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This application is based on U S. Provisional Patent Application Serial No.
60/ 104, 2349 ohbdegsh Oct ober 14, 1998, the disclosure of whi pra8oi/39€y porat ed
in5its entirety herein by reference. Field of the Invention The present
invention relates to an edl bl e oclmmmmwmmm\mﬁef ul in inproving blood Iipid
|l evels in a human patient, and t maki ng and using the 10 oil.
Background of the Invention Mre thanséisd, 000 people in the United States
die fromcoronary heart disease and strokes every year. About 1 .25 mllion
peopl e have heart attacks 15 ever of which occur w thout
. warning. Coronary heart disease iB Eﬂﬂ“ﬂmgmgrequent killer of nmen and
wonen in the United States. Despi of drug devel opnent, ten
times as many Americans die of heart "§t%%&tks as at the turn of the century.
., 20 According to the American Heart Association, cholesterol |levels are the
maj or predictors of cardi ovANﬂﬂl-ﬁ)LEﬁTmeEMICJEﬂIEBﬂ Ollol , a soft, waxy
substance found anong the lipids in the blood stream is an inportant part
of a healthy body because it is used to formcell nenbranes, sonme hornones

and ot her neededThisS@ﬂ)ﬂéandrh%H%d o U ghrolisieabl R)sfteﬁMb;ﬂ&hﬂdSrOSedla‘l Nche bl ood
(hyper 25 chaol esterolem a)_ i maj or. risk factor for coronar

di sease, whi @9/1%a§7tf(b‘eﬁ&?tt‘?beéﬂt“aél@gsdﬂﬂ disgleswe of avhi %EI'W%‘"FW Re

bl ood, agd nﬁgteng%tgm@mg?;gg,etngeand fromthe cells by a special carrier
of I|p| ds and proteins called |ipoproteins. There are WO 02/ 060272 _2_

PCT/ US011029s3 several kinds of |ipoproteins, the nost inportant of which
are lowdensity |ipoprotein (LDL)Flg\gq)fl% h“ﬂﬁ{? ty |ipoprotein (HDL).
Lowdensity lipoprotein is th carrier in the bl ood.
Excess 5 LDL chorfbstpeesﬂntmmubratrelagasun arhediblecaildthednis sisefM yn imprpdingp

ot her subst afisgd 1Pl s TR ERl o WimefReG AERaRRE iy ubRRTHECT 1

t hose arderies#. This condition is knovvn as at herosclerosis. The formation
of a clot (or thronmbus) in the region of this plaque can bl ock the flow of
bl ood to part of the heart nuscle and cause a 10 heart attack. If a cl ot
bl ocks the flow of blood to paghcdrotidtfoftrdi iAvedtitd result is a stroke. A
hi gh I evel of LDL cholesterol reflects an I ncreased risk of heart disease.
Thus, LDL chol estMarelthars 7801Q00 eegrie i theadnigerbPtates dist fromigosenane hepity

| i poprotein Qis'_e@gela &?{er@sse\%?{f)VEaronﬁbM}' 1. Qstrﬁullf?)'ﬂepécoglérﬁﬂeq;eaﬂt%tpéélgd

chol esterol . B eved that HDL carries chol esterol away fromthe
arteriessand ebatwkyaau Hallfeof| whigh ocEurowithgutomanningi. sCQrIOt\armiteertw ssass scther om t he
body. Sone ex re x S

at her oscl erotnlpc plez‘éfugt I&Ye? ?Fﬁ? Jq)\)(/%ﬁ\e r?ﬁ?e U'?he\(/)d ﬁﬁgﬁﬁée%&gn@ocv%még "good
chol esterol " obefmyma@pmegn tbemeﬂesm{snHBIyAsnmns(duqowfdteeatataghs asat thear t

attack. The o osw‘e 20 is also true: a low HDL | evel indicates a greater
risk. f the century. ‘

20 According to the American Heart Association, cholesterol levels are the
“maijor predictors of cardiovascular disease. Cholesterol, a soft, waxy substance
found among the lipids in the blood stream, is an important part of a healthy
body because it is used to form cell membranes, some hormones and other
needed tissues. However, a high level of cholesterol in the blood (hyper-
25 cholesterolemia) is a major risk factor for coronary heart disease, which leads to

heart attack.

Cholesterol is insoluble in the blood, and must be transported to and from

the cells by a.special carrier of lipids and proteins called lipoproteins. There are



Chol esterol conmes fromtwo sources. It is produced in the body, nostly in
the liver (about 1,000 mlligrans a day), and is al so found in foods that
come from@mMembs such as nmeat, poultry, fish, seafood aper/ggiagesdr oducts.
Foods 25 fromplants (fruits, vegetables, grains, nuts and seeds) do not
contain cholesterol. Saturated fatty acids are the chief culprit in raising
bl ood chol esterol) which increases the?isk of heart disease. But diet ary
chol esterol also plays a part. The 30 aver,age Anerican man consunes about
360 mi|ligrasevend kinds edtlipepioteingaiie MAst AYePHFRt Ahet i Pradeurdenset ween
220 and 260 i red, ( M ldhon adul ts have bl ood
~ chol esterol 'edvpléﬁ)tgrng@%gpﬁlh{aﬂ%rngﬁys(I%(ggbt écH"?L?ér (nmg/dl) or higher, and

nearly 40 mllion Amrericans have WO 02/ 00272 -3 PCT/ US01/ 029s3 | evel s of

240 nmg/dl or aboye. ]t .is.estimated th her [ ol rcans
with oon 1 evel s bdensiyfR e FRIS el betiosiel Futd Fi bBR R0
t hose i rp needbBlcRoleeRed\dintglating imeeeisisad tah sRatlpbatld upurittie tno na)ls vbst
patients who are treated fail to ar]&éﬁi n t%eatFent.ﬂoa}ls. The %e}f‘{l% cost of
treatment isthestrisHesdaedngthepgact ppdiprad- 1 Heeainen VR OMALSURYABEE' SR ar ¢
di sease stil korhBAB4RS atthRkNQard Helbdit @iat 8hn AERIth6SeSrterd3USThid dihditionks Of
having a heart attack or stroke_Is strongly predicted by the amunts of
| ow- density kppuppesatheiogdamsis. hhefermetien o) ajdlgdpr brerhiy Upihe regifg ©io
triglyceri deﬁwi%ﬂlaﬁgg cBh Rk (FDAbRSEHI0d AN Bark bf Be/REIH AséiB\4RE Tabéa DE
reduced through nedical i1ntervention and/or dietary nodification, such as
reduct i th of hedre attaek.alfye ¢int bikeksothedinat ek blopdito pat of dbeibeaimdhe sgssilt isowever ,
sone dietary di ficat,i. i i xanpl e,
in recent yeggsls%rotkﬁ'e gu l@??e[vgf‘?égh_ﬁgf&l%e‘fsg%{o? ?él%‘cosr Qﬁﬁ@@gg%ﬁgﬁ%ggﬁé%fomt ed.
Butter is hi gisease. chiabscdDerabloleatedolsiabofteatoatied dbad ciBiletkrohdir gari ne, on the
ot her hand, has a sem -solid consistency based on their content of
hydr ogenated oils. The hydrogenati on process, however, fornms trans fats.
Cinical studiesHiv@erbiyOinsproaatiad"HDBY) daraes ab&itsorireird Qo alnb&bogke oif C,
causing two to three tines tthe cardiovascul ar risk of the natuyrall

sat ur at Bl f abogirioiesgerok Hustheheyedsthat APy cetfieslolasterph awaytom 488 of
mar garine ovgheRid 48 back 1dAWe HivsP o i/vﬂicthh@]Es dTﬁrﬁwQ_?]_erlyi P8sseBaFdnh e Badyy Stick

mar garine, can contain 20%to 30% of trans fats. The American Heart
Associ ati on Bower exrartehdieveolPL ramgaes sacessuelplesiewhriiane athesogerpte

trans-free ma ' ] ' | a £r | ther .68 WRbek& "
hydr ogenat ed p%g?%né %lﬁfj tﬁ?sﬁqvﬁ{'g\% %%;“(’: i o‘ﬁ@fﬂ '%alg’mt\)@ehgi tor ogﬁced rrecent ly.
Thi s nmar gar i becaushkial gl leeel of HOLr seessftapsgtecoagainst heant attaslkedT heordositef

sat ur at fats, the secon t dangerous conpanent of margarine. 30 O her
compountfé halre?BRENer 8 %W?Q]’Dlgﬁe'r'%ﬂg%tgs@l‘%F%tg?Fg%'l |l evel s in humans. For

exanpl e, plant sterols, particularly beta-sitosterol, have been reported to
have antichol esterol em c effectg{é and are beLi,eved to,inhibit chol elster ol

absorption int h_&hghiéﬁm'i ‘fﬁ”é“sstﬁ' ] TR 0T8T e tds eroguged iy l?°qyp”lﬁs§?ﬂl ace
chol esterol ifnufaiiver fdlolit Mo hifgraip BIodY|, AHSS ¥IsBabdindoh fbbes Wattéehy
chol est erol WO 021 060272 )
from animals, such as meat, poultry, fish, seafood and dairy products. Foods
25 from plants (fruits, vegetables, grains, nuts and seeds) do not contain

cholesterol.

Saturated fatty acids are the chief culprit in raising blood cholesterol, which
increases the risk of heart disease. But dietary cholesterol also plays a part. The
30 average American man consumes about 360 milligrams of cholesterol a day; the

average American woman, between 220 and 260 milligrams.

One hundred {100) million adults have blood cholesterol levels of 200

milligrams per deciliter (mg/d!) or higher, and nearly 40 million Americans have



-4 PCT/ USOL/ 02953 ingested is absorbed whereas | ess than 5 % of

beta-sitosterol is absorbed. Wen the plant sterols displace chol esterol of

the bileywgbiodiiel | es, the cholesterol is fecally excretgdyySithait

sterols exist naturally in saturated and unsaturated forns, as free

al cohol s and as esters. The unsaturated forns domnate. It is known that

natural sitosterols may be converted to3sitostanols by hydrogenation, and

it has been reported that stanols are nore effective per unit weight than

sterol s in blegekiofig4Omas/dseraabore abhsopshimaiad thad theratare pamyllien Amerigans

absorbed. FUMBAIDL fel8is HRATRURL 1AbeRehanit 1R I ElAhaARAOLRRHAARRETS to be

~relatively constant even en doses adm nistered vary by an order o

magni t ude. Botdi ot e¢cidn@tie recasmalnstréstrenbeemthesedra snose patiénte wiwraker s of
chol esterol absornption because of their_unabsorbabiljty. wever) .1t seens

. clear that F?@dgf"k g%?ti?fal rqagmgr&ﬂﬂa Y el VP (L chlsggﬁ{,re%t@neewg ?Sg'g%aé?ol is.

