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Descriplion

[0601] The invention deals with the transport of preferably large molecules across nasal mucosa by means of spe-
cially designed, highly adaptable carriers joaded with said molecules. One of the purposes of making such formulations
is to achieve non-invasive systemic delivery of therapeutic polypeptides, proteins and other macromoleculas; the other
intent is {0 overcome circumstantially the blood-brain barrier by exploiting the nasal cavity to enter the body and then
to getaccess to the brain. A third intent is to achieve successful protective or tolerogenic immunisation via nasal antigen
or allergen administraticn.

[0002] Nasal delivery has been explored extensively over the last decades and was discussed repeatedly as an
alternative to the systemic delivery of drugs, especially peptides and proteins, which normally must be injected. Nasal
delivery also attracted interest owing to the fact that it avoids the hepatic first-pass effect, the problem of degradation
in nasal cavity notwithstanding, which creates a pseudo-first-pass effect (Sarkar, 1992). The latter difficulty prompted
chemical or recombinant structural peptide or protein modificaticns to improve the stability and minimise the enzymatic
cleavage of macromclecules in the nose (Wearley, 1991).

[0003] Sorne earlier reviewers (llium, 1991; Wearley, 1991) expected that transnasal peptide delivery, supported by
absorption enhancers, will provide a cenvenient, efficient means for the administration of protein and peptide thera-
peutics. More recent surveyors tcok less optimistic stance, however (Harris, 1993). Rapid metabolism and nonlinear
pharmacokinetics of nasally delivered peptides (Wearley, 1991) are partly responsible far this. The other reasons are
the anatomical and temporal barriers presented by the nasal mucesa (Sarkar, 1992), and especially the intolerable
side ettects of most, if not all, methods currently in use tor nasal delivery. This nolds aiso true for efforts to deliver
compounds with the aim 10 generate a protective immune response transnasally, which would represent a more natural
way of antigen presentation than encountered by conventional injection. The adverse side effects cbserved with tran-
snasal immunisation experiments are mainly due te the presence of immunoadjuvants (such as Cholera toxin (CT) or
its fragment B, heat {abile protein from E. coli, keyhole limpet hemocyanin, or other substances with ADP-rybosilating
activity, for example)}, and/or melecules with a permeation enhancing activity, in addition to the antigen in the formulation
for nasal delivery. While the former may be toxic, the latter are irritating to the immunised subject. Selectivity of immune
response, morgover, cannot be achieved with unspecific stimulatory agents. Moreover, there is substantial variability
in the resulting immune response after nasal antigen administration, probably due to the difficulty of depositing the
immunogen on the sites in the nasal cavity with the lowest transbarrier transport resistance.

[0004] The human nasal cavities with a iotal volume of 15 mL and a total surface area of 150 ¢ - which amounts
to more than 1 m2 if ane allows for the surface corrugations - are covered by mucus and a mucosa 2 mm to 4 mm
thick. Mcst of the cavity surface is lined by a respiratory epithelium, comprised of columnar celis, goblet cells, and
ciliary cuboidal cells. The resulting permeability barrier is related to that of the aral cavity, with which it communicates
and which is covered by a keratinised barrier tissue. In either case, the cells in the barrier are tightly packed and often
sealed with the specialised intercellular lipid arrangements. Moreover, in either case, the permeability barrier is lowered
by the topical use of substances which compromise the quality and packing of such lipidic seals and/or which increase
the probability for molecular partitioning inte the barrier. Deviant from the situation encountered in the mouth, from the
nose foreign substances are cleared into the nasopharynx by the cilla, with an average speed of 5 mm/min. An exception
is the upper region of nasal cavity, which contains no cilia but is covered by a pseudo-stralified olfactory neurcegithe-
lium. The nasal subepithelum contains a dense vascular network and the venous blood from the nose passes directly
into the systemic circulation.

