%  is cho les te ro l 
(Cook, 1986; Noble, 1987). Most cho les te ro l in yo lk is in non-este rified form , a lthough abou t 
20%  is p resen t as cho les te ro l esters in hens fed  normal com m erc ia l d ie ts  (Noble , 1987). 
M ost s tud ies on yo lk cho les te ro l invo lved m easurem ents o f tota l cho les te ro l content. 
A lthough  in recen t years, there has been cons ide rab le  d iscuss ion  abou t the adequacy  o f 
m ethods fo r m easuring yo lk cho les te ro l, there now seem s to be genera l ag reem en t tha t 
eggs  from  com m erc ia l flocks typ ica lly  con ta in  abou t 200 mg cho les te ro l/egg  (Beyer and  
Jensen, 1989; Van E lsyk e t al., 1991).

2.1.2 Formation of yolk

The m echan ism s invo lve in yo lk fo rm ation have been de sc rib ed  in de ta il b y  
Griffin  e t al. (1985). The m a jo r yo lk  p recurso rs-v ite llogen in  and the  tr ig lyce ride -rich  
lipop ro te ins are syn thes ized in the liver o f the laying hen and  transported  in the  p lasm a to  
the ovary. A t any one time, on ly abou t 5-7 fo llic les in the ova ry are in the fina l phase o f rap id  
grow th . The theca l layers o f these fo llic les are ve ry we ll vascu la rized  w ith  unusua lly  
pe rm eab le  cap illa ries tha t a llow  the  p lasma to  leak ou t in to the su rround ing  tissues, but 
potentia l yo lk  p recu rso rs have to  pass th rough  severa l layers in the fo llic le  wall be fo re  they
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are taken up into the yolk (Figure 2.1). They first have to cross the basal lamina, a 
connective tissue layer that surrounds the oocyte and acts as a coarse filter preventing 
passage of large plasma components. The inability of the large chylomicron particles 
secreted by the avian intestine to enter the basal lamina effectively excludes fat of 
immediate dietary origin from yolk (Griffin and Perry, 1985). Yolk precursors then pass 
between the granulosa cells surrounding the oocyte and bind to the oocyte plasma 
membrane (Griffin, 1992).
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Figure 2.1 C ross-section th rough the wall o f the ovarian fo llic le  (G riffin , 1985).

เท F igure 2.1, potentia l yo lk com ponen ts have to  pass out o f the theca l layer, th rough  
the basal lam ina, be tween the g ranu lose ce lls  before b ind ing  to the oocyte  p lasm a  
m em brane and up take into yo lk by  recep to r-m ed ia ted  endocytos is  (G riffin, 1985). B ind ing to  
a su ffic ien t num ber o f recep tors induces the form ation o f coa ted  pits. These then form  
endocy tic  ves ic les  and the ir incorporation into the oocyte  a llows the p recu rso rs to  be  
depos ited  to fo rm  the yolk. The tr ig lyce ride -rich  lipopro te ins in trans it to the yo lk are la rge  
enough to  be v isua lized  w ith the e lectron m ic roscope  and the sequence  o f events invo lved  
in endocy tos is  at the oocyte  p lasma m em brane has been c lea rly  dem onstra ted  in a series o f 
e lec tron  m ic rog raphs by Perry and G ilbe rt (1979) (F igure 2.2). The deve lop ing  oocytes g row
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from about 3 to 25 mm in diameter in 5-6 days and this requires a high rate of endocytosis
that can only be achieved through a rapid recirculation of plasma membrane receptors
(Nimpf et al., 1989).

Figure 2 .2 Uptake o f in tact tr ig lyce ride -rich  lipop ro te ins across the oocyte  p lasma  
m em brane (Perry and G ilbert, 1979).

เท F igure 2.2, lipop ro te ins firs t b ind to recep to rs on the p lasma m em brane (a). This 
induces the  fo rm ation o f a coa ted  p it (b) and m em brane fus ion (c); c rea ting  an endocy tic  
ves ic le  tha t is now w ith in the oocyte  (d). E lectron m ic rog raphs cou rtesy o f M. Perry. 

Com parison  o f concen tra tions in p lasma and yo lk sugges t tha t there is an active  up take into  
the oocy te  o f tr ig lyce ride -rich  lipoprote ins, v ite llogen in  and a t least som e o f the  v itam in ­

b ind ing  p ro te ins and im m unog lobu lin  c lasses (G riffin et el., 1985). An obv ious in te rpre ta tion  
o f th is ea rly  ev idence  was tha t yo lk com pos ition  is in la rge pa rt de te rm ined  by  the re la tive  
p ropo rtions o f spec ific  recep to rs on the oocyte  p lasm a m em brane (Stifani et al., 1990). The  
b ind ing  o f v ite llogen in  to the recep to r appea rs to be via the lipovite llin  pa rt o f the m o lecu le  
ra ther than the phosvitin  moieties (Stifani et al., 1987). The s ing le  recep to r invo lved is 
d is tin c t from  the LDL recep to r p resen t on o the r ce ll types in b irds and mam mals  
(Hayashi e t al., 1989).
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2.1.3 Synthesis of egg lipid