15 Further, &h@ordfiahis000dilic, yestaomrytheattliseds@btill @ehairasthaOlo. Orkliler

chol esterol absorption but also sitosterol and vitam n absorption. Sone

have char act 8f fPEHCEM-s as an advantage, but the fact that sitostanols

bl ock the normal absorption of micronutrients may be problematic. 20 The

Lancet 1995; 345: 1529-1532, reported on the use of beta-sitosterol (20

mlligrams per dayys.fthe righel havig afegart Btadkaiisyrkpisaitoaslverediped fyabe a

(BPHL. This Lt an LS i i r

epi theli al s?’%gi‘{i’r%‘W?ﬁ?%ﬁﬁé’%‘%@35'?5”9'?'%18%”%%'##?&’3%39f“e%&i %‘g&jt o]

obst ruct® ve triglhyrerige® b thenppeahs whi ch are experienced to sonme extent by

nost men over the age of 50 years. Using sitostanols al one as an

anti-chol esterolem c thus may increase the risk of BPH O her conpounds

t hat have been stChdles@roinasdnimighbicetde Wedhs tdad beecadduiead Bdowyhd npedioetnt i on

of diseases jncluding afrter.ioscl erqsi s and Hlba%h ghol estfeﬁold. | evel s '

i ncl ude t ocolMUAMIAT ang{prdjetare mogdfticaLen RS SeAVGHOR AT AN E ALY HPKe wheat

germ rice bpABrolestkRol 2RE fRAhrated faV¥D A3WRGER GdmediRtaty WSdlfiddtibas hhtle Vi t 1 0,

t he concentration-dependent inpact of tocotrienols on cholesterol can be

denonst Y&t ed9tvenirisedPvievh BERIE PN SOF BYAMBIRaIN RSRAT YRRj8Itag Substigwtion of

3. hydoxy 3 MehfaylarfleUich iiluedi ORIAZ YOG, Pronistbd! Bt IFBA ihlhifdshee) angti viLy.

This is the enzyne targeted by statins, the anti-cholesterolem c drug with

annual sal ess&ucfteefaght Stigk mgirgdrirenonithiel ather hamdt has asergi-salidgnasis®pay i ns act

directly, blpckin MSCOA redu se. ef.. stall LOBS cause

liver dysf ung?sl'egn.gnﬂrqf'ér unﬁggte%?wﬁﬁ)ﬁgﬁ%%?i J;e"ﬁ"t's ﬁaekﬁioggé?s%[@ﬁgﬁtg%é@'

t ocot ri enol shoespantbring ttdne faleC Céaisaldtudid chavie dehalnsgbdahatstyartsifesiaze by a

conpensatory increase in.the rate 10 at which dietary cholesterql is

absor be%lcg f r oRTELENICA CAUTIRG FWO TR dUrer 1505 Yo aRy 'Oﬁff%'%’f & 'éPfﬁ}?t%aqk"é'hY ng

statins as ass@rabhestamhiéiagivedutter itsaability. ERieftthGdabmagd\bt Margasipect to

statins, increasi ngﬁ(t he dosage to the |levels freguent I%ﬁre uired to

over come conPYSAERTYS DAY BISBECY IR thlomataEne PabcHIRRY iSHRY MAreRICaS20n 1

1fol d i ncreaggndafh bB% it@}?éd%n&fetr%s kdtder TROMPhEGEIH PRartaRsdRlRidnatyWe.

Because of 15 the risk of liver conplications, statins nust be taken under

a doctor's stgsenvhendsnsofSimargariney, Suih meraasies; B satadstrany e MAkBaHI%oni se i n

vitro, e rest I, QU | 3l ' L ot AM J
Gino N, BRHAE Rhmblad (3 KNG BaIS R aHAP BRI o BRI o) T,

i mpr ovenent s frantidngpihds peeraimeodueednenerglyt Thiempgadoe swhilefree sfitoans fetsudy, but
three SUbseqlélgri;]ttainstirlxj(g'legssedOer\];erlseeof saturated fats, the second most dangerous

component of margarine.

30 Other compounds have been reported to reduce cholesterol levels in
humans. For example, plant sterols, particularly beta-sitosterol, have been
reported to have anticholesterolemic effects, and are believed to inhibit
cholesterol absorption in the small intestine. Plant sterols are thought to displace

cholesterol in bile salt micelles. Approximately half of the dietary cholesterol



20 living patients supplenented with the same material (pal mderived
tocotrienolrich fraction, i. e., palmderived TRF) failed to confirmhis
results. il a, et al, Helsinki Antioxidant Synposiu hl qui st ,
M) et aﬁﬁsﬁﬂ@@?Fion Research 12: Suppl. 1: S181-S201 119%%/?&@§ﬁ§%, A, et
al., Lipids 30: 1 1791 183, 1995] In response, O ureshi has suggested
Qureshi) A, et al, Lipids 30 25 (121:-#-171-1 177, (1995) that
d-tocopherol inhibits the anticholesterolemc effect of tocotrienols. The
resul ts of cingastedls absortes wherhasbiepsthan&de af Befatsitosteso! iy akserted. Ba® i on do
not support {lal aGOREHSLRhcObho bAERR bt BIPHIL LA mRASL Qe thbRSREASL

~ non-saponi fiabl'e conponents 1S required to effect blood [rpid nodulation.
30 A nargari fezalieersreted. i ntroduced i n Finland, Benecol, that contains

hydr ogenat ed plant sterols extracted from pul p and paper waste, has been

. found to achieve a 10-15%reduction in cholesterol levels in patients
substitging Benpegat steaslgaxistenat@ailsimsgtardedrangansairated tfbend, 45 Rés. This
reduction corresponds to a twenty to thirty percent decrease in

y .
car di ovascul 8icopeigiand asgstely. o(fh2 72y pet)1egna deovys Houe¥BPY NBdRECol
suffers fromidig ditsfeMARRY DelddAlerkdtbrddifRtandlstlPhy PE§ERELA, SRfiNhEE
regul atory approval in the United States and other countries as a new food
addi tive. 5 fesli terpiershaf sorgigerie mawe tféeqtivasrascinit waidh thamaieyole oni c,
debi 11 tatl NopdlRRE A8 EREBsbRtbH AR SREMENAS G At aud6BBUALIther 3R N1 L1 .
age rel ated nmacul ar degenerative and progeria, anong others. As tissue
| evel s Bf t hemeuntofibetd-sitoseml alsoyipehanpieses, tothesrelativele\cohstaof eyarowben i ve

antioxi dants, such as antjoxidants pof the vitamn E fam | i These
ri sk factor sdﬂ%e\f‘@gg}é 'ﬁteﬁﬁ ‘éad?‘ng?’ PR r°1F rtnﬁ%n'tuaag'?é B’é}zh %tae?c;(]% ée(/%%tgﬁﬁlgrhgg? sease
by Gey) who sésneded hat relstild oeatkarist africholestendluaisscdgiore deeause af gheul at i on,
the incidence of ischem ¢ heart di sease rises, (‘]‘gﬁ' assess the bl ood | evels
of peroxi des"U"3RERPALULE HR e 1t \Eems £Lea" St ylle  LtogtanehiSobYPBIeI&Y i ¢ aci d
(a. k. a TBARSynidsotddr Bbhk sites@edlGs.r eacti ve substances, al so called

mal onal dehyde nodified nmaterial), or peroxides. Holvoet, 15 Collen and van
de Werfl'®ecently docunented the relation of mal onal dehyde nodified LDL as a
mar ker of acute a ] i i

Tl onal dehyde ( TEALL) " {e,2ddis PEPFrosHHEPfa Bid AR IcbheoREYy Edberoral,
injury and pbbspuetiomiutzisd sitosterahahdwitagia@bseratien.y Spmeiheae eharagtar@edor onary
syndrones thgn ot her_ .co nl ,ndi 0 I 0 an

i nterventi onﬁl"? ﬁ?jf}n(? V?)rér?tgog’n%(ust ﬁﬁgaﬁgggﬁ%gﬁsgﬁﬁ?%g@? k t(t)}ﬁlee%s)ﬁg(?) lemOr gm\%\ere
suppl ement edoflaiidrgnitribhtsRedg eaprébi@hstiser um | evel s of TBARS materi al
decreasgd significantly from pre-study val ues. See: Toneo, A C., el al.
Anti oxi¢fant effects of tocotrienols in patients with hyperlipidem a and

carotid stenosi sThéLandks 1905; 348919183632 Rport¥dbkitheuselof S3ta-8ftostkrol 25
Hypochol esterol em ¢ and anti oxi dant effects of rice bran oil

non- saponi f i &l BWIigrAMERSE CBROI0E ST BAEIRNE o6 ABIER PEOSTEIR MYRSPIANALBIH)-
Interactionsyhd: cbrditidn 8s 4 WA - efibgbRRht dthee fiBRIMIBCYIa 28N eBith&ike! S
nearly doubl ed over pre-study values. This sane group of researchers of the
Jordan Hear t sRestaeascYyitFiouihganrpeiateraldngr exansuailyyeadioa te mbstuethe dunasy
relatiosin rLT : NS, , I
y-toc otir‘“i> eno%v@gh)a %%@h%‘e gg@%ﬁlggéﬁ% §§'ﬁ8 eg%ny\%khhgsﬁtm%rbg%r tlhﬁtalg gtoé fed
at her ogeni ¢ &0gfesrs. Lisinglsitos28nold albnd 3s anantihole8e3dlemie tmsdnayjingreaséere i s
a need for anhedi blfe?ﬂiél that is trans-free, lowin saturated fats and

i

suitabl e for MEK Y manuf acture of nargarine. Preferably, WO
02/ 0C0272

Other compounds that have been studied in connection with the treatment

30 and prevention of diseases including arteriosclerosis and high cholesterol levels

include tocotrienols, which are natural forms of vitamin E found in wheat germ,

rice bran, oats and palm.



PCT/ US01/ 029s3 the edi ble oil does not require additives that nust be
chem cally processed (e. g.) hydrogenatedl. There is also a need for an
edi bl e oo pyRdust that is a safe, effective 5 alternati vectgsdineysd oi l
products and that can be nmade avail abl e over-the counter (OTC) or
incorporated into staple foods. Furthernore, there is a need for a new
intervention strategy against cardi ovas@ul ar di sease) one which recogni zes
the difficulty patients have in 10 changing |life-1ong bad eating habits and
whi ch, unlike ca/ﬂd«/mﬁeapmertﬂrra@ga-,depgncge@fén@afd@éhoq%ﬂw'wk@hp'wewbut
direct medic [ <S04 ?y pareang : '
. accordance V\A@E!t%éeg‘r%gﬁ%dgggﬁb t8 tr|1e %rsgférgh{t‘?uipﬁégﬂ‘[ﬁ:bgﬁﬁe Egﬁgxéfglgfdod\f?ded 15
an edi bl e oi 3-netbyl-glednd esendyemeshmechasase GMGabAaegudtase) @cticip| éBisas ol by
t he human patient an r tes the excretio f I erol fr he human
. patient. Pre reQBYVFq?%§Peé%‘bft3E'B?'Itﬁ?s?mg'tﬂ: 8@5%"?'%{}1?%/8@%%'96?“ u%?ﬁésle? atty
aci ds. 20 | nofpeighelsepilliertdulaneint the UhS. iamarent iStetios last alirectwggsibekhg oi | or
m xtures of vegetable oils. Very preferaagl , the inventive oils are refined
rice bran oilf Afeduptase: Biowevee skt ?%“HQ‘F‘I‘H‘B? Fauseliyer,dysfinetiofe wit h
still other aspects of the present invention, there are 25 provided food
products that include any of the foregoing oils. According to additional
aspects of the pYetostwnatenydmanyoratientetekingrsdatinod WeatrispeladePar tpddtici ng
total chol esielolsod e Blorfithdrd] §irfediDby bk ddhiBdrPRIHEE i BiBYhs! N { he
step of admnistering to said patient an effective anount 30 of any of the
f or egoi®y oi dtswhich Aieterydéhetpsterokisiabsorpad et feasth o reasht study perastaithat
invention, there is.. i . i i enm ¢
cdi ble of . The shelrBhtRErg aBuTF R dorBindiRsy fileBth ABL ERGLETRERELT 2
adj usti ng t h&vigoebeedt tofstdtoco pleeeasing, the ddBadd B HeDIBVas fpqu@ly td§Ated29s3
tocotrienols, free sterols steryl esters.and c |cloartenols f the1e[di bl e
of I such t hale PYRECQTE COTRBRALTINFERSSY choprereLaRRi Rt g BasEos Al h o