[0005] Nasal route of delivery has been relatively unsuccessful to date when used for high molecular weight sub-
stances. Use of permeation enhancers did not improve the situation sufficiently, largely due to the fact that such sub-
stances are generally poorly tolerated and of limited usefulness. The pharmacedynamics resulting from nasal drug
delivery is also highly variable. Major reasons for this are the inconsistency in the site of deposition or in the delivery
details, as well as changes in the mugous secreticn and mugociiiary clearance; he latter are cornpounded especially
by the presence of allergy, hay fever, and the common cold in treated subjects (Harris, 1983). Protein degradation in
mucosa is important as well (Sarkar, 1992), Despite this, numerous studies were done with buserelin, vascpressin,
cholecystokinin, calcitonin, growth hormene and related substances (e.q. GHRH), erythropoistin, G-CSF, interferon,
insulin, gonadotropin hormone releasing hormones (GrRH), and vascopressin analogues, the results of which are re-
viewed briefly in the following.

Systemic delivery of large drugs through the nose

[0006] Hexarelin (GH analogue; MW = 800). The GH response to the intranasal hexarelin administration (about 18
ng/kg) was not significantly higher than that induced by an injection of 1 pg GHRH/kg (Ghigo et al., 1998). On the other
hand, the former kind of treatment did not significantly modify IGF-| but increased IGFBP-3 levels. Both IGF-I and
IGFBP-3 levels were slightly but significantly increased by oral treatment with the drug as well (Ghigo &t al., 1998).




20

25

30

35

40

50

55

EP 1031 347 A1l

[0007] Intranasal treatment with ectreotide nasal powder, a somatostatin analogue {(up to 2 mg TID, cerresponding
to a mean GH value below 5 pg/L during 8 daytime hours), was well tolerated, with only mild side effects and no
significant changes in the nasal mucosa. An improvement of the clinical picture was registered in all patients after a
few days of cctreotide nasal powder administration, Positive correlation was found between GH and IGF-l, GH and
IGFBP-3, IGF-] and IGFBP-3, insulin and IGFBP-3 and insulin and 1GF-! during chranic (3-6 manths) treatment (Invitti
et al., 1596).

[0008] Chclecystokinin (MW = 1050). The carboxy terminal octapeplide of cholecystokinin (CCK-8) has similar func-
tions as native cholecystokinin (CCK]), but lacks receptor selectivity and metabolic stability. Mediation of satiety via the
A-receptor subtype can be used for managerment of obesity. This was also shown after intranasal administration of
Hpa(SO3H)-Nle-Gly-Trp-Nle-MeAsp-Phe-NH2, the result of moving the N-methyl group from Phe te Asp, which inhib-
ited feeding in beagle dogs (Pierson et al., 1997).

[0009] After intranasal (10 ug} and intravenous (0.25 ng and 2.5 pug) administration of an octapeptide derivative of
cholecystokinin, the substance CCK-8 was shown to affect the auditory event related potential (AERP) in 20 healthy
subjects, The effect was stronger in women than in men {Pietrowsky et al., 1996). Plasma CCK-8 cancentrations after
intranasal administration of 10 g CCK-8 were comparable to those of 0.25 ug CCK-8 given i.v., but ware substantially
lower than those elicited by 2.5 ug CCK-8 (Pietrowsky et al., 1936).

[0010] Vasogressin (MW = 1054), Vasopressin DGAVP (2 mg) was administered intranasally and crally to healthy
subjects for 1 week. Peak levels were always observed at 15 min, The mean absarption and elimination halt-life (around
8 min and 35-38 min, respectively) were similar for the two tested routes of administration, but the iatter only had 0.7
% relative bioavailabiiity (Westenberg et al., 1994),

[0011] In a double-blind, crossover study, subjects received on three ditferent cccasions 20 U of (argininejvaso-
pressin {(AVP) intranasaily (IN}, or 1.5 1U of AVP and saline solution i.v.. Evoked potentials (ERPs) were recorded during
the subject's performance on a auditory attention task. Piasma concentrations of vasopressin during task performance
were enhanced after AVP, with the increase after j.v. administration of AVP exceeding 2000-fold that after AVP jv..
Intranasal administration of AVP substantially increased the P3 component of the ERP in contrast to the injection
(Pietrowsky et al., 1996).

