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Hydr ol ysi s-Optim zed Lipid Emul sions and Use Ther eof The present

i nvenfion pertains to hydrolysis-optimnmzed isotonic 10 |ipid enulsions
(fat emul sions) for parenteral adm nistration, in particular for

parenteral nutg é%&ﬂﬂ&sand their use in situations of exapERERcosiss
I nfl ammat ory response (e.g. post- surgery, post-trauma, sepsis,

i nflammat ory or wasting di seases) or of increased risk of vascul ar

t hronbosi s and severe cardiac 15 arrythma where it is inportant to avoid
inflicting an exogeneous triglyceride accunul ation while making free
fatty acids avail able to different tissues of the body as rapidly as
possi bl e. Li pid enmul sions for parenteral nutrition serve to supply
the body 20 with fats in an intravenously acceptabl e dosage form when

nor mal (oral) nutrition is inpossible, conprom sed or nedically
contraindicated or when it .is necessary to pronptly nodify the fatty
acid pattemgn of the cells. The lipid enulsions currently avail abl e are
prepared fromvegetable oils (e.g. safflower or 25 soybean oils); in sone
cases they also contain mediumchain triglycerides (MCT) and/or 0|Is of

marine origin (fi shguggg;ysis-omzlmlzed Lipid Emulsions and Use Thereof

The present invention pertains to hydrolysz.s—optim:.zed isotonic

10 lipid emulsions (fat emulsions) for parenteral administration,
in particular for parenteral nutrition, and their use in -
situations of exaggerated inflammatory response (e.g. -post- -
surgexry, post—treuma, sepsis, inflammatoi'y or wasting diseases) -
or of increased risk of vascular thrombosis and severe cardiac -

15 arrythmia where it is important to avoid inflicting an exogeneous
triglyceride accumulation while making free fatty acids available -
to different tissues of the body as rapidly' as possible.

Lipid emulsions for parenteral nutrition serve to supply the body:
20 with fats in an intravenously accepteble dosage form when normal
(oral) nutrition is impossible, compromised or medically "
contraz.nd:.cated or when it is necessary to promptly mod:.fy the .
fatty acid pattern of the cells. The lipid emulsions currently
available are prepared from vegetable oils (e.g. safflower or -
25 soybean o0ils); in some cases they also contain medium-chain
triglycerides (MCT) and/or oils of marine origin (fish oils).

Long-chain triglycerides of vegetable or marine origin serve as
an energy source and, when containing polyunsaturated -fatty
30 acids, as suppliers of essential fatty acids. The classification
of such polyunsaturated fatty acids into omega-6 or omega-3
series types is based on chemical structural features, more
precisely, on the distance of the first unsaturated bond from the
methyl end (omega end) of the fatty acid molecule.
35
The vegetable oils, e.g. of soybean and safflower, are character-
ized by a high content of polyunsaturated fatty acids of the
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: The medium-chain triglycerides administered with the ‘ lipid
emulsions serve lﬂainly as a source of energy. Medium=chain’
triglycerides do not contain any unsaturated fatty acids and
hencg’contain neither omega-6 nor 6mega-3 essential fatty acids.
' Numerous clinical observations underline the principal suitabili—:-
ty’of'lipid'emulsidhs for parenteral nutrition and for substitut- -
ing essential fatty acids in severe diseases and the metabolic:
conditions involved. o '
20
The human body is itself incapable of producing the vital,-
polyunsaturated long-chaln fatty'ac1ds of the omega-6 or omega-3"
'series; i.e. they have to be administered orally, enterally or
parenterally. The body is only able to synthesize longer-chain
25 unsaturated fatty acids from shorter-chain ones; formation of
omega~6 fatty acids from precursors of the omega-3 series or vice -
versa is impossible, however.

Correspondingly, there is a need for lipid emulsions for par-

30 enteral administration which contain medium-chain triglycerides
as well as triglycerides of omega-6 and omega-3 fatty acids as’
lipid components.

EP-A-0 311 091 describes isotonic lipid emulsions for parenteral
35 nutrition comprising, in addition to conventional additives and
auxiliary agents, omega-3 fatty acids, omega-3 fatty acids in the
form of their esters or as components of fish oils, medium-chain
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DE-05-34 09 793 describes a lipid emulsion for transfusion
comprising a fatty acid containing from 20 to 22 carbon:atoms,
esters thereof, or a mixture of 2 or more of such fatty acids or
este:s, as well as a vegetable oil, an emulsifier, and:water.

15 Said fatty acids are fatty acids from esters of marine origin
(fish oils), in particular omega-3 fatty acids. Said vegetable
oils. are purified soybean and/or safflower oils. :

In order that the exogeneous free fatty acids are made available
20 to the body, they must either be released hydrolytically from the
infused triglycerides by means of the enzymellipoprotein~lipase
(LPL) or be taken up together with emulsion particles or their
remnants directly into the cells. This initial step of. lipid-
hydrolysis has long been considered the rate-determining step of
25 lipid metabolism. This limitation arises from the relatively
limi'lted activity of lipoprotein lipase in cleaving triglycerides.
Thus, the maximum metabolizing rate for vegetable oil emulsions
is about 3.8 g of lipid/kg body weight per day (Hallberg et al.,
Acta Physiol. Scand., Vol. 65, Suppl. 254 (1965), p. 2-23).

30
During triglyceride infusion, it is desirable to achieve
triglyceride serum concentrations which are as low as possible,
e.g. corresponding to a low load of the reticulo-endothelial
system (RES) by exogenous lipid.

35

Typically, post-operative and post-traumatic conditions as well
as severe septic episodes are characterized by a substantial



5 DE-0S-37 21 137 describes lipid emul sions for parenteral nutrition
conprising ei cosapentaenic acid triglyceride and/or docosahexaeni c
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post-operative and -post-traumatic conditions as well as severe septlc
epi sodes ar e/ etk d80aRYerfergiPsuBBtrdte (for oxidative purposes) and
for incorporation in membranes (for structural purposes) and as
15 precursors of eicosanoids should also be made available to the
body as quickly as possible. .

Triglycerides typical of fish oils are hydrolyzed much ‘more
slowly ‘than triglycerides from vegetable oils {e.g. soybean oil)

20 which are themselves hydrolyzed more slowly than medium-chain
triglycerides. Addition of a fish oil emulsion to a long-chain
triglyceride emulsion can even inhibit hydrolysis of long-chain
triglycerides (e.g. from soybean oil) by LPL.

25 Therefore, it is an object of the invention to provide a lipid
emulsion for parenteral nutrition capable of being parenterally
administered which has been optimized with respect to hydrolysis
and elimination, which means that the triglycerides supplied with
said 1lipid emulsion are hydrolyzed in the body extra- or

30 intracellularly, i.e. cleaved to free fatty acids and glycerol,
as quickly as possible without concomitant excessive increase of
the serum level of free fatty acids. This implies that more
lipids can be administered to the body parenterally within the
same period of time without an increase of lipid concentration

35 or concentration of hydrolysis products.
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- conventional auxiliary agents and/or additives. .

Surprisingly, it has been found that the object of the invention
15 may be achieved by combining in the same emulsion particle.

-medium-chain triglycerides, vegetable oils rich in omega-6 fatty
acids, and fish oils containing omega-~3 fatty acids in the
quantitative proportion mentioned above. In particular, it has.
been found that the MCT/vegetable o0il/fish oil mixtures of the

20 invention are more quickly hydrolyzed than known MCT/vegetable
ocil mixtures and MCT/vegetable oil/fish oil mixtures of the prior.
art. Thus, triglyceride load of the body by exogeneous triglycer-.
ides is avoided. Medium-chain fatty acids and long-chain
essential fatty acids become quickly available to the body. This

25 involves no significant increase of the serum concentration of
free fatty acids despite the fact that more lipids are supplied
to the body per unit of time. Further, rapid incorporation of
omegé-3 fatty acids in platelet and leucocyte membrane phospho-
lipids can be observed. :

30
The lipid emulsions according to the invention include emulsified
mixtures of oils (lipids) rather than mixtures of the emulsions.

