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TOCOTRIBNOLS AHD ToCOTRIEHOL-LIKB 
COMfOUJf.DI ;AND M!!TRODS FOR THEIR psi 

TECijlfICAL FIELD OF THI INVENTION 

The present invention relates to·noval 
s tocctrienols and tocotrienol-like compounds dieplaying 

biological activity •. The tocotrienols cuid tocotrienol• 
like compounds of this invention may be conveniently 
obtained. from. biological sources or by che11ical 
synthesis and may be used in pharmaceutical 

10 composition&, foodstuffs and dietary supplements. This 
invention also relates to the use of tocotrienols, 
tocotrienol-like compounds, and mixtures thereof, as 
hypocholesterolemic, antithrombotic, antioxidizing, 
antiatharagenic, antiinflammatory and immunoregulatory 

15 agents, or as agents useful to decrease lipoprotein (a) 
concentration in the blood or to increase feed 
conversion efficiency. 

BACKGROIJND or THI INVENTION 

Plant constituents have bean proven usefUl in 
20 the prevention and treatment ot a wi4e variety of 

diseases and conditions. For example, barley has been 
shown to be particularly effective in lowering lipid 
levels in animal modela (A.A. Qureshi et al., 
11SuppreaaioLQt Choleaterogenasis By Plant: .,,. 

25 constituantsn, Lipid•, 20, pp. 817-24 (1985)). Mora 
epecifiaally, m•tocotrienol, a chromanol isolated. from 

./~~; 
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barley extract, ha• J>een identified as a therapeutic 
agent for hypucholaatarolemia (A.A. Qureshi et al .. , 
"The Structure Of An Inhibitor Of Cholesterol 
Biosynthesis Isolated F~om. Barley•, J, Biol. Ch@m., 

5 261, pp. 10544-50 (1986)). In addition, tocotrianol, 

y-tocotrienol and 8-toco'b:'ienol have also been shown to 
reduce hypercholastarolemia in mammals (European patent 
application 421,419). 

Bypercholesterolem.ia involves high serum 
10 cholesterol levels and is a cauaative agent of diseases 

including arterioaclerosis, atherosclerosis, 
cardiovascular disease and x•nthomatosis. In additi0n, . . 

high serum cholesterol levels are seen in patients 
suffering frOlll diseases including dia))etes mellitua, 

15 familial hypereholesterolemia, acute i~termittent 
prothyria, anorexia nervosa, nephrotic syndrome, 
primary cirrhosis and various liver disorders, such as 
hepatitis and obstructive jaundice. Improvement of 
lipoprotein prof ilea and a decreaae in total serum and 

20 low density lipoprotein cholesterol have baan shown to 
retard the prograsaion of such diseasas, as well as to 
induce regression of clinically signif 1cant lesions in 
hypercholesterolemic patients. 

Although tha relationship between 
25 hypercholesterolemia and its many associated disease&, 

most notably cardiovascular disease, has been 
extensively atudied, no cle•r answer to thia world­
wide problem has yet been tound. As a result, coronary 
artery disease remain• the leading cause of death in 

30 the united States and other developed gountries. 
Coronary artery diaaaaa is the result of complex 
interactions between a large number of-different 
proceasaa, including lipoprotein metabolism, 
ag9r119ation of blood platelets, blood coa;ulation and 

3!5 tibrinolysis. Accordinqly, the cardiovascular risk 
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prof iie of a given patient la dependent on these 
·interactions. 

In addition to lowerin9 cholesterol levels, 
the cardiovascular risk profile of a patient may also 

5 be reduced by decreasing the levels of other factors in 
the serum and·tha bloOd. For example, reduction of 
thromboxane A2 generation (measured by the levels of 
thromboxane B2, a stable metabolite of thromboxane A2) 
and platelet factor 4 levels in the sei-um lessens the 

10 risk of ca~diovascular disease because of decreased 
thrombc9enic aotivity. 

~hrombcxane A2 and platelet factor 4 levels 
are alsc associated with otber bioloqical activities. 
For example, when reduction of these factors is 

15 accompanied by a reduction in macrophage cell count, 
lower tumor necrosis factor (TNF) levels and lower 
arachidonic acid levels in bodily tissues, reduced 
levels of pro&taglandina, leukotrienes and interleukins 
are implicated. Reduction of these factors, thereto~a, 

20 leads to a deoreaae in the inflammation accompanyinq a 
wida·variaty of diseases. In addition, since 
proctaglandins inhibit glucoee-induced insulin release 
and increase gluca9on secretion, an increased insulin 
to qlucagon ratio may also result from the reduction in 

25 prostaqlandins, Such an increase is useful in 
improving glucose intolerance in diabetes mellitu• and 
reetoration of acute glucose-induced insulin reaponse 
in non-insulin-dependent diabetes mellitua. 

?t has ~een noted th•t thara is a low 
30 incidence of cardiovaeoular diaeaaa in populations 

consuming large amounts ot cereal grains. Soluble and 
insolUbl• f i):)ers have, in the past, been viewed as the 
agents responsible for cholaaterol reduction in such 
populations (see D. Kritchaysky et al., "Fiber, 

35 Hyparcholestar'olemia and Atharoscleroais", Lipids, 13, 
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pp. 366-69 (1978)). Recently, the hypocholesterolemic 
effects of aareal grains have been attributed to 
natural components of the grains -- tocotrienols (RTs"> 
and structurally similar compounds, such as tacopherols 

' ("'l'"). Tocatrienols and. tocopheJ:'ols occur naturally in 
small quantities in a wide variety of plant sources, 
such as rice bran, palm oil and barley (A.A. Qureshi 
et al., •Lowering cf Serum Cholesterol in 
Hyperoholesterolemic Humans by Tocotrienola 

10 (PalJDVitaa)", Am· J. Cli»· Nutr., 53, pp. 10218-58 
(1991)). 

As a·class, the tocopherols, including d-a­
tocopheral (vitamin I), have ~een extensively studied. 
As a result of these studies, certain biological 

15 activities have haen attributed to the-tocopherols. 
Sueh activities include platelet aggregation and 
antioxidant functions (see, for example, E. Niki 
et al., "Inhibition of Oxidation of Biomembranea By 
Tocopherol", Annals of the Hew York Acadmpy gf 

20 sciences, 570, pp. 23-31 (1989) and x. FUJcusawa et al., 

"Increased Platelet-Activating Factor (PAF) Synthesis 
in Polymorphonuclaar LeUkocyte& of Vitamin 1-Def icient 
Jtats•, Annals of the Hg XgJ;t Academy of Sciences, 570, 

pp. 449-453 (1989)). Although the exact structure-
25 function relationship ia net known, several experiments 

have highlighted the importance of the phytyl side 
chain in the biological activity of tocopharols (sae 
W.A. Skinner .t al., •Antioxidant Properties of a­

Tocopherol Derivatives and Relationships of Antiox14ant 
30 Activity to Biological Aativity", Lipid•, 5(2), 

pp. 184•186 (1969) and A.T. Diploclc, "Relationship of 
TOcophe~ol structure to-Biolc;ical Activity, Tissue 
Uptake, and PrQsta9landin Bioaynthesis", Annals of tbe 
Haw York Academy ot Sgienges, 570, pp. 73-84 (1989)), 
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In contrast to the tocopherola, interest in 
the tocotrianols has been limited, as these cc:mpounds 
were not typically considered to be bioloqically 
useful& Recently, however, studies have indicated that 

5 tocotrienols may be biologically active. For example, 
United States patent 41 603,l42 identifies d-a­
tocotrienol, iaol~ted trOll barley extracts, •• an 
inhibitor of cholesterol hiosynthesie. See also A.A. 
Qureshi et al. (1986) 1 suara, various human and anilnal 

10 studies have oontirmad the impact of pure tocotrienols, 
isolated from barley, oats and palm oil, on Cholesterol 
biosynthasis, specifically LDL-cholesterol (A.A. 
Quresbi at al., ••Dietary Tocotrisnols Reduce 
Concentrations of Plasma Cholesterol, Apolipoprotein s, 

· 1' !L'hromhoxane B2 and Platelet Factor 4 In Pigs With 
Inherited Hyperlipiclemiaa", Am. J. ~UJ>· Nutr., 

pp. 10428-46~ (1991)1 A.A. Qureshi et al., "Lewarinq ot 
serum Cholesterol In Hyperaholastarolamic Humans By 
~ocotrienols (Palmvitee)n, Am· J, Clin. lfUtr., 53, 

20 pp. 1021S-26S (1991); D.T.S. Tan et al., •The Effect Of 
Palm Oil Vitamin B concentrate on The Serl.Ill And 
Lipaprotein Lipids In Humans", Am. J_,_ ~lin. Hutr. , !i:J, 

pp. 1021s-3os (1991)). In addition, toaotrienol, r­
and l•tocotrienol have been indicated tor use in the 

25 treatment of hyparchOlastarolemia, hyperlipidamia and 
thrOllboembolio disorders (European patent application 
431,419). 

The five known naturally occurring 
tocotrienolm have been designated tocotrienol, G-, B-1 

30 r- and 6-tocotrianol. Those compo\1nds exhibit varying 
degrees of hyparcbolesteroleJlic activity and have also 
bean used as antithrombotic agents and antioxidants. 
a-T3, for example, display• antioxidant activity 
against lipid peroxiclation in rat liver aicraa0111al 

35 membrane• and againat oxidative damage of oytoohroma P-
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450 (B. Serbinova, Fraa Badiga.l Biology and J19dieiM1 

in press (1991)). Despite these activities, the known 
tocotrienols have not found wide-spread therapeutic 
use. 

Accordin;1y, the need still exiata for 
OOll\POQnds whigh, as single agents, ~an safely and 
effectively act as hypercHolesteroleaic, 
antithrombotio, antioKi4ising, antiathero9enic, 
antiinflamnatory and immunoregulatory agents. 

SUMMAR.Y OP THI ?tfVINTION 

The present invention solves the problems 
referred to above by providinq novel tocotrianols, 
tocotrienol-lilce compounds, and mixtures tbereof, that 
are useful aa hypocholeatarolemic, antithrOll))otic, 

15 antioxidizing, antiatb.erogenic, antiinflammatory and 
immunoreCJUlatory agents. These novel tocotrienols and 
tocotrienol•like compounds ara also useful in 
decreasinq lipopro~ein (a) ("Lp(a)") concentration in 
the blood, increasinq feed conversion erficiency, and 

20 in tbe treatment or prevention of conditions auch as 

fever, edema, diabetes mellitus, caneer, ei91111 of 
aging, pain, rheumatoid diseases, septic ahock, chronic 
fatigue syndrome and functio laesa. 

The novel tocotrienola and tocotrienol-like 
25 oompoQnda ot the present invention are useful in 

inhibiting the synthesis of HMC-COA reductase, reducing 
lipo9enesis and incraa•ing the HDL/LDL cmolesterol 
ratio, as well as reducing total serum Cholesterol, low 
density lipoprotein•cholesterol, Lp(a), apolipoprotein 

30 B, thrombOxane A2, platelet factor 4, triglycerides and 
glucose. Because of such individual activities, these 
compound.a are useful in treating diseases, for example, 
coronary artery disease, which result from the 

interaction of processes auc:h as lipoprotein 
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metabolism, aggregation of blood platelets, ~lood 
coagulation and fibrinolysis. Accordingly, the 
compounds of this invention are useful to improve the 
overall cardiovascular profile of patients. 

5 Thi• invention also provides novel uses for 
the known tocotrienols as antiintlammatory and 
immunoregulatory agenta, to decrease Lp(a) 
concentration in tha bloOd., to increase feed conversion 
efficienoy, and for 1:ha treatment or prevention cf 

10 conditions such as fever, edema, diabetes mellitus, 
pain, septic shock, chronic fatigue syndrome and 
functio laesa. 

Ad.vantageou11ly, the togotrienol and 
tocotrienol-like compounds reduce serum TNP and IL-1 

15 levela. Theae activities render the compounds ueetul 
in reducing active and chronic inflammation, such as 
that aseociated with rheumatoid disease. Also, such 
activities renaer the compounds usefu1 in treating, 
preventing or laaaaning the severity ot 

20 immunoregulatory diseases, such as autoi11mune diseases, 
and in preventing or treating pain, septic shock, 
chronic fati911e syndrome, functio laesa and oxidative 
conditions. 

The ettects of tocotrienol and tocotrienol-
25 like compounds on lipid metaboliam also influence the 

regulation of antibody production. Thus, these 
compounds are usefUl in modulating iuuna function 
through adjustments in fatty acid levels. 

Toootrienol and tocotrienol-11.Jc.a compounds 
30 also decrease glucose levels by mediating the levels of 

insulin and qlucaqon. By increasinQ the ~sulin to 
qlucaqon ratio in the blood, these compounds are useful 
in increasing glucose intolerance in diabetea mellitus 
and restoring acute glucose•induced insulin re•ponse in 

35 non-insulin dependent diabetes mellitua patienta. 
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'l'he novel toc:otrienols and tocotrienol-like 
com.pound& of this invention are characterized by 

specific structural characteristics and specific 
b1ol09ical activity or, alternatively, by specific high 

s performance liquid chroutoqraphy ( 0 HPLC") elution 
profile• and specific bioloqical activity. More 
particularly, the compounds of this invention 111ay be 

characterised by three structural features: (1) a 
hydroqen donor group (or a group which can :be 

10 hydrolyzed to a hydroqen donor group) attached to an 
aromatic ring system, (2) an atom having at least one 
lone pair of electrons, said electrons lleinq in 
conjugation With the aromatic system and (~) a side 
chain comprisin9 one or more isoprenoid or iaopranoid-

15 like units attached to a position adjacent to that 
atom. This invention also encompasses the hydrolysis 
and oxidation products obtained from such compounds. 
In addition, the compounds ot this invention havinq the 
abOve-mentioned structural characteristic• are also 

20 characterized by the ability to inhibit tha activity of 
8-hydroxy-.6-methyl glutaryl coenzyme A (JDIG-CaA) 

reductasa. Furthermore, these compounds are effective 
in the treatment or prevention of one or more of the 
following diseases or conditions: hypereholesterolemic 

25 diseases, thrombotic diseases, oxidative conditions, 
inflamma~ion or i11DtUnoregulatory diseases or, 
alternatively, in increasinq feed conversion 
efficiency. 

Accat'ding to the alternate embodiment, the 
30 novel toaotrienols and tocotrienol-lika compounds of 

t.hi• invention 11ay ~e characterized by an elution time 
of at least 22 minutes under the f ollewing HPLC 
conditions1 ~-Porasil oolumn (Waters column, 10~, 4 mm 
x 30 Clll) using an isocratic system of hexane and 

35 isopropanol (99.75t:0.25t, v/v) at a flow rate of 1.l 

I. 
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ml/ain. The particular compound ia detected at an 
exitation wavelenc,th of 295 ma and an emission 
wavelength ot 330 nm (fluorescence detector) and TJV 
absorption at 295 nm. In addition to the above-defined 

5 elution profile, the novel tocotrienols of thia 
invention are also characteriaed by the ability to 
inhibit the activity of HMG-CoA reduatasa. 

According to this invention, tocotrienols and 
tocotrieriol•like compounds ~ay be conveniently obtained 

10 from bioloqical sources. Alternatively, they may be 
syntbeaized using conventional chemical methodologies. 
In a preferred embodiment of this inventi~n, the 

tocatrienols and tocotrienol-like compound& are 
isolated and purified from stabilized biol09ioal 

15 sources. '!'his invention also encompasses the 
techniques used to purity aucb compounds. 

Xn a preferred embodiment of this invention, 
the tocotrienols, tocotrienol•like ccmpounds and 
mixtures thereof, may ba administered to an animal ~ a 

20 human as·a pharmaceutical compcaition, a foodstuff or a 
dietary auppleaent, to treat or prevent 
hypercholesteroleaic diseases, thrombotic diseases, 
oxidative or ather09anic conditions, infla1111ation or 
immunoregulatory dieeaaea. Advantageoualy, these 

25 compositions, foodstutts and dietary supplmaa~ts may 
also be used to increase feed conversion efficiency, 
decrease Lp(a) concentration in the blood and in the 
treatment or prevention of fever, ed81llll, diabetea 
mellitus, cancer, siqns of aqinq, pain, rheumatoid 

30 disaasea, septic shock, chronic tatigqe syndrome and 
tunctio laesa. 
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THIS SHEE'i :: .. ·.S BEEN 
REPLACED 

1BIEF nESQRIPT+ou gr TBE DBAWiliS 

~igures 1•4 depict the effects of ditferent 
tocotrienols from. rice bran oil on fatty acid 
concentrations in varioua tissues of hyper-

5 choleaterolemic swine. 
Figure 5 depicts tha affects ot GT301 (y-T3) 

on superoxide production in human peripheral blood 
neutro.phils. 

DBTAILBD DESCR+ll'J'.ON OF TBE INYUTION 

10 In order that the invention herein descri~ed 
may be more fully-understood, the following detailed 
description is set forth. In the description, the 
following terms are employed: 

Biolggiaal source - Any natural or 
15 recombinant plant source, natural or tran&C)enic animal 

source, micz.:ohial source (e.q., hact.aria), funqi, 
yeast,_algae, higher plant source, or derivative 
thereof, which contains one or more tocopherol, 
tocotrienol or toootrienol•like compounds. 

20 st&bilizatipn - A process affective to 
increase the recoverable amount& of tacopberola, 
tocotrienols and tocatrienol-like compound• in a 
biological souroe by one or a cOJllbination of: 
(1) inactivating enzymes which are capable of degradin9 

25 tocotrienola and tocotrienol-like comp~d• in that 

bioloqical aouroe, (2) breaking bonds or otherwise 
interterillCJ with the interactions -- such as hydro.;ren 
bonds, covalant bonds, ionic bonds, Van der Waals 
forces, London forces and hydrophobic or hydrophilic 

30 interactions which bind the desired p~Oducts to 
proteins, suqars, lipids, c:a~hohydrates, qlycoproteins, 
other bioloqical molecules (i.e., aDino acids or 
nucleotides) or other membrane components, or . 
combinations thereot, in the bioloqical source -- whieh 
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retain tocatrianols and tocotrienol-like coapounds in 
that biological source, thus facilitating the release 
ot those desired compounds, or (3) increaeinq the 
solubility of the tocotrienols and tocotrienol-like 

5 compounds ot that ~iological source beyonc:l that prior 
to stabilization or beyond the level of •olU))ility of 

the tocotrienols of a correspondinq non-stabilized 
biolo~ical source. As a result of stabilization, 
tocotrienols and tocotrienol-like compounds in a 

. 10 bioloqical source may be recove~ed in hi;her yield& 
than those realized. from·a correspondinq non-stabilized 
bioloqical so\l%'ce. 

Tocol - A mixture of ona or :more'compounds 
selected from tocopherols (T), tocotrienols ('1'3), and 

15 tocotrienol-like (~3-like) COii.pounds. 
fqcotrianal•lika - Any biologically active 

compound which is contained in or derived tram a 
biological source and (1) which is releaaed, or whose 
release is facilitated, upon stabilizing that source or 

20 (2) whose racovera~le amount in that source is 
increased by atabilizing that source. Suell 

tocotrienol-like compounds include any hiol09ically 
~ctive compound displaying the biological activity of a 
tocotrienol which inhibit• 1:ha activity of BMG•CoA 

25 reductase as measured by an in vitrg HMG-COA reductase 
assay, aueh as that described in D.J. Shapiro et al .. , 
"Microassay for S-hydroxy-&-nuathyl9lutaryl-CoA 

Reductase in Rat Liver and in L-cell Pibrol:>lasts"'• 
Bigqhim. Biophys. Acta, 370, p. 369 (1974). 

30 Tocotrienol•like coapcund& include, but are not liaited 
to, any electron transfer ring compounds, an~i-oxidant 
type compounds, redox compounds and compounds similar 
to or containing the three structural features that 
characte~ise the tocotrianols ot this invention. 

35 specific example& of T3-lik• compounds are Ubiquinonea, 

.,. 
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plastoquinones, isoqu!nones, phylloquinonas, 
benzoquinones, flavanols, flavanoids, couaarina, 
unsaturated terpenoids and unsaturated isoprenoids. 
The term nT3-lika compound" •lso encompasses anal0911es, 

5 honaologs, isomers and derivatives ot such COlllpounds, 
such as pranylated 4erivatives or pyrolytic 
derivatives. 

10 

:EJraferred tccatrienol-lilce compounds have the 
followin9 structures: 

R 
'"'"lc:Ht>n ... 
~"" 

4
""(CHz>n 

11ok-(ll,I., "' z R1 
z 

0 
0 

A.t""CCH1ln 

11ok-!R.I. 
At 

0 
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and aalt.s, oxidation products and hydrolysis products 
thereat wherein: 

R1 and ~ is each independently selected from 
the group consisting of H, haloqen, OH, oc~ and c1-c8 

s branched or unbranched alkyla; 
~ is selected from tba group consisting of 

OH, HHRar co2Y, C(Ral 2co2a, and c1-c6 branchad or 
\lMranohed al.kyls substituted by OH, NHR8, co~ or 
C(R9)2C02Hi 

10 ~ is selected from the group consisting of 
O, NH, CH-R9, c=O and CH-OH; 

R5 is seleated from the qroup consistinq of 
ca2, CBOH, o, s and NH; ' 

R8 is selected from the qroup consistinq of H 
15 an4 c1-c8 b:ancbad or unbranched al.kyls1 

Each R7 independently represents 

. 
"'• 

·~~.-
OH 

wherein a10 is selected from the CJ:t"OUP 
consistinq of a, HH2 and c1-c8 }:)rancbad or unbranched 

20 alkyla; 
a8 and Rg is each independently selected from. 

the 9roup consistin9 ot H and c1-c8 branched or 
t.mbranched alkyls; 

Each R11 is independently se~ected from the 
25 · group consisting of H, c1-c8 branched or unbranched 

alkyls, CH20H, C02H or OB; 
Y ia H or c1-c18 branched or unbranched 

alkyla, preferably c1-c4 alkyls; 
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z is H, haloqen, OH, CH20H, CH3, OCH3 or 

co~; 

n is an integer from 0•4; and 
m is an intege~ from 1-30, more preferably 

5 l-20 or most preferably 3-10. . 