pre-sel ect edfddmaask af e ifdideticdas li0ér consislick¥omasd RotebabbveSBécaugd0f Ny Of
tocopherols, tocotrienols or conbinations thereof, about 5 to about 500 ng
of stery esther &sk sofyfiyen sOMPlisatiensa pHatins oBUsSy P takge| g eRofiectons a

preferred empodi 6Bk, _sm%w,ctﬁhave%@a@ﬁhsnsfﬂgbeéﬁ@;.h pﬁé’%iseinrbiﬂ?&rtﬁja@éb% a

crude rice bran oil, 1s dewaxed and degummed, and d under vacuum at

el evat ed t enpkelmiaal grialfFheee bear gauiveapdt Queeshihefynr drfdime dutn S Suppiad4at i | d

pH 10215-1026S, (1991 Apr.) reported significant improvements in lipid parameters
amongst "responders” in a short study, but three subsequent studies of free

20 living patients supplemented with the same material (palm-derived tocotrienol-
rich fraction, i. e., palm-derived TRF) failed to confirm his results. See Antila, et
al, Helsinki Antioxidant Symposium, 1991 Wahiquist, M., et a/, Nutrition
Research 12: Suppl. 1: S181-S201 (1992); Tomeo, A., et al., Lipids 30: 1179-
1183, 1995] In response, Qureshi has suggested Qureshi, A., et a/, Lipids 30

25 (172):1171-1177, (1995) that d-tocopherol inhibits the anticholesterolemic effect
of tocotrienols. The resuits of clinical trials with oils according to the present
invention do not support this conclusion, but rather show that synergy with other

non-saponifiable components is required to effect blood lipid modulation.

30 A margarine recently introduced in Finland, Benecol, that contains
hydrogenated plant sterols extracted from pulp and paper waste, has been found
to achieve a 10-15% reduction in cholesterol levels in patients substituting
Benecol margarine for standard margarine in their diets. This reduction

corresponds to a twenty to thirty percent decrease in cardiovascular risk.



10 using an al kali ne hydrous sodiumsilicate and small quantities of

pot assi um hydroxide so that the free fatty acids are converted to soap
(saponi f wgsld/@bagondi tions which mnimze the |oss of estgrguefinssdgrol s and
cycloartenols to the soap stock. Next) a tocotrienol-rich distillate,
preferably a rice bran or palmoil deodorizer distillate) is substantially
saponi fied) preferably in isopropanol, -8nd the 15 non-saponifiable fraction
is extracted, preferably with hexane and water to yield an extract ("Gl B"
). Finally) Howees Bapecopsutfpisionihodisadvariaserhat sha plenkistesd ©6rastoduce a
product havu@g kD e dARohPYoB0GR A UNIBY Shode@eABNGRA! SdurkAb0ld bW S, free
. sterols, ster FresErs an cycloarteno her objects, features and
advant ages offootilaedpivesent i nvention wl| becorre apparent to those skilled
inthe art fromthe follow ng detailed description. It is to be understood,
. however, that the detailed description and specific exanples, while

i ndi catisng pref eT¢ael mﬂaedbnﬁmygerofhatviae bpéeseﬁocimueann mateclgorien by way
of illustration and not limtation. n and %Sm)lflcatlons

W thi n'the. sUHESBHE Eiteatises Shtsa HoLHE PO maERI R T Hepd9S | ng
fromthe spifeldied heerc%fr,deg@ﬁhram bRy PRiJedB, bmehy @eserdl |AsStisdueMOGHIS beat i ons.

Detail ed Description of the Preferred nbodi ments 30 Chol esterol levels in
t he human bodgsaitexie éefinsapicervgpn rise cbsiges ehprotectiveAnsivyidapigmsygh

Synthest s, SBPQRALIRINER i GHERHAD 1o MRE el HRITRN RfkeRhehale ey

conpounds and conpositions target y one of these nechanisns, and thus
must have a caifatiedah yhe aagpeof wa@vamlam@se@egm 6@vm@hmpw|thabmer to

function. 2/ 060 PCT/ 9 l. el t he
present i nve?nlf’?‘gﬁ't?'gﬁﬁéalf’%decre eS| é %%ES{S? '%’%énrlcgfoqq%% ‘?g?éor whi | e
i ncreasing tdiiee@eq-is%kl Gro ﬁse@éﬂﬂieetﬂb@d mlvels/kiflpetdrmm metlyaraseamsheans bawd f ect ed
si mul t aneousl y, ul entle, bala j nprovenent in LDL, HDL and
triglyceri demFé%P ad@iﬁkga{}gﬁﬁaﬁgu%%'ﬁ EPC':‘ é%@g‘% nPBP\%'EégT%?Cd? resaﬁDhY%esi s,
absorption agithsesrfces!dIsdlcdiid MulgHaldRAl HEMoTifRbenaelf), Bt pertxidys. CoeTPedt, Son
with the sane quantities nmeasured in human patients before and after

admi ni st at i eellesr ardyvan deoViesf ’zfé&'b‘t'\dldﬁﬁu’f‘émleﬁethferf@@ﬁf)f‘cPrﬁ malgnatdenydsr pl e

oi I's, accordiagifed LB &s"Y Fdrk&Nof %%Uté)%oF‘otﬂlﬁFyaG% RdrbARy. a$hesfeugtq&mmal
foods " as opposed to drugs or nutraceuticals uncti onal foods have been

def i ned by tslevied dhatamalgrialiehade (6BARRAtYPE dwllation dedbe crloest indieAtes ed in

such a way th t t.

effects 15 aft oééér.ll%m’ rincfglgaaéi s?@d.u.t\gagﬁ?%%glaﬁc]@,,ﬁﬁ%lyj.gdg%&@%d&ggtI onal

foods" are dedroned symdaniésiiay dticerdontrhanly ased Méasedudnb:ytrbpommriaﬂmr ally

occurri i ngredi ents an h are.consuned. a rt.of the, di et and not in

suppl erféht 87 MTEfVeRtion ﬁB"Ec}ya‘gft ?aémnéﬁgv&hacdd&% gzﬁa“ f@elfgrg{(g 19 V8 he

edi bl e oi |l aggéthételOddie withv erebbem, | thelr usieemaleveRasli DBARRSOMGer t hat

reduces chol esterol synthesis in a hurman pat i entS ci_h as al} %east one
Ehcl a- ot & 8hol

tocot ri enol . desersed giopifigapthedrom REudo akSAds QEEe

tocotrienol, aAnbAaatt éf8QL oRREcALAOI b&idts vafh RiAserslidrhR &Hd cabte
preferably incl udes at |east one conmpound t hat reduces chol esterol

absor ption i steaosisnan baidsentO: fb?7%>3é§'§}e19§15 | d4akinsne T-r & stler 8l or
steryl ggter Hypb cﬁ'ﬁ)'lés'tg &WQH&%.&;&JM'eff%‘afsoafdlceq;rérpo.in@nga"ab%mab% ihncl ude

ferulic and y aci d esters. of canpesterol, (3-sitosterol and ot her
st erol s and hypercholesterolemic subjects. Environ. Nutr Interactions, 3: (2} 1-8, 1999].

Further, their serum vitamin E levels nearly doubled over pre-study values. This
same group of researchers of the Jordan Heart Research Foundation had
previously documented the same relation in the laboratory rat model. See:
30 Watkins, T. R., et al y-tocotrienol as a hypocholesterolemic and antioxidant agent

in fats fed atherogenic diets. Lipids, 28: 1113-1118, 1993].

Accordingly, there is a need for an edible oil that is trans-free, low in

saturated fats and suitable for use in the manufacture of margarine. Preferably,



stanols. 30 Preferably included in the inventive oil is at |east one
conpound that pronotes chol esterol excretion in a human patient. Such
conpoundsyd f5edde® cycl oartenol esters of ferulic acid (CLEMLREH)e204ar i ously
referred to as 3-14hydroxy- 3- net hoxyphenyl | - 2- pr opanoi ¢ aci d)

4hydr oxy- 3- met hoxy-cinnarnic acid WO 02I 060272 - 10 PCT/ US01102953 or

3- met hoxy- 4- hydr oxy- ci nnam ¢ aci d. Speci’fic exanpl es of these conmpounds
include ferulic. esters of 24-nethyl ene-cyl coartenol and cycloartenol. The
edible oil, ﬁ@@@rhﬂ& piydeas noyeequireeABityAs Ut a1ust B CheRicPly BEcessadie: &

accunul ation,idi, t%] ood | evel of peroxidized |ipid--and other substrates,
~such as proteln,  carbohydrate and nucl eic acid--called peroxides, but also
call ed on anal ysis TBARS (thi obar bituric acid reactive substances) and

mal onal dehyde- | i unds o ar

_factors. 10 Ver yJF'bersf%rg%q 2 %r(?nb?e 0|+ﬁp§¥gg\9§gé§éta\f€aﬁs%wef ecf)%gﬁlé%rrpound
whi ch | igm tSaltdriaatanf fﬁithWnadﬂdpﬁmOUfﬂJhﬂd ltbait cén DBARSde andilailariohar-the-

per oxi dati on adduct in.a human patient ording to the invention) the
edi bl e oil a?%‘ﬂ‘t?frwcdé’é"\‘ﬁof%‘?f?tr?dlénﬁoi Yarlgdo ‘%’tl vity, whether derived from
the tocotrienol or tocopherol famly, which confers antioxidant activity to
ti ssues, such as the blood, which can be neasured as tocotrienol or

t ocopherol . And, Fwwmsr%f@\eéﬂ)wa aged dofsf THY BRFELIRE FiReteRe against s

deri ved fro”&%rg%\,ﬁ \{gé?ccﬂgé s%n%}\e%hlkﬁcrgl? ifts {tﬁnbllfﬂfc-.(lﬁspéjt?e%% InRGél ik N
detail herein resul'ts 1n el evated serumtocopherol or tocotrienol

| evel s Th t hehamgbmmhteﬂoag hasreatipabakits and whjohk uplikeceardioyaaeitar drggiisease.
The tocopherol o]l n and cycl oartenols 25
enpl oyed acc%rfalenou @Ec{ hg alr?\?‘evﬁ%cgﬁ%arr%gt ﬁeg@é‘ S@ﬁ'/\ﬂéépl ved from natural
sources, but can aI so be synthetically produced, if desired. In particular,
one or nore of the ingredignts can l%e ynt het . can be derived froma
source other than the vegetHB{Par f , : yv—prererably, the inventive
oi | is substanti @ ddcotdapee Hith bR asgeat byti@bﬁsent |Swebﬁtoal,’lthe’ﬁé Isyprovided as
used herein nmeans | ess than about 2% (wei ght/wei ght). ti maIIP/ t he
i nventi Ve oi pniedille @b ghatoredraess theayrihegls @ad absorptioh of cholesterol by the

human patient and promotes the excretion of cholesterol from the human patient.