According to the invention, those medium-chain triglycerides are
35 used which have chain lengths of fatty acid ranging from C, to C),
and which are comprised of at least 90% by weight of triglycer-
ides of caprylic acid (Cg) and capric acid (C;p). The fraction of
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conmbi ning in"the same erful sion Partic medi um chain triglycerides,
vegetable oils rich in onega-6 fatty acids, and fish oils containing
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42%, by weight, based on the lipid content of the lipid emulsion. -

The vegetable oils contain triglycerides of fatty acids having

chain lengths of C, to C,, and predominantly contain trileéer-
15 ides of omega-6 fatty acids. =

Fish oils are known to contain eicosapentaenic acid"(EPA,{éozs
n-3) and docosahexaenic acid (DHA, 22:6 n-3) incorporated in
triglycerides which, being so-called highly unsaturated omega-3

20 fatty acids, are essential building blocks which have to be
supplied to the body and which are biologically important, for
example, as precursors of eicosanoids and as structural elements
of membrane lipids. These acids are further attributed antithrom-
botic and lipid-lowering actions. Since their isolation from

25 natural products and their chemical synthesis is expensive,'fish
oils, being relatively inexpensive, are the suppliers of choice
for such essential fatty acids. As used in the invention, the
term "fish oils" is intended to comprise natural fish oils,
processed fish oils, or highly purified fish oil concentrates.

30 According to the invention, processed fish oils may also be used,
such as described e.g. in EP-A-0 298 233 which is incorporated
herein by reference.

Suitable exemplary fish oils are oils which are obtained from
35 cold water fish on a technically significant scale or oils which
are synthetically obtainable by esterification of omega-3-fatty
acids (obtained from fish oil of cold water fish, preferably
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- 10 acidimethyl esters-of the fish oil concentrate as determined by
gas ¢hromatographyﬁ(percent by area). Furthermore, they -have a
docosahexaenic acid content of from 10 to 20%, preferably at
least 12%, based on the fatty acid methyl esters of the fish oil
concéntrate as determined by gas chromatography (percént by
15 area). In case of the. fish oils which are synthetically 6btain=
able by the re—esterification of the omega-3-fatty acids the
total concentration of eicosapentaenic + docosahexaenic acid can

be at least 45% on basis of the triglycerides. :

20 It is particularly preferred to use a fish oil rich in EPA when
inflémmatory'processes are to be influenced. Fish 0il rich:in DHA
is particularly preferred in pediatric patients in the case of
omega-3 fatty acid:deficiency to influence growth and maturation
of the central'nervous systen, '

25 :

Preferably, the content of fish oil, based on the total lipid
content of the lipid emulsion, is from 10% to 20%, more prefera~
bly from 10% to 14%, by weight.

30 The total lipid content of the lipid emulsion is from 5% to 30%,
preferably from 10% to 25%, by weight, based on the agueous lipid
emulsion.

In addition to distilled water, the isotonic lipid emulsion

35 contains the usual auxiliary agents and/or additives, such as
emulsifiers, emulsifying aids (co-emulsifiers), stabilizers,
antioxidants, and isotonizing additives.
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terol or a cholesterol ester alone or in combination with other
co-emilsifiers may be employed in a concentration of from 0.005% '
15 to 0.1%, preferably from 0.02% to 0.04%, by weight. : k

The lipid emulsion according to the invention may contain vitamin -
E, in particular a-tocopherol, and/or ascorbyl palmitate as -
antioxidants and thus for protection from peroxide formation in

'20 amounts of from 10 to 1000 mg, preferably 25 to 200 mg, baséd on
100 g of lipid. ' ' '

For stabilization and 'isotonization,“ the emulsion according to
the invention may contain from 2% to 5% by weight of a stabiliz-

25 ing or isotonizing additive, for example, a polyhydric alcohol.
In this connection, glycerol, sorbitol, xylitol or glucose are
preferred, glycerol being particularly preferred.

The lipid emulsions according to the invention are invariably
30 oil-in-water {o/w) emulsions in which the outer, continuous phase

consists of distilled water purified for parenteral purposes.

Such o/w emulsion is obtained by mixing MCT,. vegetable oil and

fish oil and subsequent emulsification. After sterilization, the

lipid emulsion has a pH of from 6.0 to 9.0, preferably from 6.5
35 to 8.5.
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45% on basi s odbtdimedr isgijderdcoains AQpildt pagtpalés chheihy ar diameedrt of

use a fish oi lagdifih g 'nuﬁp%ﬂ@gyfmge a%b@&v%ﬂey ot %SS SR31EL6h IR (it then

i nfl uenced. F|s i " rich artlcular erre
pedi atri ¢ pat i BH'9G RthFedusedoby adle 3homaq tt']-°&ef |ecf3ené‘§1f18 a
i nfl uencelgrO\Mit'gka-rpi:elsnhnéahmogenizeﬂf roe parénwéraiera@pls.mﬂmm g ium

Preferably, mﬁ{}ﬁh‘?‘c%l@{ 15 Bl 1008900 . bNien ! %@kamagm 16 ek

of thellplde ston, I's from10%to 20% nore prefer rom 10%
to 14% by weiytt kR, 8Fe PRefew¥ed- | i pid content of the lipid emulsion is
from5%to 30% preferably from10%to 25% by weight, based on the

aqueous |ipid gpe fﬂﬂi&'@ﬂn151ons according to the invention are used for

15 parenteral administration, in particular parenteral nutrltlon,

of patients with exaggerated inflammatory responses or increased

risk of vascular thrombosis or severe cardiac arrythmia. In

particular, the lipid emulsions according to the invention can

be dsed with patients in post-operative and post-traumatic

20 conditions or inflammatory diseases; further, e. g-. in severe or

persistent post-aggression metabolism following operations, such

as abdominal operations or organ transplantations, and multiple

trauma, inflammatory diseases, burns, infectidns, impending or

manifest sepsis, impaired respiratory function, conditions of

25 excessive production of cytékines, wasting diseases, and

increased risk of severe cardiac arrythmia (e.g.'ventricular

fibfillation) or vascular thrombosis. The lipid emulsion

according to the invention can also be used for parenteral

nutrition following shock conditions for improving microperfusion

30 and metabolic performance of organs poorly supplied with blood
in terms of metabolic reanimation.

The invention will be illustrated by the following examples.

35



In addition to distilled water, the isotonic lipid enulsion 35 contains

the usual auxiliary agents and/or additives, such as emul sifiers,
enul sifying aids (co-enmulsifiers), stabilizers, ant i oxi dants, and
‘i sotoni zing additives. WD 97/ 19683

PCT/ EP96/ 05184 ' - 8- fiers
physi ol ogi cWPY"¥E¥ept abl e enul sifiers are used, such géﬁﬁﬁ%§%§%|lplds
of animal or vegetable origin. Partlcularhy preferred are purified

| ecithins, especially soybean |ecithin,~ 7egg lecithin, or fractions
thereof, or the corresponding 5 phosphatides. The enmulsifier content is
from0.6%t Gk éoﬁ tive gg‘gﬁéi??l y 1.2% by weight, based on the total

enul si on. ) netal salts of long-chain, Cferr] to
Cerr], fatty acids may be used as emul sifying aids (co-enulsifiers).
Especially J:ﬂabnu af shows the fdwtty avddi compasision r(mpmo&r;ru%;;iéf Sfaridius
enpl oyed eqt.rat Lo 0 02%to
0.04% by vvel rg %%gsgh g%étﬁfp?é ér‘f‘ﬁrgl%f‘gl gt {:Eurt% @mﬁ Secg{ﬂldeg terol
or a cholesterol ester alone or in conblnatlon W th other

co-enmul sifiers may be enployed in a concentration of fromO0.005% 15 to

0.1% preferably from0.02%to 0.04% by weight. The lipid enul sion
according to the invention nmay contain vitamn E, in particular
[err]-tocopherol, and/or ascorbyl palmtate as anti oxi dants and thus

for protection from peroxide formation in 20 anounts of from 10 to 1000
ng, preferably 25 to 200 ng, based on 100 g of |ipid.