[0012] Acuts (2 mg) and chrenic, 2 weeks treatment (1 mg/day) with nasal DGAVP revealed an improved short-term
memory for abstract words in males but not in females, with ne positive effect on leaming concrete words. Chronic,
but not acute, treatment with DGAVP reduced the reaction time for scanning of digits in 2 memory comparison task
(Sternberg paradigm} in both sexes {Bruins et al., 1995). In a different human study, arginine-vasepressin (AVP: 3x10
U} enhanced memory performance after nasal administration. The late positive complex (LPC} elicited by oddball
stimuli was not affected whareas the structural encoding task revealed an effect of the drug. In both studies, AVP intake
resulted in a marked change of the scalp distribution of the P3 component, which is a prominent part of the LPC.
Vasopressin was thus concluded to influence the central nervous processing of the emotional content of stimuli {Nau-
mann et al., 1991).

[0013] Subchronic treatment with vasopressin {40 W day) was shown 1o enhance nocturnal slow-wave sleep in 2
elderly subjects (Perras et al., 1996) However, the intranasal administration of vasopressin (DDAVP: 30 or 60 micro-
grams) had no general effect on pain perception in humans, but some other effecls were cbserved (Penl et al., 1398).
[0014] Buserelin (MW = 1239). Treatment of 40 wemen with endometriosis and 10 women with uterine leiomyoma
by using GnAH agonist buserelin (200 pg, 3x daily, 8 months, intranasally) reduced AFS mean pelvic score from 24
to 7 and the size of the fibroids decreased by 63 % (Biberoglu et al., 1991).

[0015] Calcitonin (MW =3432). ichikawa et al. (1994} cancluded that nasal (5, 10, 20 and 40 U/rat) and subcutaneous
{5, 10 and 20 U/kg) administration of Salmon calcitoninon alternate days for 3 weeks, starting a week after ovarectomy,
prevented the osteopenic changes, the invasive method being approximately 2-times more effective.

[0016] In a double-blind trial, the effect of intranasal administration of Salrmon calcitonin on biochemical parameters
of bene turnover in 32 patients immobilised for a prolapsed intervertebral disk was investigated {van der Wiel et al.,
19893). Calcitonin in a dose of two times 200 IU/day inhibited by 40 % the increase in the fasting 2 h urinary hydroxy-
praline/creatinine ratio (QHP1/Cr) and lowered by BO % the increase in calcium/ creatinine ratio {Ca/Cr). The decrease
in serum 1,25-dihydroxyvitamin D after 10 days of immobilization was significantly less in the calcitenin-treated group
than in the placebo group (14 versus 29%, respectively; P < 0.05). However, intranasal calcitonin, which was well
tolerated, did not influence the pain scores as measured with a visual analog scale {(van der Wigi et at., 1993).
[0017)] Growth hermone (GH) reieasing factor/s (MW = 5040). The current mode of growth hormene replacement
therapy is daily subcutaneous {s.c.} injections given in the evening. This schedule is unable to mimic the endogenous
pulsatiie pattern of GH secretion, which might be of importanice for the induction of growth and other GH actions
{Laursen et al., 1996).

f0018] To simulate endogenous production of growth hormone the protein was administered on three occasions
intranasally in doses of 0.05, 0.10 and 0.20 (U/kg, using didecanoyl-L-c. -phosphatidylcholine as an enhancer (Laursen
et al., 1598). On the other two occasions the patients received an s.¢. injection (0. 16 [U/kg) and an i.v. injection (0.015
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IUkg) of GH, respectively. The nasal doses and the s.¢. injection were given in randorn order in a crossover design.
Intravenous adrninistration produced a short-lived serum GH peak value of 128 pg/l.. Peak levels were around 14 ug/
L after s.c. Injection (50 % bicavailability) and between 3 ug/L and 8ug/L, respectively, after the three nasal doses
{bioavailability between 4 % and 9 %). Secum insulin-like growth factar | {IGF-} lavels increased significantly after s.
c. administration only. However, the data revealed that a closer imitalion of the physiolegical GH puises was achieved
via the nose. Despite this the awthors of the study concluded that GH administration is of limited importance for the
induction of a metabolic response to GH (Laursen et al,, 1996).

