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Technical Field of The Invention 

This invention relates to a novel fonnulation for fat..;soluble drugs (including tocotrienols, 
. . 

tocopherols, vitamin A, D and f3-carotene) which· self-emulsify in the presence of an 
r 

.. ,s · .. aql1eQu~ medium)vith little agitation. More specific~lly, the inventio~ i~ conc~m~d with.the. · 

. f~dnul~tio~· of "ane~ dos~ge f~mi for fat~~~i~ble -~gs. in th.e fonn' of~ soft~gelatin capsul~ 
which· forms emulsion instantly when the contents are released and mixed with our 

gastrointestinal fluid. Since emulsions are known to increase absorpti~n of fat-soluble 

drugs, the dosage fonn thus provides higher and more consistent drug absorption. The 

10 success of the invention lies in its ability to self-emulsify in the gastrointestinal tract and 

comprise~ a suitable mixture of the drug with an appropriate oil a~d an appropriate 

surfactant system 

Background of The Invention 
'lo' ' ••• ••• • .... 

. .. 

Fat-soluble drugs such as tocotrienols and tocopherols are absorbed in the same pathway as 

15 • ot~er nonpolar lipi~s such as triglycerides and cholesterol (K~yden and Traber, 1993, J. 

20 

Lipid Res:.~ 34.:343-:358). L1v~~·produces bile·t~:eµiuls.ify fue t~cophe~ols incorpQ.rating:fuem 

. into micelles along. ~th ~tlter fat-s~lubl~ com~unds t~ facilitate absorpti~~- The~f~re, 
... . . 

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 dnigs tend to be erratic and low when taken fasted or on an-empty stomach. 

·Emul~ion~ have been kJ:lo~ .~o ·impro~e ab~orp~ion_ of oil soluble dru~. Ho~ver, 

conventional e~ulsions.are not a preferred dosage fonn since they are bulky, h~ve shorter 

25 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 adwritages 

offered by these ~ind of systems which include enhanced bioavailability, improved 

reproducibility of plasma profiles and reduced inter- and intra-subject variability. SEDDS 
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are formulated in the absence of water by mixing oil with one or more suitable non-ionic 

surfactants. Drugs, which have adequate solubility in the oil/siirl'actant blend, can be 

incorporated into th,e systems. Upon dilution or in vivo administration they form fine oil in 
. . 

. wat~r emulsi_ons spontaneously with gentl~ agitation .. . . . ~ . . 

5 In the present studies it is discovered that the bioavailability of B-, y- and a.-tocotrienols in 

palm olein and soybean oil mixtures were approximately 2.7, 2.8, 1.9 times and 2.2, 2.1, 1.6 

times that of tocotrienols in medium chain triglyceride mixtures in rats respectively. This 

could be attributed to the long chain fatty acid of palm olein and soybean oil, which .. 

10 

promote the absorption of tocotrienols into the lymph. A_ ~umber of studies (Sieber et al, 

1974, Xenobiotica 4, 265-284 and Palin et al, 1984, J. Phann. Pharm~col. 36, 6"41-~43) 

have shown that long chain fatty acids (>C14) (which are present in the palm _oil and . . . 

soybean oil), tend to increase absorption ofoil soluble drug through the lymphatic system. 

The pre~ent studies led to. the discovery of a novel formulation by suitably blending palm 

olein ·or soybean.oil ~ith an appropdate suifactant __ niixture o(_Labrasol (capryloeaproyl 

20 ~a~rog~lgtycierides) ~d Tween 80.· Th; Lab~ol to Tween· 80 ra~io~~- b~tween. 9:r ~d 
7:3. The above system could self-emulsify easily in water with g~ntle 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 

.. -~ 

\... . 25 

g~latin capsule. In stomach, the capsule wall dissolves and disintegrates and J;eleases the 

contents, which will readily form an emulsion. Emulsion:s will give ~ bigger surface area for 

absorption and subsequently increased the absorption of fat-soluble drugs like tocotrienols. 

30 

It was also demonstrated that the self-emulsifying system comprising the palm olein or . . . . . . . . . 

soyl:>ean oil .ble~ded. with the. surfactant rrihcture· could.- self-emulsify readily with mi:ter, 
. . . . .. . ·. . . . . . ·. . . . :· 

when incorporated with fat soluble drugs including tocotrienols, tocopherols, vitamin A, 

vitamin D and ~-carotene. In addition, tl~e novel formulation could increase the absorption 

of B-, y- and a.-tocotrienols by approximately 2 to 3 times that of the normal conventional 

soft gelatin capsule formulation when evaluated using twelve healthy human volunteers. 