For stabilization and isotonization, the enul sion according to t he
I nvention may contain from2%to 5% by weight of a stabiliz- 25 1ing or
i sotoni zi ng additive, for exanple, a polyhydric al cohol. In this
connection, glycerol, sorbitol, xylitol or glucose are preferred,

gl ycerol bei ngwagg,ggﬁgyl arly preferred. The lipid emul Fé'ﬁﬁ?%ﬁgﬁ?.rd

I ng
to the inventionare itnvariably 30 oil-in-water (o/w) enulsions Tn which

t he outer, continuous phase consists of distilled water purified for
par ent eral purposes. Such o/ w enul siort} § obt ai ned by m xi ng MCT,
vegetable oil and fish oil and subsequent enulsification. After
sterilization, the | i pid emul sion hggpgepil of from6.0 to 9.0,

3.5 WO 97/ 19683

preferably from&6-5.25 _t . .
PCT/ EP96/ 05184 Fatty acid | MCT | Ssoybean tJSa‘.f)flower The| £g0) oni ¢
lipid emul sio accordi ng [teilhe i nvgpiPon can begil®» prepared pys xmown
procedures w tfh_1nertrzatirjon. —The upual apprjoacth 175 firTst—tp mxth
| i pids, enul si ?é. and—otHel aukITiary agentisTand additivesland then fo
fill upwith Wwa8ed 5 with 4 spersihg- The wat er| #my optional |l y] contain
addi ti onal T@E@r-solutlfhconponengs (e.g. gllycerol'). The enursion tnup
obt ai ned sfi | | jeontat-as—Hpd—partieles—having dareter—of —2bout 10/
[err]m The avel2t@ dropl dt<s3 ze of| #he enul si onf #rist t hen f«irt her be
reduced by add i opal hondoggny zati (d)ra_e. g. using a 10 high-pr gssyre
honogeni zer. HoOT paremnterg—apptrcaton—edrum H-pi-e—er-ophet sizcs:#
less than 1.0 [ 23@m in darticular|}¥ss than 7 10 -
10 16:2 - — - 1
16:3 - - - .1
16:4 - - - 3
18:0 -~ 4 3 1
18:1 - 22 14 10
15 18:2 n-6 e 55 75 2
18:3 n-3 - 8 <1 1
18:4 n-3 - - -~ 4
20:0 - <1 < <=
20:1 - <1 < 2
20 20:4 n-6 - - - 2
20:5 n-3 —_ - . 28
22:1 -— — - ' 1
22:4 - - - < l
22:5 - - - 3
25 22:6 n-3 — - - 13
L n-6 - 55 75 4
£ n-3 - 8 <1 46
n-6:n-3 - 7:1 z 75:1 1:12
30 Y medium chain triglycerides, e.g. Captex 355, commercial
product of Karlshamns.
; soybean oil, e.g. Sojasl, commercial product of Croda.
'’ safflower oil, e.g. Saflor8l, commercial product of
Gustav Heess.
35 “ highly purified fish o0il, e.g. Sanomega S28GA, commercial

product of Nippon 0il and Fats.



0.5 [err]m are preferred. The lipid enmul sions according to the
invention are used for 15 parenteral adm nistration, in particular
parenteral nutrition, of patients with exaggerated inflanmatory
sresponses or increased ri sk-of vascul ar thronbosis or severe cardiac
arrythma. |n articular, the lipid enul sions accordi

mvgntl on c¥PIMYe sed with pat i egts i n post-operati ver}g:@%%ﬁ“
post-traumatic 20 conditions or infl armatory di seases; further, e.g., in
severe or persi stent post-aggression 18erabol i sm f ol | ow ng operations,
such as abdom nal operations or organ transplantations, and multiple

traum, i nf\QEWRLETY Hb3Eahing CHERS vé%@t%l'eorlﬁl | magidiog o o151 680k €St

sepsis, inpaired respirat t1ons ‘of 25 excessi Vv

producti on (SFacEir‘P’b?(?%sPh°5\Hé’ﬁlniR¢ sgfEem Lhickenngag yolk) ig, SdgPRFERd of
sever e car dbgcmasny tdfnvl tra~Purrantand flidled up wilthi hijaéows) )canponentul ar
thrombosis. i Eh?&:ﬁx&&“'-ﬁ&é"bn v%ﬁﬁ?%dhagu fe h@o'r%gt’%“d S 634 GLERgI ng

used for_ parentera oW n ti‘ons for

i cr oper¥ us P&na%‘éﬁ°%&°ﬁét‘§m¥4’t° 5?4’&?&%‘ SPd ?‘@asr?éhﬁﬁo‘?]r‘?a‘%ﬁrpﬁ}‘ B8-with
bl ood i Qubntmo:mdgmﬁnﬂmcisqmrﬂmnnednm a high¥peressnvssn homogenkikebe
|| ustrated Ry 4phef PEROVARY 2*XBTBbERsing I glafg bott 3 HF 13P3priate

PCT/ EP96/ 05754
grade, heat sterilization is performed by known methods.




Preparative exanpl es

Table 1 shows the fatty acid conposition (approx. %
of various oils used in the lipid enul sions of the foll ow ng exanpl es:
WD 97/ 19683 PCT/ EP96/ 05184
<11 - Table 1 Fatty acid
MCT So Saf f | ower Fi sh P P96/05184
oil[err] oilf“g‘sﬂ)wm oil[err] oil[err] 6cr()E <2
-- -- -- - 1380 64 --
- - -- 5 10: 0 Bi - - - -
- - 12: 0 <3 -- -- <1
14: 0 <1 -- Table 2 5 16: 0
- 11 - 45 g
- - | Preparative Example 1 (cPmphedtive 26: 2 3 A ' 5 (comparative
-- 1 16: § exemple 1) |- -- " example 2%)
1 16: 4 == == T 3
18: 0 12 medlum-?hmn !QFNeelidos 1000 g 3 500¢g 000 g 100&9 1000918: 1
- 22 from parial syntheply 10 15 1812 n-6 - -
55 7% . 2 18: 3 n-[3 - _ 8
<1 putl!lied safflower °Il1_84 2 ) 8099 o
4 20: 0 purified saybean ol Jood g a0g < |1- 800g 600g
highly purified fish ol - 100 g 200g 200 g 400 g
cholesterol acetate - - 2g - -
purified phospholipids 120g 90g 120g 120g 1209
from: egg egg egg egg g9’
a-tocopherol 2000 mg 1000 mg 2000 mg 2000 mg 2000mg -
ascorby! palmitate 1500 mg - 1000 mg 1500 mg 1500 mg
1 sodium olsate 30¢g 259 - 309 80g: -
L. glyeerol 250g 250 9 250 g 2509 250g . -
NaOH - to pH - -
8.09.0
water for injections ad 104 ad 101 ad 101 ad 10} ad 10t
5
10
15
20

MCT/vegetable oil (50:50)
MCT/vegetable oil/fish oil (50:30:20) according to EP-
A-0 311 091

drik

A sterile and pyrogen-free, stable emulsion resulted containing
lipid droplets having an average size of less than 0.5 um with
a shelf-life at room temperature of at least 18 months.