~ - A tocotrienol-rich fraction obtained by 
the atabilisation and extraction of a biolo9ioal 
source. It typically contains varyima aJ10unts of the 
five known tocotrienols, the known tocapherols and the 

10 novel tocotrienols and tocotrienol-like compounds of 

this invention. Most ccmmonly, the TRF will be 

composed of about 50' to abaut 90% tocotrianols and · 
tocot.rienol-like compound•. The nr, may be used for 
any of the uses described herein for either the known 

15 tocotrienols or the novel tocotrienols and toootrienol­

like compounds of this invention • 
TR! Standarcl • A tocotrianol-rich fraction 

(TRF) obtained from palm oil (A.A. Qureshi et al. 
(1991), supra). The TRF standard contains varyinq 

20 amounts of a-, y- and 1-tocotrienol and a-tocopherol 
but essentially none ot the novel tocotrienol and 
tocotrienol-lilte compounds of this in~ention. 

Enbang@d - 'l'be state at a stabilised 
bioloqical source, wherein the recoverable amount of 

25 the novel tocotrienols and tacotrienol-like compolUldS 

of this invention i& increased ~ayond that recoverable 
from the biological source prior to stabilization. 

P09datuf f - Subatancea that c•n be used or 
prepared for use as food tor an animal or a human. 

30 Foodatutta include substances that may be used in the 
preparation of food (auoh aa fryinq oil•) or food 
additives. l'or exa•ple, foodstuffs include ani11ala 
used for human consuaption or any prOduct tberetrom, 
such as, tor example, 899•· Such animals themselves 

35 may hava ingested or bean treated with one or more 
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tocotrienol or tocotrienol-lika compound, or foodstuffs 
containinq them. As discussed harein, after inqaatinq 
or being otherwise administered tocotrienols or 
tocotrienol-like compounds, such animals retain the 

5 advantageous hypocbolesterolem!c, antithrombotic, 
antioxidiiinq, antiathero9enic, antiinflallLllatory and 
iJm1unoregulatory properties of the tocctrienols and 
tocotrienol-like compounds. 

HfLC elution time or prpfil• - Except where 
10 otherwise ~oted, the term "HPLC elution tiJD.e or 

profile" refers to the time necessary tor a qiven 
compound ta elute trom the HPLC column or the 
characteristic profile of a mixture of ComPounds 
(20 µl) under the followinq conditions: p-Porasil 

15 ool'Qmn (Waters column, 10~~ 4 mm x 30 cm) using an 
isooratio syatea of ·hexane and isopropanol 
(99.75•10.2st, v/v) at a flow rate of 1.3 ml/min. The 
compound is datactad at an exitation wavelenqth cf 295 
nDl and an emission wavelenqth of 330 nm (fluorescenqe 

20 detector) an~ tJV absorption at 295 nm. 
The individual tocotrienola and tocotrienol­

like cOD1pounds of tl'li& invention constitute a novel 
cla•• of bio1oqically active compou.nds. Several ot 
the•e compounds occur naturally in small quantities in 

25 bioloqical aourcea. Therefore, in a prafarre~ 
emJ:x)c.\i:ment ot this invention, tocotri~o1s and 
tocotrienol-lika compounds are recovered from 
biological materials which have been stabilized and 
extracted according to the processes described in 

30 oopending International patent application 
PCT/0891/03626, filed on May 23, 1991. 1'he 
stabilization and recovery process disclosed therein 
enhances or increases the yields of tocotrienols and 
tocotrienol-like compounds recovered from biological 

35 sources. 
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The tocotriencl and tocotrianol-like 
compounds may be recovered from any biological 
materials including, but not limited to, oata, Wheat, 
rye, barley, soybean, whea.t germ, wheat bran, corn, 

5 rice (inalUdinq Whole kernel, husk or hull, endosperm 
and qarm), cottonseed, milkweed, flax, sesame, ric:e 
bran, p~rboiled brown rice, brown rice flour, olives, 
vegetable oil distillant, fruit concentrate evaporate, 
barley bran, palm oil, wheat germ oil, rice bran oil, 

10 barley oil, coconut oil, cottonseed oil, soybean oil, 
otbar careal grains and other cereal grain oils, plant 
tissues, flowers, bUshes (such as juniper), traea (sueh 
as pine and rubber), fruits (such as melons, berries, 
tomatoes and citrus truits), veqetablas, qrasses (such 

15 as alfalfa), fungi (such as muShrooms), leaves, seeds 
(auch as sesame, millet an4 pine), such as sesame seeds 
and pine seeds, stems, bark, roots, nuts (such as 
cashews and almonds) and legUmes (such as peanuts), or 
partions thereof. We have noted that the tocotrienols 

20 and tocotrienol-lika compolinds decompose in the 
.bioloqical source over time. Therefore, we prefer to 
use rraahly harveated .bioloqical sources. Most 
preferably, the biological source is freshly harvested, 
stabilized rice bran. 

25 Alternatively, the tocotrienola and 
tocotrienol-like compounds may be obtained from a non­
stabilised source or synthesized acoordin9 to known 
ahamical methodology. Typical synthetic routes are 
described in J.W. Scott et al., "Synthesis of (2R, 4'R, 

30 8 1R)·a-Tocopherol and (2R, 3 1 B, 7'E)-o-Tocotrienol", 
Halv, Chem, Agta, 59, pp. 290•306 (1976) and P. Schudel 
et al., "Die synthase van rac. all-trans 8- und e­
Tocopherol", Haly. Ch98. Acta·• 46, pp. 2817-2526 
(1953). An alternative synthetic scheme is proposed in 

35 European patent application 421,419. 
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'l'he toaotrienols and tocotrianol-like 
compounds of this invention may be altered by known 
chemical means to produce various derivatives or 
analogues. such derivatives or analogues may De: more 

5 easily isolated in pure form, or more resistant to 
deqradation, or possess other deairad characteriatics. 
such derivatives and analQCJUes are also envisioned by 

this invention. known chemical means to alter the 
compounds of this invention inalude, but are not 

10 limited to, heating in the presence or absence of air 
or in an inert or reactive gas environment (or in a 
mixture of inert and active qases) and pyrolysis. 

This invention encompasses the d: or 1-
isomer and the d, 1- racemic mixture of each 

15 tocotrienol and tocotrienol-like compound. However, 
the naturally occurring d-isomer is preferred. This 
invention also includes mixtures of at least one novel 
tocotrienol or tocotrienol-like compound of this 
invention with one or more of the known tocotrienols. 

20 The tocotrienola and tocotrienol-like 
compounds.of this invention may ba characterized either 
by apecif ic structural characteristics or 
alternatively, ))y a specific elution profile and 
specific bioloqical activity. In the lormer case, the 

25 c011pounds of this invention share three structural 
features: (1) a hydrogen donor qroup (or a group whiah 
aan be hydrolyzed to a hydrogen donor group) attached 
to .an arOJDatic ring system, (2) an atom having at least 
one lone pair of electrons, said eleatrons bain9 in 

30 conjugation with the aromatic system and (3) a side 
chain c01llpriaing one or mora isoprenoid or isoprenoid• 
like units attached to a position adjacent to that 
atom. This invention also encompasses the hydrolysis 
and oxidation products obtained trom such compounds. 

35 These compounds are ertective in increasinq feed 

l ... 
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conversion etticiency, dec~easinq Lp(a) concentration 
in the blood or, alternatively, in the treatlllent or 
prevention of one or more of the tollowin9 diseases or 
conditions: immuno~sq~latory disease, inflammation, 

5 fever, edema, diabetes mellitus, cancer, signs of 
agin9, pain, rheumatoid diseases, septic shock, chronic 
fatigue syndrome and functio laesa. 

According to an alternate ea=odiment, the 
novel tocotrienols and. tocotrianol-like compounds of 

10 this invention may be characterized by an elution time 
and specific bioloqical activity. These COJllPOUnds 

elute after at least 22 minutes under the following 
hi9h perf ormanca liquid chromatography (HPLC) 
conditions: Porasil column (Waters column, 10µ, 4 mm x 

15 30 cm) using an isocratie syste• of hexane and 
isoprcpanol (99.75t:0.25t~ v/v) at a :Clow rate of 1.3 
ml/min. The compound is detected at an exitation 
wavalenqth of 295 nm and an emission wavelength of 330 
nm (fluoreacence detecto~) and tJV abtsorpticn at 295 nm. 

20 In addition to the above-defined eiution profile, the 

novel tocotrienols and taaotrianol-lika compounds ot 
this inverition are also characterized by ~a ability to 
inhibit the activity of &-hydroxy-!-aethyl 9lutaryl 
ooensyme ·A rectuctase ("HMG-CoA reductasa''). 

25 The praf ar:red class of compounds of this 
invention is of torm.ula I: 
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THIS SHEET HAS BEEN 
REPLACED 

above. As herein described a~ove, the compounds of 
formula I do not include desmethyl-tocotrienol (3,4-
dihydro-2-methyl-2-(4,a, 12-trimethyltrideca-
3'(B),7'(E),11'-trienyl)•2H-1-benzopyran-6-ol).* 

Typical hydrolysis products of the compounds 
ot to:rmula I which are alao envisioned by this 
invention include, but are not limited to, compounds of 
formula II: 

z 

10 wherein R1-a10 , z, n and. m are as defined as above. 
Preferred compounds are the compounds of formula I, 
wherein R1, R3 and z are each independently H, halogen, 
OH, OCH3 or ~; R is OH, OCH3 or NH21 R4 is C=O, CH2 or 
NH; R5 is o, s, CH2 or NH; Re is H or ~; R10 and 

15 R11are each independently H or CH3; n is o or 1; and m 
is 3-10. 

~he most pref erred compounds are the 
compounds of formula I, wherein R1, Ra• Z, Ra. and Rg are 
each hydroqen, .a2 is:OH, R4 is CH2, R5 is CH2 or o, Re 

20 is H or cs3, R10 ia H or cs3, n is 1 and m is 3. 

The novel compound, 3,4-dihydro-2-(4,8,12-
trim.ehtyltrideca•3' (E) ,7' (E) ,11' trienyl)•2H-1-
benzopyran-6-ol ("P25"), is representative ot the class 
of compounds accordinq to formula r. The structure of 

25 this compound is shown below: 

~ 'l'he compounds of foraula I alao exclude a-, a-, 7-
and &~tocotrienol. 
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H 

Tocotrisnol& and tacotrienal-like compounds 
of tbi• invention having the al:>ove-daf ined stJ:uctural 
featqres are also characterized by bioloqlcal activity. 

5 'l'bey are useful in increasing feed conversion 
efficiency, decreasing ~p(a) concentration in the blood 
or in the t~eatment or prevention of one or more of the 
following diseases or conditions: immunoregulatory 
disease, inflammation, fever, edema, diabetes mellitus, 

10 cancer, signs of aging, pain, rheumatoid diseases, 
septic shock, chronic fatique syndrcme and functio 
laesa. . They may also reduce the levels of 'l'N'F, IL•l 

and IL-1 stimmulatory products includinq possibly IL-2, 
IL-6, lL-8, GMCSF, prostaqlandins and qamma interreron, 

15 while increasing antibody titers in response to foreign 
protein&. By virtue of these activities, these 
compounds may result in a decrease in the release of 
supercxide and otller cytotoxins produced by 

neutrophils, mast cella, basophilm, monocyctea and 
20 •acropbages, aosinophil•, platelets, lymphocytes and 

polymorphonuclear leukocytes, endothelial tissue and 
other immunorecJUlatory tissues. These compounds may 
also effect an increase in antibody titers. 

HMG-CoA raducta•• catalyzes the rata-
25 limiting step of cholesterol biosyntbesis. Therefore, 

a reduction in its activity decreases tile total amount 
of cholesterol in the serum of animals and hUllans 
alone, or in combination with a low fat, low 
cholesterol diet. The effects are moat noticeable in 

30 bypercholesterolemic individual• with poor dietary 
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regiaens. Typically, the tocotrienols and tocotrienol­
lika compounds of this invention reduce the activity of 
HMG-CoA reductase by at least about 151 in the in vitro 
assay described in Shapiro (supra), at a concentration 

s of 10-20 µg/ml. More preferably, however, the HHG-CoA 
reductase activity is reduced by at least about 20' and 
most preferably by about 254. 

While net wishinq to be bound by theory, we 
believe that some of the antiinflammatory, 

10 antioxidiz~ng and immunorequlatory properties of the 
tocotrienol and tocotrienol-like compounds is a result 
ot an inhibition in the production of free arachidonic 
acid. 

We believe that the inhibition in the 
15 production of arachidonic acid is caused by either the 

inhibition of phospholipase A2 or alternatively, by 

increasing the aJaount of eorticosterone level in the 
blood •. Phaspholipasa A2 aleaves at c-2 of phosphate 
haad groups, resulting in the release of free 

20 arachidonic acid. Arachidonia acid can then be 
converted into a variety of biologically important 
molecules, such as the proetaglandins and thromboxanea 
(via the cyclooxyqenase pathway) and the leUkotrienea 
(via the lipoxyqenase pathway). we believe that the 

35 hydrogen donor group of the tacotrienol and 
tocotrienol-like compounds bonds with the phosphate or 
phospllolipid groups of bioloqical aaJDbranes. In 
conjunction with the aromatic syatam, it also plays a 
role in radical scaven9in9. The isoprenoid tail may 

30 act to stabilize the membrane -- possibly by ~arming 
weak bonds with the lipid side chains._ In addition, by 
optionally replacing the tocotrienol methyl with other 
aubatituents (such as, for example, hydrogen) at 
position 2 on the ohromanol rinq, we are able to 

35 maximize the atabilization of the membrane. We believe 
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that the aromatic system may also aid in tightening the 
surface of the aabrana, thus increasing the at.eric 
hindrance for phospholipase A2 and phospholipase c and 
deel"easing its permeal;ilit.y. The aromatic system may 

s also serve electron-transport and antioxidizing 
functions. such a hypothesis would contribute to the 
explanation of the broad spectrum of bioloqical 
functions that are effected by the administration of 
the tocotrienols and tocotrienol-like compounds 

10 according to this invention. 
This invention also includes several novel 

uses for known tocotrienols, as well as tocotrienols 
and tocotrienol compounds as described herein. 
Examples include their use as antiinflammatory, 

15 antiathero9enic and i.Jninuno~aqulatory agents, for the 
treatment ot fever, a4ema, diabetes mellitua, cancer, 
si9ns of aginq, pain, septic shock, chronic fatiCJUe 
syndrome an4 functio laesa. In addition, tocotrienols 
and tocotrienol-lika compounds are usef'Ul for 

20 increasing feed conversion efficiency -- resulting in 
conversion of a greater percentage of food into protein 
rather than fat -- and deareaaing Lp(a) concentration 
in the 1'lood. Known tocotrienols exhibit much of the 
same biological activity attributed to the navel 

25 tocotrienols and tocotrienol-like compounds of this 
invention. For example, known tocotrienols are capable 
of reducing total serum and LDL-cholasterol, 
apolipoprotain s, throal)oxane A2, platelet factor 4, 
triqlycerides and glucose and inhibiting the activity 

30 of HMG-CoA reductase. They alao reduce the levels of 
TNF and IL-1, and possibly IL-2 and ga~ interferon, 
while increasing antibody titers in response to foreign 
proteins. :tn combination, these factors may produce a 
variety ot advantageous and novel biol09ical reaulta, 

35 including a deareaae in the release of &Uparoxida and 
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other cytotoxina produced by illllllunoragulatory aells and 
an increa•• in anti~ody titers. 

~ocotrienols and tocotrianol-lika compounds 
according to this invention are preferably recovered 

5 from stabilized ~iological sources. Alternatively, 
tocotrianols and tocotrienol-like compounds may be 

recovered from biol09ical sources subjected to 
conventional food processing or preparation techniques. 
The stabilization process, howeva~, ·greatly increases 

. 10 the recovered yields of these compounds. Without 
· wishing to be bound J)y theory, we believe that a 

significant amount of tocotrienols and toaotrienol­
like compounds are, in nature, .bOund to proteins or 
linked to phosphate or phospholipid qroupa in the 

1' membranes of biological sources. The significant 
increaae in recovered amounts of these compounds 
re•lize~ by stabilization may be attributed to their 
release from protein o~ cleavage of phosphate or 
pyrophosphate Doiaties attached to the hydroxy qroup cf 

20 the benzene ring in tha tocotrienol or the hydr09en 
donor group of the tocotrienol-like compound. 'l'he 
application of heat and, optiona11y, pressure 
advantageously releases the compounds of this invention 
so that they may be recovered in good yield. 

25 Preferably, a coml:»ination of heat and pressure are 
used. Depend.inq on the method of recovery used, the 
compcunela of this invention may be extr~cted toqether 
with other components of the '!'RF. 

Wa have tound that microwavin9 is 
30 particularly effective to release aaml:lrane-~ound T3 and 

ir3-like compounda. We have also found_ that the 
~allowing protocol maximizes the desired sta~ilization 
raaulta: An amount (typically from 1 q to 1 kq} of a 
ground ~iologioal source (preferably rice or rice bran) 

35 is placed in a pyrex dish (typically, 10 cm - 20 CJll in 
diameter and 1.5 cm - 1S cm in height). The dish can 
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be covered or uncovered and optionally, a second dish 
containing a ground biological source can be stacked 
above the first. We prefer using one covered dish at a 
time. The biological source is then heated in a 

5 microwave oven at the maximum level (preferably 600• 
1500 watts) for 1-5 minute intervals, optionally in an 
ambient, vacuum or nitrogen blanket enviromi.ent. 
Pressures of greater than 1 atmosphere :may also 
optionally be used. After each heating interval, the 

10 sample should be stirred to homogeneity. The heating 
and stirring process is repeated 1-10 times.- We prefer 
repeating the process 3-5 time for a 0.5 kg sample. 
4rhe TRP may then be exti-acted, as described herein. 

'l'he !l'lt.I' may be used directly, or it may be 
15 further aeparated in to its coaponent eompounds. It 

lllay :be desired to isolate the no~el tocotrienols and 
tocotrienol-like compounds from the TRI' mixture. 

'l'ha TRP typically contains varying deqrees of 
each of the known tocotrienols, plus additional Tocol 

20 products. Theoretically, each novel tocotrienol and 
tocotrienol•U.ke compound should be separable from the 

· known tocopherols and tocotrienol& in the '1'RF using 
standard silica gel HPLC methodology. However, in the 
case of rice bran, a oomplex aixture results. Thia 

25 resultant mixture contained 3,4-dihydro-2-methyl-2-
(4,9,12-trimethyltrideca-3' CE), 7' (E), 11'-trienyl) •2H­
l-benaopyran-6•01), a known tocotrianol that eluted by 

HPl.iC attar about 21 minutes under the specified 
conditions. For that reason, we refer to this compound 

30 as "P21 ••. In addition, the mixture contained 3,4-
dihydro-2•(418, 12-tri11ethyltrideca•3 1 (E), 7•(E),11' 

trienyl)-2H-l-ben1opyran-G-ol), or "P25n, a novel 
tocotrienol t:bat eluted 0y HPLC after a:bout 25 minutes. 
And the mixture contained an apparent aterol which had 

35 a t1V absorption maximum at 315 nm that: eluted by HPLC 
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arter about 20 minutes (0 Pzo">· These three compounds 
cannot be separated using standard silica qal BPLC 
techniques. 

Accordinqly, tbe present invention includes 
5 novel techniques to purity tocotrienola and 

tocotrienol-like compounds from contaminants that 
cannot be removed using a silica oolU111n. These 
techniques are especially well suited for separatin; 
tocopherols and tocotrienol-like coapounds from starol 

10 and other waxy contaminants. In one process, the TRF 
is dissolved in an appropriate solvent, preferably 
hexane, and then ~ound to an amine or oyano colwnn (1 
ml). We prefer to use a Bond Elute amine or cyano 
column. The tocotrienola and tocotrienol-like 

15 compounds of this invention may then be selectively 
eluted frcm the column by an appropriate solvent 
system. Preferably, this solvent system is a gradient 
of isopropanol'in hexane. Using a small concentration 
of the polar solvent in the non-polar solvent 

zo (preferably about a.st isopropanol in hexane) known 
tocotrienola and tocopherols may.be eluted, while the 
novel tocotrienols and tocotrienol•lika coapounda ot 
thia invention are retained on the amine column. Then, 
by inoreaa~ng the concentration of the more polar 

25 solvent {preferably to about 3t isopropanol in hexan~), 
the tocotrienols and tocotrienol-like compounds of this 
invention may be selectively eluted, while any sterol 
an4 waxy contaminants remain bound to the amine column. 
Pinally, these contaminants may ~e eluted using a high 

30 polarity solvent system, sueh as 6-10' isopropanol in 
hexane. TJ11inq this prooed.ure, the desirable 
tocotrienols and tocotrienol-like compounds may be 
e~fectively separated. 

An alternative technique also.increases the 
35 recovered yield of tocotrienols and tocotrienol-lilce 
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compounds from a bialaqical source. In this 
alternative procedure, a bioloqical source, stabilized 
or unstab!lized, is firs~ extracted with methanol. 
This step removes many o~ the unbound contaminants. 

5 Then, heat and, optionally, pressure, are applied to 
the bioloqical source to release the toaotrienols and 
tacotrienol-lika compounds. Examples of heat sources 
include, but are not limited to radiant heat sources . 
(i.e., vlsi~le liqbt or radioactive materials), 

10 convectional heat sources, microwaves, radio­
frequency, friction or shearinq. The preferred heat 
source is microwave heat. Alternatively, freeze/thaw 
methods or meehanical vrinding might also be employed 
before, durinq or a~er beat and/or preasure treatment. 

