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PHARMACEUTICAL COMPOSITIONS 
CONTAINING CYCLOSPORINS 

[0001] This invention relates to galenic formulations 
Which contain one or more members selected from the 
cyclosporin class. 

[0002] Cyclosporins comprise a class of structurally dis 
tinct, cyclic, poly-N-methylated undecapeptides, generally 
possessing immunosuppressive, anti-in?ammatory, anti-vi 
ral and/or anti-parasitic activity, each to a greater or lesser 
degree. The ?rst of the cyclosporins to be identi?ed Was the 
fungal metabolite Cyclosporin A, or Ciclosporin, and its 
structure is given in The Merck Index, 11th Edition; Merck 
& Co., Inc.; RahWay, N.J., USA (1989) under listing 2759. 
Large numbers of other cyclosporins are also knoWn and 
examples are disclosed in UK patent application No 2 222 
770 A. 

[0003] Cyclosporins are generally very insoluble in aque 
ous media. Consequently, severe difficulties have arisen in 
developing stable pharmaceutically acceptable formulations 
Which alloW delivery of the drug in sufficiently high con 
centrations to permit convenient use and Which alloW effi 
cient and consistent absorption of the drug by the body. 
Problems also arise With regard to drug bioavailability and 
variability in patient dose response. Cyclosporins also have 
side effects at higher doses and therefore their concentration 
in the blood must be kept Within certain therapeutic ranges. 
It is therefore desirable for the bioavailability of the 
cyclosporin drug to be as predictable and constant as pos 
sible. 

[0004] In order to meet these and related dif?culties, UK 
patent application 2 222 770 (the disclosure of Which is 
incorporated by reference), discloses galenic formulations 
comprising a cyclosporin and Which take the form of a 
microemulsion or microemulsion pre-concentrate. These 
formulations comprise a hydrophilic phase, a lipophilic 
phase and a surfactant. The folloWing components for the 
hydrophilic phase are proposed: Transcutol, Glycofurol and 
1,2-propylene glycol. Medium chain fatty acid triglycerides 
are disclosed as being suitable for the lipophilic phase. 
Reaction products of natural or hydrogenated vegetable oils 
and ethylene glycol are given as surfactants. 

[0005] UK patent application 2 228 198 proposes an 
alternative means for meeting difficulties in relation to 
cyclosporin administration. Speci?cally it discloses oil 
based formulations in Which the oily component comprises 
a combination of tri-glyceride and glycerol partial esters 
or (ii) 1,2-propylene glycol complete or partial esters or (iii) 
sorbitol complete or partial esters. The products knoWn and 
commercially available under the trade name MAISINE are 
proposed as suitable tri- and partial glyceride components. 
The disclosed compositions additionally comprise a surfac 
tant component, for example Cremophor RH40. These may 
be preferably free of any hydrophilic components such as 
ethanol. 

[0006] It has noW surprisingly been found that simple, 
stable cyclosporin formulations that have improved bio 
availability characteristics, reduced variability in inter- and 
intra-subject bioavailability parameters, are obtainable. 

[0007] Accordingly this invention provides a pharmaceu 
tical composition in the form of an emulsion preconcentrate 
and comprising a cyclosporin in a carrier medium, the 
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carrier medium comprising: 1) a hydrophilic organic sol 
vent, 2) (a) a mixed mono-, di-, and tri-glyceride or (b) a 
transesteri?ed and polyethoxylated vegetable oil, and 3) a 
polyoxyethylene-sorbitan-fatty acid ester surfactant. 

[0008] The pharmaceutical compositions are simple, 
stable, and provide surprisingly high bioavailabilities. For 
example, in clinical trials in Which healthy volunteers each 
received three times 200 mg cyclosporin A in soft gelatin 
capsules under fasted and fed conditions, the pharmaceutical 
compositions resulted in at least a 150% increase in bio 
availability as compared to the Cyclosporin market form 
Which is disclosed in US. Pat. No. 4,388,307. Also, in the 
same trials, the relative bioavailability under fasted and fed 
conditions differed by less than 5%. This indicates very loW 
inter-subj ect variability. Moreover intra-subj ect variability is 
reduced more than tWo fold. Hence the pharmaceutical 
compositions have very surprising properties Which offer 
great advantages over the Cyclosporin market form. 

[0009] The pharmaceutical composition is an emulsion 
preconcentrate; that is it has the characteristics of a stable 
emulsion preconcentrate system and spontaneously forms an 
emulsion in an aqueous medium, for example, in Water or in 
the gastric juices after oral application. The emulsion formed 
is opaque, thermodynamically stable and contains dispersed 
droplets of a siZe greater than about 100 nm, more usually 
greater than about 200 nm. The pharmaceutical composi 
tions are preferably emulsion preconcentrates of the type 
providing o/W (oil-in-Water) emulsions. 

[0010] The term “pharmaceutical composition” as used in 
this speci?cation means compositions of Which the indi 
vidual components or ingredients are themselves pharma 
ceutically acceptable. For example, Where oral administra 
tion is foreseen, the components are suitable or acceptable 
for oral application. 