Example 1 (in_ vivo)
1. Determination of Triglyceride Hydrolysis

+

Eight male subjects (age (av. t st.d.) 23 ¢ 3 years) were infused
with a lipid emulsion of MCT/vegetable oil (50:50) over 5 h each
on 4 successive days (treatment A, table 3; preparative example



20:1 - - <1 <1 2 20 20:4 n-6

- - - - - - 2 20:5 n-3 - -

- -- 28 - 22:1 -- --

- - 1 22: 4 -- -- --
<1 22:5 - - - - - - 3 25
22:6 n-3  WO1/19683 -- -- PLI/EP96/0S184 | o
n- 6 -- 55 75 4 [err] n-3

-- 8 <1 - 14 26 n-6:n-3 --

7:1 [err]75:1 1:12 30 [err] medium chain
triglyceridgs;nepgh teﬁ]ﬂ?} &Q%%E:%i" of four. W eks apfl l&:temgﬁflon
Kar | shams. ean ol | err nmer cl a

product of efoHqT/vegetable gi rf]13§aPFF0\ﬁéP 69?1613 Vs éd\‘qu@PFePPFFr the
comerci al pamductnadftions (treatmentBisttabldcdssprdparative exampliehidgbhy

AR iageg 2) © #teeSPRRGENE: Jp8EEya EUFRECI8hst eight weeks, Pheflidl Of

PCT/ EP9&Y 05 £l s:.on of MCT/vegetable o:.l/f:.sh oil (50330:20) wpeyinpfused
cont ai ni ng I\tﬁ]i,ervaget adre @dnditishsoi({ltreatmest f Cer tabléf Bactpmpa&:&dive
phosphol i pi e | k SPEL

Utra- Turra%gkg&lgggl 3 ﬁk Eag\nﬂ?hyg u)é"éﬁélgé ori%ﬁom ?%ﬁstl?risnﬁumThe
pH val ue is 5'&?35!786 23 8a‘C?rta(999"9 UsLag Batea%'f’a’ﬂﬂlé{ﬁ.lshé’d&sdﬁghyagﬁm de
sol uti on ansdedghtdli undex catigglyBelptde clampeonditiogenat s iseruns coacto+ned
in a high-preatibs RETOIRY wRd1/1 ﬂonﬁ‘ogréf%snfs%{ Inoi¥d ¢ diﬁ?&?féﬁlg gn

gl ass bottl es of aggro riate % eat_ steril zatlon S or ned
known net hofeasure per subjett and per day; analysis of lance) was

determined as follows:

Table 3
15 o Treatment A (Comparative Example 1) -
Average infusion rate (3rd to 5th hour) with an MCT/vegetable
oil (50: 50) emulsion [mg of llpids/kg body weight/h]

Subject Day 1 Day 2 Day 3
1. : 171 -] 155 - | 180
20 | 2. 98 {103 101
3. 142 - lis1 122
4. 180 175 166
5. 182 | 223 243
6. 203 259 269
25 7. 129 129 143
8. 188 1221 ' 170
average * st.d. | 162 £ 35 178 + 53 174 t 57




WD 97/ 19683

PCT/ EP9/ 05184 - 13 -
Tabl e 2 : Preparative Exanpl e 1 (conparative 2
3 4 5 (conparative
exanple 1') exanpl e 2** JEPO6/0S184 L
medi um chai n ﬁqg(l%sgri des 1000 g 500 g 10 ng 1000 g
1000 g frompartial synthesi Sis . purified saffl ower
0i | - - 8003 - -
purified soybean oil 1000 g 400 ¢ - 800 ¢
600 g hi ghly purified fishpghle 4 - 100 ¢
_200 9 200 _g Trég t B (according goh Otl:l?es tiei\:rv?alntgggt) ate
purified phos@yerpgedinfusionpate (3rd to 5thpcthqpr) with aw@ICy/vegetable g
120 g 0il/fiEh0Pi1 (50:40:10) emulsion [mgEB¥ lipids/kg Hdgweight/h§99
egg 299 bl Sl <000.ng....
1000 ng s PeuBjeet 2000 I"Bay 1 2000 pay 2 Dagegscor byl
pal mtate 1500~y 1000y 1500 ng
1500 ny 1. sodi um o] 224 e 360 g 202.5 g --
3.0 g 3. P H—1-gyeeret— 250 25049
250 g 250 29 250 ¢ 201 134 _ 163

3. 1186 | 199 182

4. : 190 201 179

10 5. - 255 ) 278 273

6. 259 - 272 271

7. . | 147 154 142

8. 176 | 182 181

average t st.d. | 205 & 39 207 * 52 199 + 48

15



NaOH - - to pH -

- water for injections ad 10| ad 10|

ad 10| ad 10| ad 10| 5 * MCT/ veget abl e oi
+(50: 50) MCT/ veget abl e oil/fish oil (50 30: 20)

accordi ng to EP- A-0 311 091 10

pyrogen- f r eeWONAWPL enul si on resul ted contai ning I F ’gi’%f“gb“?ets
having an average size of less than 0.5_[gsrImw th a shelf-life at
roomtenperature of at |east 18 nonths. Example 1 (in vivo) 15

1. Determnation of Triglyceride Hydrolysis Ei ght mal e subjects
(age (av. st.d.) 23 [err] 3 years) werrablefBsed wth alipd

enul si on of MCT/ veget abl eg?é&uﬁé& ;) rgtgvgaﬂ"&@le 2‘3“ 4 successive

days (treatnment A, tabl WO 97/ 19683
PCT/ EP96/ 051&verage infusion rate (3rd to 5th hour). with_an MCT/vegetableh| e

2). After anoilffistiloiaf (BOUBO&IHB}(%muasli.bﬁl[(ingémil $ipids/kg vehyMediyeeai pbl e

Oll/flsh O|| Ll—_\n 40 ’Lﬂ\ wnae 1nfucaod lll’\d.ﬂr t

5 Subject Day 1 Day 2 Day 3
1. 202 192 186
2. 133 122 120
3. 147 148 174
4. ' 228 211 204

10 |s. 233 241 . 231
6. | 168 250 259
7. | 147 - 1189 161
8. 174 177 188
average ¢ st.d. | 179 t 36 191 ¢ 41 190 * 40

15 |

Triglyceride hydrolysis under treatment B according to the
invention was significantly higher than that under treatments A
(p < 0.0001) and C (p < 0.05) for all days of treatment. Thus,
20 the average infusion rate over three days was 4.9 g of triglycer-
ides/kg body weight/day for the lipid emulsion of MCT/vegetable
oil/fish oil (50:40:10), and 4.1 and 4.5 g of triglycerides/kg
body weight/day, respectively, for the lipid emulsions of MCT/
vegetable oil (50:50) and MCT/vegetable oil/fish oil (50:30:20).
25 The lipid emulsions composed according to preparative examples
2 and 3 give similar results. The result of a more rapid hydro-
lyzation of the lipid emulsions according to the invention to
give free fatty acids as compared to the concentional lipid
emulsions of the prior art can also be confirmed by in vitro
30 studies (cf. example 2),



sanme conditions (treatnent B, table 4; preparative exanple 4 in tabl e
2). After another interval of at |east eight weeks, a lipid 5 emul sion of

- MCT/vegetable oil/fish oil (50:30:20) was infused under the sane
conditions (treatnment C, table 5; preparative exanple 5 in table 2).
Triglyceride u%ﬁ%ﬁhéﬁis in the serum (measured as the aywphaPGedsigsusi on
rate in ng of kg body wei ght/h under triglyceride clanm
conditions at a serumconcen- 10 tratign,ef_3.0 mml/| from3rd to 5th
hours of infusion, 9 measur enents per subject and per day; analysis of
vari ance) was determ ned as fol |l ows:

Table 3 15 2. Determinatioch @ft nhet lévéCompdirete fatEyaapids 1in the séremage
infusion rate (3rd to 5th hour) with an NCT/vegetabIe oi | (50:50)

enul sion [ng of |IpIdS/kg body wei ght/ h] éect Day 1

Day 2 Thsa}ege of free fatty acids in Ebg sexrum of thessubjects was
180 20 2. determined on the 88ys of treatmedfOdefore (0 h) akdl immediat&ly
%é‘% - 5 ﬂa(i:}.g%ung (5 h) adhfristrationtof 'l*i%e2 lipid emuls:?tg‘g.BA suitable
243 6. test for this pu:mge 15, for J.nsé:ggce, NEFAC tesz'ﬁganzs.n v.u?ro
129 enkfBatic colorimetdic method B.of Wako Chemicals H#dH, Germany.
221 - 170 average st.d. 162 35 178 [err] 53

