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Background of The Invention

Fat-soluble drugs such as tocotrienols and tocopherols are absorbed in the same pathway
as other nonpolar lipids such as triglycerides and cholesterol (Kayden and Traber, 1993,
J. Lipid Res., 34:343-358). Liver produces bile to emulsify the tocopherols incorporating
them into micelles along with other fat-soluble compounds to facilitate absorption.
Therefore, dietary fat, which promotes production of lipases and bile, is essential for
absorption of vitamin E. However, if dietary fat is insufficient to stimulate adequate bile
secretion, or bile secretion is affected by some pathological conditions such as biliary
obstruction, then absorption of the fat-soluble drugs will be erratic and low. Also, it is
known that absorption of fat-soluble drugs tend to be erratic and low when taken fasted

or on an empty stomach.

Emulsions have been known to improve absorption of oil soluble drugs. However,
conventional emulsions are not a preferred dosage form since they are bulky, have shorter
shelf life due to stability problem and are less palatable. In recent years, there is a great
interest in self-emulsifying drug delivery systems (SEDDS) due to the many advantages

offered by these kind of systems which include enhanced bioavailability, improved
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The present studies led to the discovery of a novel formulation by suitably blending palm
olein or soybean oil with an appropriate surfactant mixture of Labrasol (caprylocaproyl
macrogolglycerides) and Tween 80. The Labrasol to Tween 80 ratio was between 9:1 and
7:3. The above system could self-emulsify easily in water with gentle agitation (such as
movement of stomach/small intestine). Therefore, the formulation need not be prepared
like a usual emulsion, which is bulky and not palatable. Instead, the mixture is filled in a
soft gelatin capsule. In stomach, the capsule wall dissolves and disintegrates and releases
the contents, which will readily form an emulsion. Emulsions will give a bigger surface
area for absorption and subsequently increased the absorption of fat-soluble drugs like
tocotrienols. It was also demonstrated that the self-emulsifying system comprising the
palm olein or soybean oil blended with the surfactant mixture could self-emulsify readily
with water, when incorporated with fat soluble drugs including tocotrienols, tocopherols,
vitamin A, vitamin D and B-carotene. In addition, the novel formulation could increase
the absorption of 8-, y- and «-tocotrienols by approximately 2 to 3 times that of the

normal conventional soft gelatin capsule formulation when evaluated using twelve
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Summary of The Invention
Accordingly, it is the object of the present invention to provide a novel formulation for

fat-soluble drugs that can self-emulsify in aqueous medium with little agitation.
This objective is accomplished by providing,

A pharmaceutical formulation for oral administration which comprises:
1) a fat-soluble drug;

(i)  an appropriate oil; and

(i)  an appropriate surfactant;

the resulting formulation forming an emulsion in the presence of an aqueous medium.

According to the present invention, there is provided a new formulation of tocotrienols,
in which the tocotrienols are incorporated into a palm olein-surfactant system to form a

self-emulsifying system. This formulation is made into soft gelatin capsule and in
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In the first part of the study, three different oil vehicles were compared concerning the
influence of the different oils on the absorption of tocotrienols. The oil vehicles studied
were as follows:
(1) palm olein (triglycerides of palmitic acid 46.5%, oleic acid 37.1% and linoleic
acid 9.9%);
(i) soybean oil (glycerides of linoleic acid 50-57%; linolenic acid 5-10%, oleic
acid 17-26%; palmitic acid 9-13% and stearic acid 3-6%); and
(1i1)  trycaprylin (not less than 95% are triglycerides of the saturated fatty acids

octanoic (caprylic) acid and decanoic (capric) acid.