The ave rage egg  o f 60 g con ta ins app rox im a te ly  6 g o f lip id , w h ich  is a lm ost who lly  
con fined  to the yolk. Main tenance o f egg  ou tpu t necessita tes, therefore , the transport and  
tu rnover o f enorm ous quantities of lip id  (G ilbert, 1971), w h ich  fa r exceed  that ab le  to be  
abso rbed  from  the d iet. The m etabo lic e ffo rt requ ired  to susta in the supp ly  o f lip id  fo r yolk  
fo rm ation is thus ach ieved  by a un ique and h igh ly o rgan ized syn thesis and transport 
system . The increas ing  in the levels o f phospho lip id s  and free cho les te ro l are not observed , 
bu t k ine tic s tud ies have sugges ted  tha t the ir tu rnover w ith in the liver is s ign ifican tly  
increased (Taurog et al., 1944). The accum u la tion  o f lip id  in the liver la rge ly occu rs  th rough  

a stim ula tion o f fa tty ac id  and lip id  synthesis, in con tras t to  mam mals, is p redom inan tly  
assoc ia ted  w ith the liver ra ther than the ad ipose  tissue (Leveille e t al., 1975). Total p lasma  
lip id  concentra tion  increases from  200-500 m g/100 ml in im m ature hen to a level may  
exceed  200 m g/100 ml. The changes in the p lasm a lip id  concentra tion  w h ich  accom pany  
egg  laying are assoc ia ted  a lm ost who lly w ith a d ram a tic  rise in the concentra tion  o f the  
tr ig lyce ride -rich  lipop ro te ins, ve ry  low dens ity  lipop ro te in  fraction  as a result o f increased  
syn thesis w ith in  the liver (Kudzm a et al., 1975).

2.1.4 Egg lipid composition

A lm ost all the lip id  o f the yo lk exists in the lipop ro te in  form , w h ich  may the read ily  be  
separa ted  in to d is tin c t c lasses by a range o f phys ica l and chem ica l m e thods (Cook, 1968; 
Gom all and  Kuksis, 1973). The overa ll lip id : p rote in  ratio o f the yo lk is abou t 2:1. Extractab le  
lip id  accoun ts  fo r 33% o f the tota l w e igh t o f the yo lk and 60-65% o f its d ry  m atte r content. 
The p ropo rtions o f the m a jo r ind iv idua l lip id  fraction  are lis ted in Tab le  2.1. This and  
subsequen t da ta  on egg  lip id  com pos ition  are from  a range o f a pub lished  analysis, 
in c lud ing  those o f the authors (Rhodes and Lea, 1957; Privett et al-, 1962).
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Tab le  2.1 P roportion o f major lip id s  in yo lk (% w e igh t o f total yolk).

L ip id W eigh t o f tota l yo lk  

(%)

Phospho lip ids W e igh t o f total yo lk  

(%)

Cholestery l esters 1.3 Phophatidy le thano lam ine 23.9

T rig lyce rides 63.1 Phosphatidylse rine 2.7

Free fa tty  ac ids 0.9 Phosphatidy lcho line 69.1

Free cho les te ro l 4.9 Sph ingom ye lin 1.0

Phospho lip ids 29.7 Ohters 3.2

As w ou ld  be  expec ted  from  the ir p lasma orig in , the major yo lk lip id  frac tions is 
trig lyce ride , w h ich  is accom pan ied  by a substan tia l quan tity  o f phospho lip id ; the on ly o ther 
m ajo r com ponen t is free cholestero l, o th e r ex trac tab le  ‘ lip id -like  ‘ substance , e.g. p igm ents, 
m ay be p resen t in the yo lk bu t in ve ry low p roportions. Phosphatidy lcho line and  
phospha tidy le thano lam ine  are the major phospho lip id  com ponents.

The fa tty  a c id  com pos itions of the m a jo r lip id  frac tions are g iven in Tab le  2.2. The 
fa tty  a c id s  lis ted accoun t fo r the m ajority o f the tota l fa tty a c id s  w ith the small pe rcen tage  o f 
C14, C15, C17 and C20 fa tty ac ids. As can be seen, o le ic ac id  is the m a jo r fa tty  ac id  in the  
lip id  frac tions; w ith  pa lm itic  and stearic ac ids  accoun ting  fo r up to  ha lf the total, substan tia l 
leve ls o f lino le ic a c id  are a lso present. The phospho lip id  fraction  con ta ins a h igh level o f 
o the r po lyunsa tu ra ted  fa tty ac ids  (Noble and Cocch i, 1990).
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Table 2.2 Fatty acid compositions (major fatty acids, % by weight of total yolk) of the
cholesteryl esters, triglycerides and total phospholipid fractions of the yolk.

Fatty ac id Carbon Cholestery l este r T rig lyce rides Phospho lip ids

Palm itic 16 29.1 24.5 28.4

Palm ito le ic 16:1 1.0 6.6 1.9

S tearic 18 9.5 6.4 14.9

O le ic 18:1 40.1 46.2 29.5

L ino le ic 18:2 18.0 14.7 13.8

L ino len ic 18:3 0.3 1.1 0.3

A rech idon ic 20:1 0.9 0.3 6.2

Docasahexaeno ic 22:6 0.5 <0.2 4.1

(DHA)

2.1.5 P lasm a lipoprote in structure

T rig lyce ride -r ich  lipop ro te ins iso la ted from  the p lasm a o f m am mals and b irds have a 
com m on struc tu re , w ith  a co re  o f tr ig lyce ride  and  cho les te ro l esters and a su rface  layer of 
phospho lip id , cho les te ro l and spec ific  apop ro te ins (F igure 2.3). The lipopro te ins  
syn thes ized  b y  the livers o f lay ing hens are unusua lly small and regu la r in size, w ith  a mean  
d iam e te r o f abou t 30 ±  5 nm. They are m uch sm a lle r than the trig lyce ride -rich  lipop ro te ins  
syn thes ized  by  the live r o f im m ature hens o r male ch ickens (o r those p roduced  by  
m am m als) and th is seem s to be  a spec ific  adap ta tion  to  a llow  them  to  pass read ily  th rough  
the basal lam ina layer in the ovarian fo llic le  wa ll (G riffin and Perry, 1985).