Preferably, the edible oil is substantially free of trans fatty acids.

20 In preferred embodiments, the inventive oils are vegetable oil or mixtures
of vegetable oils. Very preferably, the inventive oils are refined rice bran oils or

mixtures of rice bran and palm oils.

In accordance with still other aspects of the present invention, there are

25 provided food products that include any of the foregoing oils.

According to additional aspects of the present invention, there are provided
methods of reducing total cholesterol and LDL and raising HDL in a human
patient comprising the step of administering to said patient an effective amount

30 of any of the foregoing oils.

According to still another aspect of the present invention, there is provided
a methoa of making an anticholesterolemic edible oil. The method includes the

steps of providing an edible oil, and adjusting the content of tocopherols,



WO U2/ U272 - 11 PCT/USOL/029s3 It has been discovered in clinical trials
that the optimal ratio of (i) tocotrienols and/or tocopherols to (ii) free
sterol s uliisosheryl esters to (iii) cycloartenols rangesci/uomeasmut 1
:0.5:0.05to 1 :5:0.5, and very preferably is about 1 :1 :0.05. Thus, in a
preferred enbodi nent, the ratio of the foregoing 5 ingredients in the
inventive oil falls within this preferr@d range) and optinmally is about

1: 1: 0. 05. The anpunt of tocopherols and tocotrienols adm nistered to a
human pat i erfocpirehelsalbiey stermifestery'ataBAnd WGloestesns Hghp&dtmg! syeh
alternativel o] 0.4Q i reOdelsdigd ol s and
. steryl estertéaf %ﬁ%\?ﬁh’sg}hgg‘e?%‘gggngg %gggggﬁaa&gagégsaﬁ%ggﬁmﬁay. The '
amount of cyddsegetfermol provides eyrabldaily dagesabiorb ASatsodib0 2ng of gogephgjolser day.
In a preferred enbodi nent ., .a hu i i 1.4 re 0

. nilligranms otr‘)cf’H'cegB%eor'oclogd bérﬁad'otnggﬁ?r?%r?gpﬁst,5?1%8616%%%&3@ %%gg%séfé%f s and
steryl &stersdaasbhul® (batbut ISiogr agwf efclogaemads.t enol s. This corresponds to
the preferred ratio of ingredients of about 1 :1:0.05. The percentages of
the various ingredients in the inventive oil can vary within a w de range,

so long as the pROPRFdrePas edbobifent NOERMAE @B StaBleCOIM" DI AY')f Mepatiadieda r anges
and the patient consunes a total ampunt of each in&redi ent within the

stated rangesudacitedaspn @b if rieyvapress @id a0wnmsei 48 th,e"_i Héd%"d}’%‘f%‘"biaf _
according t Oelgogte{j DYRBLIa0te! Fréb 1RELIAMN SreQhbn rdMoRa fromUbIRA A nhiff prned rice
bran oil or a mxture of retined rice bran oil and palmoil. 25 Very
preferafl y, tdiegedi dlkeling hydrous soditmeiicatecandsaall yantities @é RAtRS'YWR an oi |
cont ai ns t he_hjghest pegr e of - i.fi i al
veget abi e of MYoragagsoh it b, Py 805 APE doblitedit, Sho IharkATIERY o4

appr oxi mat el yorfditignst whies miningiz¢ Heenlot$hef estbs afstereistand exsdabrienolsetoghe i ne

manuf acture. 30 Crude rice bran. oi] _.i.s pr.eferab refined r cordi ng
to the i nvent9astogeexhe EﬂCPH@QPI'Hﬂ‘ Bngglﬁatfz,sprgt%g?l&taeﬁcef ?%%Orr;‘%g? %g
parti cul arl ygasdoriver distRse isubytantiaby Sefonitizticgrevdralll irciaoisreparol vardithe api d
increase in free fatty acids. Even when the rice is stabilized by.qgat or
cheni cal sheer-sgpastiiaie fraetiomig extragteds iefafably Wi geg 279 Watyr tovield
PCT/ LJS01/ 02953, 854 OTBA). ERYR), 3pSlopRatedhokidhsdfOiCAMMRITI B BALSIedab Iice
bran oils may have FFA | evel s as RI gﬁ as 30% There is furthernore, a
seasonal var paiduos aiprodeEAhBwDe the dasied ceneandrasip oh1asePRFIGH. MFPTHRIN: al | v
related to the_t r re ] nis extracted with sol vent.

Ri ce bran oi re?ﬁg‘:‘ggﬁsggae lneé'?({rﬁ\eg/ﬂ!rjr%g?ﬂogﬁg‘? I%ngi ng 5 of oils to refine.

I ndustrially, rice bran oil is processed by chem cal refining. Palmoil,

anot her_useful squrce of togotrienols, also has _ hjgh FFA ause
palmfrift rel eag’é%efaml’lﬁb%?s36%&‘.‘%&"%@%’"%‘? 8?§e° .{I'%FB\'F Sg(‘/!eﬁ‘\s('%hﬁogglﬁlﬂq oi |
range from 2%eésm&%ppdhsit €O rRBSE isklile@riaduat iaon faim paknfaiolvings eetgledsi cal
10 refining processes. However, such refining net hogs ﬁrgguce. | Qww- ar ade
distillates BESATBRONodbiSHioRA HhdREEOP R evaInthah the fEtstled PSS PECT ™S 000 -
5, 000 ppm Depélatit Z8anfthied, | whid 88diofiy prRAefré®rBmbrithedls bEftheiesresentar e of
hi gher concentration, typically 1 to 3% tocopherol/tocotrienol. However,
during the cheenten arepivendy wavetilustratios angingt fiwitaHen 1 Mapy chaneps@dfer s of
sterol s,@nd 1o, G&hi3RL Wﬂﬁnlm ?h@%@odeocw 8hraditht iR@htibR rhdiebe AieSW ARGt Free
sterols, and triterpene alcohols (cycloartenols) are soluble to various
extents in bdepapiogafroendtheospipivl therenfl vanst stheweeatian nvgluges apll sBichent s
are sel ecti V%Hm'.fth respect to their esters of fatty acids and ferulic

aci ds. These ™MH"SECER are structurally similar to cholesterol. In the
ester formthey nore readily displace cholesterol fromthe 20 mcelles in
t he digestive tract, bLE[ not absorbed. . {f absor bed)

" quickly excreted. Thus 28ip#8C083¢IBHY oHEFEE ENROQINER can be recover ed
fromchggi cal |y regfoidiestor levBisdRafe Hua®in BbBt hlel @balatéd by shikehsinaatrertl | y
depl eted of these useful esters. 25 Known processes for oducti on of

. . A . r

tocopher ol  areahepisms: eaBIelY PERhesiBcARSORRIGT B GXTEHPT 2 LY O AW AR

i ncl ude pr ocgﬁﬁgﬁtéggm@%d%mghg,quecq,,s@cm s Qg%,bprb@ndo@(tdfaqpég@n from
hard soap, nethyl esterification, esterification of free fatty acids and
nol ecul ar di shedHaatsimsn, andnthudesustr bavez gt tedativelynlasgg fmeactt predle fpgetedses, 30
t he net hod of_ separatio t .rienol-rich concentrates purposely or
incidentally MEves {nh%dgg oufr?%?{'ss#'er yl esters of ferulates and

cycl oartenol s.




As crude rice bran oil ages, it has been observed that the free sterols
becone esterified with free fatty acids. It has been discovered that this
process 63; 4,060272 - 13 PCT/ USOL/ 029s3 can be accel ergéggsfy28ai ng the
oi |l at eI evate tenperatures under vacuum under mld conditions such that
the free sterols and free cycloartenols are esterified and the tocopherols
are not. Rogers, et al, J. Am O Chem® Assoc., 70: No. 3, 1993, analyzed
five coomercially available rice bran oils from5 different manufacturers.
The content of féaﬁullei@lsea;toer@ng)fcocly@Ipoemnemegti@mdewcarmesqverfeﬂsss and .

average of agouumi aneit B ERS, RERHERD b PRorBRS AholARE ML INER 20, 72

ppm and 1157mrRpRAnidvhE haranaﬁuweageurmltaaeeuwnved\mm mhaan dh¥e ofbatameed
oryzanol s and 60% of the tocotrienol (g L?f“ in conventional refining

. processes. 1tNPravesBeniin LOMs BDL and wghGRELe §8'She anti chol esterol emic active
principlgs, a patient could be required to consune nore than a kil ogram of
oil per day. The invention thus neets the need for a new process in which

t he opti mal pr opBedyasiess apd mtﬁ@m@%P@st%‘?'émheé'§t%‘rs§fpé&?& apg ere/&HPRNol s

are retained RU%PR R eROINCho @Mlinkl oS LBRBLASI GifNIncALSmE Upshagkal Iy i

the form of Ster ers whose I ncreased solubility I pids underlies
the effi cacynmf[asml‘ne uoolnqmarmdaaltlnnt!%ebﬁf@a@lamg atver aé@wmatmﬁ\ of edikiq aly

chol esterol. In ﬁ,ﬁ ?ﬁé the i nventive nmethod begins with crude rice bran
oil ("Ol A" i?még' P &b InVeqiolixed and degurmed, and free sterols and
triterpeme al cohols esterlfled with free fatty acids. The remaining free
fatty acids are then noved under conditions that serve tthe edsterl fied
state of the sterfBfs® Jéﬁa ‘&!S?claﬁﬁﬂc{éﬂ?olt% thgyinyerdiony. |%"’?‘i gﬁ Sharasteits% @ H usi ng

an al kal i ne hyghe aosal $edisiMassdgposéd & diighs SitRitlaceuticils. tHLﬁSthfﬁal}f)@chS&Ivam
hydr oxi de so that the free fatty acids 25 are converted to soa

(saponi fi ed) baen defingdtbivahe EWPeAN MininAs, @ ¢iRry|feeds RIPCessed o8 ”tﬂd'fﬁdéPol s and
cycl oartenol g 410, ?vbaﬁ/ $ARRhS} ASle sdierttticafly BQE@F\&M@B%'&I‘H\ ehorf EffEQE

distillate, prere ly of rice bran or palmoil, is substantially

saponi f1®d i and seprtepaaketethwithha haalth slaioni fin diepans rfapetignpl ifaodsctgract ed
wi t h hexane agn ter to .pro t (o ") ||

appropriate §8€?‘%’5§ns 8"1&j 'BQY tigggdﬁ%{j a(?é %R%?e 'ﬁ} %ﬂ na@é@ﬁ% QX%‘#%' uct
having the r ecgueduedseamumtamwmrrm‘d dspaopifahetiet andoatin sepménnt hoga
sterols, steryl esters, and cIo? Lenols. In contrast to products such as
Benecol , whi &tf-i ARy ?fd@b% hE&3R%E"S*tigr edi ent's requiring regul atory approval,
preferred enbodi nents of the edible oils WO 02/ 060272 -14 PCT/ USOL/ 029s3
according to the present invention, such as refined ri c %Ct)ran oil, raise no

regul at &0y i ssueErefproly. thewoiig ail RFFYrdingrednf IvEntan ineiudes aleagt #net any|

esters, which W‘;&Bljh&ﬁuaﬁﬁ‘é&%%aha@st%ﬁ syrRAYid B MU RaRidht, A0ciRBSlabast cal
processing with attendant risks of trans fatty acid formation. 5 The edible

oi | s accor di mgetecattiend! nPeatifie axeanlepof suelbegropeunsg inclyds ‘étﬂ’/%ﬂtf'@?%} Bt food
products, ingluding, WMdaonol LM b3biftRendiut t€r, margarine, ice cream and

25 The edible oil also preferably includes at least one compound that reduces
cholesterol absorption in a human patient, for example, at least one free sterol
or steryl ester. Specific compounds useful according to the invention include
ferulic and fatty acid esters of campesterol, p-sitosterol and other sterols and
stanols.