15 Alternatively, the tocotrienols and tocotrienol-like 
coapounds may ba released by the use ot caustic agents, 
for axamp1a, acids, such as hydrochloric or sulturic 
acid. According to an alternate embodiment, sonication 
or detergent treatment may .be employed prior to, 

20 concurrently with, or followi119 the heat, pressure or 
caustic agent treatment. Experiments using the 
techniques described herein that employ various 
combinations of heat, pressure and reaction conditions 
w,ill readily indicate the preferred conditions for a 

25 qivan biological source. 
In purif 1ed form, one of the preferred 

compounds of the present invention, P25, exhibits 
greater bioloqical activity as a cholesterol-lowering 
aqent than any of the known tocotrianols: including" 

30 P21 {known also as "tocotrianol">• c.-T3, 8-T3, y-T3 or 
&-T3• We believe that the double bond~ on the 

isoprenoid sicle chain comprise the active portion of 
these compounds because their presence decreases the 
effect ot London forces between the lipid aide chain in 

35 biological membranes. We also believe that the number 
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and the position of the alkyl substituents on the 
aromatic rinq system and 'the isoprenoid side chain JD.Ilka 
a difference in t~e bioloqical activity -- the fewer 
the number of alkyl substituents, the greater the 

5 activity. we believe that reducinq the sterio 
hindrance cauae4 by the aethyl groups allows P26 to 
penetrate more deeply into the mell\brane. Accordingly, 
the membrane may become more hiqhly organized and thus, 
less permeable. Under this hypothesis, the compounds 

10 of this in~ention which substitute hydrogen for methyl 
at the 2-position of the chromanol rinq demonstrate 
increased biological activity. However, alterations at 
that and other positions are also envisioned, as 
several diff~ant mechanisms which result in increased 

15 bioloqical activity may be involved. 
·t Because of their ability to lower total serum 

cholesterol and low density lipoprotein-cholesterol and 
increase the HDL•/LDL•cholesterol ratio, the novel 
tocotrienols and tocotrienol-like compounds of thia 

20 invention may be used in the prevention and treatment 
of diseases aeaociated with high levels of cholesterol. 

Advantaqeoualy, the compounds of this 
invention do not substantially alter the serum levels 
of other ~lood components that contribUte to the 

25 biodeqradation of cholesterol. For example, ~· 
compounds of this invention do not substantially reduce 
the activity of aholeaterol 7a-hydroxylase -- the 
enzyme that is responsibla tor degradation of 
cholestarol into bile acids. 

30 Examples ot diseases associated with high 
levels of cholesterol tha~ may be treated by 1:he 
compounds of th!a invention include, hut are not 
limited to, atherosclerosis, thrombosis, coronary 
artery disease and other toras of cardiovascular 

35 disease. In addition, th8 ability or the compounds of 
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this invention to lower serum glucose levels may 
increase the insulin production in Type 2 diacetias. 

The compounds of this invention may alao be 
used to altar the serum or plasma levels of several 

5 other blood constituents. For example, these compounds 
lower the plasma levels of throm])oxane A2 and platelet 
factor 4. In addition, they may serve passively as 
simple antioxidants or actively by decreasing the 
release of auparoxides by neutrophils and other 

10 cytotoxins or cytokines, mast cells, macrophages, 
endothelial tiss~e and other iJDmunorequlatory tissues. 
Antioxidation is accomplished in at least two ways. 
Pirat, ):)y reducing araohidonia acid metabolites, the 
neutrophils reduce the levels of supero~ide production. 

15 Second, these compounds scavenge radicals which are 
already. _present. Accordingly, they exert a protective 
effect on the endothelium, lipoproteina, smooth muscle 
cells an4 platelets. In addition, these compounds may 
also serve as antioxidants to prolong the shelf lives 

20 of products prone to oxidation, such as food products. 
Advantageously, the tociotrienola and tocotriancl-like 
compounds of this invention may also prevent oxidative 
degradation of food products Whieh results in the 
formation of carcinogenic compounds in such food 

25 products. 
The thromboxanes (whose plasma levels are 

decreased using the compound& of this invention) also 
induce platelet aggreqation and vasoconst.riction·. 
~heretore, the toeotrienols and tocotrienol-like 

30 compounds of this invention may be used to reduce blood 
clottin9 in a wide varie~y of applications., For 
axample, these compounds may be used to treat or 
prevent diseases, such •• thrombotic diseases, 
cardiovascular diseases, hypertension, pulmonary 

35 diseases and renal diseases. Specifically, the 
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eompounds of this invention may ba used to prevent or 
reverse blood clots and_lesions which may cause 
diseasaa such as myocardial infarction, stroke, 
pulmonary embolism, deep vein thrcmbosis1 peripheral 

5 arterial occlusion and other bleed system thromboses. 
Tocotrienols and tocotrienol-like compounds 

are also capable of actinq as ant!atheroqenic agents by 

inhibiting or reversing the oxidation of LDL and by 
protecting vascular tissue in general from oxidative 

10 damages. The oxidated form of LOL {"OX-LDL") is a 
major component in the formation of atheroma. Such 
formation commonly results in a narrowing of the 
arteries by atherosis plaques. While not wiahin9 to be 
bound. by theory, we believe that by reducing aerwa LDL 

15 levels, tocotrienols and tocotrienol-like compounds 
enhance t:he rate of metabolic IDL ~urnover and 
therefore, decrease the exposure of LDL to oxidative 
agants. 

Tocotrianols and tocotrienol-like ca11pounds 
20 also decrease the concentration of lipoprotein (a) in 

the blood. It has been well established that elevated 
concentrations of Lp(a) are correlated with early onset 
and proqression of atheroaclerosis, premature 
myocardial ischemia and rheuniatoid arthritis. In fact, 

25 Lp(a) concentration is a more accurate indicator of 
coronary heart disease than tiDL concentration. 
Lowering Lp(a) concentrations in individuals having 
hiqh Lp(a) levels (above about 20 mq/dl) drastically 
reduces the probability ot atherosclerosis and coronary 

30 heart disease. Si9niticantly, Lp(a) levels, unlike LDL 
cqncantration, are not affected by low-fat diets or 
commercial available hypocholesterolemic aqents. 

Tocotrienols and tocotrienol-like compounds 
also exhibit diuretic activity -- they are antaqonistic 

35 to vaaopressin and angiotensin II. Accordingly, these 



- 30 -

compounds are ueeful in the treatment and management, 
for example, of hypertension. 

According to another embodiment of this 
invention, tocotrienol or tocotrienol•like compounds 

5 may be administered pre-operatively to a patient in 
order to prevent septic shock. Advantageously, 
tocotrienols and tocotrienol-like compounds may be used 
in the treatment of extracorporeal blood. As used 
herein, the term •extraoorporeal blood" includes blood 

10 removed in line from. a patent sUbjected to 
extracorpo~eal treatment, and returned to the patient 
in processes such as dialysis, or blood filtration or 
bypass timin; surgery. And the term includes blood 
products which are stored extracorporeally for eventual 

15 administration to a patient. such products include 
whole blood, platelet concentrates and.any other blood 
fraction in which inhibition of platelet aggregation is 
desired..; 

According to another embOdiJaent of .this 
20 invention, tocotrienols and tocotrienol-like compounds 

may be formulated in compositions and methods for 
coatin9 the.sur~ace of invasive devices, to lower the 
risk of platelet aggregation -- for example, the 
surfaces of devices such as, vascular grafts, stents, 

25 catheters and artificial valves. Such devices may be 

coated with the tocotrienola and tocotrienol-like 
compounds using conventional methodologies including 
physical adsorption and chemical cross-linkinq. 

Furthermore, we have found that the 
30 tocotrienols and tocotrienol-like compounds of this 

invention, the known tocotrienols, an~ mixtures thereof 
also reduce tha levels of tumor necrosis factor in 
response to lipopolysaccharide stimulation, lower 
arac:hidonic acid in the tissues and reduce oxyqen 

35 metabOlites in the blood of animals and humans. These 
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result• point to an overall reduction in prosta9landins 
and leukotrienes, both of which are synthesized froa 
araahidonic acid, and a posai~le reduction in 
interleukin-1. Accordi~qly, the compounds of this 

5 invention may be amplcyed for a variety of uses. For 
example, they may be used to prevent endothelial 
injury, such as ischemic and reparfused •yocardium and 
ulcers. In addition, the inhibition of tumor necrosis 
factor biosynthesis would also be acgompaniecl ~y a 

10 decrease in inflammation -- i.e., throuqh inhibiting 
the respiratory bursts of neutrophils or throuqh free 
radical scavenqinq. 'l'herefcre, the compounds cf thi• 
invention and the known tocotrienols are al.so useful as 
antiinf lammatory agents tor the ·prevention and 

15 treatment of a wide variety of diseases and conditions 
involving minor, acute and chronic inflananation. These 
include, but are not limited to, fever, rheumatoid 
diseases, pain, funotio laesa, hypertension and adama. 

?n·addition to their role in inflamaatory 
20 response, prostaqlandins have also been shown to 

inhibit glucose-induced inaulin release, increase 
glucose concentration and stimulate qlucagon secretion. 
Consequently, use of the compounds of thia invention 
typically leads to an increased inaulin to qlucagon 

25 ratio. Therefore, the novel tocotrienols and 
tocotrienol-like compounds of this invention, the known 
tocotrienols, and mixtures thereof, may be used to 
improve qlucoae intolerance in diabetes mallitus. They 
may also be used to restore acute qlucosa-induced 

30 insulin response in non-insulin-dependent diabetes 
mallitua. . 

In addition to the above-stated uses, the 
tocotrienols and tocotrienol-like compounds o~ this 
invention, the known toaotrienols, and mixtures 

35 thereof, may also be used to enhance the immune 
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~esponse in animals and humana. These compounds 
typically reduce the amount of fatty acids in 
biological tisaues. Since fatty acid level• affect t~e 
iJRmune ayste•, the aoapounds of this invention may 

5 ser'l'a as imll.unoregulators. They may, for example, be 
used. to increase anti1'0dy titers to foreign proteins. 

In addition, the reduction& in tatty acid, 
cholesterol, triglyceride and glucose levels effected 
by the compound• of this invention are obtained without 

10 attendant ~ubatantial weight loss. The result is an 
increased feed to protein conversion ratio. Therefore, 
the novel tocotrienols and tocotrienol-like compounds 
of this invention, the known tocotrienols, 'and mixtures 
thereof, are useful in increasing teed conversion 

15 efficiency. 
\ Hypercholeaterolemic diseases and conditions 

that may be treated usinq the compositions and mixtures 
described herein include, but are not limited to, 
arteriosclerosis, atherosclerosis, xanthomatosis, 

20 hyperlipoproteinemias, and familial hyperaholeatero­
lemia. 

Thrombotic diseases and conditions that may 
be treated using such compositions include, but are not. 
limited. to, pulmonary disease, in general (such as 

25 reduced specific conductance, reduced dynillllic . 
compliance and constriction (contraction of saooth 
muscle), excess pulmonary fluids {such as pulmonary 
lymph, foam, or b.ronchoalvaolar lavage), adult 
respiratory diatrees syndrome, astatis and rhinitic 

30 4iae••• (such as pulmonary and systemic hypertension, 
pulmonary edama, fluid accumulation (neutrophil 
infiltration) and pulmonary vascular permeability), 
pulmonary vasoconstriction (associated, for example, 
with endotoxamia, ;ram-negative organisms, anaphylaxis, 

35 hemorrhagic shoek. or allergy to ragweed), cardiac 
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ischemia, mioroembolic and/or frank occlusion, 
reocalusion tollo~ing tranaluminal angioplasty, 
myocardial infarction, cardiopulmonary bypass 
associated dysfunction, vasoconstriction (pulmonary and 

5 peripheral), orqan dysfunction, platelet conaumption 
and/or activation (and subsequent decreased function, 
aggregation and decreased numbers), mitral valve 
pathology associated with acute perioperative pulmonary 
hypertension, chronic obstructive arterial disease 

10 caused by arteriosclerosis, Maurice Raynaud•s 

15 

syndrome -- vascconstriction, renal artery stanoais, 
myocardial infarction, stroke, pulmonary embolism, deep 
vein thrombosis, peripheral arterial occluaion and 
other blood system throm~oses. 

Antioxidizing uses include, but are not 
limited:to, the treatment and prevention of endothelial 
injury,~auch as ieobemic and reperfUsed myocardium. 
Beoauaei~ of their antiox1d1s1ng activity, the 
tocotri.enols and tocotrienol-like compounds of this 

20 invention :may also be used in treating and preventing 
cancerous conditions (by, tor ex:mnple, preventing 
cancer-causing mutations in the 9enetic material of an 
animal or a human). 

Antiatheraqanic disease• and conditions that 
25 may be treated using such compositions include, J:nit are 

not limited to, arte~iosolarosis, atherosclerosis, 
mydocardial infarction, ischemia (i.e., myocardial 
ischemica, brain ischemia and renal iscbemia) and 
strokes. 

30 Inflammatory diseases and conditions that may 
be treated using such compositions inclUde, but are not 
limited to, essential hypertension, hitPertension of 
conqestive haart failure, renal dysfunction caused by 

reduced JllYocardia output, endotoxemia, chronic liver 
35 di&eaae or hypertenaion, pulmonary inflammation in 
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asthma, bronchitic, pneumonia or acute lung injury, 
rheumatic diseases (such as rhewaatoid arthritis and 
systemic lupus crythematosus), inflammatory bowel 
disease (such as ulcerative colitis), irritable bowel 

e disease (euoh as villous adanosaa), 9astroin~estinal 
disorders cauaed by excess acids, pepsin er bile salts, 
Zollinger-Ellison syndrome, skin diseases or trauma 
(such as burns or acid or caustic injury), qout, 
Bartter•s syndrome, fever, rheumatoid diseases, pain, 

. 10 functio laesa, hypartenaion and edema. 

15 

Immunoregulatory diseases and diseases that 
may be treated usinq the compositions of this invention 
include, hut are not limited to, chronic fatigue 
syndrome, graft rejections, autoimmune diseases, suoh 
as AIDS, and other viral diseases that weaken the 
immune system • 

'l'he compounds and mixtures describe4 herein 
are useful in pharmaceutical. compositions, foodstuffs 
and dietary supplements. Advantageously, these 

20 products are hypocholeaterolemic, antithrombotic, 
antioxidizin9, antiatheroqenic, antiinflammatory and 

immunoregulatory aqents. 
Pharmacautical compositions may take the form 

of tal')lets, capsules, emulsions, suspensions and 
25 powders for oral administration, sterile solutions or 

emulsions for parenteral administration, sterile 
solutions for intravenous administration and gels, 
lotions and cremes for topical application. The; 
pharmaceutical compositions may be administered to 

30 humans and ilni•ls in a safe and pharmaceutically 
effective amount to elicit any of the desire~ results 
indicated for the compounds and mixtures deacribad 
herein. 

This invention also relates to prod2:11q forms 
35 of tocotrienol and tocotrienol-like compounds whieh, 
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upon administration· to a patient, underqo 
biotransformation into active form. 

The pharmaceutical compositions of thi~ 
invention typically comprise a pharmaceutically 

5 effective amount of a tocotrienol or tocotrienol-like 
compound of this invention, or a mixture thereof, and a 
pharmaceutically •cceptable carrier. Such carriers may 
be solid or liquid, such as, for example, cornstarch, 
lactose, sucrose, olive oil or sesmae oil. It a solid 

10 carrier i• used, the dosage forms may be tablets, 
capsules or lozenges. Liquid dosa9e forms include soft 
gelatin capsules, syrup or liquid suspension. 

Therapeutic and prophylactic methods of this 
invention comprise the step of treating patients in a 

15 pharJnaceutically acceptable manner with the 
compositions and mixture• described herein. As used in 
this application, the term "pharmaceutically effective 
amount" or •cbolesterol-lowerinq amount" refers to an 
aaount' affective to lower blood levels of LDL-

20 · cholesterol and total serua choleaterol, while 
increasinq the ratio of BDL-choleaterol to LDL­
choleste~ol in the blood. Alternatively, the term 
"pharmac:autically effective amount" refer• to an amount 
effective to decrease blood levels of tDL-cholesterol 

25 and. total serum cholesterol associated with 
hypercholeaterolamia, an amount affective fer 
lipogenesis, an amount effective to inhibit platelet 
afiJC)regation, an amount affective to decrease the 
release of superoxides by hUll\8.n peripheral ~laod 

30 nautrophils, an amount effective to reduce the level of 
tUllor necrosi& factor or interleukin-1, an amount 
ettectiva to reduce the level of araOhadonic acid, an 
amount effective to increase antibody titers in the 
~lood, an amcnuit affective for antithrombotia usea, an 

35 amount effective to treat, prevent or delay the onset 
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of any one of the follcwin9 diseases or conditions 
including inflammatory diseases, imnunoregulatory 
di•eases, fever, edema, diabetes mellitus, cancer, 
signs of aging, pain, septic shock, chronic fatigue 

s syndrome and functio laesa; or an amount effective to 
decrease the concentration of Lp(a) in the blood or to 
increase teed conversion efficiency. 

'l'he pharaaceutical co•pos!tions of this 
inventi~n may be employed in a conventional manner for 

10 the treatment and prevention of any of the 
aforem.ent!oned diseases and conditions. such Methods 
at treatment and prophylaxis and their dosage levels 
and requirementa are wall-recognized in the art and may 
be chosen ~Y those of ordinary skill in the art from 

15 the available methods and techniques. Dosage ranges 
may be from·about 1 to about 1000 mq/day. However, 
lower or hiqher dosages may be employed. Specific 
doea9e and treatment regimens will depend upon factors 
such aa the patient'• health status, tbe severity and 

20 course of the patient•s disease or disposition thereto 
and the judgment of the treating physician. 

Tocotrienols and tocotrienol-like compounds 
and mixtures thereof may also be used in combination 
with conventional therapeutics used in the treatment or 

2s· prophylaxis of any of the aforementioned diseaaes. 
such combination therapies advantaqeously utilize lower 
dosages of those conventional therapeutics, thus 
avoiding possible toxicity incurred when those agents 
are used aa monotherapies. For example, tocotrienols 

30 or toaotrienol•like compounds may be used in 
combination with ~ile acid aequestranta, such as 
Cholestyramine and COlestipol; fibrio acid derivatives, 
such as, Clotibrate, Gamfi~rozil, Bazafibrate, 
Penofibrate, and Ciprofim:ate; BMGR inhibitors, such as 

35 Lovastatin, Hevastatin, Pravastatin, Simvastatin and 
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SRI-62320; Probuaol; Nicotinic Acid; its derivatives 
and conjuqates, sgch as, 6-0H-Nicotinic Acid, 
Nicotinaria Acid, Nieotinamide, Nicotinamide-N-oxide, 
G•OH-Nictinamide, NAD, N~Methyl-2-pyridine-8-

5 carboxamide, N-Methyl-Nicotinamide, N-Ribosyl-2-
Pyridone-s-carboxide,N-Methyl-4-pyridone-s-carboxamide, 
Sradilian, Niceritrol, Sorbinicate and Hexanicit; 
Neomycin and d-Thyroxine~ 

In foodstuffs, tocotrienols and tocotriencl-
10 like compounds, .and mixtures thereof, may be used with 

any biologically acceptable carrier to provide safe and 
effective means of lowering blood levels of LDL-

• Cholesterol and total serum cholesterol, while 
increasing the ratio of HDL-choleaterol to LDta-

15 cholesterol in the blood. In addition, the foodstuffs 
may be,used to inhibit platelet aggregation, to 

deorease the release of superoxiaas by hunan peripheral 
blood rieutrophil•, to reduce the levels of tumor 
necircsis factor and interleukin-11 to increase antibody 

20 titers in the blood, or to treat, prevent or delay the 
onset of one or more of the tollowin9 diseases or 
conditions: immunoreqalatory disease, inflaJDJUltion, 
fever, edema, diabetes mellitus, cancer, aigns of 
aqinq, pain, rheumatoid diseases, septic shock, chronic 

25 fatigue syndrome and fUnctio laesa. Alternatively, 
they may be used to decrease Lp(a) concentrations in 
the blood or to increase feed conversion efficiency. 

Feedstuffs containinq the tocotrienols and 
tocotrienol-like compounds accordinq to this invention, 

lO and mixtures thereof, may ~e combined with any other 
foodstuff. For example, oils containinq the compound• 
of this invsntian may be used as cooJtin9 oil, fryinq 
oil, or salad oil and may be used in any oil-baaed 
food, sueh as :margarine, mayonnaise or peanut butter. 

35 Grain flour tortifie4 with the coapounds of this 
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invention may be used in foodstuffs, sueh as baked 
goods, cereals, past•• and soups. oils conta!nin9 
tocotrienol& and tocotrienol•like compounds can be 
emulsified and used in a variety ot water-based 

5 foOdstufts, such as drinks, includin9 drink mixes. 
Advantaqeously, such foodstuffs may be included in low 
fat, low cholesterol or otherwise restricted dietary 
regimens. 

The pharmaceutical compositions and 
10 foodstuffs.of this invention may be ad!ninistered to 

hum.an& and animals such as, tor example, livestock and 
poultry. once an animal has ingested or otherwise been 
administered a tocotrienol or tocotrienol-iike 
compound, or a mixture thereof, it advantageously 

15 retains the hypercholestarolemic, antithrom~otic, 
•ntioxidizing, antiinflanmatory, antiatherogen!c, 
immunoregulatory and other advanta9eous biological 
activities of the administered compcunds. Therefore, 
auch an animal, or any product derived. therefrom, su~ 

20 as, for example, milk, may be consumed bya human or 
another animal to derive the benefits of the 
tocotrienols and tocotrienol-like coapounds. For 
example, a chicken which ingests a grain or meal 
fcrtif ied with the compounds of this invention may 

25 later be eaten by a human to derive the chol••t•rol­
reducing benetits. 

In addition, the administration of 
tocotrienols or tocotrienol•like compounde to animals 
results in an increase in feed conversion efficiency. 

30 In hiqher fat content animals, such as cattle, swine, 
s.b.eep and lamb, tocotrienols or tocotrienol-l:ilte 
compounds advantageously lead to faster 9rowtb, lower 
cholesterol content, and higher percent&CIJ• lean meat. 
When administered to fowl, toootrienola and 

35 tocotrienol-like compounds result in production of eggs 
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characterized by reduoad Cholesterol content of the 
,yolk and hiqher p~otein content of the egg white. 

In order that this invention be more fully 
understood, the rollowing examples are set forth. 

5 These examples are for purposes of illustration only, 
and are not to ~a construed as limiting the scope of 
the invention in any way. 

In these examples, mass spectra data was 
acquired using Model MS-902 manufactured by and 

10 obtainable from A•sociata Electrical Industries, Ltd. 
(Department of Cheaistry, University of Wisconsin, 
Madison). samples were introduced directly into the 
ion source an a ;lass pro~e at 100°c. The.potential of 
the ionizing electrical beam was 70 e.v. NMR in CDC13 

15 were obtained using NMR-soo by BiuKr, FDR at room 
temperature. lR waa done as thin film usinq a Perkin 
Elmer instrument. Centrifugation was done in an 
Bppendorf Centrifuge (model 1240). Microwaving was 
done in a Whirlpool household oven (Model No. 