The inco rpo ra tion  o f in tact lipop ro te ins into the oocy te  b y  recep to r-m ed ia ted  
endocy tos is  m eans tha t cho les te ro l con ten t o f yo lk  is de te rm ined  b y  the cho les te ro l con ten t 
o f the ind iv idua l yo lk lipop ro te in  pa rtic les and not b y  the cho les te ro l concen tra tions in the  
p lasm a. เท ano the r way, the cho les te ro l con ten t o f yo lk is dependen t on lipop ro te in  
com pos ition  not concen tra tion  (G riffin , 1992). Unfortunate ly, free cho les te ro l is not a casua l 
com ponen t o f tr ig lyce ride -rich  lipoprote ins. เท con trast, the este rified  cho les te ro l in yo lk
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lipop ro te ins is assoc ia ted  w ith the lip id  core. The role o f the small am ount o f cho les te ro l that 
is assoc ia ted  w ith v ite llogen in is unknown, but it may be an inev itab le consequence  of 
secre tion  o f a lipoph ilic  molecule.

Tnaly;*rlde 'ore*

Figure 2.3 s tru c tu re  o f tr ig lyce ride -rich  lipopro te ins, w ith non-esterified cholestero l, 
phospho lip id  and apopro te ins com b in ing  to s tab ilize  the lipopro te in  su rface  and trig lyce ride  
and cho les te ro l esters fo rm ing the ‘co re ’. A, Section; b, su rface  view.

2.1.6 Relationship between plasma and yolk cholesterol concentrations

There is a re la tionsh ip between egg  yo lk and p lasma cho les te ro l levels  
(Harg is, 1988), however, sc ien tis t found little o r no corre la tion between the two. Bacon e t al. 
(1973) m easured the uptake o f rad ioactive ly  labe led  ve ry low -density lipop ro te in  (VLDL) into  
tu rkey yo lk and found tha t it had no corre la tion w ith  p lasma VLDL concentra tion . เท vitro  
s tud ies have dem onstra ted  tha t the affin ity o f the recep to rs on the oocyte  p lasma m em brane  
is h igh, w ith reports o f ha lf maximal b ind ing  o f v ite llogen in  at abou t 100 |Lig/ml (Stifani e t al., 
1987) and o f VLDL at abou t 50 |4.g apopro te in /m l (Perry et al., 1985). Concentra tions o f yolk  
p recu rso rs  in the p lasma o f lay ing hens are norm ally at least ten-fo ld g rea te r than these  
va lues and, as a consequence , the oocyte  recep to rs are a lways read ily  sa tu ra ted. The 
fo rm ation o f coa ted  p its p robab ly  requires occupa tion  o f a critica l num ber o f recep to rs and



11

even if p lasm a concentra tions o f p recu rso rs w ere  ve ry  low, th is is like ly to in fluence the rate  
of endocy tos is  but not the con ten t o f each endocy tic  ves ic le  (G riffin , 1992).

2 .1 .7 L ipoprote in assem bly and the orig in o f yo lk  cho lestero l

A po -B  and cho les te ro l esters are syn thes ized in the rough endop lasm ic  re ticu lum  of 
hepa tocy tes and the phospho lip id  and tr ig lyce ride  com ponen ts  o f VLDL orig inate  in the 
sm ooth endop lasm ic  re ticu lum , assem b ly m ust invo lve a num ber o f s teps (G riffin, 1992). 

The este rifica tion o f cho lestero l in the sm ooth endop lasm ic  rec ticu lum  p rov ides su ffic ien t 
substra te  to b ind  to  the lipoph ilic  sites on the apo-B  m o lecu le  as it is syn thes ized . The  
p lasm a orig in  o f lipop ro te in  non-esterified cho les te ro l is uncerta in . In trace llu la r m em brane  
has ve ry low leve ls o f cho les te ro l (Reinhart, 1990) and m ost o f the cho les te ro l in ce lls is 
p resen t in the p lasm a mem brane. Kahn e t al. (1989) have repo rted  tha t lipopro te in  
cho les te ro l o rig ina tes from  a rap id ly  tu rn ing ove r pool d is tin c t from  tha t in the p lasma  
m em brane. A t least in the rat, most o f lipop ro te in  cho les te ro l is in co rpo ra ted  into lipopro te ins  
a fte r the ir in itial assem bly.

The cho les te ro l con ten t o f VLDLs in rat liver perfusates tends to  be lower than those  
o f VLDLs iso la ted from  the p lasm a (Ham ilton et al., 1991). Part o f the cho les te ro l in 
c ircu la ting  VLDL m ay therefore de rive  from  in trace llu la r m em brane, the hepa tocy te  p lasma  
m em brane  du ring  the p rocess o f secre tion and transfe r from  red b lood  ce ll p lasma  
m em branes a fte r the ir entry in to the c ircu la tion  (Van Meer, 1989; Reinhart, 1990). No 
in fo rm ation is ava ilab le  abou t cho les te ro l exchange  in lay ing hens. However, even if 
tr ig lyce ride -rich  lipop ro te ins were syn thes ized by  laying hen liver w ith  low  leve ls o f 
cho les te ro l, the ir ha lf-life  in the c ircu la tion  was approx im a te ly  2 h (Bacon e t al., 1978). This 
m ay p rov ide  su ffic ien t tim e to a llow  reduces substan tia l transfe r o f cho les te ro l from  
c ircu la ting  e ryth rocytes. S tud ies on model sys tem s have shown tha t a ffin ity fo r cho les te ro l is 
be tte r w ith  sm a lle r pa rtic les and fo r those en riched  in d ipa lm itoy lphospha tid y lcho line  and  
sph ingom ye lin  (Phillips et al., 1987). Laying hen trig lyce ride -rich  lipop ro te ins have re la tive ly  
low  concentra tions o f sph ingom ye lin  o r d isa tu ra ted  phospho lip id  (Noble , 1987) and there
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wou ld  seem  to be little scope  fo r a lte ring the ir a ffin ity fo r cho les te ro l by m anipu la ting  su rface  
phospho lip id  com pos ition  (G riffin, 1992).