174 57

It has been found that upon administration of the lipid emulsion
10 of MCT/vegetable oil/fish oil (50:40:10) according to the
invention the serum concentrations of free fatty acids are not
increased to markedly higher values as compared to administration
of a commercial lipid emulsion of MCT/vegetable oil {50:50) and
another lipid emulsion of MCT/vegetable oil/fish oil (50:30:20)
15 a’lthough more lipids have been supplied to the body per unit of
time. The experimental results are given hereinafter in tables:’
6 and 7: ' '



WD 97/ 19683 PCT/ EP96/ 05184

- 15 - Tabl e 4
Treatment B (according to the invention) Average infusion rate (3rd to
‘5th hour) with an MCT/veget abl e oil/fish oil (50:40:10) enulsion [ny
of |ipids/kg bodywei ght/h] 5 Subj ect Day 1 Day 2
Day 3 W@ 97/19683 224 236 PCT/EP96/051§4
2. 201 134 163 3.
186 199 182 ~ 18 7, 190
201 179 10 5. 255 278
273 6. 259 Table § 272 271
7. 147 154 3 %gﬁ% 8.
176 182 Treatment g (Comparaflye Bxampde llsi 4. 205 [err]
39 207 [ erF}ee ¥FattylBOid=rim| ti8 SeExrum {pumol/l], MCT/vegetable oil (50:50)
Subject after |Day 1 ‘Day 2 Day 3
5 1. 0h 0 22 39
5h 921 921 1068
2. 0h 399 202 143
5h 996 742 762
3. 0 h 57 48 48
5 h 1554 144 1408
4, 0 h - 52 71 44
Sh |1212 1173 979
5. on |. 20 23 10
5h 903 1272 1405
10 6. 0 h 28 41 82
5h 1082 1271 1449
7. 0Oh 97 90 122
5h 1068 249 1169
8. 0h 27 47 34
5 h 1219 1236 1140
Average * st.d. |0 h 85 * 122 68 &t 55 65 t 43
5h 1119 + 198 {1126 £ 218 1173 * 225

15



WD 97/ 19683 PCT/ EP96/ 05184

- 16 - Table 5
Treatnment C (Conparative Exanple 2) Average infusion rate (3rd to 5th
hour) wi th an MCT/veget abl e oil/fish oil (50:30:20) enulsion [ng of
| i pi ds/ kg body, h] 5 Subj ect Day 1
Day 3 w%%/%l}h! 202 192 P‘i%mx’“%‘ 2,
133 122 120 349 - 147
148 174 4. 228 211
204 10 5. 233 241 231 6.
168 250 259 Tdble 7 147
189 161 Prda 7,
188 average st. d—ﬁﬁ'-ﬁ'r% {%%cordl 1if>errf }l’iventfgﬁf 40 15
Triglyceride hydrolysis Fﬁme?“ttrye%ﬁ‘éﬁt ip phe dierywy [Hmely g,
i nvention was significant|ygchivigetablenoibAfismdeil t(5oauoendy A (p <
0.0001) and C pep=—<—6=05)—For—ait—aays—oi—tibat-tbat—Iaus—20 _tha uLrage
i nfusion rate c&ﬂsjetdtr ee days haftdr9 @agf 1trigl y,Bay 2 | depayg3 body
wei ght/ day f off—the—++pid—enftt-ston—oet—dcHvegetabp e-H-H-sh—oid
(50:40:10), arfjdt4.1 and 4.5 g pP hriglycadBi des/ kg 0 body wei gkg/ day,
respectively, [for the |ipid enugshons|giahCT/ 1421 1102
2. ' 0h 298 254 431
' 5 h 1252 1101 1038
3. 0Oh 7 14 26
. 5h |1363 1286 1239
4. 0 h 25 8 7
_ 5h {11179 1157 1095
10 |s. on | o 11 30
| 5h 11165 1502 1381
6. onh | 4 0 19
5h 1556 1295 1417
7. 0h 70 88 75
5h {1053 983 963
8. lon 0o 12 0
5 h 1421 941 1012
Average t st.d. |0 h 53 & 95 48 * 82 77 £ 135
' 5h 1289 + 150 | 1216 + 187 | 1156 t 160

15



vegetabl e oil (50:50) and MCT/vegetable oil/fish oil (50:30:20). 25 The

| i pid emul si ons conposed according to preparative exanpl es 2 and 3
give:simlar results. The result of a nore rapid hydro- | yzation of
the lipid emul sions according to the invention to give free fatty
acids as conpared to the concentional lipid enul sions of the prior art
can al so be T79%88d by in vitro 30 studies (cf. exanpl e PEJ/EP96/05184

WD 97/ 19683 PCT/ EP96/ 05184

- 17 - 2. Deternination of the |leve?0of free fatty acids in the serum

The level of free fatty acids in the serumof the subjects was

determ ned on the days of treatment befig.(g h) and imediately 5
following (5 h) adm nistration of the | iplg emul sion. A suitable t est
for this purpose is, for &rsatment G\HEemperzative Exapnie 29 enzymati c
col ori metri c FreehBattyfAdsadeo iGhehec8efufnfiho 134N JBRET /vegetable A /288H
found that upon adm nistration of tgg Ilﬂ{daoe,rﬁtdl)si on 10 of MCT/vegetable
oil/fish oil _(850:.40:10) according %‘g € i nvention the serum

concentr gti dnguifedd €€ fatty|agids 381Gt | egsed to rkedl'y hipher
val ues as ¢ laﬁdfn adnmi ni §tratiol }ﬁof ac %T%%rgial Iiolggyeﬁulsion of
MCT/ veget ablje1 0i | (50:50) anglg n anotRer |ipid|emgbsion of | MCThveget abj e
oil/fish oilf (50:30:20) 15 Itgough 1:ﬁgz‘re l'i pi d$ nge been SUBE ied to [ he
body per unift of time. The xpeni dtal res{i are gi ven ér ei naf tier
in tables 26 and 7: 0 h 271 67 82
5h 900 816 899
3. 0h 0 20 1
5h 1010 941 1006
4{ Oh 32 136 128
: 5 h 1175 1269 1229
10 |s. 0h 0 10 0
“ 5 h 1139 1159 1024
6.: Oh 15 34 21
B 5 h 887 1252 1239
1. 0h 180 283 177
5h 1340 1335 1135
8 0h 0 0 0
5h 873 811 852 i
Average t st.d. |0 h 64 £t 97 70 * 90 51 & 65
5h 1047 £ 154 | 1051 % 211 | 1031 t 146
15
3. Determination of Eicosapentaenic Acid (EPA, 20:5 n-3)
Incorporation in Membrane Phospholipids of Platelets (Thrombo-
cytes) and Leucocytes
20

The determination of the proportion of eicosapentaenic acid in
the membrane phospholipids of the thrombocytes and leucocytes of



WD 97/ 19683 PCT/ EP96/ 05184

- 18 - Table 6

Treat-ment A (Conparative Exanple 1) Free Fatty Acids in the Serum
[[err]mol /1], MCT/vegetable oil (50:50) Subj ect after Day
1 Day 2 Day 3 5 1. 0 h

22 FYO 97719683 5 h 921 PCTgRgisss
1068 2. 0 h 399; - 202 143

5 h 996 742 762 3. 0 h

57 48 48 5 h 1554

144 8 eight subjects was performedObly gas chf@matography via the
44 : 979

5 fatty gcr:].d meth§1.2 Béstersl%lagrcgrét by alrles3 metilgd).