30

Preferably included in the inventive oil is at least one compound that
promotes cholesterol excretion in a human patient. Such compounds include
cycloartenol esters of ferulic acid (C,oH,,0,), variously referred to as 3-(4-

hydroxy-3-methoxyphenyl)-2-propanoic acid, 4hydroxy-3-methoxy-cinnarnic acid



mayonnai se- chocol ate products; liquid such as soybean mlk and rice m k-
and wat er-based drinks such as wines and mneral waters. The inventive oils
are 10 alwposuébiabl e for encapsul ation in gelatin shells gepiqnmeeft gels.
Regardl ess of the particular formin which the inventive oil is prepared,
the daily dosage of the various ingredients to a human patient should fall
within the ranges set forth above. Depeftling on the concentration of the
inventive oil in the given form the total anount of the food product per
serving, or arfcapthdxatdebydspxy-ciapamic agif| Saeatic exarpley of tieghrompevrdent r at ed
forms, such, oft ge Ll 4, i | anpunts than
. diluted for r'r@é,ﬁué%g rugcsgsgﬂsn fsi.4 R‘%éﬂq%%/é;%ﬂ:ﬁ]&?\g' ?TJ&r ?Yl\;géari{ﬁoﬁst rated by the
following non-limting exanples. Exanple 1 discloses a nethod for the
preparation of emqodi nent _of the 20, inventive oil. anples. 2, .3 4 and
. 5 compare the re gg'?’gef gﬁuﬁﬁﬁmgﬂﬁ’df%ghf A" |tt'8ﬁ' ﬁé?f:eéarﬁys a?%@@f“\?édtqehe

i nventige OidccOmutidarin RhE PRyodlibed of GRFdxiditudnpid-hddeltkerdiibstrafes! hech
inventive oils individually or in prqportions which differ subsf ntially
fromthose &S RMRENNASPRRYSHEteBRSRpYCie! aE'Sﬁﬁ%fGé‘qurﬂ’éd%%rﬁ“ﬁiaéﬁor gg! egrf’”of

pal m deri ved, Rl ¥ AR89 |tRioWhidhuki8 ScidM¥sdiive S BbftbhcesFAdTRIafN3Ide Ry dOMRAT €S
rice tocotrienols processed by another nethod with the inventive oil.
Exanpl e 4 corppapresda liconVBAL kel sardioyescsdasdiskife@toi-1 with the inventive
oil. Exanple 5 conpares the performance of the inventive oil against two
commercial margarines incorporating high levels of sterols and steryl
esters.1030 | n eadérypasferabiyt, the edibleorigiroddesattipagt onhsodwoin@whidhdinjtss i n

bl ood li pid yalues are achi eved onl t i - of active
conponent s at)('g FRIRas Ay 395U atloﬁ‘v%lfn%’ al“? s{i’éf@ 5\%\#1’%%51% a[c{%jte]&lsh\&tent ive
oi | is markegdhymaopatie®:, decreasing LDL | evels and uni quely superior in

el evating HDL and di m nishing triglyceride val ues. WO 02/ 060272 -15
Exanpl e 1 PCT/ USO1/ 029s3 One hundred ( 100) granms of rice oil ("Gl A") are

anal yzed, dewaxegflc@dding QU thveatish,t ik agibk diRlald piovidee atdmihE Bled er m ned
by AOAC nethods. The 5 oil contains 5 % sterols, stanols, and cycl oartenols

as: Carfest eagsivitgsvhetheedesived bampdsitasririanol actacgpiareEfeayly. Whith capferst anol 1
.5 Cycloarte - y r I tad ns 1120
opm of ¢t acophaeaTRnE B T e O R o, B et & = A e
hel d over ni giecotitenpbaretoadbgheralcuum at 125 C, so that water generated during
esterfication is renoved and the reaction driven to the right, accelerating
the natural aging process in which fatty acid esters of sterols and

cycl oart enol s ar andi ofeig @reféiablyAat feasheme cenpathd io t58 olis @€rivedrfrdra theaust i c

agent is prepared by conbinin ot assium % roxi de and al kaline hydrous
sodi um4d | i ctecatresp] PelosPBNe ,faBBWI%F'@Fﬁ‘f' gé\‘/éﬁaﬁﬂ]eée'?)r 6’%'8@65 n%[E)norati on,
Val | ey For geglePftbdis@ritn $dddphiérol bhtddatridmdl ieelsfin thepblbbd pobansiadnpaligdt oxi de
to 4 parts Britesorb to 6 parts of water. An amount of slurry equal to 5 %

st oi chi onet r #lcriguefesasdigrasomlor #5egs€al ue previ ously measured is added to 25
the cooled Gl A above, and the mxture is stirred at 60 C for one hour)
after which the tenperature is increased to 80 C and the mxture filtered.
The refined oil Thke wastriwreisdtepotignoly, estefalyy stervdastens aid cyeleprtenplst er ol

esters d C%r.%l %%r %399(1 diﬁgttglir'?e iR&el{t?orn%érea&jaglg’de Uéd ﬁUmﬁ'ﬁ?.%}%i ulréést ree of
free fdatty aci Y80 &hd ee sterols. t, a deodorizer distillate from
chemi cal ref bui ¢egp @do bé sentbeticeligidrodeced, if desired. In particular, one or more of

the ingredients can be synthetic or can be derived from a source other than the

vegetable oil base.

30 Very preferably, the inventive oil is substantially free of trans fatty acids.
"Substantially free" as used herein means less than about 2% (weight/weight).

Optimally, the inventive oil includes no trans fatty acids.



obt ai ned and anal yzed. The distillate is found to contain the foll ow ng

i ngredi ents: V1' O 02/0Q0272 -16 2.0% tocopherols and tocotrienols,

i ncl udi n@yo 9288245 20 25 30 a-tocopherol 0.5 y-tocopherol p@r#861/02953
a-tocotrienol 0.1 y-tocotrienol 1.0%8.0%terols, total 2. 0%teryl

esters75. 2%l ycerides, total, including: free fatty acids 43.5

monogl yceri des 6. 7% di gl ycerides 8.6%tt1glycerides 16.4% The distribution
of fatty acids is as follows: C 12:00.1 % (by weight)C 14:01 . 0C 16; 027.5C
16: 10. 3C 18: 02. 0IC 1= bgen Giiscpgerza7 i Clinigal3biaCaetotha CRPYMEh. /8t 20f06) 2C
24:00. 4 PCT! %%ggr{qu%~$n%?({3coggergfsafgs{iﬁffréeh?te%@ta'nh{cﬁ‘ts‘%eﬂyf e‘ﬂ@f@% VMii; h 'S .

. volunes of isopropanol and the saponification calculated fromthe analysis
above usi ng tyuoAAGIsTednges frofhelowtnt :arfpQ5 wf 1:800bpetdysivpnefsrdblpys de at

150% of the cal cul ate 02/ 00272 -17 PCT/ U 029~3 oi chionetric
_ wei ght requi ?lé‘?i“tu‘o?ga %ni#/\r@sam aﬁeﬁeﬁrgdgqr@%ogm §Oi enba%hoeﬂfgh% gor%l%?"ég ni ned,
and i s addedingldanys irotHehgvdreias loilFallgTivithisr wis prbferfedaabhg@rangi opticiatlyiis hel d
in a water bath for 30 mnutes at 60 C and allowed to cool, then
neutral i zed aRYtdx1Pa%ed with 10 vol unes of hexane and 20 vol umes of water
5 over night. The hexane phase is separated, washed and dried, and the
sem -solid resultant phase ("Gl B" 1 is conbined with the neutral oil
obt ai ned above. The amosiit todrocertiarale densi tocoyieagls aA@ipistAradotb BN BES and

tocotri enol Spat%?\q_%gé%ﬁbﬂagg&\g&[ﬂcﬁ?r&gﬂpgg BECHE HruaRd MERliLe, Of f1ee

fatty acids, nono triglycerid free sterols. 10 Optionally,
t he seniO sol abutet®|tba?®0 phgidesagleowrdt. c dinebameolntsefesteraly addbsteryt @steps t at i ng

free sterol s, fram nethanol in 4 and f er, C at

distillati onB'kepW'F%rpr?fS'%?yeﬁm%&f%@ arilhoemylgldeP%I Bﬁﬁmﬁgﬁierﬁ%ﬁéﬁam of

t ocot ri enol scydasgesmolairefesbly idhgas dronddhoud @ i Bigngipondalyhdn degsferedf

saponi fication of the reaction mxture. The ratjo -
embodiment, a human patient is administered about 400 milligrams of
tocopherols and tocotrienols, 400 milligrams of sterols and steryl esters and 20

15 milligrams of cycloartenols. This corresponds to the preferred ratio of ingredients

of about 1:1:0.05. The percentages of the various ingredients in the inventive
oil can vary within a wide range, so long as the proportions of the ingredients are
within the stated ranges and the patient consumes a total amount of each

ingredient within the stated ranges each day.

20
In a preferred embodiment, the edible oil according to the invention is a
vegetable oil, in particular a refined rice bran oil or a mixture of refined rice bran
oil and palm oil.

25 Very preferably, the edible oil is a refined rice bran oil. Crude rice bran oil
contains the highest percentage of non-saponifiables of any commercial
vegetable oil. Total non-saponifiables often exceed 4% (by weight),
approximately four times more than the oils currently used in margarine
manufacture.