2.1.8 Yolk cholesterol esters

Cholestero l esters are co re  com ponen ts o f tr ig lyce ride -rich  lipop ro te ins; it appea rs  
to be much than non-esterified cho les te ro l (G riffin , 1992). D ecreases in cho les te ro l con ten t 
of VLDL a fte r feed ing  oil to rats (Parks et al., 1989) o r lovasta tin  to human patien ts  
(A rad et al., 1990), fo r exam ples, were due to substan tia l reductions in cho les te ro l este r 
con ten t; lipop ro te in  non-esterified cho lestero l con ten t was una ffec ted  b y  e ither treatment. 
Some o f the small reductions reported in cho les te ro l con ten t o f egg  yo lk may have been  
ach ieved  th rough reductions in cho lestero l este r content. Elkin and Rogler (1989), fo r 
exam ple , repo rted  an 11% reduction in tota l cho les te ro l con ten t o f egg  yo lk  
(mg cho les te ro l/g  yo lk) a fte r feed ing  lovastatin to hens fo r 35 days. Lovastatin is an e ffective  
d rug  that lowers the b lood cho lestero l by inh ib iting the p roduc tion  o f cho les te ro l in the liver. 
A bou t 20%  o f yo lk cholestero l in eggs is in the form  o f cho les te ro l esters (Noble , 1987), all of 
the decrease  reported  cou ld  have been due to a reduction  in yo lk cho les te ro l es te r content.

2.1.9 Substitution of egg yolk cholesterol

The feed ing  o f laying hens w ith  p lan t stero ls, fo r exam ple , can cause  a g radua l 
rep lacem en t o f egg  yo lk cho lestero l w ith sitostero l. S im ilarly, the inh ib ition o f cho les te ro l 

syn thes is w ith p robuca l leads to  the g radua l rep lacem en t o f cho les te ro l in the egg  by  its 
im m ed ia te  m etabo lic  p recursor, desm oste ro l (G riffin , 1992). S itostero l is su ffic ien tly  s im ila r 
to cho les te ro l to  be ab le  to  substitu te  fo r cho les te ro l in lipop ro te ins w ithou t a lte ring the ir s ize  
or genera l com pos ition  (H idaka et al., 1990). Cholestero l is an im portan t com ponen t o f the  
p lasm a m em brane o f ce lls , where it in fluences m em brane pe rm eab ility  and the ac tiv ity  o f 
m em brane-bound  enzymes. Cholestero l is a p recu rso r o f isop reno ids and  p recu rso r in the  
syn thes is o f a num ber o f stero id hormones w ith key ro les in con tro lling  rep roduc tion , o th e r  
stero ls canno t substitu te  fo r cho lestero l in these roles, and it is pe rhaps not su rp ris ing  tha t 
the g radua l rep lacem en t o f cholestero l in laying hen tissues by  desm oste ro l eventua lly leads
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to the cessa tion  o f egg  p roduc tion  (Burgess et al., 1962). The phys io log ica l conseguences  
o f rep lacem en t o f cho les te ro l by  p lan t s tero ls have been s tud ied  most extens ive ly in the  
c lin ica l d iso rde r o f sitostero laem ia.

2.2 Fat composition of erode palm oil

Oil Palm is a p lan t in “ Palmae or Receae” and “C oco ideae ” . It is dev ided  into 3 
types ; Elaeis gu ineens is (A frican oil pa lm ), Elaeis o le ifera (South Am erigan  Oil Palm) and  
Elaeis odora  (Am erican Oil Palm). Palm oil com p rise  h igh am ount o f sa tu ra ted fa tty ac ids. 
Concentra tions o f various free fa tty  ac ids in c rude  palm  oil are shown in Tab le  2.3.

Tab le  2 .3 Concentra tions o f free fa tty ac id  in c rude  pa lm  oil.

Free fatty acid Free fatty acid ratio (%)
Saturated fatty acid
Laurie acid (C12) Trace
Myristic acid (C14) 2
Palmitic acid (C16) 43
Stearic acid (C18) 7
Arachidonic acid (C20) Trace

Total 52
Unsaturated fatty add
Oleic acid (018:1 ) 39
Linoleic acid (C18:2) 9
Linoleneic acid (C18:3) Trace

Total 48

2.3 Fat soluble vitamin E in palm oil

V itam in E is one the most im portan t phytonutrien ts in ed ib le  o ils. It cons is ts  o f e igh t 
natura lly occu rring  isomers, a fam ily  o f four tocophero ls  (a lpha, beta, gam m a and de lta ) and  
fo u r toco trieno ls (a lpha, beta, gam m a and de lta) hom ologues as shown in F igure 2.4  
(IUPAC-IUB  Jo in t Com m iss ion on B iochem ica l Nomenclature, 1982).
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A lpha -tocophe ro l is the most abundan t fo rm  o f v itam in in nature (Sheppard  e t al., 
1993). It has the h ighes t b io log ica l ac tiv ity  based  on feta l resorp tion  assay (Bunyan e t al., 
1961; W e iser e t al., 1986; W eiser e t al., 1996), and it can reverse v itam in E de fic iency  
sym p tom s in humans (Brin et al., 1986; K oh lschu tte r et al., 1988; Schue lke et al., 1999). 
Natural v itam in  E is a com b ina tion  o f tocophero ls  and toco tneno ls (Ab G arpor, 1993). The  
major fo rm  o f v itam in E in c rude  pa lm  oil is toco trienol. It was recen tly  shown that toco trieno l 
lower the levels o f b lood cho les te ro l and LDL cho les te ro l in human and  experim enta l 
an im a ls (Qureshi et al., 1991b).

A B

Figure 2.4 Natura lly occu rring  fo rm s o f v itam in E (IUPAC-IUB  Jo in t Com m iss ion  on  
B iochem ica l Nom encla ture , 1982).