10% of Tocomin®50% were then dissolved in these three oil vehicles and the same dose
level (10 mg) were given to 9 rats in a 3 period, 3 sequence crossover study. The nine rats
were randomly divided into 3 groups of 3 in each, and administered the preparations

according to the schedule shown below:

Group Period
I I 111
1 Palm olein Soybean oil Tricaprylin
2 Tricaprylin Palm olein Soybean oil
3 Soybean oil Tricaprylin Palm olein
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The mean plasma concentration versus time profiles of a-, 8- and y-tocotrienols obtained
with Tocomin®50% in three oil bases, namely palm olein, soybean oil and medium chain
triglyceride are shown in Figure la, 1b and 1c. It was apparent from the plots and the
results that the absorption of a-, 8- and y-tocotrienols from Tocomin®50% in palm olein
were the highest follow by Tocomin®50% in soybean oil and Tocomin®50% in
Tricaprylin gave the lowest absorption. The difference in bioavailability of the three

homologues of tocotrienols for the different oil vehicles was statistically significant.

From the 90% confidence interval for the ratio of the logarithmic transformed AUC.
values, it appeared that Tocomin®50% in palm olein and soybean oil achieved a higher
extent of absorption compared to Tricaprylin, which was about 2.7 times, 2.8 times 1.9
times and 2.2, 2.1, 1.6 that of Tocomin®50% in Tricaprylin for -, y- and a-tocotrienols.
Thus, in this part of the study, it is clearly shown that palm olein and soybean oil as a

vehicle for tocotrienols can increase their absorption significantly.

In the second part of the study, different surfactant systems at various ratio were tried out

to get a self-emulsifying drug delivery system (SEDDS). The aim of this part of the study
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part of the study, it was found that the absorption of tocotrienols
from medium chain triglycerides was less than that of palm olein. Thus, the
usage a Tween 85-medium chain triglycerides was not desirable; and
(ii1)  between Tween 80-Span 80-Palm olein and Labrasol-Tween 80-Palm olein,
‘the latter has a faster rate of emulsification and stability.

In accord with the present invention, the final master formulation is as follows:

Ingredients Weight per capsule (mg)
Tocomin®50% 148.66
Palm olein / soybean oil 351.34
Labrasol 87.00
Tween 80 13.00
Total weight 600.00
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In the third part, a comparative in vivo bioavailability study was conducted to investigate
the bioavailability of tocotrienols in the novel formulation with that of the conventional
preparation at the dosage level of 200 mg tocotrienols. The novel formulation comprised
Tocotrienols, Palm olein, Labrasol and Tween 80 at the ratio stated above in the master
formula. The normal conventional preparation comprised tocotrienols and soybean oil.

Both products are in the form of soft gelatin capsule.

Twelve (12) healthy adult male volunteers participated in a standard 2 period, 2-sequence
crossover study after providing written informed consent. The volunteers were randomly
divided into 2 groups of 6 each, and administered the preparations according to the

schedule shown below:

Group Period
I II
1 Conventional formulation Novel formulation(X)
2 Novel formulation(X) Conventional formulation

On the first trial period, each volunteer in group 1 was given 4 capsules of conventional

formulation (Y), while those of group 2, 4 capsules of novel formulation (X) containing
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were collected in vacutai ners (containing sodi um heparin as anticoagul ant)

at 0 (befiRrgoResl d8khe dtud iwa§ -apfiroved b§ a JZlnt Bchddl: of PharrhdoeutiSal S%fen@@sur S

after dosing via an in-dwelling cannula placed in the forearm The bl ood
sanpl es WiVl ellﬁeaitlﬂ@s‘pugleﬂeﬁang Aanmitteeain Booeaiabdity Sthdiep| bslnsteensanst er r ed

to Separg%e% 1%1'0%%%’[1&9 (r)]tt t%l rug Pand nature of the study in advance of the trial.

Plasma levels of a-, y- and 3-tocotrienols were analysed using a reversed-phase high
performance liquid chromatography method reported by Yap et al (1999, Journal of
Chromatography B, 735: 279-283).