30

Crude rice bran oil is preferably refined for use according to the invention.
When the oilbearing bran is separated from rice, a particularly active lipase
enzyme is activated which causes a very rapid increase in free fatty acids. Even

when the rice is stabilized by heat or chemicals shortly after milling, free fatty




of tocotrienols and tocopherols to cycloartenols and ferulic and sterol
esters can also be adjusted by the degree of saponification. 20 The ratio
of G| Auaseh/fdod72B conbined can be varied to produce a rep@f0fAfokésaned oil
ranging in concentration of tocopherols and tocotrienols between about 0.5
% and 25 % (wei ght/wei ght, based on the total weight of the oil). At higher
concentrations, the oil is suitable for1zncapsulation into soft gels as a
nut raceutical or therapeutic. At |ower concentrations, the oil can be
i ncor por at edaci® (Fetan eskisyf isrtbd e atk qsroctoot nsdusualhncasaramonganbmba\cerFFA
mayonnai se. | n each ase desl red concentration is. h aﬂbﬁ}}{ %I CI ent to
?n

. provi de bet WE¥SIS 8p high %/ dzﬂ?“( BrfUrBPTRY Rat FRARCYS! A

ng/ serving) WaxiQei sleedldd RighQRERRAEAIIS rbRted Rathie@Binpertsienditnghithendr oduct .
30 Exanple 2 A test group was adm nistered a palmoil-derived

. tocotri enol -Preg s extEaStebYItDBRIVENT. JRise HEALR] thHS i§ AR INe AP Al 9SS
sterol s,g stegy t a 4160+ 40 ngy

t hr ee tl TBS %feéllsgﬁ gﬂﬁe @ﬁg&iﬁ@lalfqrctee&gh%)llv% boggs@aqy'{:ac_éf_lﬁlﬁsmllrgg s3 Tomeo.
A., et al Lipids 30: 1 179- 1183, 1995. The dosage was increased to 240 ny
of tocotrienols ree ti a [ I ga, D.,
ot al . Asi a Paci T1IE 9 PR RaP(T Sgulcpot BRofEhi: A8 natHRL FrXRE

chol est er ol bédabs@balHDLruahelleesatseer liypgdsea@mzymie gb yerewrused| GFFAI lsvelasf phlser ved

for tvvoSyea,rs The t then a |ste of
an oil accor® WQQ?UOf‘hg%tH\%{egt M‘Fté;BH‘t”%ﬁ'ﬁ'iaﬂ%Pg (ﬂaﬁf‘&!g'??si %’H%fcflthr ee
times pgy dagefintly PPrete¥SR’ . MbRebEQOSUdN Pefising rmémed p@ddfoldecdragse i n
LDL chol esterol, a 20%increase in HDL chol esterol and a S(Véje ein
triglyceri dedistifiateoBE oM, tagopherel/togstrienpl congeniratpR typ'“@Hé%‘g%@ % %&g

|'i pids duri N8p rﬁUpBleQ(ﬁ@malatdisQﬂaﬁ%tckthﬁi'emﬁj&ﬁ'M@%l&ﬂ%?lﬁér@é@breobf hitfer
invention, rice bran tocotrienols with non-saponifiables. Data in ng/dl. N

= 50 subj ect sonceBirativni Bapichingd t0s3%r topyehgrolitpsatriensle aHowever, during they| m

tocotrienol perid - v I k 2398R89239206" LDL
chol est er ol 1@%&%65%@5’9" Qﬁo H&s?%&"" 3"&? 438%%5|8T??%%§/?er?%§521 121 121
1162 ~"15 " Deydoaferypisars ichizedcand ldstitbehe soamsétbeicalrek pterpls<ad Giterpene Exanpl e

325 T mh dy_of e hed
Cocot 11 enol - AERRPIE IRERRTPARE P oalPPRLE ‘arrosianer il BFAGo St Pk o ca

Conpany, proggssfs, Whe@afMOAG0Idr Balvedephret @tectibe vith r@besﬁmrmblresteess and
cycloartenols, The |oweri nfg of LDL chol esterol observed in
qr

mai nt ai ned, BUfAY5ecIEF adelerviic adlde | IhesprmeiReYIES £LF 6F'“F%@Fxs'g'ﬁ'ar 5‘3)% of

the 30 decre@ﬁtﬁeétgrotlr'Iﬁk%ﬁ@ﬁbﬂ?&ﬂ"ﬁ\%ﬁ Poke readfy E@BI'aSe%hoies%é%lQ‘%rﬂ@@72 -19
PCT/ USOL/ 029s3 Tab . Changes in blood lipids in subjects supplenented
with theoi nvemqllgwn t‘hediégﬁit'aﬁ tﬁébd%%laéﬁw%“wsr{@ﬁag gﬂ‘i’f‘?rafb‘?té*@’ beghy
NuTrlene(err%1 E@ Fe@ years 4 and 5. Data as ng/dl. N = 10. 5 LipidYear 4
(endl Year 5 (en &holester ol, total 206205LDL chol esterol 132127HDL

chol esterol 4846Tri gl yceri des162187 10

Thus, while a tocotrienol-rich fraction can be recovered from chemically

refined rice deodorizer distillate, it is substantially depleted of these useful esters.

25
Known processes for production of tocopherol and tocotrienol-rich fractions
from deodorizer distillates include processes such as ion exchange, saponification
and extraction from hard soap, methyl esterification, esterification of free fatty
acids and molecular distillation, and desterolization. In each of these processes,
30 the method of separation of tocotrienol-rich concentrates purposely or

incidentally removes the natural stery! esters of ferulates and cycloartenols.

As crude rice bran oil ages, it has been observed that the free sterols

become esterified with free fatty acids. It has been discovered that this process



.~ chol esterol -

Exanple 4 Patients were adm ni stered a margari ne prepared froma physically
refined rice oil rich in sterols, steryl esters and cycloartenois ( 1.5
grans t otad oRedozBay) 15 but poor in tocotrienols (2.5 ng pefudayrssNo
change in blood |Iipid val ues was observed. Wststrate, J. A, et al
European J. Cin. Nutr. 52: 334-343, 1998. See Table 3. 25 Table 3. Percent
change in blood |ipid conmponents in pati®ents admini stered 20 sterol and
stanol esters and tocotrienols froma physically refined rice bran oil
conpar ed wi t¢en hesecebtasehed aginththehell phelavetadetesmneraluigsi dmges e/ asHam .
oil""The invention:, ~ . , 1. 1- - - 20HDL
e W, ANERe SLE voal 4 kg Jeli-Th TR ELERbds S

provi di ng 2. éstetmified tiod abe itecugdherols ardnotlesBogdredeablovd, AMMO@RLCOSD272 - 20

o Gar i ne. pr Rt {AC BohC SRR 280 BKEFOR BB Do rae FEERIALTTS e st cr y)

est ers. gBot hgigfePdMISndrRERItVRes. STHREGAEM S fE@Nt 85tRrI¢f cypRatehaB Al Bladt gr ans
per day of the stated esters. Decreases of LDL c@gl esterol__concentrati ons
i

bet ween 8% afi@ ISBURBHRthaTPYERNOIHUENIRS RGtYFeRi TP RIAEL AR AP

cholesterol gf apéﬁagé BERDD Gt WRY thel QbitdeilsT RbSotab bl tof Rt irdnGedtdeewbbmdi ngs
of other studies of sitostanol esters but reported significant depletion of

pl asma ant i oX2d@m end U1 BY tipAe Vit anmvegagef - Egre. thanReje 28 3he
1308-1312, 1%%251&%%%%%20?1 Jtocobtriendls a@%}tosﬁwcpng%rl(%'n |'reN1’ih% pradessedssd- 343,

1998. See Ta er centage change in ood l'Ipirds 1n patients
admi ni sitCer edTetanaein effiectdteanmburtst efr she anpehaesteiolamit hasyeobrirmiples] i th t he

inventive oil..20Q0 15 LipidSteryl esters *~Stanal,.esters,~., *'The inventive
o e+l eSSBS % oSRlFl mere BB ARt 31 51 per A

chol esteroln.s.n.s.+ 20Trigl yceridesn.s.n.s.-23LDL/HDL chol .-14-12-28 *
Steryl esters: 3_gld in 30 oil: 0 /d tocotrienols. ** Stanol esters: 3
g/d in 30 g oil ;Tge WFEI“?’bU%PW?ﬁBF'?@meM NEESRIPFEHEd" %B&bt ePRUEcl usi on
The foregoi ngrdpalird TRBSstFidhEs | Sidtyl teBfers QRE cgkloaftehdl adéTPatAINSdah the

tocotrienol s/tocopherols, steryl esters, free sterols, and cycloartenol s
accor diy t oPrOECT ADG WS SHETOIBANIESANE A58 SHRSIENTRNY (Pathgctormnotastenibestass | v

therapeutic mg§ﬁncr§£eg%ﬂbﬁﬁWiﬂ fipit® JRYBTRS 8he eFOMyt d¥athetddnpound in

adm ni stration tocotrienol s al one does not affect blood Iipid val ues.
Exanpl e 2 f udedreasioetenshsosten aftdietapdahalessercht i on of an edible oil
according to the invention lowers total cholesterol, LDL cholesterol and
triglycerides, while increasing HDL chol esterol. Exanple 3 T WO

U2/ 060272 -21 Pl§dssal/ th9aderdrigunethbdbegink veith arudecieedaan vidd QibALE ri enol
concentrate depleted in sferyl esters and cloartenols.is ineffective in
i ncreastthg HANGL R pewaye @Egé’&@f’ﬁ@etdriad]%ﬁé?isggés ‘i\ﬁﬁfeép%’esﬂlfi%o'? hat a
physi cal |y rgéienfigd Witheredi fatth@eidsl The 06@bihirg el estaity dciafdreeidniemonsd
Exanpl e 5 shows that adm nistration of sterol s 5 and s{ eryl esters wthout
t ocot ri enol sUBSRSs CABEILPRS (et | RieR44pgEe iaFtathiedostate g \iEBr FHEOFaPles.

cycloartenols, by distillation or at mild pH using an alkaline hydrous sodium
silicate and small quantities of potassium hydroxide so that the free fatty acids
25 are converted to soap (saponified) at conditions which minimize the loss of esters
of sterols and cycloartenols to the soap stock. Next, a tocotrienol-rich deodorizer
distillate, preferably of rice bran or palm oil, is substantially saponified in
isopropanol and the non-saponifiable fraction is extracted with hexane and water
to produce and extract ("Qil B"). Finally, appropriate portions of Oil A and Oil B
30 are mixed to form a product having the required concentration of tocopherols,

tocotrienols, free sterols, steryl esters and cycloartenols.

In contrast to products such as Benecol, which include synthetic

ingredients requiring regulatory approval, preferred embodiments of the edible oils




The decreases in serumtotal cholesterol and LDL chol esterol achi eved by
patients adm nistered the oil according to the invention are conparable to
the 10 b%;(?(,{,@@yzts achi eve by drug therapy. The increasepdputideross

chol estero evel s of 20% and the decrease in triglycerides of 23% are
particularly significant. Watkins, T. et al. Environnmental Nutr.