[0011] The cyclosporin may be any cyclosporin having 
pharmaceutical utility as, for example, an immunosuppres 
sive agent, an anti-parasitic agent or an agent for the reversal 
of multi-drug resistance. In particular the cyclosporin may 
be Cyclosporin A (also knoWn as and referred to as 
Ciclosporin), and Cyclosporin G. 

[0012] Suitably the pharmaceutical composition com 
prises from about 1 or 2 to 30%, preferably from 5 to 25% 
(more preferably from 7.5 to 15%, for example about 10%) 
by Weight of cyclosporin based on the total Weight of the 
pharmaceutical composition. 
[0013] The hydrophilic organic solvent preferably com 
prises pharmaceutically acceptable, hydrophilic organic sol 
vents Which are suitable for oral administration. Examples 
are Transcutol, Glycofurol, ethyl acetate, propylene glycol 
and loWer alkanols, or mixtures thereof. Preferred solvents 
are 1,2-propylene glycol and mixtures of 1,2-propylene 
glycol and ethanol. If the component (2) is a mixed mono-, 
di- and tri-glyceride, 1,2-propylene glycol and mixtures of 
1,2-propylene glycol and ethanol are particularly preferred. 

[0014] Suitably the hydrophilic organic solvent is present 
in an amount of from 1.0 to 50% (preferably from 5 to 40%, 
more preferably from 10 to 35%, and even more preferably 
from about 15 to about 30%) by Weight based on the total 
Weight of the carrier medium. 

[0015] When the hydrophilic organic solvent comprises a 
mixture of 1,2-propylene glycol and ethanol, the co-com 
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ponent, that is the ethanol, is suitably present in an amount 
of up to about 20% (preferably up to about 15%, more 
preferably from about 5 to 15% and even more preferably 5 
to 10%) by Weight based in the total Weight of the pharma 
ceutical composition. Thus the co-component is suitably 
present in an amount of from about 25 to 85% by Weight 
based on the total Weight of the organic solvent (for example 
1,2-propylene glycol plus ethanol). More preferably the 
co-component is present in an amount of from 50% to 85%, 
for example from 70 to 80% based on the total Weight of the 
hydrophilic organic solvent. 

[0016] If component (2) comprises mixed mono-, di-, and 
tri-glycerides, the mixed mono-, di-, and tri-glycerides pref 
erably comprise a mixture of C12_2O fatty acid mono-, di- and 
tri-glycerides. C16_18 fatty acid mono-, di- and triglycerides 
are especially preferred. The fatty acid component of the 
mixed mono-, di- and tri-glycerides may comprise both 
saturated and unsaturated fatty acid residues. Preferably 
hoWever the mixed glycerides are predominantly comprised 
of unsaturated fatty acid residues, in particular C18 unsatur 
ated fatty acid residues such as linolenic, linoleic and oleic 
acid residues. Suitably the mixed glycerides comprise at 
least 60%, preferably at least 75%, more preferably 85% or 
more by Weight C18 unsaturated fatty acid mono-, di- and 
tri-glycerides. Suitably the mixed glycerides comprise less 
than 20%, for example about 15% or 10% by Weight, 
saturated fatty acid mono-, di- and tri-glycerides (for 
example palmitic and stearic acid mono-, di- and tri-glyc 
erides). 
[0017] The mixed mono-, di-, and tri-glycerides are pref 
erably predominantly comprised of mono- and di-glycer 
ides. For example they comprise at least 50%, more pref 
erably at least 70% (for example 75%, 80%, or 85% by 
Weight) mono- and di-glycerides, based on the total Weight 
of component (2)(a). 

[0018] The mixed mono-, di-, and tri-glycerides suitably 
comprise from about 25 to about 50% (preferably from 
about 30 to about 40%, and more preferably about 35 to 
40%) monoglycerides, based on the total Weight of compo 
nent (2)(a). 

[0019] The mixed mono-, di-, and tri-glycerides suitably 
comprise from about 30 to about 60% (preferably from 
about 40 to about 55%, and more preferably about 45 to 
50%) di-glycerides, based on the total Weight of component 
(2)(a) 
[0020] The mixed mono-, di-, and tri-glycerides suitably 
comprise at least 5% (preferably from about 7.5 to about 
20%, and more preferably 9 to 15%) by Weight of triglyc 
erides, based on the total Weight of component (2)(a). 

[0021] The mixed mono-, di-, and tri-glycerides may be 
prepared by admixing individual mono-, di- or tri-glycerides 
in appropriate relative proportion. Conveniently hoWever 
the mixed glycerides comprise transesteri?cation products 
of vegetable oils, for example almond oil, ground nut oil, 
olive oil, peach oil, palm oil, soybean oil, corn oil, sunflower 
oil or safflower oil, With glycerol. Preferably the vegetable 
oil is corn oil. Also mixtures of the oils may be transesteri 
?ed With glycerol. 