[0019] GHRP-2is one of the most potent members of the GHRP family, which exerts its biclogical activity after oral,
intranasal and i.v. administration. For example, the children who had a robust respense to the injected GH-releasing
factors also received intranasal GHRP-2, with significant, but not quantitated, response over a dose range of 5-20 pg/
kg per dose (Pihoker et al., 1995).

[0020] Insulin (MW = 5808). The problem of low bioavailakility of insulin solutions given through the nasal mucesa
was improved by using absorption enhancers or bioadhesive microspheres (Gizurarson & Bechgaard, 1991; llium &
Davis, 1992). Bioavailability greater than 16 % was measured but to date no corresponding formulation has found its
way into the late clinical irials. The chief reason for this appears to be the severe damage {o nasal mucosa caused by
the commenly used permeation enhancers.

[0021] For example, following the administration of powder formulations comprising insulin and the permeation en-
hancer sodium taurc-24,25-dihydrofusidate {STDHF), the hypoglycaemic response and the serum insulin ievels in
sheep increased with STDHF/insuiin molar ratio in the range 0 te 16.8 {Lee etal., 1991). The reason for thisis increased
mucosal paermeability as well as reduced insulin aggregate size. The bioavaiiability ranges from 2.9 % to 37.8 % for
the powder, and was reported to be 15.7 % and 37.4 %, respeclively for the drops or spray containing STDHF/Ansulin
= B.4/1 mixture, and rcughly proportionally to the enhancer concentration (Lee et al., 1991). To achieve a high bica-
vailability major changes in nasal mucosa had to be tolerated, however.

[0622] Inhumans, the 200 U insulin/mt formulation containing a blend of enhancers {didecanoyi-phosphatidylcholing
(2 w-%), glycero!l {1.6 w-%), 0.4 w-% fractionated coconut oil) and 0.2 w-% cholesterol resulted in appr. 8 % biocavail-
ability, the highest values having been measured for the high dose (2x3 sprays of 50 uL each), which alsc was most
irfitant {Drejer et &l.,, 1991).

{0023] Cyclodextrins dissociate insulin hexamers into smaller aggregates, in dependence on structure and concen-
tration. Hexamer dissociation was therefore speculated to be the reason for higher nasal absorption of the polypeptide
(Shao et al., 1992). The relative effectiveness of various cycledextring for this purpose was reported to decrease from
dimethyl-B-cyctodextrin (DM-B-CD) » a-cyclodextrin («-CD) > B-cyclodextrin (3-CD), hydroxypropyl-B-cyclodextrin (HP-
£-CD) > y-cyclodextrin (gamma-CD}. A direct relationship between absorption promotion and nasal membrane protein
and lipid release was invoked to explain such sequence (Shao et al., 1992).

[0024] Itis less clear why cationic chitosan enhances the abserption of insulin across the nasal mucosa of rat and
sheep in a concentration dependent fashion, with optimum concentrations higher than 0.2 % and 0.5 % in rats and
sheep, respectively, but overall efficiency of this procedure is only around 10% {llium et al., 1984}. Using didecanoyl-
L.-a-phosphatidylcholine as an enhancer results in 4 % t0 9 % of nasal insulin bioavailability (Laursen et al., 1996).
[0025] G-CSF (MW = 19600). The relative bioavailability of rhG-CSF administered nasally in the rat was approxi-
mately 2%, compared to an s.c. injection, as evaluated from the immunologically active rhG-CSF concentration in rat
plasma and the area under the curve (AUC) at t=8 h. Leukocyte stimulation counts suggested 5-10% availability at
t=48 h. Retlative bioavailability and pharmacclogical availability were increased 23 times and 3 times, respectively, by
polyoxyethylene 9-laury! ether (Laureth-8), but no increase in availabifity occurred with sodium glycocholate (Machida
etal., 1993},