I nteractions 3:8 - 18, 1999. The total- thol esterol (TC)/HDL chol esterol

rati o has been found to be a superior neasure of risk of coronary heart

di sease conpageadiagtth et Aeasenbinyentpp| estnes| refped mce1aphel &3is€re? | evel s
alone. In th \ i st Y tho L L r

. coronary hea’r%tgﬁ[??&g%%%?]r?i‘trcgg}s‘%h?%rﬂ»ﬁ&nti&ﬁa&#ghb%ﬁthﬁyf ﬁgd F%mg%tér%/ HDL
rati os conmpawmbithwiublikerBenagiol,ida hat teigghie Stydregenation Knshobemiral Brocgssiag L J

| nvest Med 43.- 443-450, .1995. ver TC/ HDL ratio of patients

. adni ni ster edwftﬁeaibelnfja tc"ésé(rsa‘ﬁﬁba”tgc}aﬁﬁe“%gﬂ%ﬁgrﬁ decreased by 28% from 5. 97
to 20 4.829. The potential inpact of the inventive oil to inprove the public
health is self-evident. A fifty-year-old man whqg achi eves t he 28% reducti on
in TC/HDL ratiosThepdiPlesds ?ﬁcqfﬁ'@géw’?ﬁ 'E&T”tt%%r‘qm'??f"??fét? VR YVEYI | is

twice as |ikgfpholiPrddubss, HENGNAg WoRhASInRatibR, MREES mafGarihBCick RFQBPbAY
| lustrative purposes onl%, and do not in any way |imt
gs A

exanpl es are for il es. . : )
the scope of mappMiaisnchocqlatededusisiliguichsycs asgovbean ik gpdiise milkaphs

appended bel Qw00 9%1@%}9@%&5’ adne¥arld ﬂi@ralpﬁ_{e@%ﬁQZﬁVéﬁt%e 48 A4l bl e
oi | that reduces tahe synthesi's, absorption and bl ood | evel of chol esterol
by a hurfan palso enitatde foriancrpsidation inaetiorsdellvtp tormesadt gels e Repardiess ofm sai d
human patienf. 2. .The edib i1, of im. 1. whi onpri I one
conpound tha{herpeacﬁﬂ%@%r f@ Hor g’thgérhotlhgé%‘gggggoiﬁvg}hggs}gﬁdmﬁudﬁgﬁﬁgﬁgleeoﬁﬁ .ﬁé 10 3.
The edi bl e ovéridis iGyratients wha hlomaonpatiene shatldl fal syitltinehe oanges rset f dralh
reduces chol esterql synthesis by said hu patient.. 4. The edible oil of
G aim 1 ah cROREePelang N K S BRI UO SR AeRire P e S5eRpat dof er o
excretion frgasahsuiofane R¥d @6ductper Bervilde ofeihddpeuldtdd &if, etd.alvm disgvhi ch i's
substantially free of trans fatty acids. 6. The edible oil of Caim1 which
at t enuatfes t MervbiHigly pensentratedfaimps. syt as soft pelsTidl Reipdimipistered 8t loweri m 1
whi ch provi dgsaPimb&Rs thNGIROIRIHAD shidh bdariQld, that limts the formation
and accunul ati on of TBARS i n hyperchol esterol em ¢ human subjects. 8. The
edible oil of daim1 which provides increased |evels of tocopherol or 25
tocotrienol anti gy .act i vi ; bl SS f human
subj ects. 9. The?é%jﬁﬁ%t'%? fs ﬂét&%l 'i{?%gllgﬁ’/\/ﬁibgﬁgfs‘?"g’m ?é)h%["lniﬁnge%r%@%%é t he
bl ood | evel gkarmpial discsestaemethod Bhr dleoprepératioh adreth embgdipeet ioflehéiDL
chol esterol in a.30 hyperchol esterol em ¢ human, subject. with bl god.
chol estdl o Ivesiteal’ Barepigs angt 2and © Sobes prsvat ikt Fod88 - 2310
The edi bl e oilhigh p&RienitgrékeitidCthe Shgéritfviecainéd ythien prepasaibn wnbdiviag thevel of
HDL chol esterol) expresses as the ratio of blood HDL chol ester ol /_t‘ot al
chol esterol , elemeRyhef cHisl duteativt eftisc '”é’llfﬁé)‘\?é't/s?’ 81 1PTPPOFRES 5N I  of
Claiml which,bQueisiyt Ao @Rde | 8V eiheOfinkion] degxariBiasr ednibarekBARS, in
hyperchol esterol em c subjects. 12. The edible oil of Caim1l which
si gni fi cant | pdmigisseasiontef paldRerived dpceifierqls aviththe wyentive gilj Fxample 3
hyper chaf est LG gkl AN Gihe HOBREVeSANG t he
oi I of aim é’gbg%q'c%ga}g%m%rsg&cfég%éng?yl%‘%ﬁbng @%quoﬁi cﬁ i's sel ect eci from
the group cohszamsplierd cohpinestaeqnventignaaliymeocdssed dice ahwiti theapuentivesell. 15 15,
The food product of .Cl aim 13 ich js hogol,at e o . TIh ood
product of é?%o'f3 BMP@HaTef i@el iR lﬁ*locrir.ngnge St kr?e mpénqg/lé b QQGalnsT ?\NB
commercial margarines incorporating high levels of sterols and steryl esters.

30 In each case, it is demonstrated that the desired changes in blood lipid
values are achieved only when the proportions of the active components are
according to the invention. It is shown that the inventive oil is markedly
superior, decreasing LDL levels and uniguely superior in elevating HDL and

diminishing triglyceride values.



20 17. The food product of Claim13 which is selected fromthe group
consisting of mlk, soybean mlk and rice mlk. 18. The food product of

G ai m 13whiLehobhs @ water-based drink. 25 19. The food prgeg§oidhess! ai m 13
which is selected fromthe group consisting of wines and m neral waters.
20. The edible oil of Qaim1 which is a vegetable oil or m xture of
vegetable oils. 30 21. The edible oil ot6claiml1l which is a refined rice

bran oil. 22. The edible oil of daim1 which is a mxture of rice bran oil

and a pal m okxampleVXD 02/ 000272 PCT/ USOL/ 029s3 -2423. A soft gel including a

fill conprising the edible oil of Caiml1. 24. An edible oil conprising i)
~about 10 to 30% of tocopherols, tocotrienols or conbinations thereof, ii)

about 2 to 20% obnkmeedretian 0bBgraims ¢f rdecalt ("DiltA’) Bre @RGIpieds dewakekshers; iv?
about 0.1 to 1.0% of cycloartenols; %

| d, . bout 7 t % t ted
_fats, wherei AeSHTMBEFEHNEGEY \Hue el gm'/'%\;/)a&e%ﬁ%#‘f’é@.y 'A?‘Plégé‘ﬂ?t Pés’a'oji'J éaofe

G ai m 24 congif cshiathsaPRUkerbld, 5QnBRYGRE clObaheddd 8s: 10 26. The edible oil of
Claim 24 conprising less than 2% traps fatty acids. 27. The edible oil of

Clai m 24 conprising abo&@mMPestesl60% of nbP%aponi fi abl e conponents. 15 28.
The edible oil of O ai nb?tést\b@fgl(:h is a veggtable oil or a mxture of
vegetable oils. 29. The edible oil of Cdaim24 which is a refined rice bran
oil. 20 30. The edi bl e GampebtaBbbi m 24 whidch is a m xture of a rice bran
oil and a palmoil. 31 S'A fag d Iproduct ?grrpri sing the oil of Caim?24. 25
32. An edible oil conpri 'Pﬁng qhout 20 to 60% of non- saponi fi abl e

conponerg s, sai d non-sapgapsfanabf e conpongrts conprising (i) at |east one
tocotrienol or tocopherq], é éat | east _Qne free sterol or sterol ester,
and iii) at |least one c%&’FB’ Pe@dol , wherd’n the ratio of the anounts of
said 30 conponents i): Q@uimethlylene) is fromabout 1:0. 5:0.05 to about
1:5:0.05. 33. The oil of Claim33 Werein said ratio is about 1:1: 0.O05.
WO (1 2/ 060272 25 PCT/ USOI#1024ew®!34. A mefBod of reducing total serum

chol esterol gng $&amM LBhiaffi0h £80650h ANGchBhebRIaRE sEBHNoIE OB RShEr O i n

a human patient conprising the step of admnistering to said patient an
ef f ectiVee angammaofocptiigneldi Bl sihelhevemnightratimoderate vatwwnmet 6f s@ ai m 34

whi ch al so 1 gdyCes ot héePLiR8%utind Fbr@lardR id Farfbveaard (AU TBRLRALHRBA 1o
the right, accelerating the natural aging process in which fatty acid esters of

sterols and cycloartenols are formed. Oil A is then cooled to 50° C.

20 A mild, caustic agent is prepared by combining potassium hydroxide and
alkaline hydrous sodium silicate (Britesorb® NC, commercially available from PQ
Corporation, Valley Forge, PA) in a slurry, in the ratio of 1 part potassium
hydroxide to 4 parts Britesorb® to 6 parts of water. An amount of slurry equal
to 5% stoichiometric excess of the acid value previously measured is added to

25 the cooled Oil A above, and the mixture is stirred at 60° C for one hour, after

which the temperature is increased to 80° C and the mixture filtered.

The refined oil is washed and dried, ieaving a neutral oil rich in sterol esters
and cycloartenol esters of ferulic acids, but substantially free of free fatty acids

30 and free sterols.

Next, a deodorizer distillate from chemical refining of rice bran oil is
obtained and analyzed. The distillate is found to contain the following

ingredients:



36. The nethod of Claim 34 wherein said oil is admnistered in the form of

a 10 food product. 37. The nethod of Claim 34 wherein said oil is

adm ni st & ehibddAN amount fromabout 1 to 10 ng per kg of pdpgyevgéght per

day to said patient. 15 38. The nethod of C aim 34 wherein total serum

chol esterol is decreased by about 5 to 25% 39. The nethod of O aim 34

wherein serum LDL chol esterol is decreab®d by about 5 to 25% 20 40. The

met hod of C aim 34 wherein serum HDL chol esterol is raised by about 10 to

30% 41. The net addb obca@haiais 82d wretrdnels; reclydng.o of HDL to total

chol esterol in 25 said human patient is raised fromabout 10 to 30% 42.

- The nethod of C aim 34 wherein the serum|evel of peroxides, neasured as
TBARS) is decreased &yoadpbigtol10%to 66% 30 43. The nethod of C aim 34
wherein the serum | evel of trcophero Qf tocotrienol is raised by 20%to 1

- 10% 44. A method of VERZOPBES ng t ot a '4t21"ood cholesterol in a human patient,

by adm nj stering to gahéhtRatdient an gffgcti ve amount of an edible oil that

V1' O 02/060272 - 26. PCT/ USQOLl/ 029~3 decreases the synthesis, absorption and

bl ood | evel of chol estesogiens) sai d hlifah patient and increases the

excretion of cholesterol fromsaid human patient. 5 45. The nmethod of Caim

44 wherein said oil conprises at |east one conpound that decreases

chol est erol synt Bé¥bs i stesalsdtadtalmnan patient. 46. The nethod of C aim 44

wherein said oil Y ri 36s latstér({_?ast one conpound that increases chol esterol

excretion from Sgli o human }Sae[i ent. 10 47. The nethod of C aim 44 wherein
sai d 0i10 conpri sa5.2% rglydedides, abtaf,iihclatingeast one tocotrienol or tocopherol;

(ii) at least one free sterol or sterol ester; (iii) at |east one

cycloartenol. 15 48. The mi xture of Claim47 wherein the ratio of

ingredients (i) - (ikke roky saisl m xtugsoeffectively decreases the
absorption, synthesis and bl ood | evels of chol esterol by a human patient

and al so increases tA@nedyEeidesn of EHoPesterol from said hunman patient. 20

49. A nethod of maki gg)\R8ri@ | - chol egtgepol em c edible oil conprising the

steps of a) providing an edible oil, and b) adjusting the content of

t ocophet®l s, tocotri timvasrides ee sterdbH%sterol esters and cycl oartenol s of

said edible oil, such that said oil conprises about (i) 10 to 30% of

t ocopherols, tocotrienols or conbinations thereof, (ii) about 2 to 20% of

25 free ster @he distributjonalfdatty 2cids i2@%dafovster ol esters; (iv) about 0.1 to

1.0% of cycloartenols, wherein all percentages are wei ght/weight. 50. The

met hod of Claim49 wherein in step a) said edible oil includes at | east one
saturated fat, and ig1st@p b) the cootestibpivesgttyrated fat of said 30
edible oil is adjusted such that said edible oil conprises about 7 to 19%

of satuf@ted fat. 51C1%fhe nethod of '@ ai m 49 wherein after step al said
edible oil is substaghigahly free of ppaps fatty acids. . A

Ns. AFa’ . A3. AF. As. AYu. Aas. ASN . ANs. AFs. AFus. Aus. Aus. A3u. Aus. Aas. ANs. AQ

. AOsr . AYs. As. Avas . A&1BRat 9. A AFu" 0?j 963

Cc18:0 2.0
Cc18:1 39.0
25 C18:2 27.0
Cc18.3 0.8
C20:0 0.8
C20:1 0.6
C22:0 0.2
30 C24:0 0.4

Next, 50 grams of the distillate is mixed with 5 volumes of isopropanol and
the saponification calculated from the analysis above using the AOAC method.