[0022] The transesteri?cation products are generally 
obtained by heating the selected vegetable oil With glycerol 
to effect trans-esteri?cation or glycerolysis. This may be 
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carried out at high temperature in the presence of an appro 
priate catalyst, under an inert atmosphere and With continu 
ous agitation. In addition to the mono-, di- and tri-glyceride 
components, the transesteri?cation products also generally 
comprise minor amounts of free glycerol. HoWever the 
amount of free glycerol in the mixed mono-, di-, and 
tri-glycerides is preferably less than 10%, more preferably 
less than 5%, most preferably about 1 to 2% by Weight, 
based on the total Weight of component (2)(a). 

[0023] Preferably some of the glycerol is ?rst removed 
(for example by distillation) to give a “substantially glycerol 
free batch”, When soft gelatine capsules are to be made. 

[0024] Trans-esteri?cation products of corn oil and glyc 
erol provide particularly suitable mixed mono-, di-, and 
tri-glycerides. An example of a suitable mixed glyceride 
product is the trans-esteri?cation product commercially 
available under the trade name MAISINE. This product is 
comprised predominantly of linoleic and oleic acid mono-, 
di- and tri-glycerides together With minor amounts of palm 
itic and stearic acid mono-, di- and tri-glycerides (corn oil 
itself being comprised of about 56% by Weight linoleic acid, 
30% oleic acid, about 10% palmitic and about 3% stearic 
acid constituents). The physical characteristics of MAISINE 
[available from the company Etablissements Gattefossé, of 
36, Chemin de Genas, PO. Box 603, 69804 Saint-Priest, 
Cedex (France)] are: up to 10% (typically 3.9 to 4.9% or, in 
“substantially glycerol free” batches, about 0.2%) free glyc 
erol; about 35% (typically 30 to 40% or, in “substantially 
glycerol free” batches, about 32 to 36%, for example about 
36%) mono-glycerides; about 50% (or, in “substantially 
glycerol free” batches about 46 to 48%) di-glycerides; about 
10% (or, in “substantially glycerol free” batches, about 12 to 
15%) tri-glycerides; and about 1% free oleic acid. 

[0025] Further physical characteristics for MAISINE are: 
an acid value of maximum about 2, an iodine no. of about 
85 to 105, a saponi?cation no. of about 150 to 175 (Fiedler 
“Lexikon der Hilfsstoffe”, 3rd revised and expanded edition 
(1989) Vol. 2, p.768). The fatty acid content for MAISINE 
is typically: about 11% palmitic acid; about 2.5% stearic 
acid; about 29% oleic acid; about 56% linoleic acid; and 
1.5% other acids. 

[0026] It is especially preferred that the mixed mono-, di-, 
and tri-glycerides are clear and remain clear for more than 
20 days upon storage at temperatures of 20° C. to 25° C. 
Also, a sample of the mixed mono-, di-, and tri-glycerides, 
Which has been kept in a refrigerator at about betWeen 2 and 
8° C. for 24 hours and then held at room temperature for 1 
hour, should be clear. 

[0027] Preferably the mono-, di-, tri-glycerides have a loW 
saturated fatty acid content. Mixed mono-, di-, tri-glycerides 
meeting these requirements may be obtained from commer 
cially available products by separation techniques as knoWn 
in the art (for example freeZing procedures coupled With 
separation techniques such as centrifugation) to remove the 
saturated fatty acid components and enhance the unsaturated 
fatty acid component content. Typically the total saturated 
fatty acid component content Will be less than 15%, (for 
example <10%, or <5%) by Weight based on the total Weight 
of the component (2)(a). 

[0028] A reduction of the content of saturated fatty acid 
component in the mono-glyceride fraction may be observed 



US 2002/0016292 A1 

after being subjected to the separation technique. A suitable 
process is described in WO 93/09211. 

[0029] Hence the mixed mono-, di-, tri-glycerides prefer 
ably contain lesser quantities of saturated fatty acids (eg 
palmitic and stearic acids) and relatively greater quantities 
of unsaturated fatty acids (eg oleic and linoleic acids) than 
the starting material. 

[0030] A suitable example of a mixed mono-, di-, tri 
glyceride product containing lesser quantities of saturated 
fatty acids contains: 32 to 36% mono-glycerides, 45 to 55% 
di-glycerides and 12 to 20% tri-glycerides, by Weight based 
on the total Weight of the lipophilic phase. Further charac 
teristics include the folloWing: 

Fatty acid content 
(as determined as the methyl ester by 
chromatography) 

Methyl linoleate 53 to 63%, 
Methyl oleate 24 to 34%, 
Methyl linolenate 0 to 3% 
Methyl arachate 0 to 3%, 
Methyl palrnitate 6 to 12%, 
Methyl stearate 1 to 3% 

Relative Density 0.94 to 0.96 
Hydroxyl Value 140 to 210 
Iodine Value 110 to 20 
Peroxide Value <4.0 
Free Glycerol <1.0 
Saponi?cation no about 150 to 185 
Acid value max. about 2 

[0031] Mixed mono-, di-, tri-glycerides complying With 
these characteristics are referred to in this speci?cation as 
“re?ned glycerol-transesteri?ed corn oils”. The “re?ned 
glycerol-transesteri?ed corn oils” have the advantage of 
remaining stable for a long time. 