5 h 903 1272 1405 10 6. 0O h

28 41 82 Table 9 5h 1082

1271 5 1449 Tréatment B (according fo the invehtion) 90
122 ) b n_,1068 949 1169

8. Eiqgpsapentagpic acid in qgfombocytes and; Jeucocytes,

MCT/vegetable oil/fish oil (50:40:10)

pay 1 (0 h) Day 2 (0 h) Day 3 (0 h)

EPA in thrombocytes 0.2 £ 0.1 0.7 £ 0.1 1.2 = 0.1
10 Average = st.d. (% by area)

EPA in leucocytes 0.4 £ 0.1 0.7 £ 0.3 1.0 £ 0.3
Average + st.d. (% by area) | ;

15 ‘ - ' Table 10
Treatment C (Comparative Example 2)
Eicosapentaenic acid in thrombocytes and leucocytes,
MCT/vegetable oil/fish oil (50:30:20)

Day 1 (0 h) Day 2 (0 h) Day 3 (0 h)

20 EPA in thrombocytes 0.4 £ 0.1 1.0 £ 0.1 . 1.7 £ 0.1
Average = st.d. (% by area) | :

EPA in leucocytes 0.4 £ 0.1 0.9 = 0.1 1.4 2 0.1
Average * st.d. (% by area) '

25
A comparison of the results of table 9 with those of table 10
shows that in treatment ¢, for example, an EPA content of 0.9%
by area was found in leucocytes on day 2. From the fish oil"
content in treatment B according to the invention being only half

30 as high, an EPA content of 0.45% by area would be expected.
Surprisingly, however, a significantly higher value was found,
namely 0.7% by area. A similar result is obtained for day 3 as
well as for thrombocytes on days 2 and 3.



5h 1219 1236 1140 Average st.d. 0 h

85 122 68 [err] 55 65 43 5 h 1119 198
1126. 218 1173 225 WD 97/ 19683

<PCT/ EP96/ 05184 ' - 19 -

Table 7 Treatnment B (according to the inventig&z

Free Fatty AMQPP63the Serum [[err]nol /1], PCT/EP96/05184

MCT/ vegetabl e oil/fish oil (50:40:10) 5 Subj ect after Day
1 Day 2 Day 3 1. =22 - 0 h 18

0 28 5h 1321 1421

1102 . . h 298 254 431

5 h 125 Example 2 (in vitro 1038 3. 0 h

7 14 26 5h 1363

1286 ApdpPotein Upthke into the Emulsibr Particleéd 8

7 5 h 1179 1197 1095 10

5. 0 h 0 11 30 '

5 h $1650f great ipteyest is the gigpificantly lower enrichment (t-test,

two-sided) of apoprotein C-I (p < 0.0001) and apoprotein C-III
(p < 0.0001), which are both apoproteins that inhibit both,
triglyceride hydrolysis and direct uptake of the emulsion
particles into the target tissue (such as the liver), in the
10 emulsion particles haﬁing a composition according to the
invention (preparation example 4) will presumably result in a
mbre thorough intravascular scavenging of lipids than with the

other lipid emulsion examined (preparation example 5).

15 Table 11
Uptake of Apoproteins C-I and C-III in Emulsion Particles,
(incubation: 3 h), MCT/vegetable oil/fish oil (50:40:10) vs.
MCT/vegetable oil/fish oil (50:30:20)

ﬁCT/vegé;able bil/fish MCT/vegetable oil/fish
0i1 (50:40:10) 0il (50:30:20)
(Preparative Example 4) (Preparative Example 5)

20 Apo C-1 Uptake 5.1 £ 0.51 - 23.4 + 1.43
(nol (n =4) (n = 4)
Average * st.d.

Apo C-III Uptake 30.1 = 2,67 54.7 = 4.00
[ng] (n = &) (n = 4)

25 Average * st.d.

Lipid emulsions for parenteral administration will interact with
endogeneous lipoproteins. During the infusion, the exogeneously
30 supplied emulsion partly fuses with endogeneous LDL (low density

lipoprotein; d < 1.006 g/ml), a lipoprotein with a high content

of apoprotein B (apo B). Thus, the apo B enrichment in the fused

emulsion particles is indicative of the extent of fusion of



6. 0 h 4 0 19

5h 1556 1295 1417 7. : 0 h
70 . 88 75 5h 1053
983 963 8. 0 h 0 12
0 5 h 1421 941 rPpo/0s184
Average [err] WP Y1968 |y 53 [err] 95 48 82 77 15%

5 h 1289 150 1216 187 1156 160 125 WD 97/ 19683

PCT/ EP96/ 05184 - 23 - - 20 -
Table 8 Treatment C (Conparative Exanple 2) Free

E.af t {5/30'38/5 Zloye,t&gexé%rugfgl Eﬁ@{)m& /énlulﬁg}/ WEER! Sl Sgdtiddus $BL which has a

Day 3 1relatively long plgsma half ;ﬁ%. %ﬁ%re%orgz a hEBM conteny of
5h 1051 apo B iM2&he fused @mAlsion pakxticles must be ~Eomsidered
22312'3 8§gd1cat1ve ;ff %longed resxdgnﬁe time o% tRe J.nfusecpoplplds
1 i 5 Conversely, aglgw apo f gentent mean§4§_short plaiEEGhalf life,

corresponding to a reduced residence time in the plasma.

Two lipid emulsions according to preparative examples 4 and 5
. were incubated with human LDL in lipoprotein-poor plasma at 37°C
10 _for 4 hours, followed by a determination of the content of

apoprotein B in the emulsion fraction.

. Table 12
Apoprotein B Content in the Emulsion Particles,
15 MCT/vegetable oil/fish oil (50:40:10) vs.
MCT/vegetable o0il/fish oil (50:30:20)

MCT/vegetab'le oil/fish
0il (50:40:10)
(Preparative Example 4)

MCT/vegetable oil/fish
oil (50:30:20)
(Preparative Example 5)

Apo B Content | 0.05 £ 0.05 |0.27 £ 0.21
| [mg/d1] | (n=6) (n=7)
20 ' Average = st.d. :

The emulsion particles having a composition according to the
invention show an apo B enrichment which is more than five times

25 lower than that of the other lipid emulsion examined, correspond-
ing to a higher hydrolysis rate. The difference is significant
(t-test, two-sided; p < 0.05).



4. 0 h 32 136 128

5h 1175 1269 1229 10 5. O h

0 . 10 0 5h 1139

1159 1024 6 AR DN AR, s 34
21 5h * L M s 52 1239

0 h 180W097/19683 233 177 PCT/EPI6{05084
1340 1335 1135 8. 0 h 0

0 0 : -524, - 873 811

852 Average st.d. 0 h 64 97 70 [err] 90 51 65

5 h 1047 154 1051 211 1031 éLl}‘GA 5 s 3. DisShdtt HaBearR ced

Ei cosapentaenic Acid (EPA, 20:5 n-3) I ncor por at

Phosphol i pi ds of Platelets (Thronbo- cytes) and Hmm

The determ nation of the proportion of eicosapentaenic aC|M I'n
menbr ane phosphol i pids of the thronbocytes and | eucocytes of

WD 97/ 19683
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1.

PCT/ EP96/ 05184
A lipid emulsion for parenteral administration comprising

medium-chain triglycerides, at least one vegetable oil
comprising triglycerides which supply omega-6-fatty acids,
at least one fish oil comprising triglycerides which supply
omega-3~-fatty acids and conventional auxiliary agents
and/or additives, characterized in that the lipid emulsion
comprises, based on the total lipid content of the 1lipid
emulsion:
- from 30% to 60% by weight of the medium-chain
triglycerides;
- from 35% to 65% by weight of the vegetable oil(s) ;
- from 5% to 20% by weight of the fish oil(s).

The lipid emulsion according to claim 1, characterized in -
that said medium-chain triglycerides are comprised of at
least 90% of triglycerides of caprylic acid (Cg) and capricf
acid (Cy).

The lipid emulsion according to one or more of claims 1 or
2, characterized in that said vegetable o0il is selected
from safflower cil and/or soybean oil.