The ratio of the surfactants to the oil and drug mixture was also demonstrated to be very 

important for enhanced drug absorption. For example, it was demonstrated that equal 

; 
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proportions of surfactant to the drug and oil mixture -~ave poor abs(;>rp~op_~~~!~~~. o~e part.;~,\. 

of surfactants to five parts of 4rug and oil mixture produced not only good-.seif-eniulsifying -·. 

properties but also optionally enhanced drug absorption. 

. . 
In conclusion, the studies had optimized.three important formulation variables to achieve a 

--- '5 -- -~~pe~-Q~ p_r~dtict-~th-~nha~~ed bioavaUability(~~sorption, n_~riieiy---:-: :_ . -_:: --·-. -

10 

(i) use of palm -olei~ and ~oybean oil as th~ vehicle for fat-s~foble drugs like 

tocotrienols, which help to enhance absorption; 

(ii) addition of a suitable combination of Labrasol and Tween 86 into the drug/oil 

mixture to promote self-emulsification and thus_ help to further increase the 

absorption of tocotrienols; and 

a suitable combination of surfactant system (Labrasol and Tween 80) with the . . .. - ... (iii) 

oil/drug mixture to optimize drug absorption. 

. .. 
Summary of The Invention 

. . .. .. 

Accordingly, it is the obj~ct of the present invention to provide a novel formulation for fat-
. - -

_ 1-5 - solu~le.drugs that ca~ self-emulsify in aqueous medium with little agi~ation. 

20 

. .. .: ... ~-

This objective is accomplished by providing, 
, . 

A pharmaceutical formulation for oral administration which comprises: 

(i) a fat-soluble drug; 

(ii) an appropriate oil; and 

(iii) an appropriate surfactant system; 

the resulting formulatio~ which self-emulsifies under gentle agitation in ~e presence of an 

aqueous medium. 

According ·to the present invention; there is· provided a new formulation of toeotri~riols~ in 

which the tocotrienols are incorporated into a palm oJein-surfactant system to form a self-

25 emulsifying system. This formulation is made into soft gelatin capsule and in stomach, the 

contents are released, resulting in the formation of emulsion and therefore increased 

absorption. 
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The formulation of tocotrienols in the present invention· has an improved bioavailability 

when compared witJt the conventional preparation. : 
.. 

. . . . ·. 

Tocotrienols, as Tocomin®50%, _contains a minimum of 50.0% of phyto-

tocotrienol/tocopherol complex, . was obtained commerCially from Carotech (Ipoh, 

Malaysia). 

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 vehicl~s· stu4ied 

were as follows: 

· (iY · _._ 

(ii) 

palm olein (triglycerides of palniit~cacid 46.5%; · ole~c ~cid 37.1 % ~d_l~oleic 

acid 9.9%); 

soybean oil (glycerides _of linoleic acid 50-57%; linolenic acid 5-10%, oleic acid 

17-26%; palmitic"acid 9'.°13% and stearic acjd 3-6o/o); and . :" . . ... 

(iii} · trfca~zyli~ (not less· than: 95% ~~· triglycerldes of ·tb,e s~~rated fattY ·acids 
. . ~ . 

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

I 0% of Tocomin®50% were then dissolved in these three oil vehicles and the same dose · •. 

level (10 mg) 'Yere 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 II III 

I Palm olein Soybean oil Tricaprylin 

2 Tricaprylin Palm olein Soybean oil 

3 Soybean oil Tricaprylin Palmolein 
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The animals were fasted for 12-hr prior to, and for a 12-hr period subsequent to, the 

initiation of the abs_orption experime~ts. However, :they Were ."allowed free access to water 

throughout the experiment. The animals were subsequently placed i!l restrain~ng cages, and 

.~/(: .... 

. . . .; . . . . . . . . . . . . . . . .. . 

approxiniateiy. 0.5 ml. blood sainples_.w~re .¢ollecti:x:l fr~ni the "tail vein into hepatjnized t~ibe~ . . 
. . . . . .. .. . . . . . . . . 

5 at I, 2, 3, 4, 6, 8 and 12 hr, post-administration. The blood samples were then centrifuged 

for IOmin at 12800G, and 0.2-0.3ml aliquot of plasma obtained was transferred into a new 

Eppendorf tube. All plasma samples were immediately frozen at-20°C until analysis. 