[0032] If components (2) comprises a transesteri?ed and 
polyethoxylated vegetable oil, it preferably comprises trans 
esteri?cation products Which are formed by transesterifying 
a vegetable oil triglyceride With a polyethylene glycol. 
Preferred transesteri?ed and polyethoxylated vegetable oils 
are obtainable by transesteri?cation of triglycerides from 
kernel oil, almond oil, ground nut oil, olive oil, soybean oil, 
maiZe oil, sunflower oil, safflower oil and/or palm oil, With 
one molar equivalent of a polyethylene glycol that has a 
molar Weight betWeen 200 and 800. These transesteri?ed 
and polyethoxylated vegetable oils are available from GAT 
TEFOSSE, Saint-Priest Cedex, France, under the trade name 
LABRAFIL (Fiedler loc cit, Vol. 2, page 707). A preferred 
transesteri?ed and polyethoxylated vegetable oil is LABRA 
FIL 2125 CS (oleic acid linoleic acid glyceride from maiZe 
oil) having an acid number of 2, a saponi?cation number of 
155 to 175 and an iodine number of 90 to 110. Another 
example is LABRAFIL M 1944 CS (obtained from kernel 
oil and having an acid number of about 2, a saponi?cation 
number of 145 to 175 and an iodine number of 60 to 90). 
LABRAFIL M 2130 CS (Which is a transesteri?cation 
product of a C12_18 glyceride and polyethylene glycol and 
Which has a melting point of about 35 to 40° C., an acid 
number of less than about 2, a saponi?cation number of 185 
to 200 and an iodine number of less than about 3) may also 
be used. The preferred transesteri?ed ethoxylated vegetable 
oil is LABRAFIL M 2125 CS. 

[0033] The transesteri?cation products are generally 
obtained by heating the selected vegetable oil With polyeth 
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ylene glycol to effect transesteri?cation. This is done at high 
temperature in the presence of an appropriate catalyst under 
an inert atmosphere With continuous agitation. This process 
is described in US. Pat. No. 3,288,824. 

[0034] The transesteri?ed and polyethoxylated vegetable 
oil may also comprise esters of saturated or unsaturated 
C12720 fatty acids With glycerol or propylene ‘glycol, for 
example glycerol monooleate. Products of this type are 
knoWn and commercially available. 

[0035] Suitably component (2) is present in the pharma 
ceutical compositions in an amount of from 5 to 65%, 
preferably from 15 to 45%, more preferably from 20 to 40%, 
and even more preferably from about 25 to about 40%, 
based on the total Weight of the carrier medium. 

[0036] The polyoxyethylene-sorbitan-fatty acid ester sur 
factant preferably has an HLB of at least 10. Examples of 
suitable polyoxyethylene-sorbitan-fatty acid ester surfac 
tants are mono- and tri-lauryl, palmityl, stearyl and oleyl 
esters such as those knoWn and commercially available 
under the trade name TWEEN (Fiedler, loc.cit. p.1300 
1304). Examples include the TWEEN 

[0037] 20 
[polyoxyethylene(20)sorbitanmonolaurate], 

[0038] 21[polyoxyethylene(4)sorbitanmonolaurate], 
[0039] 40 

[polyoxyethylene(20)sorbitanmonopalmitate], 
[0040] 60 

[polyoxyethylene(20)sorbitanmonostearate], 
[0041] 65 [polyoxyethylene(20)sorbitantristearate], 

[0042] 80 [polyoxyethylene(20)sorbitanmonooleate], 

[0043] 85 [polyoxyethylene(20)sorbitantrioleate]. 

[0044] Especially preferred TWEEN 20 and TWEEN 80. 

[0045] Suitably the polyoxyethylene-sorbitan-fatty acid 
ester is present in the pharmaceutical compositions in an 
amount of from 25 to 75% (preferably from 30 to 60%, more 
preferably from about 30 or 40%) based on the total Weight 
of the carrier medium. 

[0046] The pharmaceutical composition may further 
include (4) Water, in Which case the pharmaceutical com 
position is in the form of a stable emulsion. 

[0047] The pharmaceutical composition may also include 
further additives or ingredients, for example antioxidants 
(such as ascorbyl palmitate, butyl hydroxy anisole (BHA), 
butyl hydroxy toluene (BHT) and tocopherols) and/or pre 
serving agents. These additives or ingredients may comprise 
about 0.05 to 1% by Weight of the total Weight of the 
pharmaceutical composition. The pharmaceutical composi 
tion may also include sWeetening or ?avoring agents in an 
amount of up to about 2.5 or 5% by Weight based on the total 
Weight of the pharmaceutical composition. Preferably the 
antioxidant is ot-tocopherol (vitamin 