The lipid emulsion according to one or more of claims 1 to
3, characterized in that said fish oil is selected from
sardine, salmon, herring, mackerel and/or other cold water
fish oils or fish oils synthetically ocbtainable by re-
esterification of glycerol with omega-3-fatty acids
obtained by hydrolysis of cold water fish oil.

The lipid emulsion according to one or more of claims 1 to
4, characterized in that said fish oil contains at least
25% of eicosapentaenic acid in said triglycerides, based on
the fatty acid methyl esters of the fish oil concentrate.

THIS SHEET HAS BEEN |
REPLAGED




the ei ght subjects was performed by gas chronatography via the - fatty
acid nethyl esters (percent by area nethod).

Table 9 5 Treatment B (a nventi on)
Ei cosapent aeni c acid in thr onbocyt es amm m'lg ﬁ ﬂ“l

MCT/ veget abl e oil/fish oil (50:40: Day
1 (0 h) DaQ"‘ks’/( “?1 Day 3 (o h) EPA in thronl:n%rénﬁ?aﬂsslu

0.2 0.1 0.7 [err] 0.1 1.2 [err] Op% 10 Average st.d. (% by

ar ea) EPA in | eucocytes 0.4 [err] 0.1 0.7 [err] 0.3 1.0
[err] 0.3 Average [err] st.d. (% by area) 15

Tabl e 10 6. The lipid emdsigpneccordbng HononecCEBe¥R oD claims 1 to

Ei cosapent aeni ¢ ackq cRakBefebpsad % ¥rht GBI Hi®H oil contains at least
MCT/ veget abl e oi |l /

h 50:.30: y
1 (0 h) Day 2 (O ﬁr?g %eé/ é" ehbg aciqgn SR ENFERPYSREdes, basgd, &R
[err] 0.1 1.0 kherfavty aCld Iﬂe‘FhYQ esters OfA\Fé!eaééShs?ih conGeRtraten)
EPA in | eugocytes 0.4 0.1 09 0.1 1.4 0.1 Aver age
[err] st.d. (%.jy iSO of t he results of, .t.ahbl
wth those of tabl Enfoitetd emintch SEBRALIE A onp o' F6 e a1
content of 0.9% waeﬁtcefeemq@df éan'@h#‘h qh&§@§?’eé§-mﬁ aaytgntpr%rﬁrme%

fish oil cont eat 309 byeadight, Basedoofli fige teiulldg@ohnvention being only
hal f 30 as high, an EPA content of 0.45% by area woul d be expect ed.
Surprisingly, however, a significantly higher value was found, nanel y

0.7% by at®a. AR-si Wseaof cthg t lipidpemnhaton opcgaxdingsto one or more of
claims 1 to 7 for parenteral nutrition.

9. Use of the lipid emulsion according to one or more of

claims 1 to 7 for parenteral administration with patients

15 exhibiting exaggerated inflammatory reactions or with

| ' increased risk of vascular thrombosis or severe carda.ac
arrythm;a

10. Use of the 1lipid emulsion according to one or more of

20 cl'a_ims 1 to 7 for parenteral administratioh with patieénts

in post-operative or post-traumatic conditions or with
inflammatory diseases.

—_—
This Sheet Has Bee
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wel | as for thronbocytes on days 2 and 3. WO 97/ 19683

PCT/ EP96/ 05184 - 22 - Exanpl e 2
(in vitro) Apopr ot ei n Ug gi on Particles 5 O
great interest is the significd ent (t-test,

t wo- si ded) of apoprotein C1 (p . —aAgd ! (p <
0.0001), whi %@ flg‘%ot h apoproteins that inhibit both, PCIEPWGIM, | de
hydrol ysis and direct uptake of the en@6si on particles into the target
tissue (such as the liver), inthe 10 enulsion particles having a
conposition according to the L nyent.i (preparation exanple 4) wll
presumably result in a nor e tﬂ@?@%ﬁﬁa#ﬂﬁgavascular scavengi ng of

| i pi ds than wilireceilved by theofnterndtiipnal Buneiasiapn24aard Ind887( (245044 % ¢ on

exanpl e 5). origigal claims 1 and 8-10 amended; remaining Tdpirs unchanged (2 pagesdd of

Apoproteins G|l and C Il in Emulsion Particles, - (i ncubation: 3 h),
MCT/ vegetable oil/fish oil (50:40:10) vs. MCT/ veget abl e
oil/fish oil (50:30:20) MCT/ veget abl e oil /fi sh
MCT/ vegetabl e oil/fish oi | (50:40:10) oi |
(50: 30: 20p 1. An isotonic lipid ¢mlgignatfiovepaxempinallpdmipPstatisan ve
Exanpl e 5) having a medium lipid droplet size of less than 1.0 um

comprising medium-chain triglycerides, at 1least one
vegetable oil comprising triglycerides which supply omega-
6-fatty acids, at least cne fish oil comprising triglycer-
10 ides which supply omega-3-fatty acids and conventional
auxiliary agents and/or additives, characterized in that
the lipid emulsion comprises, based on the total 1lipid
content of the lipid emulsion: N
- from 30% to 60% :by weight of the medium-chain
15 - triglycerides; - ' :
- - fErom 35% to 65% by weight of the vegetable ocil(s) ;
- from 5% to 20% by weight of the fish cil (s}.

2. The lipid emulsion according to claim 1, characterized in
20 that said medium-chain triglycerides are comprised of at
least 90% of triglycerides of caprylic acid (C;) and capric

acid (C,,) .

3. The lipid emulsion according to one or more of claims 1 or
25 2, characterized in that said vegetable o0il is selected
from safflower oil and/or soybean oil.

4. The lipid emulsion according to one or more of claims 1 to
3, characterized in that said fish oil is selected from
30 sardine, salmon, herring, mackerel and/or other cold water
fish oils or fish oils synthetically obtainable by re-
esterification of glycerol with omega-3-fatty acids

obtained by hydrolysis of cold water fish oil.

35 S. The lipid emulsion according to one or more of claims 1 to
4, characterized in that said £ish o0il contains at least

' AMENDED SHEET (ARTICLE 19)

N . A



20 Apo C-I Upt ake 5.1 [err] 0.51 23.4 1.43 [[err] 9]

(n =4 (n =4 Average [err] st.d. : Apo G111
Upt ake 30.1 [err] 2.67 54, T——66— FerT ol (n =
4) (n = 4) 25 Aver agefl BHIS@HEET HAS BERN pEd emul si ons for
par ent er al ad%(g%,,z‘t @ation will interactflwith REPLAGERI0gendb uscriiseamsisd ei ns.
During the inf r? t he exogeneously 3 Supplt ed enul ston partly fuses
wi t h endogeneous LDL (|l ow density 4 Rpoprotein; d < 1.006 g/mM), a

| i poprotein with a high content of apoprotein B (apo B). Thus, the apo
B enrichment in the fused enul sion particles_is indicative of the

extent of fusi on &5% of eicosapentpeniq amigRin said triglycerides, based on
PCT/ EP96/ 05184  the fatty acid methyl esters of the fd3h-oil con@ngaitequs!y
supplied enmul sion with endogeneous LDL whi.ch has a relatively | ong
plasma half life. Therefore, a high content of apo B in the fused

emul si on part i@l eFheuddiphd ewabsiquay agcording e ney eromepe b j@dmsedi @nce

time of the infused ldirxdTtedizedOiNCERSE Vsaf | PVSIANRSE 1B conthent BEANgadt

h | hal f |ife, di X d L d ' '
the plhsma o 3A%,3 prgolthrEe acid: i e SR e panEReeta
and 5 wer e i ndulieatfadttyi abidumathlDestrrbi pbthe dishpodlt eoresntrate.

37[err]C 10 for 4 hours, followed by a determ nation of the content of

. 7. The lipid emulsion according to one or more of claims 1 to
10 6, characterized in that the total lipid content is from 5%
to 30% by weight, based on the emulsion.