20 MT6901XW-o operating at soo watts. ~ was done using 
a wa~ars pump &OOOA or a Gilson pump 307, a Shimadzu 
tluorasaence date~tor RF-S35 and inteqrator CR3A, a 
Gilson'• autoinjector, Perkin.Ellller 50A UV detector or 
a Shimadzu SPD•lO AV UV-VIS spectrum photometric 

25 detector and a Kipp and Zonen BD41 reoorder. Unless 
otherwise indicated, the following BPLC conditions were 
employed: 20 µ1 injections, Porasil column (Waters 
column, 10µ, 4 lllll x 30 oa) using an iaocratic system of 
hexane and iaopropanol (99.75t:o.2s,, v/v) at a flow 

30 rate of 1.3 ml/min. Detection was done at an exitation 
wavelength at 295 nm and an emission wavelength of 330 
ma (fluorescence detector) and UV absorption at 295 na. 

All assays conducted on chic:lcen or awina 
serum were done f ollowinq the protocols described in 

35 A.A. Qure•hi et al., •Lowerinq Of sarum Cholesterol zn 
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Hyperaholasterolemic Humans By 'l'ocotrienols" 
(Palmvitee), "m· J, Clin. NUtr., 53, pp. l021S-26S 
(1991). All enaymatio assays were done following the 
protocols described in A.A. Qureshi et al., "lffects of 

5 cereals and ·CUlture Filtrate of Trichoderma viride an 
Lipid Metabolism of swine", Lipids, 17, PP• 924 (1982). 

Plasma ineulin, qlucagon and TNF levels ware meas1.lred 
using radioimmunoassay kits from Ventrax Laboratories, 
Inc. (Portland, Haine), ICN Biomedicals, Inc. (Costa 

. 10 Mesa, California) and Genzyme Corp. (Cambridge, 
· Massachusetts), respectively. 

Example 1 

'The following protocol may be employed for 
carryinq out the stabilisation of a biological source, 

15 using rice bran as the sample • 
:Rough rice (paddy rice) froa a farm is dried 

in a c~mmercial-type continuous flow, non-mixinq, 
heated air dryer. Drying is carried out to lower the 
moisture content of the rice from a level of between 

20 about 18 and 22 percent to a level between about 10 and 
13 percent. The dried rice is then cleaned by removinq 
dust, stones, seeds and sticks by aspiration in a 
commercial rice cleanin; machine, followed by gravity 
separa~ion in a stoner and pa~ticle size separation in 

25 a disk grader and a drum separator. The husks are then 

removed using a rubber roller sheller. Paddy (husks or 
hulls) are removed using a paddy separator. The'raw 
~ran is then removed in a friction mill to yield 
polished rice. The raw bran is then pneuaatically 

30 conveyed either to the extruder or to atorage until 
sta1'iliaation. 

To carry out stabilization, the raw bran is 
pneumatically conveyed to a filter/sifter to remove 
re•idual broken rice. Aft.er sifting, the raw bran is 
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pneumatically conveyed to a mixinq/temperinq hopper 
tank. The raw bran is conveyed from the discharge of 
the mixing tank to the extruder inlet valve of a 
clamped barrel single screw extruder by a metered screw 

5 conveyer feeder. The operating conditions of the 
extruder are maintained durinq stabilization in the 
followinq ranqe: 

flow rate: 900-2000 l~s/hr 
pressure: aoo-2000 PSI 

10 temperature: 135°-21o•c 
time: s-90 seconds. 

The dry heat stabilized raw bran is then fed 
directly into the feed hopper ot an expander cooker. 
Alternatively, the teed to the cooker may be raw hran 

15 that has been cooled with dry ice, Within the 
extruder, the bran is conveyed by a discontinuous worm 
abaft toward the discharqe plate at a rate of arO\Uld 
341 lbs/hr. Water and steam are added through 
injection ports in tha barrel of the extruder at a rate 

20 of around 38 lbs/hr to completely mix the material and 
to raise the moisture level. The ambient temperature 
ia about 30°C. Flow of the material is controlled by a 
diseharge die plate at a rate of about 341 lba/br. The 
teed material moisture level is maintained at a~out 

25 11.4' and the temperature is held between about 90• and 
135°C for between about 15 and 90 seconds. The 
moisture level in the collet produced is a~out 14t at a 
diseharge temperature of 12s•c. 

As the bran is extruded through the die 
30 plate, the su4dan decrease in pressure causes the 

liquid water to vaporize. During cooking, enzymes are 
denatured and some constituents of the bran are 
galatinized into a fluid paste which bind& the 
particle• toqat:.bar. A co•pact pellet i• formed.. 

35 Vaporization of water causes breakage within the calls 
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ideally suited for solvent miqration percolation. The 
introduction of steam and water durinq the process 
raiaes the moisture content of the bran to about 22•25 
percent. The extruder discharge is then sent 

5 downstream at a rate of around 341 lbs/hr. to a 
dryer/cooler. Moisture flow to the extruder i• 
maintained at about 96 l~a/hr and the temperature is 
kept in the range of s2•c to 13o•c. lfhe discharqe from 
the dryer/cooler is maintained at a rate ot about 341 

10 lbs/hr and at a moisture level of aboUt a,. stabilized 

rice bran is the result. These conditions also allow 
for storage of the stabilized bran. 

The stal)ilized. bran is immersed in hexane in 
a ratio by weight of about two to one. Typically, 

1s a.bout 10-100 g ot material can be extracted usinq this 
protocol. The hexane is gene~ally heated to about 60°C 
uaing a steam table incorporated into an explosion 
proof vented hood, but other solvents and other 
temperatures may also be employed.' The hexane/oil 

20 Miscella is removed from the Jn-an by filtration. About 
5-6 washinqs are necessary to bring tbe oil content of 
the bran to less than one percent. 'l'he defatted bran 
and the hexane/oil miscella are both desolventized 
under gentle heating with steam. 

as If 100-500 lbs. of stabilized bran is to be 

extracted, it ia lllOre practical to use tba followinq 
protocol. The stabilized bran is fad into a counter­
ourrent extractor at a flow rate o~ about 111 lbs/hour. 
Fresh hexane is introduced at a rate ot around 312 

30 lbs/hr. The fresh solvent (hexane) temperature is 
maintained at about so•c, while the extractor 
temperature is maintained at arou.nd-sz•c. Residence 
time in the extractor is typically around 45 minutes. 
The product is a detatted bran with an oil content of 

35 less t.han one percent. 'l'he hexane/oil miscella exiting 
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the discharge ot the extractor is filtered through a 
plate and frame filter press. The filtered miscella is 
then pumped to a steam heated still where the hexane is 
evaporated and collect~ by a condenser for reuse. 

5 Following extraction and desolventization, 
the crude rice bran oil is typically degumned, dewaxed, 
bleached and physically retined using steam 
distillation. Degumminq is carried out by a two stage 
addition under agitation of 2~ water by weight and then 

10 0.15% phosphoric acid (85' reagent grade) by weight. 
The temperature is held at about s2•c to 88°C for 10 
minutes and the sludge containinq the qums ia then 
removed vi~ ultrafugation. (See, e.g., United states 
Patent No. 4,049,686), The deqwnmed bran is cooled to 

15 about s0 c to a•c and held for 24 hours. The dewaxed 
oils form a layer above the waxes which can be decanted 
using a vacsuum pump. Bleaching is carried out 
accordinq tc the official American Oil Chemist's 
Society method 6c aa-52. Physical refininq is carried 

20 out in a glass deodorizer at about 250°C and around 3 

mm Hq for about 2 hours. 
The tollowinq &pecif ic protocols are referred 

to in the subeequent examples. stabilization protocols 
follow the general method set forth above, with the 

25 precise conditions defined as follows: 

30 

tro~ocpl I- Prv Haat Stabilization 

Extruder: Wenger Model x-25 

stano1rd saraw/Barr•l Setup: 

Barrf l # standard Po[t. Screw I Standard Port 

5 28714-9 5 28320-1 

4 28318-1 4 8326-9 

3 28372-9 3 28326-1 
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2 28318-1 2 28326-5 

1 28350-1 1 28387-9 

stand.am Die Setyp: 

Pie/SRacer Measurement Standard Port 

5 Spacer 0.375 28340-11 

Back Plate 0.625 28361-51 

Intermediate 0.218 28316-723 
Plate 

Front Plate 0.235 28389-507 

10 Ope"'ting Conditions: 

Ji'eed Rate: 
Temperature: 
Pressure: 
Moisture Feed: 

1000 lbs/hr 
170°C at exit die 
975-1025 psi 
12, 

15 Moisture Discha%qe: 9.61t 
Re&idence Time: 
Run Duration: 
Sample Size: 

15 seconds 
8 hours 
50 ll:Js. 

Protocol I+-Prv Haat Followed, by Wet Heat §tabi1ization 

20 Di::y Heat Stags: Protocol :r 

25 

wet Haat Stasa: 

Extruder: Anderson 4 inch 

Sgrew/Barrel Configuration: Standard CUt Flight 

Dia Satpp: 

Diameter: 0.1875 inches 
Land: o.75 inches 

Q.parating Conditions: 

Feed Rate: 378 lbs/hr 
Shaft Speed: 279 rpm 

30 Ste•m injection: 36 l~a/hr (~a psi at #8 hole) 
Mechanical Preasure:750 psi (est.) 
Moisture Feed: 11.4' 
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Diacharqe Moisture: 151 
Discharge Rate: 450 11:>8/hr 
Discharge Tesnp.s 121°c. 

PrOtgcoi III-Dr;ying/Cgpiing Procedure 

The wet heat stabilized product of protocol 
II (15t moisture) was discharqed onto alW11inwn trays 
and placed in a tray oven at 101.1°c qntil the moisture 
content was s-1ot (approximately 1.5 hours). The trays 
were then placed on tray racks and allowed to cool at 

10 ambient temperature (approximately 2o•c). 

ProtoSpl :tV-Oil Extraction CW,boratory Metbgdl 

oil to haxana ratic: 
# of washings: 
Extraction temperature; 

1 : 4 
3 
4o•c 

15 The hexane was removed from the extract by 
mild heating (40•c) under a mild vacuum. 

Protocpl v-gil axtraqtion (Pilot Plapt M•t:.bpd) 

Oil to hexane ratio: 1 : 4 
# or washings s 6 

20 Extraction temperature: so•c 
Amount Extracted: 2 o lbs 
Yield: 16 lbs defatted ~ran 

4 lbs crude oil 
The hexane was t'elllOVed from the extract by 

25 heatin9 to 11s.s•c. 

30 

Erotoeol VI-Oil Ext;:action (Cold Extraction) 

oil to hexane ratios 
I of wasbinqs: 
lxtraction temperature: 
Amount Extractad: 
Yield: 

l : ' 
6 
2o•c (ambient) 
20 lbs 
16.4 lbs defatted bran 
3.6 lbs crude oil 

The hexane was removed from the extrGct by 
heatinq to 11s.s•c. 
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Pretegpl VII-Dewaxinq 

20 lbs of crude oil were rafridqerated for 24 

hours a~ 4•p (-15.6•c). 'l'he supernatant, whieh 
contained the dewaxed 011, was decanted fron the 

5 solidified waxes. The waxes were then centrifuqed to 
remove entrained oil yieldinq waxes (0.59 lbs) and 
dewaxed oil(l9.407 lbs). 

Example 2 -- Rllt'if ication of R26 

Tha rice bran was stabilized according to 

10 protocol I. l.O g of the stabilized rice bran was 
qround into a fine powder and extracted wi1:h 8 ml of 
11etbanol in a 4isposabla screw capped tube usinq a 
shaker for •30 minutes. The suspension was than 
centrifuged at 2000 rpm for 10 min. to recover the 

15 methanol layer, which was evaporated under vacuum at 
40°C. The remaining dried residue was then extracted 
with 4, ml hexane :by shaking on a shaker for 3 min. 
followed by centrifugation at 2000 r:pin for 5 min. The 
resulting supernatant was transferred into an injecting 

30 vial, which was capped and centrifuged again for 2 min. 
EVaporation yiel4ec.t the TRF. 

Ten ll9 of the 'l'RF, which contained novel 
tocotrienol P25 , was disaolved in o.5 ml of hexane and 
bound to a Bond Blute Amine column (l.O ml) that was 

25 first equilibrated with 2 ml hexane. The column was 
then washed with 1 ml of hexane, followed by 1 a~ of 3% 
iaopropanol in hexane. Thia atep removed most of the 

known Toc:ol products. '!'hen 1.0 1lll of 5% isopropanol 
in hexane was run through the column. !'h• recovered 

30 aolution was evaporated, yielding l.~5 mg of'P25 and 
0.44 g of tocotrienol (P21 ). Finally, 1.0 ml ot 6' 

isopropanol in hexane followed by 1.0 ml lOt 
isopropanol in hexane was run throuqh the column. The 
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resultant fractions were analyzed by HPLC. No traee of 
the P20 impurity was ~isible on the HPLC trace. 

Example 3 

Amine column purified compounds from 
5 Example 2 were further purified by HPLC to separate 

tocotrienol CP21 > and P25• The peak fraction• from 
several runs were collected and analyzed by HPLC. The 
purified aa11ples each showed a single symmetrical peak 
.as observed ~y OV and fluorescence. The following 

10 analytical data was obtained for tocotrienol (P21 ) and 
P25: 

15 

MS(EI): m/e 382+ (molecular ion) 
163+ 
123+ 

NMR (CDCl3): 

8 1.26 cs, H), 1.so-1.84 (m, 4H), 1.sa 
(a, 9H), 1.66 (s, 3H), 1.90-2.15 (m, lOR), 2.69 (t, J= 
6.7 Hz, 2H), 4.23 (s, lH), 5.07 (m, 3H), 6.51-6.57 (m, 

20 2H), 6.63 (d, J= 8.5 Hz, 1H). 

IR (film): 

(cm.1) 3400, 2990, 29SO; 2876, 1500, 
1458, 1240, 750. 

The MS data correspond to a molecul•r f orm.ula 
25 of c26e38o2• The pattern i• characteristic of the 

fragmentation o~aerved with o-, &-, and y-tocotrienols 
as reported by ltao et al., "Identification and 
Bstimation of Tocopherols and Tocotrienola in Vegetable 
Oils TJain9 Ga• Chromatography-Mass Spectrometry•, ~ 

30 Aqr. P004 Cham·• 20(2), pp.240-245 (1912). The peak at 
11./e 163+ indicates loss oft.he side chain (C1sff27>+ 
giving rise to the ion c10H11o2 (163.0759). The peak 
m/a 123+ originates from the cleavage of the side chain 
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by the breakdown of the chroman structure with hydro9en 
rearranqement and loss of a methyl acetylene fragment 
(CH3-c=CH2)• 

The NMR spectra is identical to that of T3, 
5 except that the methyl group on the benzene ring at 

& 2.2 normally present _in T3 is misainq in the spectrum 
of P21 • 

The IR indicates the presence of a phenolic 
OH qroup at 3700 cm·1, a benzene rinq at 1650 cm·1 and a 

10 chrop.n rinq at 1680 cm·1• 

Based on these data, the structure of P21 was 
identified as desmethyl-tocotrienol (~,4-dihydrc-2-
methy1-2•C4,s,12-triaethylt~ideca-3' (B) ,71'(!) ,11'­
trienyl)-aa-1-benzopyran-6-ol)i 

15 H 

20 

. 
25 3H), 

2.19 
(br. 
6.91 
lH), 

30 

H 

MS(EI): 

a/a 

NMR (CD~)f 

& 1.58 (s, 3H), 1.59 (s, 3H), l.62 (s, 
1.67 cs, 3H), 1.73 (m, 2H), i.90-2.oa (m, 10H), 
(m, 2H), 2.63•2.85 (m, 2B), 3.89 Cm, 1B), 4,30 
s, lH), S.07 (m, 2H), 5.14 (t, J= 7,9 HI, 1H), 
(d, J= 2.9 Hz, lH), 6.56 (d of d, J• 3.9, 8.6 H~, 
6.66 E(d, J= 8.6 H%, lH). -

IR (film.)s 
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cem.·1> 33as, 2924, i494, 14so, 1352, 
1280, 1218, 1080. 

The MS data correspond to a molecular formula 
of c25H36o2• 'l'h• pattern is characteristic o~ the 

5 fra;mentation observed fer y-tocotrienol, except that 
the methyl on th.e chr011an ring adjacent to oxygen is 
missing. 

10 

15 

The NMR spectra is similar to that ot 
dasmethyl-T3• 

The IR indicates the presence of a phenolic 
OH group at 3388 Clll-1, a benzene rin9 at 1494 cm.·1 and a 
Chroman ring at 13~2 cm·1, 

B•sed on these data, the structure of ~25 was 
identified as didesaethyl-tocotrienol (3,4-dihydro-2-
(4,8,12-trimethylt~ideca-3' (1) ,7' (E) ,111-trienyl)-JH-
1-bensopyran-6-ol): 

ff 

ZXAmsla 4 -- Isolation and Puri(iaatign ot 218 and P18 

The rice bran was stabilized according to 
20 protocol I. 1.0 9 of tha stabilized rice bran was 

ground into a fine power and microwaved for 3 minutes 
(in l minute intervals) to release any bound T3 and T3• 
like compounds. The microwaved rice bran was then 
extracted with 1 ml of methanol in a disposable screw 

25 capped tu.be usin9 a shaker for -30 minutes. The 
suspension was than centrifuqed at 2000 rpm for about 5 
minutes. The supernatant was removed and the methanol 
waa avaporated·under vacuum at 4o•c. 'l'he resulting 
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residue contained a mixture ot free and previously 
bound T3 and ·T3-like compounds. 

The residua was dissolved in 250 µ1 (200 mg) 

of hexane and applied to a l ml Bond Elute amine column 
5 that was first equilibrated with 2 ml of hexane. The 

column was then washed with 1 ml of hexane. Then o.s 
ml aliquots of the followinq solvents were eluted 
through the column successively: a.st 1sopropanol in 
hexane, 1.0, ieopropanol in hexane, 1.5, isopropanol in 

10 he~ane, 2.Q• isopropanol in hexane, 2.5, isopropanol in 
hexane and 3' isopropanol in hexane. Finally, the 
column was washed with 0.5 ml of 10% iscpropanol in 
hexane. The resultant fractions were Analyzed and the 
tractions containing P16 and P18 were combined (only the 

is fractions collected using 1,5,-3, is~propanol in hexane 
contained P18 and P18 in significant mncunts), 

In order tc aeparate P16 and P18, HPLC 
conditions identical to those described in this 
application were used, except that tha concentration of 

20 isopropanol was increased from o.25% to o.st in hexane. 

30 

35 

Undar those conditions, P18 eluted at 13 minutes and P18 
eluted at 15 minutes. The peak fractions were 
collected and analyzed by HPLC. These purified samples 
each showed a single symmetrical peak aa observed l:Jy tJV 

and fluorescence. 'l'he followinq analytical d~ta was 
obtained for P18 and P18: 

Z1e: 
MS(BI): m/e 380+ (molecular ion) 

161.f. 

::i:::~:; !:I;:!a(a~arff'~ . 3so.3oa4 
(calculated): 380.3079 

The fragmentation pattern-was similar to that 
of P21 and P26 • The peak at m/e 161+ indicates loss of 
the c16H27 aide chain 9iving rise to c11H13o. Based on 
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these data, the following structure tor P18 was 
identif ieclt 

H 

H 
MS (EI): m/e 424+ (molecular ion) 

205+ 
molecular formula: C29H4003 
molecular weight (actual1: 424.3010 

(calculated: 424.2977 

The fraqmentation pattern was again similar 
10 to that of P21 and P25 • Based upon these data, the 

following structure for P18 was identified: 
H 0 

.ampla !5 

Th• effeots of different rice ~rans on the 
serum levels of total cholesterol, HDL-choleaterol, 

15 LDL-cbolestarol, apolipoprotein (ah and 
apolipoprotain B was determined in chickens. 

The tollowinq protocols were performed to 
yield the samples displayed in Table I: 

entry 5: protocol I 

20 entry 6: protocol I, followed by protocol IV. 

All oth.a~ samples were obtained trom commercially 
available sources. 

Chickens were chosen as our initial model 
because they synthesize cholesterol in the liver usinq 

25 a .mechanism simi~ar to that of humans (unlike rats .nd 
mica that synthesize cholesterol in the intestines). 
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Bach qroup of chickens (&-week old female white . 
leghorn) was administered either a chick maah control 
diet or a control diet containinq a 2ot equivalent of a 
test rice bran. The amount of feed consumed by all 

5 groups was comparable to the control group and the 
feeding period was 4 weeks. The birds were tasted for 
a period of 14 hours prior to sacrifice (at oaoo 
hours). 

1'he chicken .ash diet contained the followinq 
10 inqredients: 

Ingred,itntS Weight Cgl 
. 

Corn (8.St protein) 615.0 

soybean Meal 335.0 

corn oil 10.0 

15 Calcium carbonate 10.0 

Dicalcium Phosphate 20.0 

Iodized Salt 5.0 

Mineral Mixture• 2. !5 

Vitamin Mixtureb 2.5 

20 a Mineral mixture contained per kq feed: zinc sulfate• 
H2o, 110 mq; manqanese •ulfate 5H2o, 70 mqr terric 
citrate • H2o, soo.o mg; copper sulfate • SH2o, 
16.0 mg; soaium selenite, 0.2 mg; D~-methion1ne, 2.5 g; 
choline chloride (50t), 1.5 g; ethoxyquin (1,a-dihydro-

25 6-ethoxy-2,2,4-trimethylquinoline), 125 mg; and . 
thiamine-Bel, 1.8 mg. ' 

30 

b Vitamin mixture contained per kq feed: vitamin A, 
l,SOO unit•f vitamin D3, 400 unit•; vitamin B, 
10 unit&, riboflavin, 3.6 mq; calcium·pantotbanate, 
10.0 mgr niacin, 2s.o nq; pyridoxina•HCl, 3.0 mg; 
folacin, 0.55 mg; biotin, o._15 m9; vitamin :e12, 
0.01 m9; and vitamin x1, 0.55 mg. 
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The results are displayed below in Table I. 
Percentages of increases or decreases are shewn in 

parentheses. 