[0048] The pharmaceutical composition has been found to 
exhibit especially advantageous properties When adminis 
tered orally in terms of both the consistency and high level 
of bioavailability achieved as indicated in standard bioavail 
ability tests and clinical trials. Hence the pharmaceutical 
composition provides an improved oral administration form 
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for cyclosporins (e.g. Ciclosporin) as it exhibits absence of 
signi?cant food interaction, Which has been observed With 
the commercially available oral form of Ciclosporin, espe 
cially With fat, rich food. Moreover, inter-subject and intra 
subject variability of pharmacokinetic parameters are sig 
ni?cantly loWer than With the commercially available oral 
form of Ciclosporin. Thus the pharmacokinetic parameters 
(for example absorption and blood levels), become surpris 
ingly more predictable and this reduces problems Which 
have occurred previously With erratic absorption of 
Ciclosporin. 
[0049] Additionally the pharmaceutical composition 
exhibits improved bioavailability in patients having malab 
sorption, for example liver transplantation patients or pedi 
atric patients. Further the pharmaceutical composition is 
compatible With tenside materials, for example bile salts, 
present in the gastrointestinal tract. That is, the pharmaceu 
tical composition is fully dispersible in aqueous systems 
comprising such natural tensides and is thus capable of 
providing emulsion systems in situ Which are stable and do 
not exhibit precipitation of the active ingredient or other 
disruption of ?ne particulate structure. The function of the 
pharmaceutical composition upon oral administration 
remains substantially independent of and/or unimpaired by 
the relative presence or absence of bile salts at any particular 
time or for any given individual. 

[0050] The pharmaceutical composition is preferably 
compounded into unit dosage form, for example by ?lling it 
into orally administrable capsule shells (for example soft or 
hard gelatine capsule shells) but, if desired, may be in drink 
solution form. Where the pharmaceutical composition is in 
unit dosage form, each unit dosage suitably contains 
betWeen 10 and 200 mg cyclosporin, more suitably betWeen 
10 and 150 mg, for example 15, 20, 25, 50 or 100 mg 
cyclosporin. Such unit dosage forms are suitable for admin 
istration 1x, 2x, 3x and up to 5x daily (for example, 
depending on the particular purpose of therapy, the phase of 
therapy, etc.). 
[0051] The utility of the pharmaceutical composition can 
be observed in standard clinical tests in, for example, knoWn 
indications of cyclosporins at dosages giving equivalent 
blood levels of cyclosporins; for example using dosages in 
the range of 25 mg to 1000 mg of cyclosporin per day for a 
75 kilogram adult and in standard animal models. The 
increased bioavailability of the active ingredient provided by 
the compositions can be observed in standard animal tests 
and in clinical trials, for example as set out in Examples 4 
and 5. 

[0052] The optimal dosage of cyclosporin to be adminis 
tered to a particular patient must be considered carefully by 
the treating physician as individual response to and metabo 
lism of the cyclosporin may vary. It may be advisable to 
monitor the blood serum levels of the cyclosporin by radio 
immunoassay, monoclonal antibody assay, or other appro 
priate conventional means. Dosages of the cyclosporin Will 
generally range from 25 mg to 1000 mg per day for a 75 
kilogram adult, preferably 50 mg to 500 mg. Satisfactory 
results are obtained by administering capsules containing 50 
mg or 100 mg cyclosporin in amounts to make up a dose as 
needed. 

[0053] In another aspect the invention also provides a 
process for the production of a pharmaceutical composition 
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as de?ned above, Which process comprises admixing a 
cyclosporin; an organic solvent; a mixed mono-, di-, and 
tri-glyceride or a transesteri?ed and polyethoxylated veg 
etable oil; and a polyoxyethylene-sorbitan-fatty acid ester. If 
required, the obtained pharmaceutical composition may be 
compounded into unit dosage form. 

[0054] In a more particular embodiment, the components 
are admixed such that an emulsion preconcentrate and, When 
required, combining the obtained pharmaceutical composi 
tion With suf?cient Water or suf?cient of an aqueous solvent 
medium such that an emulsion is obtained. 

[0055] The folloWing examples are illustrative of the 
pharmaceutical composition, in unit dosage form, suitable 
for use, for example in the prevention of transplant rejection 
or for the treatment of autoimmune disease, on administra 
tion of from 1 to 5 unit dosages/day. The examples are 
described With particular reference to Ciclosporin and [0-(2 
hydroxyethyl)-(D)-Ser]8-Ciclosporin (referred to as Com 
pound Z in this speci?cation). HoWever equivalent pharma 
ceutical compositions may be obtained employing any other 
cyclosporin. 

EXAMPLE 1 

[0056] Preparation of “Re?ned Glycerol-Transesteri?ed 
Corn Oil”. 

[0057] Substantially-glycerol free, glycerol-transesteri?ed 
corn oil (if necessary after heating to give a clear mixture) 
is sloWly cooled to a temperature of +20° C. and kept at this 
temperature for one night. The corn oil is centrifuged at an 
acceleration of 12 000 G and at a How rate of 103 kg/h in a 
continuous ?oW centrifuge to give a liquid phase (62 kg/h) 
and a sediment-containing phase (41 kg/h). The liquid phase 
is sloWly cooled to +8° C. and kept at this temperature for 
one night. The liquid phase is then centrifuged at an accel 
eration of 12 000 G and at a How rate of 112 kg/h to give a 
liquid phase (76.2 kg/h) and a sediment-containing phase 
(35.8 kg/h). The liquid phase is “re?ned glycerol-transes 
teri?ed corn oil”. Alternatively an improved product may be 
obtained by effecting the centrifugation in three steps, eg at 
+20° C., +10° C. and +5° C. 