The mean plasma -, y- and a-tocotrienols concentration versus time profiles of the
conventional preparation and the novel formulation are shown in Figure 2a, 2b and 2c. It
is apparent from the plots that the profiles of the novel formulation were markedly higher
than those of the conventional preparation for the three homologues of tocotrienols. Also,
absorption from the novel formulation appeared to commence earlier than the
conventional preparation. In addition, 8- and y-tocotrienols were not detected in a number
of individuals given the conventional preparation (3 subjects for §-tocotrienol and 1
subject for y-tocotrienol). In comparison, both tocotrienols were detectable in all subjects

give the novel formulation, indicating better absorption from this formulation.



to be kept frozen until analysis. The protocol for the study was approved
by a joint School of Pharnmaceutical Sgi ences, USM General Hospital Penang
Conmittee on Bioavailability Studies. Volunteers were given information of
the drug and nature of the study in advance of the trial. Plasma | evels of
a-, y- ardrSwhos sthfistRaAnY SighicantdiftbinesbstteaoiR 162 RhaRIrBRB R AQNC
performance |iquid chromatography nethod reported by Yap et al (1999,
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a-tocot rhioerb?(l)s SCOﬂtilgntrati on. versus tine profiles of the conventional

pr epar at 1°81 BNES PhEC 80 BIePAEY ati on are shown in Figure 2a, 2b and 2c. It
is apparent fromthe plots that the profiles of the novel fornulation were
mar kedl y hi gher than those of the conventional preparation for the three
honol ogusaddtion,deam theedip sonfidense inteyalofopthieantis pbihetlogaritovis! trénsformedt i on

appear ed,@ C nce earl.ier t the conventi.gnal aratio In
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i ndi vi dwad, s2.9i s 310" @infeR BNk ARE! coRVERBAAL | hegdrSsf aL ]
S-tocotrienol and 1 subject for yc-ot ocotrie %??’Faa?ﬁ%?%?ér?é n,angoth

t ocot ri dositenads respestizelyalih ¢hd casaldf thellppmateser .y, etht hevelofoemufatiombaat i on,
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st at i st iSERIFyUReRgal valugs compargr dad © pARNRRULNA RECRAEGRR L8RTEne thdisher med
AUC (p Sofhddlhad aSmué lrapel bhetkRga HRIY abdorstivdl OriRd as tht_isﬁicQH)Q 1)
values for all the honol ogues of the two preparations. In addition, from
t he 90%sieHidageditieranae betwgbn therTrt.healvnestdf sheofwa prepdragensi(p .85 r ansf or med

AUCO . values, it was estimted that the average extent of the novel
formulation (X) was 2.6, 2.9 and 3.0 tinmes that of the conventi onal

pr epar atBased OX)thé @ésufts ,ofythe abdve studReOltr ik &datiadéd e Ghé iBYal- fokmulahien case of
the parangter, Tm, the novel fornulation has snaller nunerical val ues
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onset or rate of absorption.

While the preferred embodiments of the present invention have been described, it should
be understood that various changes, adaptations and modifications may be made thereto.
It should be understood, therefore, that the invention is not limited to details of the
invention and that variations in such minor details will be apparent to one skilled in the

art.



significant difference between the Tnax val ues of the two preparations (p <
0.05). Based on the results of the abgye studies, it is concluded that the
novel formul ation achieved a marked increase in the extent of absorption
of tocotrienols conpared to the conventional preparation. Additionally,

t he novelpafps.mul ation al so showed a nore rapid onset or rate of

absorption. Wiile the preferred enbodi nents of the present invention have
been described, it should be understood that various changes, adaptations

and nodi fications ,may. be made. t hereto. ... 1t. shoul.d, be under.st god, er ef ore,
Fhat "Thel-t Ao SRing SO e Ftnision 8 ISy Wit SRat AAGERB AR o AE ot
vari ati onsseélible dekpsNiaid EordpdsttidiScomprisinpe apparent to one skilled in the
art. 10 Cainms: 1. A self-emulsifying drug delivery conposition for use

with oral 8dnm npsfatseiuble elrug aselected) fiome the ugroup seqrgistivgpekitpsairineols,
conprising: (i) -sol:ubl.e dr g m t he group consisting of
tocotrineol s, %(%gé%%{%léalg?ﬁl\ﬁ/f ga%gﬁgeéﬂa%t ga?ot&ﬁ@énd B-carotene; (ii) an oil
sel ected f (idm t heotlsela@ed foai the ighanpafongisting af palm oddinl asdydydain oil;landand
(tii) a surfactant system conprised of a first conponent consisting of