V itam in E is p resen t in c rude  pa lm  oil (600-1000 ppm ) and in re fined pa lm  oil 
(470-670 ppm ), toge the r w ith p -ca ro tene  and vitam in A. The m a jo r hom ologues o f pa lm  oil 
v itam in E are a -tocophe ro l, a -toco trieno l, y-tocotrieno l and 5 -tocotrienol. Tocophero ls  are  
found in po lyunsa tu ra ted  vege tab le  o ils and in the ge rm  o f cerea l seeds, whereas
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toco trieno ls are found in the a leurone and suba ieu rone layers o f cerea l seeds and in pa lm  
oil. y-Toco trieno l is a p redom inan t com pos ition  in c rude  palm  oil as shown in Tab le 2.4. The  
pe rcen tage  o f pa lm  fa tty ac id  d is tilla te  (PFAD) toco trieno ls and tocophero ls  is approx im a te ly  
0.48% . Tocophero l p redom ina tes in certa in o ils; such as corn oil, soybean oil, and o live oil 
whereas the toco trieno l series p redom ina tes in pa lm  oil, rice bran oil, and ba rley oil. 
Tab le  2.5 shows the com pos ition  o f tocophero ls  and toco trieno ls in com m on ly  consum ed  
oils (Qureshi and Qureshi, 1993).

Tab le  2.4 Com position  o f v itam in E in c rude  palm  oil.

Compound %

(X-tocophero l 22
(X -tocotrienol 20
y-toco trieno l 46

6 -toco trieno l 12

Source: A b  G arpo r (1993)

เท the literature survey o f toco trieno ls and tocophero ls  in o ils and fa ts , it is found tha t 
toco trieno ls are p resen t in on ly a few  o f these oils, as shown in Tab le  2.6 (G apo r e t al., 
1983). The data from  Table 2.4 ind ica te  tha t c rude  palm  oil is the richest sou rce  o f 
toco trieno ls and it is a lso the most p rac tica l sou rce  o f toco trieno ls curren tly . เก 1992, Evans  

and B ishop d iscove red  v itam in E as a m icronu trien t essentia l fo r rep roduc tion  in rats. It was  
red iscove red  as fa c to r II and p laced  in the con tex t o f ce llu la r an tiox idan t sys tem s, toge the r 
w ith  su lfu r am ino ac ids  (fac to r I) and se lenium  (fac to r III). V itam in E subsequen tly  p roved  to  
be e ffec tive  in p reven ting lip id  perox ida tion and o ther rad ica l d riven  ox ida tive  events  
(E s te rbauer e t al-, 1991).
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Table 2.5 Tocophero ls  and toco trieno ls in d iffe ren t o ils and fats.

Tocopherols (ppm) Tocotrienols (ppm) Total
Oil and fats a-T P-T y-T 5-T %-T cc-T3 P-t3 y- t3 S-T3 %-T3 t+ t3

(ppm)
Com oil 112 50 602 18 100 - - - - 0 782
Soybean oil 101 - 593 264 100 - - - - 0 958
Rice oil 124 40 50 - 22 184 21 570 - 78 989
Palm oil 279 - 61 31 274 398 69 69 1081
MD-RBDa 144 30 75 60 32 402 14 180 60 68 965
(barley oil) 
Olive oil 51 100 0 51
Coconut oil 5 - - 6 31 5 1 19 - 69 36
Lard 12 - 7 _ 73 7 - - - 27 26
a M o lecu la r d is tilled -re fined , b leached , and deodo rized  (Sheppard  e t a l„  1993)

Table 2.6 Tocophero l (T) and toco trieno ls (T3) in pa lm  fa tty  ac id  d is tilla te  (PFAD).

Total T and T3 in PFAD (ppm )
Feedstu ff o f re fin ing —

Average Range No. o f sam p le  3

C rude Palm oil 3973 744-8191 26

Palm olein 3391 1081-7122 19

Palm stearin 1379 162-2408 4

3 Sam ples w ere  co llec ted  from  14 refineries (Sheppard  e t al., 1993)

2.3.1 Absorption and transport of vitamin E

A bso rp tion  o f v itam in E is re la ted to  in testina l fa t d iges tion  and is fa c ilita ted  b y  b ile  
and  pancrea tic  lipase (U llrey, 1981). W hether p resen ted  as free a lcoho l o r as ester, most 
v itam in E is abso rbed  as the a lcohol. The ba lance  s tud ies ind ica ted  tha t m uch less v itam in  
E is abso rbed , o r re ta ined in the body than v itam in A . V itam in E recovered  in feces from  a 
te s t dose  w as found to  range from  65 to 80%  in human, rabb it, and hen, a lthough in ch icks , 
it was repo rted  approx im a te ly  abou t 25% . It is not known how  m uch feca l v itam in E
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represents unabsorbed tocopherol and how much may come via secretion in the bile. The 
latter usually has tocopherol content similar to that of blood plasma.

The natural tocopherol is subjected to destruction in the digestive tract to some 
extent, whereas the acetate ester form is not. Much of the acetate is readily split off in the 
intestinal wall and the alcohol is reformed and absorbed, thereby permitting the vitamin to 
function as a biological antioxidant. Any acetate form absorbed or injected into the body 
evidently is converted there to the alcohol form. Lipid, including tocopherol, must be 
emulsified and solubilized before their absorption across the brush-border membrane of the 
enterocyte. Emulsification beings in the stomach by predominantly mechanical forces that 
break up large emulsion particles into smaller particle. Within the small intestine, chyme 
mixes with pancreatic and biliary secretions, which are necessary for the efficient absorption 
of tocopherol. Pancreatic lipase is necessary for the hydrolysis of triglyceride in the small 
intestine to monoglycerides and fatty acids and is able to transport tocopherol across the 
unstirred water layer to the brush-border membrane of the enterocyte.

Once tocopherol has been solubilized within bile salt micelles and transported 
across the unstirred water layer, the micelle comes into contact with the absorptive brush- 
border membrane of the enterocyte (Traber et al., 1993) by passive diffusion. Thus, the 
process is non-saturable, non carrier-mediated, and unaffected by metabolic inhibitors and 
does not require energy (Gallo-Torres, 1980; Hollander et al., 1975). The gastrointestine and 
related organs in domestic fowl are different from mammals. The pancreas is a pale yellow 
organ located within the duodenal loop, although part of it may be found outside the loop. It 
is relatively small in carnivores and granivores but large in piscivores and insectivores.