[0058] The process is characterised by a slight percentage 
reduction in the mono-glyceride component in the re?ned 
glycerol transesteri?ed corn oil as compared to the starting 
material (eg 35.6% compared to 38.3%). 

[0059] A typical analytical comparison betWeen the sedi 
ment and clear solution is as folloWs: 

Compound Sediment (%) Clear Solution (%) 

Mono palmitate 19.1 3.4 
Mono linoleate + 23.4 27.0 
Mono oleate 
Mono stearate 5.7 <2 
Dilinoleate + 35.4 44.7 
Dioleate 
Other di-glycerides 7.7 10.4 
Tri-glycerides 8.7 12.5 

[0060] In a variant of this re?ning procedure, similar 
“re?ned glycerol-transesteri?ed corn oil” compositions may 
be obtained by heating the starting material to +80° C. for 
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one hour under nitrogen. Then the heated material is cooled 
doWn to +16° C., While agitated slightly, using a 1° C. 
difference betWeen temperature of the material and tempera 
ture of the cooling ?uid. The cooled material is maintained 
at +16° C. for about 12 hours, While agitated slightly, and 
then cooled doWn to about +8° C. Precipitate is then 
removed by means of a band ?lter under vacuum. 

[0061] In a further variant, similar “re?ned glycerol-trans 
esteri?ed corn oil” compositions may be obtained by heating 
the starting material to +75° C. under nitrogen and then 
cooling it doWn to +8° C. Within a period of 5 to 6 hours. 

[0062] In yet a further variant, similar “re?ned glycerol 
transesteri?ed corn oil” compositions may be obtained by 
heating the starting material to +80° C. for 1 hour and then 
cooling it doWn to +8° C. using a stepWise cooling proce 
dure. The cooling procedure comprises: cooling to +25° C. 
in 1 hour, maintaining at +25° C. for 8 hours, cooling to +20° 
C. in 0.5 hours, maintaining at +20° C. for 1 hour, cooling 
to +15° C. in 0.5 hours, maintaining at +15° C. for 1 hour, 
cooling to +10° C. in 0.5 hours, maintaining at +10° C. for 
1 hour, cooling to +8° C. in 0.5 hours, staying at 8° C. for 
2 hours, and ?ltering the batch through a 0.5 pm mesh ?lter 
under a pressure of 0.5 bars. 

[0063] A typical re?ned product obtained from these pro 
cedures contains the folloWing: 

Components 

Glycerides: 

mono 33.3 

di 52.1 
tri 14.6 
Fatty acids: 

palmitic acid (C16) 7.8 
stearic acid (C18) 1.7 
oleic acid (C18:1) 31.6 
linoleic acid (C18:2) 57.7 
Glycerol content <1% 

EXAMPLE 2 

[0064] Preparation of Oral Unit Dosage Forms 

Ex 2(a)/ Ex 2(b)/ Ex 2(c)/ Ex 2(d)/ Ex 2(e)/ 
COMPONENT mg mg mg mg mg 

Ciclosporin 50 100 50 50 100 
1,2-propylene glycol 37 38 80 19 160 
ethanol 75 135 50 67.5 100 
MAISINE 113 — — — — 

LABRAFIL 2125 CS — 344 40 172 80 

TWEEN 80 225 383 280 191.5 560 

Total per capsule 500 1000 500 500 1000 

[0065] The cyclosporin is dissolved in the 1,2-propylene 
glycol and ethanol With stirring at room temperature. 
MAISINE or LABRAFIL 2125 CS and TWEEN 80 are 
added to the obtained solution again With stirring. The 
obtained mixture is ?lled into hard or soft gelatine capsules. 
The hard gelatin capsules may be sealed, for example using 
the Quali-Seal technique. 
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[0066] Instead of ?lling the mixture in the indicated 
amount into unit dosage forms (i.e. hard gelatine capsules or 
soft gelatine capsules), a storage mixture may be prepared 
by combining the indicated components in the indicated 
ratios. Such storage mixtures may serve for exactly admin 
istering the required dosage to a patient, being in need of 
dosage other than simple multiples of the unit dosage form. 

EXAMPLE 3 

[0067] Preparation of Oral Unit Dosage Forms for Com 
pound Z 

Ex 3(a)/ Ex 3(b)/ Ex 3(c)/ 
COMPONENT mg mg mg 

Compound Z 50 50 50 
1,2-propylene glycol 100 112.5 115 
MAISINE 175 — — 

LABRAFIL 2125 CS — 90 115 

TWEEN 80 175 247.5 345 

Total per capsule 500 500 625 

[0068] The cyclosporin is dissolved in the 1,2-propylene 
glycol With stirring at room temperature. The MAISINE or 
LABRAFIL 2125 CS and TWeen 80 are added to the 
obtained solution again With stirring. The obtained mixture 
is ?lled into hard or soft gelatine capsules. The hard gelatin 
capsules may be sealed, for example using the Quali-Seal 
technique. 