8. Use of the lipid emulsion according to one or more of
claims 1 to 7 for-the preparation of an emulsion for
15 parenteral nutrition. :

9. Use of the lipid emulsion according to one or more of
claims 1 to 7 for the preparation of a medicament for the
treatment of exaggerated inflammatory reactions, increased

20 risk of vascular thrombosis or severe cardiac arrythmia by
parenteral administration. '

10. Use of the lipid emulsion according to one or more of

claims 1 to 7 for the preparation of a medicament for the

25 treatment of post—bperative or post-traumatic conditions or
inflammatory diseases by parenteral administration.

* [ L M s * .
_

—
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apoproteln B in the enulsion fraction.

(CT, C“Pj /0S84

Tabl €CLYEP96/05184 Apoprotein B Content in the Emul sion Parti @ &s, 1907
NCT/ Feddtast Metsyngem Af | (50: 40: 10) vs. CTW/ki 24 ApnNOT/Iwege abl &

oi l./fish oil (50:30:20) NCT/vegetabIe oi l/fish

MCT/ veget abl e oil /fish + = 25 - oil (50:4 oi
(50:30: 20) - (Prepa{atlreoEég Ie 4 (Preparative
Exanpl e 5) Apo B Cont ent 0.05 [err M m'

[ g/ di ] (n = 6) CLAIMSH U!Uﬁmmﬂ I”"I

The emul sion particles having a conposition accordlng to "invemt 1 on

show an apo B enrichnent which i's nore than five tines 25 .
|l i pid enmul si on exam ned, correspond- ing to a higher

of the other or | (
hydrol ysis rate. The difference is significant (t-test, two-sided; p <

1PCHhEEQQ6Q5£§é l|$ld emu%Flon for pggentera%tggm&&%gﬁfation

0.05) .5
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An isoto | Tpi_d enul sron par &

comprising: medium-chain triglycerides, at least one

vegetable oil comprising'triglycerideé which supply omega-

6-fatty acids, at least one fish oil comprising triglycer-

ides which supply omega-3-fatty acids and conventional

auxlllary agents and/or additives, characterized in that

the lipid emulsion comprises, based on the total lipid

content of the lipid emulsion:

- from 30% to 60% by weight of the medium-chain
triglycerides;

- from 35% to 65% by weight of the vegetable 01l(s) :

-  from 5% to 20% by weight of the fish oil(s).

The lipid emulsion according to claim 1, charactefizéd.in
that said medium-chain triglycerides are comprised of at
least 90% of triglyceridés of caprylic acid (C,) and capric
acid (C,,).

The lipid emulsion according to one or more of claims 1 or
2, characterized in that said vegetable oil is selected
from safflower oil and/or soybean oil.

The lipid emulsion according to one or more of claims 1 to
3, characterized in that said fish oil is selected from
sardine, salmon, herring, mackerel and/or other cold water
fish oils or fish oils syhthétically obtainable by re-
esférification, of glycerol with omega-3-fatty acids
obtained by hydrolysié of cold water fish oil.

The lipid emulsion according to one or more of claims 1 to

.4, characterized in that said fish oil contains at least

AMENDED SHEET-(AHHCLE i}
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‘comprising nediumchain triglycerides, at | east onEC ‘ /CP oi@?/{)‘?e
oi | conprising tTiglycerides which supply orrega- 6-fatd % kP 21897
il east one fish oil I ycer- i des whi ch supply
onega-3-fatty aci Mm"m! Mlllm auxi liary agents and/ or
additives, characterizedcl ru 26 the lipid enulsion conprises,

based on the total lipid content of the Iipid enulsion: -
from30%to 60% by wei ght of the nediumchain 15 “triglycerides;

- from35%to w/odfy elcogapentaend cvagétabhesaid (iglycerides, based em 5%

to 20% by wei
according to gnal m ch%rizd;tngértlil{ eSt%s 0,_2 th% h"Fj'té sallg' éBé-!één ate

triglycerides are corrprl sed of at | east 90% of triglyceri des of

caprylic aridfd erigid aswhridvn Caccordln S idhd QJ:ermUr)e of cla:.m% 1TRe
| i pi d. enul sion accordin

cl ai ns or
charatterized im ‘F}H%:Fagg?’alﬁ‘é‘gei"&bltgo i |sq:|5d s"g} c°1'1'~'-a‘1-1'1‘3f F‘EmleaSt

saf fl ower oil %/cf dﬁl;tkmié:ménlc ac:Ld #h sHi”d |t'J giyemﬂlﬂe@) paseddiopg to
one or nore of_,cl in that said fish oil

Is selected frtt}?ﬁ \%‘:@ty ac’s%r'ﬁ?wl s%ﬁ’ iy tﬁ %c“'k’e]r 2% her

col d wat er fish oils or fish 01Is synthetlcally obtal nabl e by re-

esterificajio x t d

hydr ol ysi ? of “I(':IR% dﬂv%t eréq#us ol l. -B@J@S&y c%?eqf[ N el S %ﬁ'ﬂlgggor ng
to ot or nor e ofchavAgherized in that gheckakadt bip dC‘?l?FQ%tl%aﬁr@“f |5§sh
oil contains aio|#FStby weight, based on the emulsion.

8. Use of the lipid emulsion according to one or more of
claims 1 to 7 for the preparation of an emulsion for
15 .~ parenteral nutrition.

9. Use of the lipid emulsion according to one or more of
claims 1 to 7 for the preparation of a medicament for the
treatment of exaggerated inflammatory reactions, increased

20 risk of vascular t_h'rom_bosis or severe cardiac arrythmia by
' parenteral administration. '

10. Use of the lipid emulsion according to one or more of

claims 1 to 7 for the preparation of a medicament for the

25 treatment of post-operative or post-traumatic conditions or
' inflammatory diseases by parenteral administration. |

JHENDED SHEET (ARTICLE 2



- 26 - 25% of ei cosapentaenic acid in ald d
on: . t he fattyoamd methSI esters of the f| (éq‘h'g %e%tagé)%a%e %

6:. Th% l'i pid enul'sion according to one or nore of clainms 1 to 5
characterized in that said fish oil contains at |east S0 of
docosahexaenic acid in said triglycerides, based on ktWoipet ty acid

i,'vgv':-
met hyl esters of BT fish oi MOW@%I@’R?;ﬁI};YORGANWﬂ%e li pid '”“4 si on

according to one or nore of clains 1 PPy charact eri

et ot ar INTERRATIONALAPPLICATION PUBLISHE UNDER THE pAJIRS CHOPBRATOR GREATR .
emul si ans1) Internationat Batend d3@sidtion 1 | i pi df em)kis) Imnaie.ﬁmfuﬁiwgn Manb@tie or YWY 97/09683
clains [1 tQ@ek BPo, tAt;nggparatlon of | am fenul si on for par ent er al
nutritilon. . Use of the lipi} er )sIF'B'ﬁ""a'l?b‘B‘P‘m"ﬁhn’t‘*’o one YreeAtF @O
claims T To 7 for the preparation of a anent for

t r eat mejrftD bpternational Arnlicgtion Numper:| amwﬁ‘t—'%‘?’?"qsgé\ ’f)BFf ﬁ@'ﬁ?&é&@’%’%ﬁfgff st 6%

vascul afrega) ﬂmﬂmﬁhﬁng%esevyﬁuaw Bbexs3.1266 ¥t hmi MGIK, MN, MX, No, NZJ¥( KO) 8@ SESK, TR, TT,
adm ni stration. 10. Use of the lip|ld enHhdiSoVE. é{t!cm

more of claims 1 to 7 for the preparabfof pﬁ@g}‘ﬁgpﬁsﬁﬂﬁ
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The present invention pertains to hydrolysis-optimized isotonic lipid emulsions comprising medium-chain mglycendes {(MCT),
vegetable oils and fish oil, as well as their use for parcateral nutritition. _