TABLE r 

Mut~ftianat state1 CcncMtPISillD ;n 1111'1.m '9il2Q51i!!l~ 
Total Chol. HDL·c:hol. LDL•Clrol. Apo•A1 Apo-I 

1) Control Graup t:hfelc tllJ.Ps6.f A A 131.'*3.f" 31 • .W1 .68: ,04.2&4.61 47.'*4.'i 
Mell! CCTL) C1CIO.G) C100,0> (100.0) C1GG.0) C,00.0) 

2> Cellulase (201 EqU.) '"·413.5 • 116.014.991' • 4il.6*4.12 A A 126.12:!.81 30.411,31 
(93. 7> (92.,, (815.9) ('5.4) (116.1> 

3) California Rice Bran 1s1.2.s.1• 100.4:c!l.42A 39.0w..zzA•1 125.8*4.?IA 21.k1.54A 
<20l Equ.) (91.,, (96.4) (81 .4) (94 • .,, C91.1> 

4) Loutaiana Rice Bran 14Z.Ot4.3C 1D1 .7t6.41A 34.613.091 A I 132.°*3.84 27.6*1.41 
(20I Equ.) C8S.6> (91.6) cn.z> C99.!) (81.9) 

5) Lauis;en1 Rice Iran 12.8.5*4.oD 91.1t7,25A 31.412.12 I 133.2*3.JaA 25,712.251 

•i•utzed C71.5) (94.1) (65.6) (100.2) cat.a> 
czm; Equ.> ,,. &.oulslatt8 -fM Iran 141.Jd,fD 100.Zs4.69A 

. A 
4a.4:tJ.01 125.7i5.56A 28.7•1.31A 

Defatt:ed C20I Equ. > (89.5) (96.2) (88.5) (94.6> ,,,,,,, 
7) ~rc'lal llce Brm 150.D:t4.61 ;e.w.a,A 40.6*3.IBA 125.1t5.56A 29.0tt.26A 

(2111 Equ.) (90.4) (94.9) (8'.8J (9'.1) (92.4> 

, 
leedfna period !Ms 4 ll!Nka; ti• of ttl u,. M11S 0800 hllU's. Th• bf Pda .,,.,.. feated for 
14 heurs prtof' ta ktmns •. D•tl expre&•ed " IDllM t SDr n = 6 chiclcons per 9raup. 

2 Percm\tuu of inornaea or dcorea&efl •ro in parentheses. 

25 A·D Values not sh1rfna • oCllllllClft a&1persoript let:tor are dlffertnt at P < D.01. 

The diet which included stabilized rice bran 

demonstrated superior cholesterol reducinq activity 
when QOmpAred with the other diets. It advantageously 

lowered t~e WDL-cholesteral level by almost 35!t, while 
30 lowarinq the H~L-cholesterol level by only 5.9t, as 

cOllpared to the control diet. In addition, it 
increased the ratio of apolipoprotein (a) 1 to 
apolipoprotein B ~Y 2lt. Thia ratio is used •• an 
indicator for assessment of risk for coronAry heart 

35 disease (see Naito et al., 11Tha Clinical Significance 
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Of Apolipoprotein Measurements," J. Clin. Immunoassay, 
9(1), pp. 11-20 (1986)). 

Exam;la • 

We next determined the effects of different 
5 rice. brans on the hepatic enzymatic activities of HMG­

CoA reduetase, eboleaterol 7a-hyclroxylase and tatty 
acid synthetase, and the serum levels of triglycerides 
and glucose in chicle.ans fed with them. The feedin9 
conditions were identical to those dasc~ibed in 

10 Example s. The samples were prepared as described in 
Example 5. 

The results are displayed below in Table II. 
Peroentaqes of increases and decreases are shown in 
parentheses. 
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Nutritional ltac.1 llMG•COA Chaleaterol Fatty Acfd Scria Ser1.111 
Reclui::tue l,••HVdf>tilYl•H ~thetaae \[i&lYCtrfdu Glucose 

CP111Dlee/llw/mfn) CnllOlet/Mt/Mfn) (nDDlea/nw/llinl Cllll/100 Ill> Clll/100 •l> 

t> Catltral Graup Chick 405.St1i.s" 0.808t0,6aA 69,0a:s.f" A '°'·SdroA 75.7*3.l' 
Ma&b CCTLJ (100,D) C100.0J C1DCl.OJ (100.0J UOO.O> 

2) CeHulose C2DI l!qu.> 417.0a14.6A .A I G.llh0.031 51.7:112.25 69.4t2.Pl1 100.h1.891 

C102.9) (109.2) cas.n (91.7) (91.8) 

3) Californfa Rfaa Brim S.0,2117.61 0.1151tO.OfJA 9S.1t4.S~ 65.4*2.M1•C 96.1tG.94A,I 
(2111 Equ,) (U.9> C105.3> en,,, (86.4) ca7.S> 

4) Louislena Rlae Iran !SD,!lt12,ll 0.935tO.D441 '8. ?:11.-1' a.Zt1.61c 93.1tz.zoC 
. CZOJ Equ,) (llt.!I) (115.7) (99.6) (U.SJ (84.1) 

5) Lauisfena Rice Iran 31'.?114.61 0.939*0.0398 65,6&5.~ a.9t:.92c 90.4*1.saC 
ltabHized (20I (76.9) C116.2> ctS.,, (84,S) (82.3) 
Equ.> ,, Loufelan. Rice Bran 3U.7:i:14.aC a.nzao.ozaA 10.4*2. 12A 12.3s1.67" 99.3:i:1,63A 
Defatted C20X Eqit.) (95.9) "°'·'> (102.0) (95,6) (90.4) 

7J Cmnrcial Rfce Iran 371.le1ll.SC 0.850t0.036A 64,71J.66A 70.9t1.61A 1a1.za,.z1A 
cm E~.t.J (91.6) C1DS.Z) C93.8) C9J.?> (92.1> 

1 Feedfne pariact wee four n1ka; tf• of kfUI,. 111111 OIOO hour&. Tiie bfrda were fastld 
for 14 hours prior ta kH Ung. Data upressed as llHns t SD; n = 6 11hick11n11 per araup. 

Z Percenta1es af increnes ar decreases .,., in riarenthHes. 

3 p·males of MValorijo acid syn1hesi1ecl per mfnute per 1111 af micrasoml protetn. 

25 4 n·110le8 of t14cJ·choleatetol into c14cl 7•c•hydraaychalHtoroL per •irute per .. 1f 
mfcr1111an11t protein. 

5 n-•ln of NADPH 0&tdtzld ptr 11fmite per 119 of cytoaol tc pratein. 

A-C Value• nat 11lm•i111 1 COftlllan s"'°rscrfpt letter are cHf~rent at: P c a.at. 

As shown in Table tI, the diet which 
30 contained stabilized rice ~ran produced a marked 

reduction (over 23' as compared to the control diet) in 
the activity of HMG•CoA reductase, the rate-limitinq 
enzyme of cholesterol biosynthesis. However, the 
activity of the enzyme responsible for the deqradation 

35 of cholesterol, cholesterol 7a•hydroxylase, was not 
substantially affected. Furthermore, this diet reduced 
the aerwa levels of triqlycerides (fats) and glucose by 

15.St and 17.71, respectively. 

r-
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Exampla 7 

We next compared the effects of rice ~ran 
oils extracted from various sources on serum lipid 
parameter of Chickens fed with diets supplemented with 

s those oils. Each group ot 6 chickens (&-week old 
female white leghorn) was fed the chicken mash diet 
descri~ed in Example 5 for 14 days. Following this 
period, the chickena were fed a diet consistinq of the 
chicken mash diet containing a 5% supplement of various 

lo oils. The control diet included a supplement of si 
corn oil. After 4 weeks, the birds were fasted for 
36 hours and then reted for 48 hours prior to sacrifice 
(at osoo hours). The amount of teed consumed by all 
groups was comparable to the control group. The 

-15 following protocols ware performed to yield the samples 
displayed in Table III: 

entry 2: protocol l, followed by protoool IV 

entry 3: protocol III, followed by protocol IV 

entry 4: protocol III, followed by protocol IV 

20 entry 5: protocol IV 

entry 6: protocol IV 

All other samples were obtained from commercially 
available sources. 

The results are displayed below in Table III. 
25 Percentaqes.of increases or decreases are shown in 

parentheses. 
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TAll.E m 

SE!LW Cllai.ESTEROL '!!1£!GOIJIU 

Nurrftionet Stace1 Total Cllol. llDL •ClloL. l.01.•Chol. Tritl)'Cerfdn GlucOH 

1) Chidr. Diet + 5.01 115.1:1:S~tA 110.314/SA 61.914.f'A 90.2t2.~ ,24.61112r 
5 Cotn 01 L CCDCJ (100.0J (110.0> naa.a) (100.0J C100.0J 

2l Chick Diet + 5.0X 129.7•4.11 w.11:J.srA 27.9*2.608 84.Sta.978 117.3i5.92A.I 
Lauisi11n1 lice Iran C10.PJ (90.5) (45.1> cn.n C94.U 
o; L Cl.RIOJ 

S> Chicle Diet + S.O: 135.3*4.51 102.6t4.93A 30.o.z.a,S 81.3131.941,C 11Z.4s4.~I 
10 llot lbctNAtod I.RIO cn.n (9S.OJ (41.SJ cto.t> uro.2> 

4) Chick Diet + S.OX 1Z1.6i1.sc "·"*'·"" 26. t:tl.at• 11.214.11C 113.2 14.401 

Cold c~tr1ctecl Llt80 (65,7) (89.2) (42.Z> (85.6) (10.9' 

5) Chfck Diet • s.o• 154.5tJ.4D 108.6d.Z5A 46. 7:rJ.a0 A.II I "'·'*'·" tt6.5 ... 21 
Louisiana Crude 1tce CU.5> (98.5) C?:li.4) (96,D) Cts.5> 

15 Iran Oil 
un1tabf l t zed 

6) c:ltfck Diet • 5.0X 163 .3:t5 .31 102.414. toA 55.8*!.840 81.5a4.!3A 116.2&4.781 
CCl!llercfal 1;ce Iran CM.2> (92.1) (90.1) (98.1) (93.3) 
on 

20 1 Feeding period ...a 4 1tetk8J t111t of 1cm1111 1111 0800 hours. Tbe birde Ntr• futec:t for 
H hours prtor to kULlftl •. Data e11prnaed as 11eana t SD: n = 6 chlctens .-r troup. 

1 Percent11e of fncreesea or decreases are In parentheses. 

A·I Values nat sharing • cmman superacl'1pt lttttr art different at P c 0.01. 

The diet supplemented with 5' cold extracted. 
25 Louisiana rice bran oil demonstrated superior 

cholesterol-lowerinq ability over the other diets. 
Impressive decreases in total serum and LDL•choleaterol 
(34.3' and 57.8,, respectively) were recorded, while 
the level of HDL-cholesterol decreased only slightly 

30 (10.B,). Decreases in triqlycerides and glucose levels 
were also observed. 

lxppl@ 8 

This exaJnple demonstrates that waxes 
(sterols) were not responsible tor the ~olestercl-

3' lowerin9 properties ot :t.ouisiana rice bran and its oil. 
Bach qroup ot e ohickens (5-weak old female white 
leghorn) was administered the chick mash diet described 
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in Example s, supplemented with one of three different 
amounts of waxes (&terols), 50 ppm of TRF (prepared as 
in Example 2) or st equivalent of the methanol 
insolu~le fraction Louisiana rice ~ran oil. The amount 

5 of feed consumed by all groups was comparable to the 
cont~ol group and the feedinq period was 4 weeks. The 
birds were tasted tor a period of 14 hours prior to 
sacrifice (at osoo hours). The following protocols 
were performed on the samples displayed in Table tvz 

10 waxes (entries 2-4): Protocol VII. 
TRP (entry S) was obtained usinq the method 

described in Example 2. The methanol insoluble 
fraction {entry 6) was obtained by freezinq Louisiana 
rice bran oil (prepared using protocols I and IV), than 

15 centrifuging. The resultant supernatant was extracted 
3 times with twice the volume of methanol. 

All other samples were obtained from 
commercially available sourgee. 

The results are displayed below in Table lV. 
20 Parcentaqes of increases or decreases are sbown in 

parentheses. 

_ _J_. 
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fABLE IY 

!Ulm 'bSll.IHIClll 'lllll1!1Qt!U 1118•CllA Cllolesteral 
Nutrfttor1al ltate1 Total Chol. HDL·ChaL. LDL•Chol. 1.m.:tal8 7•·N~DXylase 

cpmales/119111in>2 c..-lu/9/111tn23 

1 J ctliak Diet + 5.01 111. 1t4-'1zA A 61.9!1.,. 'J44 .3*1 If ,A A 
110.344.95 0.15St0.0M 

Corn Oil (COCO) C100.0> (100.0) (100.0) (100.D) naa.D) 

3) Chick Diet + 5.0I 184.7*6.so" 109.6*2.83A 61.1t1.11A S39.S.19.7" o.mao.oa1A 
Cotn OU + Wun: (99.8) (99.4) (99.7J C91.SJ (97.9> 
50 PPll 

I) Chick Dfet • 5.0X 173.8*7.31" tC6.2t4.6tA Sl.1i1.nA S\7.\:&14.4~8 o.84ko.onA 
Corn Of l + waxes; (93.9) (96.3) C9J.9) (92.U (98.9) 

5,000 PPll 

4> Chick Diet + 5.0X 165.914.901 108.5t4.68A 57.9*1.41" JIJ4,Ss14,4 I 0.902:0.IHIOA 
Corn Ofl • waxes; (89.6> (98.4) C9S.S> CIS.4) (105.5) 
1a,ooo Pllll 

S> Chick Df et + s.ax 134.8t3.ea0 104.:s:J.,,A 25.9*1.ozl 276.0ttT.,c 1.068t0.067' 
Corn Ol l + <72.1> (94.6) (41.8) (I0.2) C1Z4.9) 
Tocotrienol·Rich· 
Fractf an: 50 f1P1 

6) Chicle Diet + s.ox 110.Z16.otA 104.0.4,,.,A 62,6&1.68A 321.U19.38 .as2'to.oto" 
MettMinoL Insoluble (97 .4> (94.3) C101.1> (93.3) (99,6) 

Fr•"lan 

, FHdfnt pertDd was ' weeksr tfme of lr:llllhl was 0800 haurs. The birdl wrt fasted for 14 
hoYra prior to killing, Dita expreeeed • ... :t •r n • 6 chicle.,.. per group. 

25 Z p-110lea of ftll'nlonii: •fd 1ynthHfzed per minute per 119 af niioroernal protein. 

S n•moln of £ 14cJ ?' 1·hydroxyct10Lest:erol per 11inut~ pcir 119 of •forOIOlllll prot:etn. 

• Pera•1g11 of tncreaaes ar decrnaes 1rt In parentbe&e., 

A-Dv.lues not aharfns a CC11911Dn superscript: Letter are different •t P c D.01, 

The diets supplemented with starola were not 
30 affective in lowering total serum or LDL-cholesterol 

levels. Tbe maximum decrease in total cholaatarol 
recorded with the sterol supplemented diet was 10.6' 

and that for LDL-cholesterol was only 6.5%. Only a 

mar;inal decrease was observed in hepatic enzymatic 

35 activity of HMG-CoA reductase (11.&t). Conversely, 

chickens fed the diet supplemented with the methanol 

aoluble fraction ot the TRF recorded a substantial 
dec~eaae in the level• of total.••~~ ~olesterol 
(27.2%), LDL-cholesterol (58.2%) and hepatic enzymatic 

40 activity of HMG-CoA raducta•• (19.B'>· ·Therefore, the 
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methanol soluble fraction of the TRF (containing the 

tacotr1enols according to this invention), rather than 

starols, was responsible for the impressive 
cholesterol-reducinq properties of rice bran oil. 

1Xample 9 

This study was conducted to deteraine if 

sterols were responsible for the reduction in serum 

levels of various enzymes and blood constituents 
observed with rice bran. The feeding conditions 

10 described in Example 8 were ueed. The sample• were 

prepared as described in Example a. 
rhe results are displayed :below in Table v. 

Percentages of increases or decreases are shown in 
parentheses. 
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TAILI! Y 

p!atcy Ac.!:a Platelet 
S~thet Tri9lycaridl8 Gluc:aae Thl"ClllDmcane Bz Factor 4 

NutritfanaL St•to1 Cpiiolcs/1111/min) Cllll/100 ml) (1111/100 Ill) (1111/100 ml> (1'11/mlJ 

5 1) ch•ok Dfet + 5.0I 61.4*2.iA 90.2*1.1"' 124.wrA 16.7c1.f" 7,2ta.'iA 
corn of l C~Dl:OJ (100.0) C100.0> (100.0) C100.0> C100.0> 

2) ctllck Diet + 5.0I A A A 15.1&1'9" 7.St.O.~ 62.St1.! 9'.5+1.f 126.'h.2l1 
Cam Oil + ll1t111•1 C10Z.0) (101.4) (101.7) (94.6) C104.Z) 
50 ppn 

10 S> Chick Diet + 5.0I I A t2l.9*a.s2A '6.4tti'A ?.4tD.3jA a.a.2.1 95.:u,.a, 
Corn aft + lilaxe&f C103.8) (105.5) (99.4) C91.Z> (10Z.I) 
5,000 PP" 

4) Chtek Dtet • 5.0I 60.4t1.tA A 124,S:ta• taA ,, ... , •• .,A A M.1t1.f 7.4&0.I~ 

15 
Corn Of I • waxea: 

(98.5>3 
(106.5) C99.I) (100.6) C102.I) 

tD,OOD ppn 

5) Chick Diot + 5,0I I n.211111• M.4•1r58 I I 68.5t2., 12.4-1942 S.71D.f 
Corn OH+ (111.7) cat.Z> (69,!) (74.3) C79.2> 
TacatrienDt·R;ch• 
, ... ~,ion; 50 PPlll 

20 6) Chtck Diet + s.aa I 89.St-1,,A. m.tti.45C 15.4t.1JleA A 
6S.la1.I 7.5.D.~ 

ti.thlnol cta?.J> (99.Z> (89.4) (92.2) (104.2) 
lnaohble 
Fr•ct;an , 

FncHns perfod •• 4 week•1 ti1111 af killint .... DIOO houn. The btrda wer~ fasted 
25 for 14 haura ,,.tot ta killint. D1t1 upressed IS ll88nl *••ft'" 6 chickens per 

lt'GUP• 

z n-110lea of 11.RDPH oxicHzlld per mtnuco por 111!1 of cytoaoL tc protefn. 

a Percentasies of fncnascs ar dcal'tnll ere tn perenthesea. 

A•C V1lue1 not lll1rfrw • CClllllllft 1Wp0r.crfpt letter are dtffef'ent at ' < 0.01. 

30 These results show that the sterols are not 
responsible for the reduction in the levels of 
triqlycerides, glucose, thromboxane B2 or platelet 
factor 4 levels observed with rice bran and its oil. 
In fact, the sterols either increased or had no 

35 significant effect on the level of each of those 
factors. Conversely, the chickens fed with the diet 
supplemented with the methanol soluble fraction of the 
T:RP ot Louisiana rice bran induced siqnif icant 
decreases in all of these factors. 
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1xample 10 

Thi& study measured the effects of three 

tocotrienols ieolated from rice bran on cbolesterol­
relatad enzyme activity in hepatocytes isolated from 

s livers of a-week old female chickens. The chickens 

were fed the chick :mash diet for B weeks. '!'hey were 

then fasted for 40 hours and finally refad for 48 hours 

before sacrifice. The hepatocytes were then prepared 

following standard methods. 
10 Each compound was isolated from TJUP using the 

followinq protocol: A bond Elute amine column was 

equilibrated with 2 ml hexane. 10 mq of TRP (dissolved 

in 0.5 ml hexane) was ~ound to the amine column. · The 
column was washed with 1 ml of hexane, then with 1 ml 

15 of 3t isopropanol in hexane. P-21 and P-25 were eluted 

off the column with st isopropanol in hexane. Then 

~sing 10• isopropanol in hexane, the impurity P-20 was 
eluted. a-tocotrienol wae also tested, 

The results are displayed below in Table VI. 
20 Percentages of increases or decreases are shown in 

parentheses. 



5 

10 

15 

20 

25 

-· 

concentrat1aft in1 
(~9/ml> 

A) 111•T11eotr;enoL 

1. o.o 
2. to.a 
!I. 211.D 

4. 40.0 

I) P•Z1 <focotrfenol> 

, . o.o 
2. 10,0 

J. 20.0 

4. 40.0 

s. ao.a 

C> P•2J 

1. o.o 
2. 10.0 
!. 20.0 
4. 40.0 
5. ao.a 

D) P•2D 

1. o.o 
2. 25.0 
3. 55.0 

4. 100.D 

llMG•CDA 
Recb:tasa 
P111l1111/lllrvlll 

26.8 (100.0) 

21,4 (79,9) 

17.J (64.6) 
16.7 (62.3) 

26.1 C1D0.0) 

20.4 c76.U 

"·' C6i,1> 
14.2 (52.9) 

14.:S (53.4> 

26.1 C100.0> 

,9.0 (70.t) 
15.:S (57.1> 

12.6 (46.J) 

n.1 (41.4> 

2&. 78(100.0) 

at.au101.n 
21.17C10D.:S> 

28.!t (98.0) 
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TAii.i vr 

Fatty Acid 
Synthase 
l'll'D l•/lli n/11111 

'7.Z C1DO,O> 

15.J (88.4> 

14.J CIS.2) 
12.4 (12.1) 

11.2 (100.0J 

14.3 (83.,, 

12.7 (73.8) 

U.8 (68.6) 

10.2 (59.3) 

17.2 (100.D> 

1'.2 (94.2) 

14.3 (83.1) 

12.7 (73.1) 
12.1 (10.3) 

cboleaterol 7•· 
h,cfrmcyl1111e 
PfllOLet/lllt 1'1/18 

z.:s1 U00.11> 
z.12 cn.1> 
2.21 (98.7) 

2.34 (101.!I) 

2.31 (100.0) 

2.4~ (104.3) 

:S.40 (1CIS.P1 

2.S9 (103.5) 

1.37 (102.6> 

2.:s1 CHO.OJ 

z.:ss (100.9) 
2.37 (102.61> 

2.44 (105.6) 

2.31' (102.,) 

1 Feedll'lt "8tlad .... I ..aanr rha birds .... futtd for 40 llrs. and refed fof' 48 hrs. 
Tiie hepetocytee ..,.. prepared at 10 PM fl'Cllll tltO Uwra bV standard method&. 