capryl ocapfiily| AncHdYdMYl prermgeompriged, ebcdndre o sPBREMNt c SARSIKIRN Pl of
| t hyl i : i I i f id
pol yoxyet hy eneca%ﬂyléeal g&%ﬁ@g&g@%@ﬁ&s Maeh eleBold €0 ;)gélgn%ffg?g ofSal

first conponent 'to s secon nponent 1 s between wherein
sai d conposi t i opolyniymtitdene 2H{escabisor ponaeatd, vdeian thet weightulatie ofisaid irst 2. The

conposition of Claiml1, wherein the fat-soluble dr is_tocotrienol. 3. The
coggos: t: on of Eﬂ’faf’?ﬂef? Wg{g%cgm{ HERECHHS g’é‘feieﬁgéllfjg’tdlh‘é} |

f at-sol ubl e drug
and oil to surfactant systemis about 5/1. 4. The conposition of Caim1l,
wherein said conposition is admnistered in the form of

wherein said composition enhances the absorption of said fat-soluble drugs.

2. The composition of Claim 1, wherein the fat-soluble drug is tocotrienol.

3. The composition of Claim 1, wherein the weight ratio of the fat-soluble drug and oil

to surfactant system is about 5/1.

4. The composition of Claim 1, wherein said composition is administered in the form of

a soft gelatin capsule.

5. The composition of Claim 1, wherein said composition self-emulsifies in the presence

of an aqueous solution.

6. The composition of claim 5, wherein said self-emulsification occurs in the presence

of gastrointestinal fluids.

7. A self-emulsifying drug delivery composition for use with oral administration of fat-
soluble drugs, said composition enhancing the absorption of said fat-soluble drug, and

comprising:



a soft gelatin capsule. 5. The conposition of Claim1l, wherein said
conposition self-enulsifies in the prgsence of an aqueous solution. 6. The
conmposi tion of claimb5, wherein said self-enulsification occurs in the
presence of gastrointestinal fluids. 7. A self-enulsifying drug delivery
conposition for use wth oral adm nistration of fat- soluble drugs, said
conposi tion enhanci ng the absorption of said fat-soluble drug, and
conpri si ngfi) 11 a(fap-selublst dsug sslestedr drgms she cgreup f capwsisting off dotiamds, st i ng
of tocotrienols to‘ﬁo&her. Is--%i am.ns_A Dc%r K, and B-carotene; (ii) an
oi | selected frSSPPHREONS IR A P ilngndf-BIEH%I ei n and soybean oil; and a
sur f act ant (ipy st givil QelRéted EdnPiherbiy &nsBAAPONFAlN S1EinCd WL RGARIOYAd a
macr ogogl yceri des and a second conponent of pol yoxyethyl ene 20 sorbitan
nonool eat e, whepwiastanhesystangyheomprised of 8affiestt comporanipohesaprilocapsdyd second
conponent is be [3. I I ition isafaonnmed by
creating an oil hl\r%gr% 8&@‘}%@%%1%9%9%%@& ?g@PgsgpgﬁiﬁgBﬁgﬁ%h%e?%% ﬁgrbgilgp unti |
homegenous, cr eaiohogleate swhémiti tBtweipbtirdtie of yaidi firsNgompdnest toasuild seoaad
conponents of the surfactant systemuntil honmobgenous, creating a
conposi tion ni xEUPROSHL igibetWsnNeard /3ni xture and the surfactant mixture
until honbgenous and encapsul ation of the conposition mxture in a soft
gel atin capsul e.

wherein said composition is formed by creating an oil mixture by mixing the fat-

soluble drug with the oil until homegenous, creating a surfactant mixture by mixing
first and second components of the surfactant system until homogenous, creating a
composition mixture by mixing the oil mixture and the surfactant mixture until

homogenous and encapsulation of the composition mixture in a soft gelatin capsule.