[0026] Absorption of dissolved recombinant human granulocyte colony-stimulating factors {rhG-CSF at pH 4))
through the nose of rabbits was investigated with dimethyl-B-cyclodextrin added or without such excipient, which acts
as barrier permeation enhancer. The proteins were absorbed and the total leukocyte numbers in peripheral blood
increased in either case, but excipients improved the absorption of rhG-CSF appreciably (Watanabe et al., 1993). A
subsequent pharmacokinetic and pharmacaedynamic study (Watanabe et al., 1995) revealed that protein is absorbed
through the nasal cavity from a soluticn, especially in the presence of alpha-cyclodextrin (x-CyD), which can act as
carrier in the membrane. Good correlation was found between the logarithm of the area under the serum G-CSF
concentration-time curve (AUC) and the area under the increased total blood leukocyte count-time curve (Watanabe
et al., 1995).

[0027] [Intederon (MW = 23000). Treatment of experimental rhinovirus colds in 38 adults by intranasal administration
of recombinant interferon beta serine (MW = 18500) had no effect cn illness rate or severity, but did decrease the
frequency of virus shedding by the factor of 2 {on day 4} to 3 (on day 8). The course of middle-ear dysfunction associated
with experimental colds was also positively affected by the drug (Sperber et al., 1992).

[0028] Enythropoietin (MW = 30400}, The pharmacological availability of rh-EPQO after intranasal administration with-
out enhancers was compared to that of intravenous injections. The pharmacological activity was enhanced in low pH
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and hypotonic mannitcl solution, which both compromise the barrier quality. This resulied in relative bioavailability of
nasally applied drug between 7 % and 4 %, when estimated by different reticulocyte counting methods. (Shimoda et
al., 1995).

[0029] Labelled dextrane (MW = 4100, 9040, 17509}, applied nasally at the dose of 6.5 mg, was seen lg pass mucosa
in the presence of glycocholate (3 mg) and found in the blood in concentration range between 6 ng/mland 21 ng/mL,
which corresponds to app. 0.05 %, 0.02 %, and 0.01 % for the three molecular sizes, respectively (Maitani et al.,, 1989).
[00301 In summary, the combined teachings of the prior art dermonstrated that the likelihood of large melecules to
pass nasal mucosa decreases strongly with increasing molecular weight, To date, the size of molecules administered
successfully through the nose is typically < 1300 Da, and always below 3500 Da. Significant transport is achieved only
with supperting permeation promotors and is, in a certain concentration range at least, proporticnal to the enhancer
concentratian, Enhancer concentratian in the percentile rangs can ensure up to 3¢ % drug {ar label} bioavailability bt
more ¢ften values below 10 % and typically of a few percent are obtained. High transfer efficiency is accompanied with
strong loca! tissue damage. This causes unpleasant acute side effects and may, first, abrogate the nasal permeability
barrier and, upon repeated use, provoke extensive keratinisation of the epithelium that finally reduces transnasal trans-
part efficiency.

[0031] The success of transnasal transport is believed to rely on the loosening of ciliated-gotlet, goblet-goblet, or
ciliated-ciliated cell contacts, which also opens passages for the motion of water {McMartin et al., 1987). Procedures
or substances which support the process either osmotically (as in the case of polysaccharide addition), physico/chem-
ically (as in the case of surfactant addition) or biologically {as in the ¢ase of molecules which affect the ¢all biochemistry,
including many drugs, cell adheston or trans- and epicellular transport}, can therefore improve drug delivery across
the nasal mucosa. Translocation through the cells is possible, but probably rare, except, maybe, in the cases of some
viral infections or applications. Materials, such as polymers of polyelectrolytes, which prolong the retention time of and
increase the proximity between the molecules to be transported and cellular membranes, are useful for the purpose
as well. The limit to this latter effect is set by ciliary motion, which tands to clear mucosal surface approximately every
30 min and transports the superficial material into the throat, and thus towards the gastrointestinal tract. Transpoert
mediated by certain particles was contended to rely on this effect.