P25 demonstrated very effective dose 
30 dependant inhibition of HMG-CoA reductase with maximum 

reductions in activity cf 46,6% and 58.6t, 
respectively. In fact, P25 exerted aubstantially 
~attar eff acts than the known hyperaholesterolemic 
agent, a•tocotrienol. o•tocotrienol showed a maximum 

35 raduction of only 37..7i. P20, the sterol-contaminant, 
showed no siqnificant effect on the activity of HMG­
CoA reductase. 
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Example 11 

We next measured the effects of various 
tocotrienols and toectrienol-like compounds isolated 
frOlll rice bran on the activity of HMG•CoA reductase. 

5 20.0.9 of stabilized rice bran was extracted with 
200.0 ml of methanol to remove various UV absorbing 
impurities and tocotrienols (6.7 mg total). 'l'bis step 
was repeated four times. The remaining residue was 
dried under vacuum in a desiccator and then heated at 

10 1so•c for 2 hrs under 30 psi pressure. Then the dried 
residue was extracted again with 200.0 ml methanol 
(3.4 mq). The various peaks were purified l>y HPLC 
except 100 µl was injected instead of 20~1. Twenty 
runs were done to obtain enough material for this 

15 study. '!'he peaks which eluted at 32, 36, 45 and 54 
minutes were tested in chicken hepatocytes as in 
Example 10. 

20 

25 

30 

Tha results of the HMG-CoA reductase assay 
are displayed below in Table VII. 

1 

TAILE VJJ 

canc:ern: r1t t on, ll!i•!illl 8aducU!il lllllll!~l!f!!Lm of •fel"!llsl!llll!!l 

,, 
2) 
3) ,, 
'J. 
6) 

(Jl/llLJ P•32 P-!6 P•45 P·54 

o.oo 21.11 •. .,. 28.71 21. 711 

10.00 24.67 ZS.71 22.61 25.'6 

211.00 21.:n zo.12 20.33 19.67 
:SD.DD 18.36 17.Z4 19.67 ZD.11 

40.00 16.59 17.34 18,Z1 18.19 

·SO.DO 16.61 15.21 18.40 11.20 

Fnclina period wee 8 lftlflks: th• birds wire faated for 40 hrs. •nd refed for 48 hrs. 
The hlP'tOC~H were lftpllred at 10 PM fl'Olll two l Ivers by standal'd medlods. 

Each of these compounds demonstrated an 
ability to inhibit the activity of BMG-CaA reductaae. 
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Most .notably, P38 showed a 47t maximUJP reduction of 
activity. 

hamplca 12 

This example measured the effects of the TRF 
S and ,its components on the hepatic enzymatic activity of 

BMG-CoA reductase and cholesterol 7a-hydroxyla&e. Bach 
group of 12 chickens (G-weak old female white leqhorn) 
was administered either a control diet or a control 
diet supplemented with the TRr, a component of the TRF 

10 a co1111Dercial cholesterol inhibitor (eith~ Lovastatin 
or Geraniol) or a combination of the comm.ercial 
inhibitors. The amount of feed consumed ranqecl fro~ 
11.19-11.60 g per chicken and the feeding period was 4 
weeks. 'l'he birds were fasted for a period of 36 hours 

15 and refed for 48 hours prior to sacrifice (at 
osoo hours). 

'1'he 'l'RF (entry 2) was prepared as described 
in Example 10. Geraniol was o~tained from sigma 
Chemical co. and Lovastatin was obtained under the 

20 brand name LOVOCOR. 

25 

30 

The chicken diet for this study contained the 
following inqredients: 

Ingredients Pergentpqe 

Corn (9.3t protein) 61.5 

Soybean Meal 
(44.0t protein) 

30.0 

Meat scrap 
cso.o• protein) 

5.0 

Calcium Carbonate o.s 
Dicalciwa Phosphate 1.0 

Alfalfa (17t protein) 1.0 

Mineral Mixture• 0.5 
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Vitamin Mixtureb o.s 

1 Mineral mixture contained par kg feed: 2inc sulfate, 
so mg; sodium chloride, 2.0 mg; and manganese dioxide, 
50.0 mg. 

s b vitamin mixture contained per k; feed: vitamin A, 
2,000 units; vitamin D31 200 units; vitamin E, 
1~ un~ts, riboflavin, 3.6 DMJi vitamin a12, 0.01 mg; and 
vitam~n x1, o.so mq. 

The results are displayed below in 
10 Table VIII. Percentages of increases or decreases are 

in parentheses. 
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15 
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TABLE VIU 

lll&•CCIA Cllolesterol 

Nutritian11l State1 Recb:tue2 7a•Nydruyl11e3 

P11Glt/lllfn.1• nnole/lllfn,Jnm 

1) 

2) 

J) 

0 

5) 

6) 

7' 

I> 

9) 

,D) 

1 

2 

I 

4 

Control Diet (CD) 913.~,\'-0r' ,a.!ha.25" 
noo.oo> (100,DO) 

CD • TR,•RllOJ 50 ~ I 1a.eo.a.1aA 441.1411.ze 
(85.PS> '105.00) 

CD • • • T3i 50 PP1 459.D2:tl,50S8 A 10.69+,i.20 
(89.43) (104.60) 

a> + ' • T3: 50 FP 
c 10.97•1· '.,A 401 ·"*i·" 

(71.32) C107.34) 

m + I · t3r 50 ppm c 10.HsD.1,A 389.22•s·s" 
(107.44>4 (75.83) 

CD • P•21•Ta1 SO ppm 373,71tl,99D I 
U.49~,20 

c72.IS> CU2.4!J 

CD + P·25•T3; 50 JIPlll 366.1D•i·"D • u.,,~a-• 
('Pt.SJ) OU.45> 

CD + GcrmdoL; 100 fP11 I 10.21s,.zrA ""'·"•12.82 
C87.65) (100.59) 

CD + LGY91t1tinf 100 ppm A I 527.11:t,l3.93 ll.34:ti.31 
C1U.'9> (110.N> 

CD • GeranfoL+Lowaatatln I , , .l4•i· ,,.. "Z.4h.\,.64 
50 ppn • 50 ppm (16.21) (Hl9.VI) 

Feedfn1 period 11111 4 .... 1ui. Time af sacrifiaing "'•• 01111 hr. Tho 11irdls 1110ro facw 
far 36 hrs. and refocl 41 hrs, •t 'ti!• end of fetdfnt period C21 daYl1, and fhen 
sar:rifh:cd. Data •Pl'••lld u llltlN • ID; n '" 12 birds per 1roup. 

pmLes af HMG·C- rorwcl per m1nYte per 1111 of 11tcroe•l proieln. 

l"lllllet of t14cJ·r:halesterol into c14·oJ 7·•·ftYdroxycftolesttrol per li .... te per .. Of 
llicros111111& protein. 

Percentqea of fncre1aea ere th parenthesn. 

A·D Values not 1harfna a canian superscript letter a~ different et P ;i O.Ot, 

P25 was the bast 1nhibitor·of HMG-CoA 
reductase. The enzymatic activity of HMG-CoA reductase 

35 was reduced by about 2a• with P25 , while twice the 
amount of the commercial cholesterol-lowering drugs 
provided a maximum reduction ot only about 13t. These 
data indicate that the fused oxyqen heterocycle of the 
tocotrienols increases the biological activity as 

40 compared with a single ring system, such as oeraniol. 
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We believe ~at a three ring system miqht provide 
additional activity. Alternatively, addinq 
substituents such as car~onyls, hydroxyls and alkyls 
may also enhance the biol~ical activity of 

S ·tocotrienol-like compounds. 

Example 13 

we next Btudied the effects of the TBF and 
its components on total serum cholesterol levels, the 
RDL•cholesterol/total cholesterol ratio and the HDL-

10 /LDL-cbolesterol ratio. reeding conditions were 
identical to those in Example 12. 

The samples wera prepared as descri»ed in 
Example 12. 

The results are displayed below in Table IX. 
15 Percentages of increases or decreases are in 

parentheses. 

• •I 
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20 
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TAILE llC 

cancent4'asf l!!l in •!!:YI! t•ldL 2 

llUTRlTIOIAL BTATE1 Total HDL• LDL· HDL•Choletteral/ HDL·ChoLeatetal/ 
Clloltaterol Cllol111terol CholettercH Total ChOlesteroL LDL·Cholesterol 

1) Control Diet: <CO> 142.'l'hi.P16A 8S.'6ti.uA 5S.116ttuA 0.59 2 t.sz 2 (100.0D> <100.00) (1GD.OO> C10D.00) (100.011' 

2) CD • TRF • RIO 125.10t1.50. 78 • .,,., .061 43.4710.7" o.e 1.81 
SO·ppm (81.62) (94.08) C71.9SJ (102.40) (!10,ZO> 

3) CD••· T3 131. 71a1 .oaC I C 0.61 1.61 I0.47:t0.67 47.97!0.56 
50 ppm (92.25) (96.19) Cl't.12> (104.30) (110.40) 

4) CD+ 7 •Ta 116.U.1.4.,D n.•o.968 11 .s2.o.a1D Q,67 2.09 
50 ... (11.15) (93.70) (68.1') (114.50) (1J7.50) 

5) m + 8 • Tl 119.4D:U,41D 77.87tD.f18 36. 14tO.f1'> a.a 2.15 
so ... CIS,63) (93.0I) (65,64) cm.10> (11t1.80) 

6) CD • P•Z'T • Ta 9Z.9'•1.27' a.1111 ,,zc az.16lo.s7'! 0,74 1.11 
sa Prlftl (65.GI) (12 • .D> (40.25> ct26.50> (204.60) 

7) CD + P•25 • T3 95.51t1.n1 ?a. 12t1 .He 23.oo.u .zrl · 0.71 S.05 
!IQ pPn (66.90) CSJ.IZ> C41 .77> UZS.30> (200.60> ., CD + G11r1ntol 12.2,1&1 .37" A F 82.11&1.06 41.07•1.13 0.'5 2.00 
100 Pfllll C85.12> C9t.:S5> (96.30) <110. 10) (131.50) 

9) CD + Lovasteifn 121.65•T.02c 11 .38&0 • .nA 44.1211 .2'8 a.a ,_14 
100,.. (90.11J (97.21) (86.51> C1Gl,OOJ (121.40) 

10> CO + Geranf ol + 119.9Za0.91D ID.tSt0.628 41 .31t1 .138 0.61 ,_,. 
Lovaatat1n; (14.00) 

'"· 74) 
(19.29) (115.20) (121.90) 

SD FP1 + 50 PP1 

1 FeecHnt period MDI 4 keeks. Ti111 of dra11t119 the lllood was 0800 hr. Data eicpt'ftffd u 111111n1 t 
IO; n : 12 btrde per ~· 

2 Perc11nta1ea of tncrases er decreases ire in perentheeea. 

A-F YalUll noi lllal'ing cannan supersorfpt lotter re differcni et P c 0.01. 

30 P21 and P25 decreased the levels of serum 
cholastarol to a substantially greater decJree than any 
other compound tested, includinq Lovastatin and 
Geraniol. P25 caused about a 33t reduction. In 
comparison, Geraniol affected a 14% reduction an4.:, 

~ . .. 
35 Lcvastatin caused only a lOt reduction. P21 and P29 

were also clearly superior than the other compounds in 
increasing the HDL-/LDL-cholesterol ratio.- Both of 

I • I • • 

these compounds induced over a 1oot increase in the 
HDL•/LDL-choleaterol ratio, while Lovastatin •nd 

40 Geraniol increased the ratio by a maximum of 31.st. 
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Example 14 

We next measured the effeots of '1'1U' and its 

components on serum levels of apolipoprotein (a) 1, 

apolipoprotein B, triglycerides and 9lucoae and the 

5 plae~a levels of ·thromboxane B2 and platelet factor 4. 

Feeding conditions were identical to Example 12. 

The samples were prepared as described in 
Example 12. 

The results are displayed below in Table x. 
10 Percentages of increases or decreases are in 

parentheses. 
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TAILI X 

CencefttrpUan In lel'IO <M/100 111q 
Thl'Ollbox•n11 Platelet 

Nutrftfanal St1te1 APO A1 APO I Trf9lycerJdos Bhs:oso •a c r.Jmll Factor 4 
5 (nt/lll) 

,, control diet CCD>140.;l 33.~ 74.03A 224.~ 25.14 .. 13.~ 
.,. 2 so. z s1.H t5. z s0.84 Z s0.4 z 

C,00.CIO) . C100.0D> uoo.oo,z C!D0.00> (100.00) (100.00J 

2) CD + TIF·ltlO; 140.!l al.90. 6'.75. 212.so8 
20.ss1 9.611 

10 ,0 PPll 1.1 tD.21 tO.Q -iD.91 .10.95 t0.43 
C99.86> c11.:m ca?.44> (94.74) (19.SJ) (73.8T) 

::S) CD + • • Ts1 159.61 29,!!a 61.0l.c 1,6.901 z,.611 8.?lc: ,0 ppn tJ.2 tD.1' t1.32 t1.62 .t0.89 ta.n 
(99.43) caa.52> (91.91) (96.7Dl ca.n> (61.01> 

15 4) CD • 1 • Taf 1n.5 .29.ss, 61.~ 208. 111c 19.;:.,c a.36c 
50 PPR t1.5 •3.47 t1. t1.41 tO. 40.79 

C99.S7) (89.21) (12.49> C93.D5) C74.ll> (63.87) 

5) CD • 8 - t 3; 139.JD 27.JO 60.50 205.JO 11.65 a.as 
50 ppm :t,.4A 10.211 *2.5oD t1.8SC to.99° t.o • .,,C 

20 (99.22> (112.41> (81.72> (91,SJ> (72.17) (6Z.87> 

6) CD + P•21·Ta: 138.41 25.•oc 56.:R
1 198.IOD 16.nc 7.~;c 

so flPll *'·' t0.40 t1.11 t2.1D tl.62 ·~-' (98.79) C76.J'4> C75-94) (81,63) (64.71) cst.21> 

7> CD • P·25·T,1: t:sa.:i zs.2oc 54.65
1 

196,,DD 16.42
0 

1.210 25 50 ppn t.2. t0.40 t1.42 t1.74 :1:1.!6 tD.74 
(98.71> (16.13) (75182) (17.'3) (63.54) (55.54> 

I> CD + Geraniol; 1:sa.;i 2t.aa1 n.~, 227.~ ii1S.46A 1Z.!!a 
,ao PPR t1. t0.4&1 a1.19 t2. t1.52 t1.26 

(98.SI) Cl8.2Z) C96.JD> (101 .41) C91.53> (94.57) 

30 9) CD • LOV•t•tfn; 139.!P, 25.IOc 64.04. ZZ0.10D 24.89A 12.24. 
100,,.. 1.4 tD.19 .,.03 •1.32 t0.81 t1.49 

(99.a9) (77.95) (16.:'1) CN.13> (96.32) (93.50 

10) CD + Ger1nf ol + 119.!l 25.950 66.10, 221.700 24.~ 12.191 
LovtHatfn: .... i0.34 t0.99 aS.89 tO. t1.t5 

35 so,,.. so,... CPf .U) C711.40l (19.19) (!Jl.84) (96.56) (93.12> 

1 FeecHng pertod 1t11 4 weeb. Tf111t of dr811fna the bload MU 0800 hr, Data OllPl'•••ed as 
means c SO; n • 12 birds per 1raup. 

2 Porcent .. n of f~rusea or decreaaea are tn parentlleaes. 

A-F V•Lues nat 1h1rtns • ccanon s~rser;pt l•ttet are different at ' .c 0.01. 

40 P21 and P25 were the most potent cholesterol 
inhibitors. They affected the hiqhest Ap~ A1 to Apo B 
ratio and resulted in the m~ximum decrease in serum 
levels ot tri9lyceridea and glucose. In addition, they 
also reducad plasma levels of thromboxane s2 and 
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platelet factor 4 to a greater extent than any other 
compound tested. 

Jxampla 15 

We next measured the effects of various 
s toco~rienols from rice bran on HMG•CoA reductase and 

cholesterol 7a-hydroxylase in hypercholesterolenic 
swine. Since pigs are very similar to humans in their 
cholesterol metabolism, they provide a useful model 
from which to study hypercholesterolemia and related 

10 diseases. The piqs used in this study carried Lpd5 and 

Lpu1 mutant alleles for apolipoprotain B and u. 

Because of this genetic def act, these pi9s demonstrate 
spontaneously elevated LDL-cholesterol levels and 
hypercholesterolemia. The serum cholesterol 

15 conoentration in these swine is typically above 300-
500 mq/dl, as compared to 120-160 mq/dl in normal adult 
swine. As a result, the piga develop complicated 
atherosclerotie plaques that closely resemble advanced 
atherosclarotic lesions found in humans. 

20 Each ;roup of three 5-month old swine was 
administared either a control diet or a control diet 
supplemented with 50 ppm of TRF or so ppm of an 
individual tocotrienol. The samples were prepared aa 
descri~ed in Example 11. After a 12 hour fast, serum 

25 and plasma samples ware taken at O hrs, 21 days and 
42 days from the start of the feeding period.. After 
takinq serum and plasma samples from the pigs at the 
end of the 42 day period, all of the swine were fasted 
tor a total of 40 hours, followed by a 48 hour 

30 refeeding period. One swine from eaeh group was 
sacrificed at that time and the liver, intestine, lung, 
heart, loin l!lUscle, adipose tissue and ham muscle were 
reJ11oved. 
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The swine diet contained the following 
ingredients: 

Ing,adients Parcantaqe 

Corn (9.3% protein) 78.37 

Soybean Meal 
(44.0t protein) 

15.42 

Lard 3.00 

calcium caraonate 0.95 

Dicalcium Phosphate 0.96 

Mineral Mixture• 0.30 

Vitamin Mixtureb 1.00 

a Mineral mixture contained per kq feed: zinc sulfate 
a2o, 110 mg; manganese sulfate 8H2o, 70 lll9'i ferric 
citrate B2o, soo.o •91 copper sulfate sH2o, 16.o aq; 

15 sodium selenite, 0.2 mg1 DL-methionine, 2.5 g; oholine 
chloride (so,), 1.5 q1 ethoxyquin (1,2-dihydro-6-
ethoxy-2,2,4-trimethyl-quinoline), 125 •91 and 
thiamine-Bel, 1.s mg. 

b Vitamin mixture contained per kg feed: vitamin A, 
20 1,!00 units; vitamin n3, 400 units; vitamin E, 10 

units, riboflavin, 3.6 mg1 calcium pantothenate, 10.0 
Jn91 niacin, 35.0 •q; pyridoxine-HCl, 3.D mg; folacin, o.ss mq1 biotin, 0.15 mg; vitamin s12 , 0.01 mg; and 
vitamin x1, o.ss lll9• 

25 The gain in hody vaiqht in all groups was 
comparable to the control, althouqh feed conversion 
efticiency increased 7t with P21 and lOt with P26 • 

The results of this study are displayed in 
Table XI. Percentages ot increases and decreases are 

30 shown in parentheses. 
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TASLE Xf 

IDIG•CoA REllUCTAIEZ pg1 .. in/Q1 of •lcrosGllft 
experi110n"C1l Dfet1 Pwoenta9e 
Feedi111 '-r'lod of Control 

5 
NUTRITIONA~ $TATE1 Activity 

O•tlrnt 21 dlya 42 days 

Hypmrcholeeterolanic 35!1.4P 37 •• ,, J9l.D 
s.i;no ••• 44 tts.SS :t15.75 

100.ooA C100.00) C105.ZS) (110.09) 
10 2> Control Diot (CD) 

3) C:~TRF Rl•afl; 50 Jlllll 341.92 JG0.7Z 2115. 13 
t10.12 t10.!IJ t15.51 

74.nA CfOO.OD) (86.19) <11 .72) 

4) CD_.,• T 31 50 ppn 347.99 30D.7Z 280.11 
15 !16.29 :c,O.SJ 112.11 

73.si1 (100.00) (86.19) (80.71) 

5) CO.P•21·T~; 340.36 304.23 275.75 
s PPll +23.SS *23.13 112.76 

73.59' (100.00) (If.SI) (81.0Z) 

20 6) CD+P·ZS·T,J 550.86 J07.Z7 Z69.43 
5 ppn t23.79 123.36 t13.23 

69.751 000.00J ca1.saJ (76.79) 

1 
Corn·s~ ... t eont:rol ditt or nperi111ental diets vero fed to 5·11111ntll·old INfne for 

25 
42 daya. Then all ara\"5 were fasie:t for 40 hrs. ll'ICI refed far 41 d1rs. · The Ume of 
sacrfflcfna.1111 9:00 a.11. All tissues were kept on ico. TRF • Tacotrienol•Rfch-
Fractlm. 

2 Data ~15~~ as lllHnl * ID: n = 6 1a111ptes of J swfne per poup; 

A-I VILut1 not sh1rir19 a Cannan auperacript letter ate difforent at P 4 0.01. 
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CllCUSTEROL 7•·HYf>ROICTLAIEZ pa/min/N of •ii:ras-
lxper;111ental Diets Pera11nt1sie 
feedln9 Perfod of Controt 

NUTRITIOllA1 STATE1 Aeth•hy 
5 O·TI• 21 clays 42 days 

Kyperi:haleattrolemii: 4 •• 5.00 5.07 
SVine :t0.75 A :t0.60 a tD.61 

3 100.oaA (100.00) (102.") C,03.8') 
2) COfltral D;et CCD) 

10 J) CD+TRF Rl·oll; SO ppm 4.58 4.96 5.02 
:t0.10 t0.13 tO.U 

,os.soA (100.00)· (104.29) (109.61) 

4) CD+,_T 31 50 pp1 4,4, 4.53 4.51 
t0.13 •O. 12 +0.1P 

15 C100.00> C100.19) (102.00) n.11• 
S> CD+OHIDtthyL ·T 3J 4.53 4.50 4.6!i 

CP·ZU; 50 PP1 t0.10 10.18 i0.S6 
91.:saA (100,GO) (99.34) C10Z.Z1) ,, ICD4Dtdelmethyl•T9; 4.57 4.6Z 4.68 

20 CP·25>; !10 pp11 t0.19 t0.19 t0.18 
91.51A (100.00) (10, .09) (102.41) 

1 
~rn•aoybean ... , control diet or eJCPerimnt•l diets ...... fed to S•manth•oLd wine far 
42 •• Then el L groupa were tasted fDI' 40 tlra. and ref eel for 41 •· Tha tf11t of 
11crtfli:ins t1111 9:00 1.m. All tiaaues were kept on ice. TRF = TacotrteoDl·licfl· 

35 fracti11n. 

z Data uprt1sed as •ena i SD: n 1:11 6 •••ii•s of l swino per •~• 
I Percent•8" of fncra.aes 01' decraaae1 tn respect to basel fne wlue. 
A-I ValUH not allarina a c-.an supersoript lttter are different •t P c 0.01. 