2.3.2 Plasma transport and distribution of vitamin E

Vitamin E is transported into the blood by the plasma lipoproteins (Behrens et al-, 
1982; Haga et al., 1982) and erythrocytes (Gallo-Torres, 1980). There is no evidence for the 
existence of a specific vitamin E plasma carrier protein (Bjorneboe et al., 1990; 
Burton and Traber, 1990). This is in contrast to the transport of vitamin A by retinal binding
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protein, which apparently mediates the delivery of retinal to target tissue by a receptor 
pathway (Blomhoff et al., 1990). There are two important consequences resulting from the 
transport of vitamin E in lipoproteins. First, circulating polyunsaturated fatty acids (PUFAs) 
and other lipids are protected from free-radical attack by vitamin E (Esterbauer et al., 1987). 
Secondly, plasma vitamin E concentrations do not entirely depend on dietary intake but vary 
with those of the lipoproteins. This is manifested by high correlations between plasma 
concentrations of tocopherol and total lipids or cholesterol (Widhalm et al., 1985). 
Thus, when lipoprotein concentrations of tocopherol and total lipids or cholesterolemia, 
vitamin E concentrations are also increased (Lambert and Mourot, 1984). Because of the 
relationship between plasma tocopherol and lipid concentrations, vitamin E status is 
generally expressed in relation to circulating lipids.

Normal plasma vitamin E concentrations in humans range from 11 to 37 fimol/L 
(Farrell, 1988; Farrell, 1980; Horwitt et al., 1984). When plasma lipids are taken into account, 
the lower limits of normal are 1.6 pmol a-tocopherol/mmol lipid (0.8 mg/g) or 2.5 pmol 
a-tocopherol/mmol cholesterol (Horwitt et al., et al., 1972). Both a- and y-tocopherols are 
present in the blood of humans and experimental animals. Plasma a-tocopherol is usually 
about 5 to 10 fold higher than y-tocopherol, despite the fact that most diets are rich in 
y-tocopherol (Handelman et al., 1985).

2.3.3 Distribution within plasma lipoproteins

There are four main lipoprotein classes: (1) chylomicrons, (2) very low-density 
lipoproteins (VLDL), (3) low-density lipoproteins (LDL), and (4) high-density lipoproteins 
(HDL). The distribution of a-tocopherol in lipoproteins does not pararell with individual lipid 
classes, such as triglycerides, cholesterol, or phospholipids, indicating that the vitamin does 
not share the same metabolic fate as any one these lipids. Furthermore, the lipoprotein 
distribution of a  -tocopherol does not reflect the relative importance of individual lipoprotein 
classes for the transport of vitamin E. The transfer of tocopherol between lipoproteins is not 
assisted by the neutral lipid transfer protein, which promotes the exchange of cholesteryl 
ester for triglyceride between HDL and the triglyceride-rich lipoproteins, that is,



19

chylomicrons and VLDL (Granot et al., 1988). Following its absorption, vitamin E is secreted 
from the intestine incorporated in chylomicrons. These are then catabolized by the action of 
lipoprotein lipase and bound to the surface of the endothelial limiting of the capillary walls 
(Nelsson-Ehle et al., 1980). Since the delivery of dietary a-tocopherol by chylomicrons 
fluctuates with the load of absorbed vitamin E, hepatic VLDL are important for maintaining 
a-tocopherol plasma concentrations (Cohn et al., 1988; Traber et al-, 1990a; Traber et al., 
1990b). Vitamin E also partitions between lipoproteins during the catabolism of 
chylomicrons and VLDL (Bjorneboe et al., 1987; Traber et al., 1988). Some tocopherol is 
probably transferred with the excess surface material from chylomicrons and VLDL to HDL 
during the hydrolysis of triglycerides. Transfer of tocopherol from HDL to other lipoproteins 
could then occur, enriching the lipoprotein fractions with the vitamin (Traber et al., 1993).

2.3.4 Hepatic tocopherol binding protein

A tocopherol binding protein (31 KD) has been described in rat liver (Behrens and 
Madere, 1982; Catignani and Bieri, 1977) but not in intestine (Catignani and Bieri, 1977). 
The tocopherol binding protein discriminates between the form of vitamin E in the liver in 
vivo and that this protein is involved in the incorporation of R R R -O .-tocopherol into nascent 
VLDL (Traber etal., 1993).

2.4 Absorption and distribution in tissue of tocopherols and tocotrienols

2.4.1 Absorption and distribution in tissue of tocopherols

Tocopherols are carried by the plasma lipoproteins, mechanism that provide tissues 
with lipids from the lipoproteins pathways for the movement of lipids from lipoproteins to 
tissues, including lipases, uptake by lipoprotein receptor-mediated endocytosis, and 
receptor-independent uptake, as well as spontaneous transfer and exchange reactions 
(Traber et al., 1993). Exchange of tocopherols between lipoproteins and membranes has 
long been recognized as a process by which vitamin E can be transferred to cells. 
Spontaneous transfer and exchange of a-tocopherol between lipoprotein and either red
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blood cells (Bjornson et al., 1975; Kayden and Bjomson, 1972) or liposomal membranes 
(Massey, 1984). Because the erythrocyte lacks both lipoprotein receptors and lipoprotein 
lipase activity, these cells are likely to depend on transfer and exchange mechanisms for 
the adjustment of their tocopherol concentration in vivo (Traber et al., 1993).