10 

Plasma a-, B- and y-tocotrienols were. determined by high-performance. liquid 

chromatography (HPLC) using a method reported by Yap et al, 1999, ·(Jot.irnal of 

Chromat~graphy B, 735:279-283) with slight modification. 
. .. .··· "'. :•. 

The mean plasma concentration versus time profiles of a-, B- and 'Y".'tocotrienols obtained 

with Tocomin®50% in three oil bases, namely palm olein, soybean oil and medium chain 

triglyeerl4e are shown in Figure. l.a,Jb _and le: Jt was appatentfrom .. the plots and the results 
. . . . . . 

. that ~he absorption of a< B- ~d ;-tocotrie~ols. from Tocomin®S.0% ~p.-palm olein ~~re the 

15 highest follow by Tocomin®SO% in soybean oil and Tocomin®50% i~1 Tric"aprylin ·g~v·e 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 AUCo-cc 

values, it appeared that Tocomin®50% in palm olein and soybean oil achieved a higher 

· 20 . -extent of absorp~ion co_mpar~d to Tricaprylin, which was about 2.7 ti~es, ·2.8 times 1.9. 

times. and 2.2; ·;i. i, 1.6 that of Tocomin®so·% in Tricapcylin for B-,' y- ·~md 0.-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 is to 

.. 
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incorporate tocotrienols into a "Suitable surfactant-system tha_l \~ill:~~ci,use. .tb~ _preparatitnt:,::-. 

(tocotrienols in oil vehicles) to self-emulsify/form an emulsion easil; ~lth.-g~~tl~ -agitation, 

such as movement of the stomach/intestine. Different types of SEQ PS which were tried out 

include the follo~Q.g system 

5 (i) _ Tween 85 - Medium _chajn triglycerides (MCT) .. . . . . .. 

• ._-(ii).· Tween_&~ :... :Span ,go~ Paim ~leiit · :_ -

(iii) Labrasol - Tween 80 - Palm olein/Soybean oil 

SEDDS are formulated in the absence of water by mixing oil with a non:ionic surfactant, a 

lipid base and a lipid . soluble drug, in this case to~otrienols to form an isotropic oily 

10 solution. Upon dilution with water or in vivo administration, they formed fine oil in water 

emulsions. Labrasol-Tween 80-Palm olein/Soybean oil was found to ~-the best s~te1'!1 due 

to the following reason: 

•• .. --· .. ' - :·· --(i) - it can _it c~ in~rporate a bigger alnount-ofto~o~110Is without- c~inp~_~s:~~i.n.g 

the emulsification properties compared to the other two systems; 
. . . . 

15 (ii) from the first part of the study, it was found that the absorption of tocotrienols 
- -

from medium chain triglycerides was less than th~t ·ofpalm ol~in.- Thus, the . . . . . . . . . . . . . . 

usage of- TWeeri 8S~medium chain triglycerides was not'desinible; and -_. -__ -

(iii) between Tween 80-Span 80-Palm olein and Labrasol-Tween 8.0-Palmolein, the 
- . 

latter has a faster rate of emulsification and stabi~ity. 

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

Ingredients · Weight per eapsule (mg) -

Tocomin®50% · 148.66 
- -

- -Pal~ olein I soybeari oil . -35i.34 
- -

Labrasol 87.00 

25 Tween80 13.00 

Total weight 600.00 

_,J.,-_ 

"l'~~-



···:!.. ·.•· .. 

7 

. ~ ..................... . 
.. - ..... ',• ~-:. .. 

. · 5 .. ··· 

The range of the oil to surfactant ratio were± 10% of the ~nal formula. The ratio of the oil 

to surfactant was kept at 5 to 1 to avoid solubilization. Above the critical micellar 

concentration of a ~urfactant system, micellar complexation of tocotrienols might occur. It 

has been known that ab~orption of a drug·incQrpqrate4 in. the micelle is _negligibl_e. Since the 

drug in~ ~e' ro_foellar: phas~ ·is ·un:a~~itab~e ·-fo~ abso~ti-~n1; ~~~-- effecti~e ·.col)te11t~~tio~- ·of the . 

I 
\.,. 

10 

15 

20 

drug is less than the apparent concentration, and a decreased absorption rate is observed 

(Gibaldi and Feldman, 1970, J. Pharm~ Sci., 59:579-589). 

Tocomin®50% is mixed with palm olein and Labr~ol is mixed with Tween 80 until 

homogenus. The. mixing of the surfactant mixtures .. and the oil mixturgs_follows this. The 

final mixture was mixed until homogenous before filling it in soft gelatin capsules~ : . 