The hepatic enzymatic activity at the HMG-
30 CoA reductase decreased. approximately 30' with all the 

tocotrienols tested. In addition, there was no 
significant decrease in the activity of cholesterol 7a­
hydroxylase. These results were all time dependent and 
point to an overall reduction in cholesterogenesis, 

35 with no increase in cholesterol biosynthesis. 

lxampla 16 

Further tests ware conducted on the swine 
described in Example 16. The experimental conditions 
were the •ame, except that the two remaining swine in 

40 each group were transferred to the unaupplemanted 
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control diet f ollowinq the 42 day feeding period. 
After an additional 70 days, serum and plasma samples 
were collected from these swine after a 12 hour fast 
for testinq •. 

5 The sa•plea were prepared as described in 

lO 

15 

20 

25 

30 

35 

Example 12. 

The results of these studies are displayed 
~e1ow in Tables XII-XV. Percentaqea of increases and 
decreases are shown in parentheses, 

TABtE XII 

TOTAL CHQLE!TIRQL COllCENDATUll JM SEILM (19/!CIClml)z 

tlJTllTt(ltlAL STAT!1 

Experiinental Diets Percente9e Cantrol Ofet P11ro1r\t11t 
F!eslfnp p.rtpd af Control 11secnm hl'tad 11f ContreL 

D·T;n1e 21 cl!vs "62 day! Acttvl'Y 70 dm Activity 

Narmol f pemi c Stlf ne 
1) control Diet (CD) 116.53 m.as 14Z,SO 147.20 

15.64 3 t6.64 3 
ctoa.ao> c113.1J> 

sZ.75 3 (122.29) 
:t4.45 3 

C1Z6.12) 

~rcllol•aterolt1111io 
kine 228.63 251.07 J56.87 3?4.J6 
2> ~rol Dfot, CCO) 121.19 t16.12 18.6' 

100.00" 
t11.50 

100.ooA (100.00) (110.02) (156.79) (164.60J 

3> CD+TIF RD·aH; 2D6.4S m.oo 243.03 zas.rr 
so ppll :1:18.41 .115.1' t12.28 

75.oo• 
114.00 

84.608 UDO.DO) (107.39) (117.72) (119.16) 

4> CD+Ji'f 31 50 ,.. 209.73 225.20 233.93 2n.10 
18.50 ta.J6 :1:!1.R 

11.001 
:1:6.'4 

ra.ao' nao.oo> (1~P'.S9) C1H.76) (129.66) 

5) CD+P·Z1.•T 11 220.50 236.40 218.17 276.23 
50 ppn 1:16.54 t18.t1 t14.29 

68.901 
.115.93 

16.201 (100.00) (107.20) (108.20> (125.39) ,, CO.P·25·T at 216.20 229.90 237.64 268.90 
50 ppn 112.so :t1:S.97 :t12. 15 

61.601 s11.41 
75.601 U00.00> (106.33) C107.60> (124.45) 

, 
Feedlna period .... 6 weeks. Time of drtt1fnt .the bLOlld was 0.009 hr. tfter fasted for 12 
hra.; TIF • focotrlenol•Rfoh·Fraotlon. 

z 
Data upressed IS Mans .t SD; l'I = 6 umples of J •wine por 1roup. 

I -
Peroenteae• of increaMS or decre .. ea tn r•pect to bllsel fne value. 

A•I Valuu nat shaf'f"8 • Oa.llOl'I 1upersol"fpt letter are clffferont at: P c 0.01. 
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TAlll.E ICIU 

5 AL STATE1 

NormLipcnic Sw'lne 
1) Control Diet CCII) 20.76 23.63 28.41 29.71 

:1:0.61 :t0.62 :t1 .67 a 
uoo.oo>1 c111.u,a (13'.&S> 

t1.43 
(14$.4S>1 

10 HypercholesteroL .. ic 
11ffo1t 24.04 25.12 28.27 11.4Z 
2) Control Ofet CCD> :t1.53 i0.86 .o.69 

1DO.ooA 
t1.67 

100.ooA (100.00) (107.40) (117.59) <130.69) 

J) CD+TRF RD•ot l: 23.36 25.14 Z6.50 30.t9 
15 50 PPlll tt.35 t:1.49 :t1.84 96.4rA 

:1:1.21 
91.MA C100.00) Ct07.6Zl (113.44) (129.24> 

,., CD+YT a: !ID ppa 21.86 25.27 21.ss 30.47 
:1:1.67 t1.62 11.62 

111.061 
t1.62 

106.66A C1DO.aGJ ms.St> C110.60) (139.39) 

20 5) CD•P•21•T3; 22.95 26.23 30.74 J1. 15 
50 ppm &1.TJ :1:0.19 t1. 13 

11:5.908 
t:1.7J 

10J.arl' ctoa.ao) (114.29) (133.94) c1:ss. n> 

6) CD•P•25•T31 21.86 25.68 31.11 32.65 
50 flPlll . 10.99 :t1.67 11.1:1 

12J.751 :1:1.09 
114.nA 25 ctao.oo) (117.47> (145.52) (149.56) 

' Fnc:Hnv pertocl NII 6 weeka. Time of ~rawfng the blood was 0.009 hr. after fasting for 
12 hrs. 

2 Oet1 exprened aa nie•l"lll t: SO; n • 6 lilll'ples of 3 svine per 9roup; Tltf = Tocotrfenol• 
Rfch•Fracth:1n. 

30 s Perc1r1ta1n of increases or decreases in respect to basel ;ne Yalue. 

A·I V1lu11 not Sllal'ffl9 Ill ccmnon suporsc:r;pt Letter are dffferent at P c D.01, 
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fABLE XlY 

LDL·CllOLESTEROL c:cJflCENTIATlOll II SERUM (19/10Gnlt)I 
Experunental oreta Percentaae C'antrol Diet Pel'GlllntB9e 

IUTRITICllAL STATE1 EeecHm Perfad of Cllf'ltrol El!StiDI !1cisd of control 
5 O·TI• 21deys 42 .. Activity 70.,. AetMtv 

NorllOl lpenlc S11fne 
1) Control Diet (CD) 92.84 1D7.31 110.88 115.70 

1,.Dt t1.22 *'·" a 
111.69 1 (100.00)1 (115.51)1 Ct10.4:S> (124.62) 

10 Hyperehalesteral1111ic 
Swine 192.14 216.39 119.:59 27'4. n 
2J Cantrel Diet CCD) t11.89 .. 1S.46 :16.02 

100.ooA 
t1J.55 

100.00A C100.00> cnz.a1 > (164.07) (14Z.14> 

3) CD+TRF RD·ailr 177.21 117.H Z09,09 Z67.08 
15 50 ppn .t10.97 •11.49 e11.16 

11.111 
:t7.7 

~os.W' C100.DO> (105.57> <117.94> (150.65) 

4> CD+t'f 31 50 Pl* t71.J7 185.12 19!.ID 224.66 
:a6.32 t6.6J aZ.70 

66.22<= 
aS.71 

88.6t8 
(10D.OO> C103.71> (108.65) U25.95J 

:ao !I) CD.P•21·Ta; 182.09 196.\7 198.76 227.82 
so Pfll :1:14.0J t11.'A t9.57 

66.s3C 
t11.D 

aa.021 (100.00) (106.6J) (109.15) (125. 11) 

,, CD+P·25·la: 182.S? 191.05 1911.01 m.n 
50 ppn :1:11 .9Z t8.71 t6.04 

65.S1C 
t.7.49 

90, ,.,. 25 (100.00) (104.76) (107.48) (128.17) 

, 
'F•Hnt perfacl 11n 6 •eks. Tl• of '9ra11lnt tlle bloacl 11111 o.OD9 hr. 

a D•t:41 upreatcd .. -..ns t. IDs; n • 6 s-.tes of 3 awine per graup; TRP "' Toc:otri11111al· 
lioh•Fraetfan. 

I Percentages of fncrt1111as or decreas.s i'n respect to baaelfl'le value. 

30 A·C V•luee not aharint e cOlllllClfl auperscript letter are diffmrent at P c 0.01. 
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TAIL! ltV 

~pl:LDL CHOL!SIEBO~ CCllCl!llTIATIClf UI IEJ!L!I (!P/1Dpeu2 

5 IAITllTtCNAL STAIE 1 

EX'91'ililem:al Diet• Pel'Mnnt• Cantrel Diet Peraentaat 
FeEine feclod of Control F!!dlM Psrtod of control 

O·tlN ~n days " MY' .lctivhy 7Q dm Ae.tMty 

10 

15 

20 

25 

NOl'lllOl tpemfc Slrint ,, ContraL Diet (CD) 114.41 I h4.54 h3.90 115.80 3 
C100.00J C101.S7>1 C87.25J1 Cl7.02) 

Mypel'cholnteroL•;c 
twine ha.oa ,;8.38 1:11.19 

100.ooA 
hl.72 

100.ooA 2) CcntroL Diet CCD> (100.0U <104.49> (139.55) 

3) CD•TRF RD•ot LJ h'l'.59 h7.44 1:7.• 
10.s1• 

1:1.15 
101,41A sa ppm (t00.00> (98.02) (10l.9') 

4) CD4-)'3; !50 ppm 1;1.16 111' .33 h6.79 
60.!aC 

h7.S7 
84.521 

(190,DO) (19.83) (82.84) 

5) m.P•21•T3; 1:7,PS 1:7.49 !16.47 
57,82C 

h7.31 
m.a1 

50 ... (100.00) (9!,JZ) (11.59) 

6) CD+P·15·T al 1 :8.34 117.44 1:6.U 
55.S9D 

1:7.16 
81.061 

50 PP'I (1011.00) CU.20> (74.58} 

1 FMCHng porfad ti•• 6 weeks. Time of drawll'll the b•ood t111s D.009 hr. TRF = Tocotricnol· 
Rfcll•Fract;an. 

2 Data eJCpreaaed 11 111tn i so: n • 6 n•Lee of J awfne per group. 

3 Perccnt119n of lncreaaee or decrt1se1 ;n reapact to bneline value. 

A-D Values not lhart1"19 a ca.on superscript &otter aro different at P c 11.01. 

All toaotrienols tested caused the levels ot 

total serum cholesterol and LDL-cholesterol to decrease 

by abcut 25t and 10\, respectively. In addition, the 

HDL-/LDL-choleeterol ratio was reduced by about 2ot 

with all three tocotrienols tested. These reductions 

30 were all time dependant. Moreover, the reductions 

observed after 42 days persisted over the 10 weeks 

following taZ'lnination of toaotrienol feeding. This 

result su99e11ts that the tocotrienols remain in the 

blood stream over extended periods of time. While not 

35 wishing to be bound by theory, we be~ieve that the 

tocotrienols mi;ht be transported in association with 

the LDL- and HDL- lipoproteins. Alternatively, the 

tocotrienols may also bind to other proteins. 
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111imla 17 

Tbis example was conducted to measure the 
serum levels of apolipoprotain (a) 1, apolipoprotein B, 
triqlyoerides, glucose, insulin and qlueagon and the 

5 plasma levals of thromboxane s2 and platelet factor 4 
in the swine described in Example 15. 

The samples were prepared as described in 
Example 12, 

The.results ot these studies are displayed in 
10 Tables XVI and XVIl. Percentaqes of increases and 

decreases are shown in parentheses. 

TABLE XY1 

NUTRITIONAL ITATE1 eoncantrat;m gn ~ 'llL]gg !II~ 
Aj! A:1 !e! a Tl"ftll!,!ri• 

15 ll)lperchalesteraleric swtne 25.•1·" 147.77t_1-50 16.5'*).·• 
1) Cantra\ Diet CCD> (100.00) C100.DOJ (100.DG> 

l) CD+TIF ll·afl; 50 PP" 26.26t):07 ,'8.SftKSO 66.67*i·• 
C102.22) (90.12) (106.15) 

3) CD+rTat 5D ppi 26.22t~U n4.at&c-" 61.71t1f09 
20 C102.D6J C77,:S4> cao.69) 

4> CD+P·il1·Tt 26.72s}:14 m.7hlrao 64.44.,.29 ' ,... (104.01) (75.64) <14.17) 

5> a>+P•25·T,; 2'-1'hl:22 ,06.63t,,. 72 '2.00t2:'" 
5 pp!ll U04.05> <72.16) (80.98> 

25 1 flec:Uns por;od was 6 Neelcs. Ti• of dl'awlng the bloact .... G.009 hr. 

Data expr.-.ed •• llltlnl s SOt n • 6 s-..slas af 3 awtne per troup; fRF • Tocatrienat· 
Rich-Fr1ctian. 

Pcr;cntl!Jtlll of increases or deereases fn respect io l:taseline value. 

A·D Values not sharll'll a conmen super1etript letter are different at P < 0.01. 



5 

l.O 

1.5 

.20 

25 

- Bl -

TABLE lCYU 

NUmTICNAL STATE 1 Glucoae JnsuUn 1i\1.1eaaon Thradluane • Platelet 
(119/100 I l) CIGIML) <flll•l> Cpe/100 Ill) 

2 
Factor 4 
(ftll{100 •l> 

H)'Ptrohol•arerolemlt 
swine "·';A 10.5~ ISG.41A 75.VJA 24.124 1) Control o;et CCD) it.l t0.1 •14.08 tt.45 11.75 

(100.00) c100.oo) C100.00> (100.00) nao.OO> 

2> CD•TRI' Rl·otl: 74.458 a.101 ZPS,361 64.55 20.12, 
so pp!! 11.u .1.oa :t10.4S ., .. &1.70 

(77.563 C112.61) Clt.39) C95.D) t84.IO> 

3) co.,-T 31 IO p n.,08 z1.211 215.418 62.:a 20.65. 
•1.12 *°·" t13.88 *'· t1.15 

(77,SU C10:S.46) (86.:la> (9.2.25> (15.28) 

4) CD.,•Z1 ·T al 12.63. 21.:;. 278.36. 60.48. 151.857" c 
50 .... .1:1.sa tO. •16.42 t1.46 11.2 • 

(15.'56> ct04.61) (14.25) (87.'6) (IZ.59> 

5) CD+P·25•T3f 71.891 20.191 Z14.41. sr.DSIC 19.151.C 
50 Pflll t1.89 :t1.79 t.12.32 a1.'5 • t1.45 

(74.19) '101~90) cn.o:n cm.oz> (79.36) 

, 
Com-11aybeen meal control ditt or experimntal diets were fid t11 S•llOnth·old av;ne for 
4Z days. Then all 1r°"'8 11ere fasted for 40 hra. and refld fear 41 days, Tiit U• of 
s1orifjci ... 1111111 9;00 a.M. At\ tfa-., 1111re kept on tee. TRF • Tacatrienol•Rfoh· 
Fraotfon • 

.t. D1t1 ~l'essed as 111a11ns t ID; n 111 6 saq:ilta of 3 swine per ll'GUPI 

.a Ptl'ctm:11• af increases or deo.-easea In respect ta baaelfne value. 

A.C Ya\ueJ not aharf111 a ocmnon superaelrtpt letter are different at P c 0.01. 

These results show that all the tocotrienols 
teated reduced levels of apolipoprotein B, 

30 triglycerides, ;lucose, qlucagon and platelet factor 4 
by about 30t, 2ot, ast, 17' and a1i, respectively. 
The tocotrienola did not auhstantially affect the 
levels of apolipoprotein (a) 1 and insulin. 

Examplt 19 

35 We next determined the effect of tocotrienols 
on the total cholesterol, triglyceride and glucose 
concentrations in various tissues of 
hyparcbolesterolemic swine. 

The sample• were prepared as deacri~ed in 
'o Example 12. 
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'l'he results of these studies are displayed in 
Table• XVIII - xx. Percentages of increases and 

decreases are shown in parentheses. 

TAii.i lC'll l l 

IllIA~ 'ND~!STiROL ~lllTIATIDI '!!!llllg91!!!2
2 

llllTRlllOlllAL STATE1 
Loin id1pose ff• 

Liver lnteat1nc L\1'411 Mffrt MUaole Thiaue Muscle 
NOMllOltl*!f C swin1 ,, control Diet CL'D> 151.59 175.10 76.45 60.50 91',119 R.16 16.09 

t6.22 t.6.61 t7.19 t3.49 *4.14 sS.51 •2.57 

llypercholesterot1111to 201.~ 215.~ 101.74A 64.51 ... 119.62A 109.4GA 100.00A 
swfne t5. as. .t.4.34 "'·" rJ.at tit.DO *3.73 
2) Control D;et CCD> (100.DO) (100.00) (100.00) (1110.00) (10D.tKIJ C10D.OGJ<1DO,OD) 

3) CD•TR, ltl·oi l; 112.22, '"·"· "·'2• 58.71. 112.691 102.as A 91.os1 5(1 PPlll t4.19 13.75 *2.21 t1.87 t2.63 t1.94 t3.44 
(85.43> (92. 11) (89.56) (91.12) (94.21) C9S.46> (93,05) 

4) CD+rT 31 50 ppm 140.20
0 187.:;c a.n0 56.681 103.Aac 94.SSC 15, 15C 

t3.8J t4. tJ.24 tl.91 t2.H ti.GI •2,24 
(?4.01) (86.81> (12.36> (17.86) Cl6.Sf) (86.41) (85.15) 

5) CD+P•21·T3 1!6.70D 18G,59C D 15,68D 5S.63C 100.Ac at.a~ n.s1c 
50 Pflll ~.SS :t3.G3 • *'· 14 aZ.01 t1.71 t2.1 tJ,75 

C67,IU C83.IO) (74,:59) (83.13> (84.09) C8Z.11> (7'.51 > 
6) CO-tf•ZS•T31 1n.211 

11'.67
1 68.5 D S1.53C "·°'c 89.54. 69. :n 

50 PP1 *4.30 tS.41 tS.32 •2.20 .t3.5l. :11.98 tJ • 
(62. 11) C81.98) (66.91) C82.79) C81.IS> Cl1 .85) (69.1?> 

1 ~ol'l'l·1~n 111teL aantrol diet or exptrfllll!ntal diets were fed to 5·11Dftth•old sMine far 
42 d1V5. Tllcn all ll'llUPS Mere fes'lld for 40 hra. end r~ed for 48 dlya. Tile t:i11e of 
NOrlfitfftl was 91DO a.n. AlL tf..WS 111ere kept on fee. TRF " Tacotl'lenol•Rich• 
Frm::tfan, 

3 0 1 Date cxpreued aa • .,. 1 SDt n " 6 ._, .. of I Slllne per lf'OIJPI 

A-I Values not &111rina 1 cmnn auperectfpt lettar are different et P c 0.01. 

Percent11et of cantrol activity ere 1iwn in perentltufs, 
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TABLE 1mc 

1at•L Tl!l~YgE1l~ES gQIJQ,EKTaATr5!!1 '!IL1Cl011!112z 

NUTRITIONAL STATE1 
LOI ft Adtpot• ... 

L;v•r lnt•tine LWll lteel"t Muscle Tiuue Muacle 

lfOl'llDlfpllliC lllllM 
I) Control Diet CCD) ••• 300.24 16.1.51 t!Cl.51 201.ss 294.4! 111.50 

d,IO tS.61 t3.57 tl.59 as.sa •'·" tS.68 

Kypercholest1rol11nic 
Swine 429.J6A 357,~ 171.'6A "'·:. 219.~ 435.~ 185,UA 
2) control Dfot CCD> t,.02 .t4.4 114,M tl. 15.t tJ. t4.05 

(iOD.00) (100.0D) C100.0D) (100.DO> C10D.OO> C100.DG> (100.00) 

I) CD+TRF U•oHJ 409,:. !55.93r' 166.6;.A 140.71 A 21?.211 421.421 ,84,!:A 
50pp!ll *6. .s.o az.• •3.;s, •7.09 *3.45 •2. 

(95.44) (99.SZ> (96.92) (97.'57) (96.63) (96.75) C99.55> 

4> CO+y•Tal 50 pijlll SP1'.51c 351 .noA.8 167.18A 142.~ 201,65C J91.9c ,.,.~,... 

tJ.11 t2.I .tJ,86 :rt .2 t2.D1 17.59 11., 

C92.51> (98.24) (97.22) C98.96) (91.79) (89.R> (97,9!> 

5) Cll+P•.U·Tal 516.250 347.751 165.47 A 142.~ 194,?SD 2R.ez0 111Z.16A so,.. t5.10 t4.74 :r2.26 t1. t1.72 16.16 t1.21 
(89.96) (97.24) (96.22) (98.12> (88,65) (~.91> (91.0S> 

6J CO+fl'·ZS·T 3; a.ooD 345.~ 163.42A 140.~ 189. l:& 259.~ 112.JIA 
50 Piii d.91 1113. 1l.'6 tO. t1. t7.4: :111.76 

(89.44) (96.57) (95.03) (97.43) (86.12> (59.59) (98,44> 

1 Cetn·IO'jlbean ... L cantrol dtet ar experimental diet• were fed ta 5-month·ald •~tne for 
4a dayt. Then 1l \ araupt Mere fl8ted fol" 40 llrs. and refed far 48 clays. Tiie tfme of 
Mar;f~clhf wa 9:00 •·•· AU t~llr.&e& 1111re kept on ;ce, Tll' = Tocotrtenol•Ric:h· 
Pr11etfon. 

2 Data expressed as. llHl'll * ID; n • 4 1n1l~is 111f tllt s..,.leio per groupJ 

A·Dvalun not s!Hlrlnsi a connpn 111.1peraortpt letter are d;fferent at P c 0.01. 