2.4.2 Absorption and distribution in tissues of tocotrienols

The antioxidant efficacy of tocotrienols in membranes is higher than that of 
tocopherol, although their uptake and distribution after oral ingestion are less than that of a- 
tocopherol. However, tocotrienol could still be detected in the postprandial plasma of 
humans, and tocotrienols were found in all classes of lipoproteins (Hayes et al., 1993). The 
liver contains a transfer protein that preferentially enriches VLDL with a-tocopherol 
(Arita et al-, 1995). Therefore, the liver discriminates between tocopherols and tocotrienols 
secretes tocopherol preferentially by a-tocopherol transfer protein (a-TTP)3 
(Ouahchi et al., 1995). However, it is important to note that tocotrienols being to a family of 
plant phenolic compounds, which have a brief and transient nature with respect to their 
metabolism, i.e., compared with a-tocopherol, they are inferior with regard to tissue 
retention and half-life. Tocotrienols penetrate rapidly through skin, and its topical application 
is an efficient means with which to enrich skin with vitamin E (Traber et al., 1998).

2.5 Physiological effect of crude palm oil

Palm vitamin E helps to protect unsaturated fatty acids in the body against free 
radical formation, which can cause damage to blood, cells and tissues. Several animals and 
human studies have shown the association between vitamin E, an antioxidant vitamin, with ล 
reduced risk of cardiovascular diseases (Riemersa et al., 1991). Palm vitamin E 
(TRF; tocotrienol rich freaction), alpha-, gamma-, and delta-tocotrienol have been shown to 
suppress cholesterol biosynthesis and reduce total serum cholesterol and LDL cholesterol 
levels in hypocholesterolemic chickens (Quresshi et al-, 1986; Qureshi et al., 1988). It has 
also been reported that vitamin E has anticancncer properties in animal model and the 
result suggest that tocotrienols show the potential to have an edge over tocopherols in terms
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of anti-cancer (Nesaretnam et al., 1992). Palm vitamin E meets all the properties that are 
associated with other vitamin E preparations. เท addition a number of advantageous effects 
of the tocotrienols present in palm oil have become evident. These included greater 
antioxidant properties, which are coupled with possible cholesterol lowering and anticancer 
effects.

2.6 Tocotrienol hypocholesterolemic effect and antioxidant effect

2.6.1 Tocotrienols: novel hypercholesterolemic agents with antioxidant properties

The mevalonate pathway has (3-hydroxy-p-methylglutaryl coenzyme A (HMG-CoA) 
reductase is catalyzes the rate-determining step in the biosynthesis of cholesterol 
(Siperstein and Fagon, 1966). Under certain conditions, HMG-CoA synthase controls the 
rate of cholesterogenesis (Ramachandran et al., 1978). Most of the early studies on HMG- 
CoA reductase were performed with the yeast enzyme. HMG-CoA reductase catalyzes the 
two-step reduction of (4R, 3S)-HMG-C0A (thioester) to (2R, 3R)-mevalonate (alcohol) in the 
presence of 2-mol NADPH, as shown in Figure 2.5.

The HMG-CoA and NADPH bind to the reductase, and a hydride ion transfer from 
the A side of NADPH produces a hemithioacetal of mevalonate and CoA, which is the 
enzyme-bound intermediate. After replacement of NADP+ with NADPH, the mevalonate 
hemithioacetal cleaves into mevalonate and CoA, which remain bound to the enzyme.
During the second reductive step, there is a hydride transfer from NADPH that reduces 
mevalodate to mevalonate, and the products mevalonate, CoA, and finally NADP+ leave the 
enzyme (Qureshi et al., 1976). The second reductive step, particularly the release of NADP+ 
from the enzyme, is the rate-determining step. This study predicted that group X  and Y on 
the enzyme act as acid-base catalysts to assist in the direct transfer of a hydride ion 
between the nucleotide and substrate (Qureshi et al., 1976).
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Figure 2.5 The regulation of the HMG-CoA reductase (Qureshi and Porter, 1981).

เท Figure 2.5, the initial step involve in the pathway to the biosynthesis of cholesterol, 
starting from acetyl CoA to isopentenyl pyrophosphate, was reviewed by Qureshi and Porter 
(1981). The feedback regulation of the reductase was reviewed by Goldstein and Brown 
(1990). HMG-CoA, |3-hydroxy-|3-methylglutaryl coenzyme A; MVA, mevalonic acid; MVAPP, 
mevalonate pyrophosphate; IPP, isopentenyl pyrophosphate; LDL; GPP, geranyl 
pyrophosphate; FPP, farnesyl pyrophosphate; LDL, low-density lipoprotein; IDL, 
intermediated-density lipoproteins; and VLDL, very low-density lipoproteins.
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HMG-CoA reductase is regulated by various nutritional and hormonal factors 
(Dugan, 1981; Geden et al., 1986). It is also regulated by LDL receptors, as shown in 
Figure 2.5. Cholesterol is obtained from two sources, by biosynthesis staring with acetyl 
CoA and by receptor-mediated uptake of plasma LDL. Both processes are controlled by the 
sterol-mediated feedback repression of the genes for HMG-CoA synthesis, HMG-CoA 
reductase, and the LDL receptor (Goldstein and Brown, 1990). The posttranscriptional 
regulation of HMG-CoA reductase is accomplished by one of the nonsterol isoprenoids 
(Goldstein and Brown, 1990). The elegant study of Brown and Goldstein (1983) showed that 
the uptake of LDL-bound cholesterol in macrophages occurs through receptor-mediated 
endocytosis.

This uptake results in the suppression of endogenous cholesterol biosynthesis, 
enhances rate of intracellular cholesterol esterification, and reduces the number of high- 
affinity LDL receptors expressed on the surface of liver cells (Brown and Goldstein, 1983). 
Subjects with homozygous familial hypercholesterolemia have a total or near total deficiency 
of LDL receptors and also have a tendency for premature coronary artery disease 
(Goldstein and Brown, 1983). The accelerated degradation of HMG CoA reductase requires 
a nonsterol isoprenoid as well as sterol. Sterol accelerates reductase degradation in part by 
diverting this mevalonate into a nonsterol regulatory product (Goldstein and Brown, 1990). 
Most of the drugs available for hypercholesterolemia are aimed to reduce cholesterol and 
LDL cholesterol levels. Most of these drugs have some side effects, however, and there 
mechanism of action at the cellular level is not known (Illingworth, 1987).