Then an amount of 80% potassium hydroxide at 150% of the calculated
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DQERESETEaEe¥®r|Rg tq the invention containing 200 mg of tocotrienols three times per day

for one year. The blood lipids improved: a 20% decrease in LDL cholesterol, a

20% increase in HDL cholesterol and a 23% decrease in triglycerides was

observed. See Table 1.

10
Table 1. Changes in blood lipids during supplementation with palm-derived
tocotrienol or the invention, rice bran tocotrienols with non-saponifiables. Data
in mg/dl. N = 50 subjects.
15 Lipid Baseline (start) Year 1 Year 3 Year 4
---------- Palm tocotrienol period---------- The invention
Cholesterol, total 239 239 239 206*
LDL cholesterol 165 165 165 132*
HDL cholesterol 40 40 40 48*
20 Triglycerides 211 211 211 162*

*Data of years 3 and 4 differ significantly, p<0.01.

Example 3

25 ‘Ten members of the study of Example 2 were switched to NuTriene®, a
tocotrienol-rich concentrate from rice oil manufactured by Eastman Chemical
Company, processed in a manner that depletes the oil of steryl esters and
cycloartenols. The lowering of LDL cholesterol observed in Example 2 was
maintained, but 25% of the increase in HDL cholesterol levels and 50% of the

30 decrease in triglycerides was lost. See Table 2.
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5 Lipid Year 4 (end) Year 5 (end)
Cholesterol, total 206 205
LDL cholesterol 132 127
HDL cholesterol 48 46
Triglycerides 162 187
10
Example 4

Patients were administered a margarine prepared from a physically refined

rice oil rich in sterols, steryl esters and cycloartenois {1.5 grams total per day)

156 but poor in tocotrienols (2.5 mg per day). No change in blood lipid values was
observed. Weststrate, J. A., et al European J. Clin. Nutr. 52: 334-343, 1998.
See Table 3.

Table 3. Percent change in blood lipid components in patients administered
20 sterol and stanol esters and tocotrienols from a physically refined rice bran oil

compared with those obtained with the inventive oil.

Lipid Rice bran oil* The invention* *
Cholesterol, total -1.1 -14
25 LDL cholesterol -1.56 -20
HDL cholesterol -1.3 + 20
LDL/HDL‘cholesterol -0.3 -28

*1.6 g/d in 30 g oil providing 2.5 mg/d tocotrienols. ** As described above.
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10 Engl. J Med 333: 1308-1312, 1995; Weststrate, J. A., et al. Eur. J Clin. Nuir.
52: 334-343, 1998. See Table 4.
Table 4. Percentage change in blood lipids in patients administered sterol and
stanol esters compared with those obtained with the inventive oil.
15
Lipid Steryl esters * Stanol esters** The inventive oil* *l*
Cholesterol, total -8.3 -7.3 -14
LDL cholesterol -13 -13 -20
HDL cholesterol n.s. n.s. +20
20 Triglycerides n.s. n.s. -23
LDL/HDL chol. -14 -12 -28 |

*Steryl esters: 3 g/d in 30 g oil; 0 mg/d tocotrienols. ** Stanol esters: 3 g/d in

30 g oil; 0 mg/d tocotrienols. *** As described above.

25 Conclusion

The foregoing data demonstrate that the control of the amounts of
tocotrienols/tocopherols, steryl esters, free sterols, and cycloartenols according
to the invention modulate blood lipid values in an optimally therapeutic manner.
30 The results in Example 2 show that the administration of tocotrienols alone does
not affect blood lipid values. Example 2 further demonstrates that administration
of an edible oil according to the invention lowers total cholesterol, LDL

cholesterol and triglycerides, while increasing HDL cholesterol. Example 3
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The decreases in serum total cholesterol and LDL cholesterol achieved by

patients administered the oil according to the invention are comparable to the

10 best results achieve by drug therapy. The increase in HDL cholesterol levels of
20% and the decrease in triglycerides of 23% are particularly significant.
Watkins, T. et al. Environmental Nutr. Interactions 3:8 - 18, 1999. The total
cholesterol {TC}/HDL cholesterol ratio has been found to be a superior measure

of risk of coronary heart disease compared with either total cholesterol or LDL

15 cholesterol levels alone. In the Framingham study, the eight-year likelihood ratios
for c'oronary heart disease increased 10 times in men with the lowest TC/HDL

ratios compared with men with the highest ratios. Kinosian, B. et al L J Invest

Med 43.- 443-450, 1995. On average, the TC/HDL ratio of patients
administered the oil according to the invention decreased by 28% from 5.97 to

20 4.29. The potential impact of the inventive oil to improve the public health is
self-evident. A fifty-year-old man who achieves the 28% reduction in TC/HDL

ratios reported in the clinical trial with the inventive oil is twice as likely to live

beyond the age of 75 years.

25 The foregoing examples are for illustrative purposes only, and do not in any
way limit the scope of applicants' invention which is identified by the claims

appended below.
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1. An edible oil that reduces the synthesis, absorption and blood level of
cholesterol by a human patient and increases the excretion of cholesterol

5 from said human patient.

2. The edible oil of Claim 1 which comprises at least one compound that

reduces cholesterol absorption in said human patient.

10 3. The edible oil of Claim 1 which comprises at least one compound that

reduces cholesterol synthesis by said human patient.

4, The edible oil of Claim 1 which comprises at least one compound that

increases cholesterol excretion from said human patient.

15
5. The edible oil of Claim 1 which is substantially free of trans fatty acids.
6. The edible oil of Claim 1 which attenuates the blood level of peroxides.
20 7. The edible oil of Claim 1 which provides at least one compound in the oil
that limits the formation and accumulation of TBARS in
hypercholesterolemic human subjects.
8. The edible oil of Claim 1 which provides increased levels of tocopherol or
25 tocotrienol antioxidant activity to the blood, and other tissues, of human
subjects.
9. The edible oil of Claim 1 which significantly decreases the blood level of
total cholesterol, LDL cholesterol and triglyceride/HDL cholesterol in a
30 hypercholesterolemic human subject, with blood cholesterol in excess of

5.6 umol./L.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

The edible oil of Claim 1 which lowers the blood level of peroxides,

measured as TBARS, in hypercholesterolemic subjects.

The edible oil of Claim 1 which significantly raises the blood level of

vitamin E activity in hypercholesterolemic human subjects.

A food product comprising the oil of Claim 1.

The food product of Claim 13 which is selected from the group consisting

of butter, margarine, ice cream and mayonnaise.

The food product of Claim 13 which is a chocolate product.

The food product of Claim 13 which is a liquid.

The food product of Claim 13 which is selected from the group consisting

of milk, soybean milk and rice milk.

The food product of Claim 13 which is a water-based drink.

The food product of Claim 13 which is selected from the group consisting

of wines and mineral waters.

The edible oil of Claim 1 which is a vegetable oil or mixture of vegetable

oils.

The edible oil of Claim 1 which is a refined rice bran oil.

The edible oil of Claim 1 which is a mixture of rice bran oil and a palm oil.
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5 20% of sterol esters; iv) about 0.1 to 1.0% of cycloartenols; and, v)
about 7 to 19% of saturated fats, wherein all percentages are

weight/weight.

25. The edible oil of Claim 24 comprising about 70 to 80% of total fats.

10
26. The edible oil of Claim 24 comprising less than 2% trans fatty acids.
27. The edible oil of Claim 24 comprising about 20 to 60% of non-
saponifiable components.
15
28. The edible oil of Claim 24 which is a vegetable oil or a mixture of
vegetable oils.
29. The edible oil of Claim 24 which is a refined rice bran oil.
20
30. The edible oil of Claim 24 which is a mixture of a rice bran oil and a palm
oil.
31. A food product comprising the oil of Claim 24.
25
32. An edible oil comprising about 20 to 60% of non-saponifiable
components, said non-saponifiable components comprising (i) at least one
tocotrienol or tocopherol, (ii) at least one free sterol or sterol ester, and
iii} at least one cycloartenol, wherein the ratio of the amounts of said
30 components i): {ii): (iii) is from about 1:0. 5:0.05 to about 1:5:0.05.

33. The oil of Claim 33 wherein said ratio is about 1:1: 0.05.
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37. The method of Claim 34 wherein said oil is administered in an amount

from about 1 to 10 mg per kg of body weight per day to said patient.

15 38. The method of Claim 34 wherein total serum cholesterol is decreased by
about b to 25%.

39. The method of Claim 34 wherein serum LDL cholesterol is decreased by
about 5 to 25%.

20
40. The method of Claim 34 wherein serum HDL cholesterol is raised by
about 10 to 30%.
41. The method of Claim 34 wherein the ratio of HDL to total cholesterol in
25 said human patient is raised from about 10 to 30%.
42, The method of Claim 34 wherein the serum level of peroxides, measured
as TBARS, is decreased by about 10% to 60%.
30 43. The method of Claim 34 wherein the serum level of tocopherol or

tocotrienol is raised by 20% to 110%.

44, A method of decreasing total blood cholesterol in a human patient, by

administering to said patient an effective amount of an edible oil that
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of cholesterol by a human patient and also increases the excretion of

cholesterol from said human patient.

20 49, A method of making an anti-cholesterolemic edible oil comprising the
steps of a) providing an edible oil, and b} adjusting the content of
tocopherols, tocotrienols, free sterols, sterol esters and cycloartenols of
said edible oil, such that said oil comprises about (i) 10 to 30% of
tocopherols, tocotrienols or combinations thereof, (ii} about 2 to 20% of

25 free sterols; (iii) about 2 to 20% of sterol esters; (iv) about 0.1 to 1.0%

of cycloartenols, wherein all percentages are weight/weight.

50. The method of Claim 49 wherein in step a) said edible oil includes at least
eone saturated fat, and in step b) the content of saturated fat of said
30 edible oil is adjusted such that said edible oil comprises about 7 to 19%

" of s_aturated fat.

51. The method of Claim 49 wherein after step a) said edible oilis

substantially free of trans fatty acids.