[0069] Instead of ?lling the mixture in the indicated 
amount into unit dosage forms (i.e. hard gelatine capsules or 
soft gelatine capsules), a storage mixture may be prepared 
by combining the indicated components in the indicated 
ratios. Such storage mixtures may serve for exactly admin 
istering the required dosage to a patient, being in need of 
dosage other than simple multiples of the unit dosage form. 

EXAMPLE 4 

[0070] Bioavailability in Dogs 

[0071] The biopharmaceutical properties are tested using 
the pharmaceutical composition in the form of unit dosage, 
gelatine capsules containing Ciclosporin or Compound Z. 
The pharmaceutical compositions are tested by orally 
administering the forms to 8 male beagle dogs in a cross 
over design. The pharmacokinetic pro?le of Ciclosporin or 
Compound Z is determined in Whole blood over 24 hours. 
The areas under the curve of the blood concentration versus 

time curves (AUC), CrnaX and TrnaX are determined. 

[0072] Forms: A dose 50 mg Ciclosporin/dog using the 
forms of examples 2(a), 2(c), 2(d), 3(a), 3(b), 3(c). 

[0073] Drug administration: 

[0074] 8 male beagle dogs Weighing around 12 kg are 
used. TWenty hours before the drug administration, food is 
WithdraWn but the animals are alloWed free access to Water 
until the beginning of the experiment. The dosage forms are 
administered by gavage to the animals, early in the morning 
(approx. 8.00 am), and are folloWed by 20 ml NaCl 0.9% 
solution. Three hours after the administration, the animals 
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are again allowed free access to Water and food. A one Week 
Wash-out period is necessary between 2 administrations to 
the same animal. 

[0075] Blood sampling: 

[0076] Blood samples of 2 ml (or 5 ml for the blank 
sample) are taken from the vena cephalica (forearm) With a 
sterile needle (diameter about 1.2 mm) and collected into 5 
ml plastic tubes containing EDTA at —15 min, 30 min, 1 hour, 
1.5 hours, 2 hours, 3 hours, 4 hours, 6 hours, 8 hours, 12 
hours and 24 hours after the oral administration of the drug. 
The blood samples are stored at about —18° C. until drug 
assay. The blood samples are analyZed by radioimmunoas 
says (RIA). The median blood concentrations of Ciclosporin 
or Compound Z in dogs are plotted. The areas under the 
blood drug concentration versus time curves (AUC) are 
calculated using the trapeZoidal rule. An analysis of variance 
(CV) is performed and the mean AUCs, CrnaX and TrnaX are 
compared statistically by the Tukey test. The results 
obtained are shoWn in the folloWing table. 

AUcUi24 h Cmax TmaX 
Mean CV Mean CV Mean CV 

Composition [ng.h/ml] [%] [ng/ml] [%] [h] [%] 

EX 2(a) 4220 13 814 15 0.9 26 
EX 3(a) 9857 25 1545 14 1.3 61 
EX 2(0) 3459 23 806 15 0.8 36 
EX 2(d) 4065 21 884 31 0.9 40 
EX 3(b) 8767 29 1146 23 1.3 30 
EX 3(c) 11558 23 1729 18 1.1 21 

[0077] The behaviour and body Weight of the animals are 
monitored during the study. No body Weight loss or abnor 
mal behaviour can be detected. The compositions have a 
therapeutically effective bioavailability. 

EXAMPLE 5 

[0078] Clinical Trial 

[0079] The pharmaceutical properties of the pharmaceu 
tical composition in humans are compared to those of 
Ciclosporin market form in a human trial. The pharmaceu 
tical compositions are tested by orally administering the 
forms to 18 healthy volunteers in a cross-over design, under 
fasted and fed conditions. The pharmacokinetic pro?le of 
Ciclosporin is determined in Whole blood over 24 hours 
using a speci?c monoclonal antibody. The areas under the 
curve of the blood concentration versus time curves (AUC), 
CrnaX and TrnaX are determined. 

[0080] Three times 200 mg of Ciclosporin, in a form 
corresponding to the form of eXample 2a, is administered 
orally under fasted and fed conditions. For comparison, 
three times 200 mg of Ciclosporin, in the form of the 
Ciclosporin market form, is administered orally under fasted 
conditions. Blood samples of 2 ml (or 5 ml for the blank 
sample) are taken With a sterile needle and collected into 5 
ml plastic tubes containing EDTA at —15 min, 30 min, 1 
hour, 1.5 hours, 2 hours, 3 hours, 4 hours, 6 hours, 8 hours, 
12 hours and 24 hours after the oral administration of the 
drug. The blood samples are stored at about —18° C. until 
drug assay. The blood samples are analyZed by radioimmu 
noassay (RIA) using a speci?c monoclonal antibody. The 
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median blood concentrations of Ciclosporin are plotted. The 
areas under the blood drug concentration versus time curves 
(AUC) are calculated using the trapeZoidal rule. An analysis 
of variance (CV) is performed and the mean AUCs, CrnaX 
and TrnaX are compared statistically by the Tukey test. The 
results obtained are shoWn in the folloWing table. 