2.6.1.1 Mechanism of action for the hypocholesterolemic effect of the tocotrienols

The tocotrienols seem to have a profound effect on the biosynthesis of cholesterol. 
The tocotrienols are very effective in lowering blood cholesterol and LDL cholesterol levels 
by suppressing HMG-CoA reductase. It has been established that the suppression of HMG- 
CoA reductase requires two regulators: cholesterol delivered by receptor-mediated uptake 
of LDL and a nonsterol product derived from mevalonate. The former is expressed



24

predominantly through changes in the rate of transcription of the HMG-CoA reductase 
mRNA or by degradation of the protein (Goldstein and Brown, 1990).

The exact mechanism by which the tocotrienols act at the cellular level has not yet 
established. The LDL receptor protein in HepG2 cell membranes is not co-suppressed by 
y-tocotrienol, in contrast to the effects of 25-hydroxycholesterol. y-Tocotrienol does not 
decrease the level of HMG-CoA reductase mRNA in HepG2 cells. These results suggest 
that the tocotrienols inhibit sterolgenesis by suppressing HMG-CoA reductase through a 
novel posttranscriptional mechanism. Squalene transfer and epoidation are also modulated 
by y-tocotrienol. Squalene transfer and formation of squalene epoxide increase and the 
production of squalene dioxide decreases using microsomes from HepG2 cells treated with 
10 pM y-tocotrienol versus controls (Parker and Clark, 1991). It is conceivable that the 
tocotrienols are transported in the blood in association with low and high-density 
lipoproteins, as has been reported for the tocopherols (Bjomson et al., 1976; Haga et al., 
1982; Parker and Clark, 1991). The tocotrienols may prevent the oxidation of lipoproteins. 
Tocotrienols may also bind to other proteins; as some as those described for a-tocopherol 
(Behrens and Madere, 1982; Catignani and Bieri, 1977). The hydroxyl group on the 
chromatin ring may be important in the binding.

2.6.1.2 Vitamin E therapy: prevention of atherogenesis

Dietary constituent that are import to control atherogenesis include fatty acid (PUFA, 
ทาFA, and SFA), cholesterol, antioxidant vitamin, trace elements, and fiber.
Sites where plasma cholesterol level can be controlled include:

1. The LDL receptor, which is a critical link between plasma and intracellular sterol pools.
2. Interruption of the enterohepatic circulation of bile acids.
3. The intestinal mucosa, which is limited in the number of sites available for sterol 

absorption.
4. The enzymes responsible for cholesterol homeostasis: HMG-CoA reductase, acyl 

CoA-cholesterol acyltransferase, cholesterol 7a-hydroxylase (activates hepatocyte 
LDL receptor and extracts LDL cholesterol from the circulation).
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5. Protection of LDL from oxidative attack, oxLDL goes to scavenger receptors in the 
macrophages.

There are several theoretical supports on the benefits of vitamin E (Palmvitee) 
supplementation in hypercholesterolemia and subsequent cardiovascular diseases. เท 
addition to those involved in LDL cholesterol metabolism, the inhibitory effect of vitamin E on 
platelet adhesion (Steiner, 1983) eicosanoid metabolism, aryl sulfatase B inhibition, and 
platelet-vascular interactions (Betteridge, 1987) may help to retard the formation of arterial 
thrombosis. The supplementation doses has been from 1 to 4 capsules/day, corresponding 
to 18-72 mg a-tocopherol and 42-168 mg a-, y-, and ô-tocotrienols.

Palmvitee supplementation was shown to (Figure 2.6.)
1. Reduce serum total cholesterol and LDL cholesterol.
2. Increase serum a-tocopherol concentration.
3. Decrease apo B concentration.
4. Decrease thromboxane concentration.
5. Decrease platelet factor IV concentration.

Palmvitee supplementation was shown not to:
1. Increase liver-derived senjm enzymes.
2. Result in subjective or objective side effects.
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PLASMA

Figure 2.6 Basic compartments (hepatocyte, plasma, LDL, red blood cell (RBC), cell, and 
platelets) and events in which vitamin E (Ct-tocopherol and tocotrienols) controls 
the risk of atherogenesis (steriner, 1983).

2.6.2 Antioxidant function of tocopherols and tocotrienols

Even though the mechanism of physiological activity of vitamin E is not clearly 
understood, it is likely that at least some of the biological activities that have been 
demonstrated are due to its antioxidant function. y-Tocopherol is more effective than a- 
tocopherol in preventing lipid peroxidation induction in vitro (Burton et al., 1983). Other 
reports have suggested that a-tocopherol is more effective than y-tocopherol. It is now 
believed (Chipault, 1962) that relative effectiveness depends on the experimental 
conditions. a-TocopheroI homologues with shorter hydrocarbon tails manifested remarkably 
higher efficiency in habiting lipid peroxidation in different natural membranes and in 
liposome compared to a-tocopherol (kagan et al., 1990). Although no difference in radical­
scavenging activity between a-tocopherol and a-tocotrienol was found in hexane, the 
activity of a-tocotrienol in scavenging peroxyl radicals is 1.5-fold higher in liposome
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compared with a-tocopherol (Serbinova et al., 1991). Vitamin E does not work in isolation 
from other antioxidants; rather it is part of an interlinking set of redox antioxidant cycles, 
which has been termed the “ antioxidant net work “ (Figure 2.7). It is hypothesized that 
vitamin E acts catalytically, i.e., it is efficiently reduced free radical (chromanoxyl) form, 
which arise after quenching lipid radicals, to return back to its reduced native state 
(Serbinova et al., 1991).

Root
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* 1) Thio l transferase (glutaredoxin) 
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2) Glutathione (G SH) -dependent dehydroascorbate reductase 
4) Theoredoxtn ( TRX) reductase

Figure 2.7 The antioxidant network showing the interaction among vitamin E, vitamin c  and 
thiol redox cycles (Serbinova et al., 1991).
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