.. ,.:~:In the thrrd part, a coip.parative in v~vo bioavailability stud_y was c<:>nductcd to -~·~Y~~tigate 

the bioavailability of to~otrienols in the novel formulation wjth thaf_of the con~e~tional 

preparat_ion at the dosage .level of_ 200 mg tocotrienols. The novel forn1ulation c9mprised 
. . 

.Tocotrienols, Palm olein, Labrasol and Tween 80 at the ratio stated .. aboye·in the··master . . . . . . . . 

·.· fonnuia; Th~ ~o~a1· conventional preparation ·comprised· toc_otri~~9Is_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 · .t; 
crossover study after providing written informed consent. The volunteers were randomly 

divided into 2 groups of 6 each, and administered the preparations a~cording to the schedule 

shown below: 

-· 
Group '. '' · PeriOd 

I II 

l Conventional formulation Novel formulation(X) 

2 Novel formulation(X) Conventional formulation 
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On the first trial peyiod, each volunteer in group l was given 4 capsules of conventional 

formulation (Y), while those of group 2, 4 _capsules of n<_>vel. formu~ation (X) containing an 

· .. equiv~ent. dose «;ito~otrie~ols.·: .. After. a washout ·p'c;:ri~d ~f one·· \~ee~, ·-e~ch-· ~ol~nt~er fu~n 
. . . .. · : . . . . . . .. .· . . .•. 

. . 

received the alternate product. All products were administered in the morning (10:00 am) 

5 after an overnight fast with 240 ml of water. Food and drinks were withheld for at least 4 

hours after dosing and plain water was given ad. libitum. Lunch and dinner comprising 

chicken with rice were served at 4 hours a.rld 10 hours ~flcr dosing. Blood samples of 5-ml 

vol~e were collected. in vacutainers (containing sodium hcp~rin as anticoagulant) at 0 

10 

15 

(before dosing}, 1, 2, 3, 4, 5, 6, 7, 8, 10; 12, 14, 18~ 24 hours after dosing via an in-dwel_ling 

cannula placed in the forearn:i. The blood samples were centrifuged for 15 min at 2000 G 

and the plasma transferred to separate glass containers to be kc~t-frozen until analysis. 

The pro~ocol for the study was approved by a joint School_ of Pharmaceutical Sciences, 

USM-General Hospital Penang 9oinmitt~~-- on Bioavailability Studies .. Volun~eers were 

gi~ert ·Imo~atlon of the 4rug.and. natu±e"ottlie study in. ~civance ~f th~ trial. . . . 

··' 
Plasma levels of a.-, y- ~nd 5-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 5~, y- and a.-tocotrienols concentration verms time profiles of the 

conventional ·preparation and the novef formulation are shown in Figure 2a, 2b and 2c. It is 

20 apparent frop.l_the·plots t4at.the profiles of the no~ei forn~ulatf~n .\Ver~ -~~rk~dly hi~her 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, 6- and y-tocotrienols were not detected in a number of individuals 

given the conventional preparation (3 subjects f<?r 6-tocotl"ienol and I subject for y-

25 tocotrienol). In comparison, both tocotrienols were detectable in all subjects give the novel 

formulation, indicating better absorption from this formulation. 

,, . : 
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· There was a statistically significant difference between the logarithmic transformed AUC 0• 

cc (p < 0.01), as well as the logaritl~mic transformed Cmax (p < 0.01) values for all the 

_·. homol9wes ofthe.two preparations .. ·. 
. . .. . · 

In addition, from the 90% confidence interval for the ratio of the logarithmic transformed 

5 AUCo""° values, it was estimated that the average extent of tl:ie novel formulation (X) was 

10 

15 

. 
2.6, 2.9 and 3.0 times that of the conventional preparation (Y) for 3-, y- and a- tocotrienols 

respectively. In the case of the parameter Tmmh th~ novel formulation has smaller numerical '· 

values compared to the conventional preparation suggesting that the former had a more 
. . . . .. 

rapid ons_et/rate ~f ~rug absorption_: There \vas a statistically signifi~ant difference between 
. . 

the Tmax ~alues of the.two preparations (p < 0.05). 

Based on the results of the above studies. it is concluded that the novel formulation 

ac~ieved a m'.11"ked in,creas~ in the _extent o~ absorption_ of tocotrien~ls compared to the 

. conventional. prep~&tion. Additionally, thG. novef fo_n1ullation a.J°so' showed .a more rapjd .. 
. . . . .. . . . •. ~- ·. . 

onset or rate of absorption.· 

While the preferred embociiments of the present invention have been described, it should be 
-

understood that various changes, _adaptations and modifications may be tnade thereto. It 

should be understood, therefore, thaf 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. 
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1. 