30 Porcenta1e1 of control activity ire afWl'l tn P11rentbeses. 
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TAIL!~ 

TOTAL &LUCCSI! liSl!l!il!ITl!TtGN ,11&(!00.J.2 

NUT~lflCNAL ITATE1 Loin Adipose ff• 
l.ivor ll'ltlltfnt I.wit K•rt: NUaclt Tlnue Muaole 

NonioU pt111i c Swine 
1) Control Diet (CD) 36'.05 66.16 6'.35 4Z.16 

"· 79 
21.u D.12 

a1.'ff .t5.11 8'.45 tl.91 tr2.57 tS.01 t2.d0 

)lypercholeaterollllfc 

'"·~ 71.24,,A 11.!4A n~ Swim 405.:. 66._:. 4t.25A 
2> control Diti CCD> 11. d. a4. *2.t1 11.a .a.60 •2 

(100.00) ctGa.00) (100.00) C100.00) C100.00> C1GO.llO> (100.00) 

3) CD+TRF ll•tl\; 395.~ 6'.03 66.~ "·~ 64.;:. 17.06A,a 52.~ 
50 "" 13. 12.ao t3. 12. .t2. t1.35 .1. 

(97.61> (88.115) (98.85) (95.03) (90.51) (92.01) C96.IO> 

4) CD+,-T al 50 PP111 

··~ 
62.SDIC '3.0&A I 46•11A 60.30. ts.~,. 52.1~ 

:tJ.3 IZ.H' t3.31 • &S.21 t.1.95 *'· .,., 
(94.53) ,86.84) (94.25) (95.05) C84.64) (16.16) (96.IO) 

S) a>+P·2t·ra: :S74.2;c 62.501.C ,,,92, ~.17A SS.Ase 1'-;!A.• 54.D1A 
so ppn sS.t tJ.ao SZ.61 *'·" i1.ll al. &1.?S 

C92.JS) (16.84> (92.51) (89.69) CT7.84> (90.19) U00.35> 

6) CD4-P·ZS·T3: 362.99D "·°'c 60.96. 4S.49A 5l.01c t4.96. 53.0SA 
50JIPlll *4.3, 14.06 :tS.41 IZ.78 t1.30 at.26 sZ.61 

(89.58) (77.89) (91.08) (92.37) C74,41> (11.5?) (91.57) 

1 Corn·s~ 1111Bl OOl\trol dfet or UJ111rillll!l'ltal d1ets were fed to 5•llllrltb·old swfne for 
42 m,s. Than al\ ''°""' were= futed fot 40 hra, and ntfed for 41 days. The tilllO of 
Horificint 1111a 9;00 a.111. AU tissues .,.. kept an ice. TRF : Toootrh1nol·Rlcn• 
Fr11etton. 

2 D•t• llllCpl'nlhld 11lllffnl1 SDI n • 4 ana\yaia of the ,_,le per 9,._.; 

s Per,entaaea of control ecdvhy 11n1 elven fn 1i11rcnthnc•. 

30 A·Dvaluea not lherina • cmnan ...-rscrlpt l1tt1r are dlffertnt at P c 0.01. 

Decrease• in total serum cholesterol were 
~ound in the each of the tissues teated. Moat notably, 
total cholesterol concentration vas reduced by 37t and 
30t with P26 in the liver and ham muscle, respectively. 

35 'rotal triqlyceride and glucose concen~rations were less 
affected,. 

Exagtle 19 

we next measured the effects of different 
tocotrianols ot rica bran oil on tatty acid 
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oompo~itions in various tissues of hyperaholesterolemic 
swine. 

The levels of tatty acids, measured as their 
esters, were estimated using the method described in 

5 I<. Hirai et al., "Effects of Dietary rats and 
Phyt~sterol on Sm:um Fatty Aoid composition and 
t..ipoprotein Cholesterol in Rats", J, Nu~r- sci. 
XLt•minol., lQ., pp. 101-112 (1984), except that 1 tJ of 
each tissue was mixed with 2 ml or saline solution, the 

10 homogenized 30 sec by polytron. Pollowinq 
homogenization, the sample was extracted with 8 ml of 
hexane by shaking for 20 min., then centrifuging for 
10 min. at 2000 rpm. The hexane layer was dried at 
40°C and the residue treated with o.5 ml diazomat.hane 

15 to yield the fatty acid esters. 

20 

The identification of eaeh fatty acid aster 
was established by comparison against a standard 
mixture of fatty acid esters (obtained from sigma 

·Cheaioal co.). 
The results, as displayed in Figures 1-4, 

demonstrate that the tocotrienols tested were able to 
lower the total tatty acid concentration in every 
tissue tested. ~ha most impressive declines were seen 
in the heart (76•), the loin (81t) and the ham JDUscle 

25 (66t). The greatest reductions were seen in levels of 
arachidonic acid. This decrease may be due to an 
increase in the corticosterone levels. such an 
increase would inhibit the activity of phospholipase 
A2, which would in turn decrease the arachidonic acid 

30 metabolites. The overall fatty acid reduction is also 
important ~acause it points towards an i:mmunoregulatory 
role of these tocotrienols. 
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We next determined the e!tect of tocotrienols 
on immune function. The model for this study was 6• 
week old female white leqhorn chickens. Each qroup of 

5 12 chickens was fed. an unsupplemented chicken diet or a 
control diet supplemented with 50 ppm of a tocotrienol 
or 100 ppm of a commercially available 
hypercholesterolemic aqent (Geraniol or Lovastatin). 
The samples were prepared as described in Example 11. 

10 The chickens were fed over a period of 4 weeks, than 
the ~lood was drawn. The antibody response was 
deterJDined by injecting the chickens i.p. with o.s al 
of a 5' suspension of sheep red blood cells (RBCs) in 
PBS (v/v) which were previously washed three times. 

15 Total antibody titers to the RIC& were determined usinq 
50 ~9 of serum and the microhemagglutination technique 
deaoril>ed in Wi tlin, ••Detection of Antibodies by 

Microt.itration Techniques", Mvcopt.h.. )fysot. Ap,p1., 33, 
pp. 241-257 (1967). Relative IgG levels were 

20 determined by usinq 2-mercaptoethanol preincubatian for 
30 min. The relative IgM levels were calculated by 

subtracting the IgG antibody levels fro• total antibody 
levels. All antil:»ody levels are expressed as the loq 
base 2 of the highest titer that was needed to 

25 hemagqlutinate an equal volume of o.5t RBC suspension. 
The results of this example are displayed below in 
Table XXI. 



s Mutrftfonal ltate1 

1) Control Group CCD) 

2> CD.+ TRF·RIG 50 ppM 

3) CD + • • Ta 50 ,_. 

4J CD + ')' • Ta 50 PF11 

..._,. 
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TABLE XXl 

AntibOdv thera tn leNI (LOI 2) 

Total Ab tftoN llG 

6.J0t2."'6 A 1.40!0.55 

8.75:1:1.w' 1.5010.54 A 

7.1Dt.1.stA 1.oato.aoA 
6.60t1.!IA ,.21to.w\ 

10 S> CD + I • Ta 50 PP1t 8.67•1.7aA 1.0°*0.ooA 

:i.6?aJ.or' 
7.75t1.55A 

6.60:t1 ,24A 

S,l311.53A 

8.25&1.'6" 

7.17s2.04A 

a.9212.61A 

5.42*2.ozA 

5.90t1.w' 

6.831:1.nA 

6) CD + P·Z1·T3 SO ppm 

7) Cl> • P•25•Ts 50 ppm 

I) CD + &oraniol 

a.67.t1,9zA 

10.30+1.161 

S.60d.11A 

1.so:1:1.1eA 

2.43:1:1,40A 

1.0o:t.o.oo" 
9> Lovaatatfn 100 f1P11 

15 10> GerantDt+LaYHt•tin 
50 ... +SD PF11 

6.3J+1.44A 

7,1.,..2.04A 

1.ooso.ooA 
, .oo.io.oo• 

1 'Feedint period NM 4 ••ka. Tflllt of dr11dnt the bload 1111 0800 ftr. Data eapreeaecl ea 
..,. + SD; n • 1Z bfrdl per ll'OLIP· 

A-I valuea l'lllt sharina a canman suporscript lttttr are different at P • 0.01. 

20 Every tocotrienol, moat notably P25, 

2!5 

increased the total antibody titer and the IgM titer aa 
compared to the control. Slight increases were also 
observed in the tqQ lavals. 

Exampl• 21 

We determined the effect of a known 

tocotrienol, y-T3, on the release of superoxide in 
human peripheral blood neutrophils. Heutrophils are an 
extracellular source of oxygen free radicals. once 
activated, these nautrophils can attach to endothelial 

30 tiasue where they release a potent toxin, superoxide. 
SUperoxide amplifies. the infla.mma~ory response and 
impairs local circulation of the blood. 

'l'he neutrophils we tested ware isolated ~Y 
density centritu9ation on Fiooll-Hypaque 'IZ'adienta 
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using conventional methods (see E. Serbinova et al., 
nrree Radical Recycling and Intramembrane Mobility in 
the Antioxidant Properties of c-Tocopherol and a­
Tocotr ienol", [l:•• Bad. Bio. and.Med., 10, pp. 263-75 

5 (1991)). The neutl:'ophils were then placed in a 96-

well plate. y-T3 and phorbol •yrstate acetate were 
added to the wells at the same time. The secretion of 
superoxide anion was measured as the superoxide 
dismutase·inhibitable reduction of ferricytochrome c. 

10 'l'be results of this study are displayed in 
Figure s. 

The amount of suparoxide released was reduced 
from 19.7 nmole (for 5 x io6 cells/hour) in the control 

to s.o and o n11ole at r-T3 concentrations of 10·6 and 
15 10·6, respect! vely. 

While we have described a number of 
embOdiments of this invention, it is apparent that our 
basic constructions may be altered to provide other 
embodiments which utilize the processes and products of 

20 thia invention. Therefore, it will be appreciated that 
the scope of this invention is to be defined. by the 
appended claims, rather than by the specific 
embodiments which have been presented by way o:f 
example. 
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1. The use of a tocotrienol or tocot~ienol­
lika compound for increasing feed CQnversion 
efficiency. 

2. The use ot a tocoi:rienol or tocotriencl­
like compound for decreasing lipoprotein (a) 
concentration in the blood. 

3. The use of a tocotrienol or tocotrienol­
lika compound in the treatment or prevention of a 
disease or condition selected f~om the group consisting 
of immunoregulatory diseases, inflammation, fever, 
edeaa, diabetes mallitus, pain, rheumatoid diseases, 
ath.erogenic diseases, septic shock, chronic fatigue 
syndrome and tunctio laasa. 

4. A tocotrienol or tocotrienol-like 
compound having the formula: 

and salts, oxidation products and hy~olya~a products 
thereof wherein: 

R1 and ~ is each independently selaated from 
the group conaistinq of H, haloqan, OH, OOH3 and c1-c6 
branched er unbranched alkyls; 

R2 is selected from the group consi~ting of 
OH, NHR8, co2v, CCRa> 2co2H, and c1-c8 branched or 



_I If Ill~ llm~l~///l/l /1111/ 
. s * .....,, 

- 90 -

. THIS SHEET n.'-\S BEEN 
REPLACED 

un~anahed alkyls sUbstituted by OH, NHR8, co2H or 

C(Ra)zC02HI 
R4 is selected from the group consisting of 

o, NH, CH-R9. C=O and CH-OH; 
R5 is selected from the group eonaistinq of 

CH2'. CHOR, O, S and NH; 

Re is selected from the qroup consistinq of H 
and c1-c8 branched er unbranched alkyla; 

Each R7 independently represents 

OH 

wherein R10 is selected from the qroup 
aonsistin9 of H, NH2 and c1-c6 branched or unbranched 
alkyls; 

Rs and Rg is each independently selected from 
the qroup consistinq of H and c1-c8 oranehed or 
unbranched alkyls; 

Each R11 is independently selected from the 
firOUp consistin; of H, c1-c6 branched or unbranched 
alkyls, cs2oH, co2H or OH; 

R or c1-c18 branched or unbranched alkyls; 
z is haioqeri, OH, CH2oa, CH3, o~ or: COCffs; 
n is an integer trom 0-4; and 
m is an integer from 1-30. 

5. '!'he tocotrienol or tacotrienol-like 
compound according to claim 14, wherein R1, R3 and z 
are each independently H, halogen, OH, OCH3 or CH3; R 
is OH, OCH3 er NR2, R4 is c~o, ca2 or NH; Rs is o, s, 
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cH2 or NH; Re is H or cu3; a10 and R11 are each 
indepandently H or CH3; n is o or 1; and m ia 3-10. 

6. A tocotrienol having the formula 3,4-
dihydro-2-(4,B,12-trimetllyltridaca-3' (E) ,7' (E) ,111 

trienyl)-2B-1-benzopyran-6-ol). 

7. A tocotrienol having the formula: 

tocotrienol havinq the formula: 

H 

H 

9. The use of the tocotrienol or 
tocotrienol•like compound af any one of claims 4-8, or 
mixtures thereof, as a hypocholesterolemic agent, an 
antithrombotic agent, an antioxidizinq agent, an 
antiatherogenic agent, an antiintlammatory agent, or an 
immunorequlatory aqent. 

10. The use ot the tocotrienol or 
tocotrienol-like compound of ~ny one of claims !-a or 
mixtures thereof to increase feed conversion 
efficiency. 

11. The use of the tocotrienol er 
tocctrienol-lika compound of any one ot claims 4-8 or 
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mixtures thereof to decrease lipoprotein (a) 
concentration in the blood. 

12. The u~e of the tocctrienol or 
tocotrienol-like compound of any one cf claims 4-8 or 
mixtµres thereof to prevent oxidative deqradation cf 
food products. 

13. The use according to claim 9, for the 
treatment or prevention of a disease or condition 
selected from the group consistinq of: 
atherosclerosis, hypercholesterolemi~, thrOll))oses, 
endothelial injury, immunoregulatory diseases, 
atheroqenic diseases, inflammation, fever, edema, 
diabetes mellitus, cancer, siqns of aqinq, pain, 
rheumatoid inflammation, septic shock, ehronic fatigue 
ayndz"ome_and functio laesa. 

14. The use of TRF for increasinq feed 
conversion efficiency. 

15. The use of TRF for decreasing 
lipoprotein (a) concentration in the blood. 

16. The use at TRF in the treatment or 
prevention of diseases or conditions selected from the 
group consisting of: immunore;ulatory diseases, 
inflammation, fever, edema, cancer, aigns_of aqinq, 
diaDetes mellitus, pain, rheumatoid inflammation, 
septic shock, Chronic fatigue syndrome and tunctio 
laesa. 

17. A tocotrienol or tocotrienol-like 
compound havinq the following characteristics: 

. llHii1ITf 1nr 
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(a) an HPLC' elution tillle of qreater 
than al>out 22 minutes under the following conditions: 
20 µl sample, p-Porasil column (Waters column, 10µ, 
4 mm x 30 cm) using an isocratic system of hexane and 
isopropanol (99.75,:0.25%, v/v) at a flow rate of 1.3 
ll\l /m.in. ; and 

(b) -an ability to inhibit the synthesis 
of B-hydroxy-&-methyl qlutaryl coenzyme A red.uctase. 

18. The tocotrienol or tocotrienol-like 
compound according to claim 17, wherein said HPLC 
elution time is •bout 32, 36, 45 or 54 minutes. 

19. The tocotrienol or tocotrienol-like 
compound according to any one of claims 4-s, 17 or 18, 
obtained from a biological_source. 

20, The tocotrienol or tocotrienol-like 
compound aceordinq to claim 19, wherein the biological 
source is stabilized. 

21. The tocotrienol or tocotrienol-lilce 
oompound •ccordinq to claim 19 or 20, wherein the 
biolc9ical soQrce is a plant source. 

22. The toootrienol or tocotrienol-like 
compound accordinq to claim 21, wherein the plant 
source is •elected from the qroup consisting of oats, 
oat bran, oat bran oil, barley, barley bran, barley 
bran oil, rice, rice bran and rice bran oil. 

23. The tocotrienol or tocotrianol-like 
cmapound according to claim 22, ·wherein the plant 
source is rice bran or rice bran oil. 
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24. The tocotrienol or tocotrienol-like 
compound accordinq to any one of claims 4-8, 17 or 18, 
obtained by chemical synthesis. 

25. A foodstuff comprising tha tocotriancl 
or tocotrienol•like co•pound accordinq to any one of 
claims 4-8, 17 or 18 or mixtures thereof. 

26. The foodstuff ot claim 54, further 
comprisinq TRF, P21 , a-, &•, y- or 6-tocotrianol. 

27. A dietary supplement comprisinq the 
toootrienol or tocotrienol-like compound according to 
any one of claims 4-8, 17 or 18, or mixtures thereof. 

28. The die~ar1 supplement according to 
claim 27, further comprising TRF, tocotrienol, a-, s-, 
r- or 8-tocotrienol. 

29. A pharmaceutical composition(tor 
treating or preventing hypercholesterolemic-related 
diaeases, thrombotic diseases, atheroqenic diseases, 
inflammation, immunodeficiencies, fever, edema, 
diabetes mallitus, cancer, signs of agin~, pain, septic 
shock, chronic fatigue syndrome or functio laeaa, or to 
decrease lipoprotain (a) concentration in the blood or 
to increase feed conversion efficiency)comprising the 
tocotrienol or tocotrienol•like compound according to 
any one of claims 4-B, 17 er 18 or mixtures thereof, 
and a pharmaceutical carrier. 

30. The pharmaceutical composition accordin9 
to claim 29, (further comprising 'l'RF, P21 , a-, &-, y- or 
6-tocotrienolj 
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jl. A pharmaceutical composition tor 
treating or preventing inf lallllllation, immunoregulatory 
diseases, fever, edema, diabetes mellitus, cancer, 
signa of aging, pain, rheumatoid diseases, septic 
shock, chronic fatigue syndrome or functio laesa, to 
decrease lipoprotein (a) concentration in the blood. or 
to increase feed conversion e£ficiency comprising TRF, 
P21 , a-, s-, I- or y-tocotrienol or a combination 
thereof. 

A method for treating or preventinq 
hypercholesterolemic-related diseases, thrombOtic 
diseases, atheroqenic diseaaea, inflammation, 
immunodeficiencies, fever, edema, diabetes mellitus, 
cancer, signs of aginq, pain, septic shock, chronic 
fatigue syndrome or functio laesa, to decrease 
lipoprotein (a) concentration in the blood or to 
increase feed conversion efficiency in a patient 
comprising the step of administering ta said pa~ient a 
pharmaceutically effective •mount of the pharmaceutical 
composition accordin9 to claim 29 or 30. 

33. A method for treating or preventing 
inflaJDJDation, iJllJDUnorequlatory diseases, fever, edema, 
diabetes mallitus, cancer, signs of aqing, pain, septic 
Shock, chronic fatigue syndrome and functio laesa. to 
decrease lipoprotein (a) concentration in the blood or 
to increase feed conversion aff iciency in a patient 
compriaing the step of administering to said patient a 
pharmaceutically affective amount of the·pharmaceutioal 
composition according to claim 31, 

34. A method for decreasing the ~otal serum 
cholesterol and LDL-choleaterol in a human or animal 
compr:i.sin9 the st.ep ot administerinq to said ~h~um~a~n~o~r~------
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animal a cbolesterol-lowerinq effective amount of a 
foodstuff acccrdinq to claim 25 or 26. 

l5 .•. · A method for decreasinq the total serum 

cholesterol and IDL•Cholastarol in a human or animal 
comprising the step of adl'llinistering to said hwnan or 
animal a cholesterol-lowering effective amount ot a 
dietary supplenent according to claim 27 or 28. 

36. A method for incr·aasinq the HDL/LDL 

cholesterol ratio in a human or animal comprising the 
step of administering to said human or animal a 
cholesterol-lowering effective alnount of a foodstuff 
according to claim 25 or 26. 

37. A method for decreasing the HDL/LDL 
cholesterol ratio in a human or animal comprising the 
step or administering to said hwnan or animal a 
cholesterol-lowering effective amount of a dietary 
supplement according to claim 27 or 28:...> 

~8. A •ethod to enhance the yield of 
tocotrienols and tocotrienol-like compounds tram the 
tocotrienol rich fraction of a biological source, 
comprising the steps of: 

(a) dissolving the tocotrianol rich 
traction from a biological source in a solvent, 

(~) contacting the dissolved. 
tocotrienol·rich fraction with an amine column, and 

(c) elutinq the tocotrienols with a 
solvent that does not su~atantially elute impurities. 

39. A method to enhance the "yield of 
tocotrienols and tocotrienol-like compounds from a 
biolC9ical source, comprising the steps of: 

~~~~~~~~~-
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(a} extracting the biological source 
with an organic solvent, 

source. 

(b) heating the extracted source, and 
(c) extracting the heated bioloqical 

40. The methocl according to claim 39, 
wherein the heating of step (bl is accomplished with 
microwave heat. 

41. The method according to claim 38 or 39, 
wherein the biol09ical source is a plant source. 

42. The method according to claim 41, 
wherein the plant source is selected from the group 
consisting of oats, peanuts, pine nuts, oat bran, oat 
bran oil, barley, barley bran, barley bran oil, rice, 
rice bran and rice bran oil. 

43. The method according to claim 42, 
wherein the plant source is rice bran o~ rice bran oil. 

44. The method according to claim 38, 
wherein the aolvent of step (a) ia hexane. 

45. The method aocordinq to claim 38, 
wherein the amine column of step (b) is a Bond Elute 
amine or cyano column. 

46. The method acaordin9 to claim 38, 
wherein the solvent of step (c) is a qradient system of 
o.s, • 3t isopropanol in hexane. 

47. The use of a staoilized bioloqical 
source for d.tacreasing lipoprotein (a) concentration in 

· . ..... 1.1 
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the blood, increasing feed conversion efficiency or in 
the treatlllent or prevention of one or more of the 
following diseases or conditions: immunoregulatory 
diseases, inflammation, fever, edema, diabetea 
mellitus, cancer, signs of aging, pain, rheumatoid 
diae~ses, septic·shoek, chronic fatigue syndrome and 
functio laesa. 

~a. The use according to claim 47, wherein 
the stabilized biological so~rce is stabilized rice 
.bran. 
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