AUcUi24 h CmaX TmaX 
Mean CV Mean CV Mean CV 

Composition [ng.h/ml] [%] [ng/ml] [%] [h] [%] 

EX 2a 4013 16 964 20 1.5 24 

(fasted) 
EX 2a (fed) 4066 18 918 33 1.7 37 
Market 2958 35 637 41 2.3 52 

(fasted) 

[0081] Also the relative bioavailabilities are: 

[0082] Example 2a (fasted): 151 

[0083] Example 2a (fed): 159 

[0084] Market form (fasted): 100 

[0085] The results indicate that intra-subject variability in 
blood concentration is reduced more than tWo fold With the 
formulation of eXample 2a. Also the effect of food intake on 
bioavailability is small. Further, the ratio CrnaX AUC (Which 
gives an indication of rate of absorption) is up to 30% higher 
With the formulation of eXample 1. Moveover, the eXtent of 
absorption is up to tWice greater, although on average 1.5 
times, With the formulation of eXample 1. Consequently the 
pharmaceutical compositions have much better pharmaco 
kinetic properties than the market form. 

What is claimed is: 
1. Apharmaceutical composition in the form of an emul 

sion preconcentrate and comprising a cyclosporin in a 
carrier medium, the carrier medium comprising: 1) a hydro 
philic organic solvent, 2) (a) a miXed mono-, di-, and 
tri-glyceride or (b) a transesteri?ed and polyethoXylated 
vegetable oil, and 3) a polyoXyethylene-sorbitan-fatty acid 
ester surfactant. 

2. A composition according to claim 1 in Which the 
hydrophilic organic solvent is selected from 1,2-propylene 
glycol and miXtures of 1,2-propylene glycol and ethanol. 

3. A composition according to claim 2 in Which the 
hydrophilic organic solvent comprises a miXture of 1,2 
propylene glycol and ethanol; the ethanol comprising 25 to 
85% by Weight of the organic solvent. 

4. A composition according to claim 1 in Which compo 
nent (2) is a miXed mono-, di-, and tri-glyceride comprising 
a trans-esteri?cation product of a vegetable oil. 

5. A composition according to claim 4 in Which the miXed 
mono-, di- and tri-glycerides comprise at least 60% by 
Weight C18 unsaturated fatty acid mono-, di- and tri-glycer 
ides and less than 20% by Weight, saturated fatty acid 
mono-, di- and tri-glycerides. 

6. A composition according to claim 4 in Which the miXed 
mono-, di-, and tri-glycerides at least 70% mono- and 
di-glycerides, based on the total Weight of component (2)(a). 

7. A composition according to claim 6 in Which the miXed 
mono-, di-, and tri-glycerides comprise from about 30 to 
about 40% by Weight monoglycerides, from about 40 to 
about 55% by Weight di-glycerides, from about 7.5 to about 
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20% by Weight of triglycerides, and less than about 10% by 
Weight free glycerol, based on the total Weight of component 
(2)61) 

8. A composition according to claim 1 in Which compo 
nent (3) has an HLB value of at least 10. 

9. A composition according to claim 8 in Which compo 
nent (3) is a polyoXyethylene(20)sorbitanmonooleate. 

10. A pharmaceutical composition in the form of an 
emulsion preconcentrate and comprising from about 7.5 to 
about 15% by Weight of a cyclosporin in a carrier medium, 
the carrier medium comprising: 1) about 15 to about 30% by 
Weight of the carrier medium of a mixture of 1,2-propylene 
glycol and ethanol, 2) about 20 to 35% by Weight of the 
carrier medium of a miXed mono-, di-, and tri-glyceride 
comprising about 0.2% free glycerol; about 32 to 36% 
mono-glycerides; about 46 to 48% di-glycerides; about 12 to 
15% tri-glycerides; and about 1% free oleic acid, based on 
the Weight of component (2), and 3) from about 30 to about 
60% by Weight of the carrier medium of a polyoXyethylene 
sorbitan-fatty acid ester surfactant. 
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11. A composition according to claim 10 in Which com 
ponent (3) is a polyoXyethylene(20)sorbitanmonooleate. 

12. A composition according to claim 1 in unit dosage 
form. 

13. A composition according to claim 10 in unit dosage 
form. 

14. A composition according to claim 1 further compris 
ing an aqueous phase to form an emulsion. 

15. A composition according to claim 10 further compris 
ing an aqueous phase to form an emulsion. 

16. A process for the production of a pharmaceutical 
composition as de?ned in claim 1, Which process comprises 
admixing a cyclosporin; an organic solvent; a miXed mono-, 
di-, and tri-glyceride or a transesteri?ed and polyethoXylated 
vegetable oil; and a polyoXyethylene-sorbitan-fatty acid 
ester. 