. (i)_ 

(ii) 

(iii) 

A pha,nnaceutical fonnulation for oral administration which comprises: 
~.r~t-~oi~b1~ driig;· .. · . · ... ·. ~--··. ' · · 

. •' . . ~· . . .. 

an "appropriate oil; and 

an appropriate surfactant system; 

the resulting formulation which self-emulsifies under gentle ~gitation in the presence 

of an aqueous medium. 

.-
2. The formulation according to claim 1. wherein the fat-soluble drug is. selec~ from 

the group consisting oftocotrienols, tocopherols, vitamins A, D, Kand ~carotene . 

.... 
3. The formulation accor~ing to claim 2. wherein the fat-soluble drug is to_cotrienol. 

4. · . The formulation aecordiilg to claim I, whe~in ~he ~ppropriate ,oi} is S('.lected from: f4e 
:;: 1. · ~ · gro~p consistmg o(pahri olein ·aiid.soyb~an oil. ·. · ., - . · -... · . . ·. . :. . . 

5. 

6. 

7. 

The formulation accordfug ~o Claim 4, whe~eih the appropriate .oil is patm oleiii. or 

soybean oil. 

The fonnulation according to claim 1, wherein· the appr~priat~ surfactant syste~ is 

selected from the group consisting of pharmaceutically acceptable surfactants or a 

combination of any other suitable surfactants. 

The formulation according to claim 6, ~erein the appropriate surfaetant system is a 

combination of caprylocaproyl macrogolglycerides EP (Labrasol) and 

polyoxyethylene 20 sorbitan monooleate (Tween 80) or a combination of any other 

suitable surfactants. 

.:·.· . 
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8. The phannaceutical fonnulation according to· claini 1, wherein the ·rat:s~i~bi~ dr\ig is 

tocotrienol, the appropriate oil is palm olein and the appropriat_e surfactant syst~m is a 

combinartion of. caprylocaproyl macrog~lglycerides EP (Labrasol) and 

polyoxyethylene 20 sorbitan monooleate (Tween 80). . . . 

9. The fonnulation according. to claim 8, wherein the appropriate .. oil is soybe~n oil.. 

10. The fonnulation according to any one of claims 8 to 9, wherein the .fonnulation can 

self-emulsify in the presence of an aqueous medium. 

11. . The fonnulation according to .e.ny one of claims 8 to 10, wherein the formulatlo!l ~as 

improved bioavailability and increased absorption of fat-soluble drug .. 

. .. 

10 · 12. A method for the preparation of a phannaceutical fonnulation according to claim 1 

15 

comprising the steps ~f: . . 

(a) · mixing th~ fat-soluble drug wi~ the appropriate oil; and . . . 

(b) . ,.adding t~e ~ixture· ~btained fu (a) to' the appropria~ ~urfa~tant syste~~ -· . <., .· ... 

13. · A method for the preparation of a pharmac~utical fonnulation ~ording to claith 12, 

wherein the fat-soluble drug is tocotrienol, the appropriate oil is pal!fl olein or 

soybean oil and the appropriate surfactant_ system is a combination of ~aprylocaproyl 

macrogolglycerides EP (Labrasol) and polyoxyethylene 20 sorbitan monooleate 

(Tween80)~ 

14. The pliannac~utical formulation according to claim 8. for us~ in the preparation. of an - . . . . . . 

20 · oral pharmaceutical dosage form. 

15. The pharmaceutical formulation according to claim 14 prepared according to the 

method as claimed in claim 12. 

.... 
. ... 
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16. The phannaceutical fonnulation according to claim 14, wherein the oral 

phannaceutical dosage is a soft gelatin capsule. 

·> ... i 1 .: .. -file · ph~rm~ceuticai .fo~tilati~~ : a:c~Qr4ing to· ch~ixri. · 16 prep~e<l ~ccording i'o ·tii~· .. ~ . . . . . . .. . . . . . . . . . . . .· 

method as claimed in claim 12. 

5 18. The pharmaceutical formulation according to any one of claims 8, ~r ·12 to 17 for oral 

delivery of fat-soluble drugs selected from the group consisting of tocotrienols, 

tocopherols, vitamins A, D, Kand f3-carotene. 

,·,,, .... , ... ... 
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