Particle delivery through the nose

[0032] Inhaled tine particles (Kanto loam dust, fly ash, carbon black, diesel exhaust particles (DEP), and aluminium
hydroxide {alum}} appear to act as adjuvants, and accelerate the production of IgE antibody against pollen in female
BDF1 mice; however, the nature of the particles, their capacity to adsorb antigens, and/or their size seem 10 play only
minor role in the process (Maejima et al., 1897).

[0033] Hollow spheres, according to Ting et al. (1992), are unsuitable for nasal delivery, owing to their rapid clearance
and variable deposition pattern. Polyvinyl alcohol microparticles in the form of collapsed, solid spheres with the desired
size lor nasal deposition (10-200 pm) were therefore produced by spray-drying and spray-desclvation (Ting et al.,
1992).

[0034] The above observation notwithstanding, several kinds of particutate suspensions were used in the nose,
typically to elicit antibodies against the particle-associated antigens.

[0035] This includes so-called protecsomes comprising gp160 (Lowell et al., 1997} or influenza virus proteins. An-
other example are particles made from polymerised carbohydrates coated with a lipid (bijlayer.

{0036] Itis impertant to realise, however, thatin any nasal uptake study one shouid consider and allow for secondary
redestribution. For example, the biodistribution of radicactivity from the purified major Parietaria judaica allergen aftar
sublingual, oral, and intranasal administration in healthy human volunteears is similar. This is indicative of test material
swallowing and absorption in the gastrointestinal tract {Bagnasco et al., 1997). In the intranasal case, transport to the
pharynx by mucociliary clearance plays an important role as well, but a relevant fraction of the tracer is retained on
the nasal mucasa for up to 48 hours after administraticn {Bagnasco &t al., 1897).

Cral spill-over and the danger of false positive results

[0037] Proteins are absorbed in the gastrointestinal tract, albeit in small quantities. For example, ovalbumin (QVA)
is absorbed in the stomach as well as from the Gl tract into the blood and lymph circulation at levels of 0.007-0.008 %
and 0.0007-0.002 % of applied dose; a higher dose in the latter case leads to relatively higher absorption {Tsume et
al., 1996). Stomach absorption supplies nearly exclusively the blood, suggesting different mechanisms and/or routes
of absorption between the stamach and the small intestine, OVA association with liposomes can improve the uptake
about 2 to 3-fold, possibly owing to slower enzymatic degradation of OVA,

[0038] Often, the result of nasal and oral immunisation are very similar, suggesting that part of the effect of the former
may be due to the spill over of the antigen into gastro-intestinal tract. Data cbtained with human adenovirus type 5,
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used as a vector for heterologous DNA sequences, illustrate this (Flanagan et al,, 1997).
Transnasal delivery Into the central nervous tissue (CNS)

[0039] The access of substances to the brain is of paramount importance for the treatment of psychiatric and neu-
rolagic diseases. Transnasal route of delivery into the CNS was therefare tested for a few selected bioactive molecules,
[0040] To date, drug delivery into the CNS tissue by nasal administration has received little attention {Pesechnik &
Price, 1996). Wheat-germ agglutinin coupled to horseradish peroxidase was demonsirated to be taken up by the celis
of alfactory nerve, resulting in concentration in the olfactory bulb around 0.1 % of applied concentration; the underlying
principle is probably recepter-mediated endocytosis of WGA and subsequent trans-synaptic, retrograde transfer to-
wards the brain. A similar mechanism is also possible in the case of viral infections in the nose.

[0041] For example, an intranasal instillation of vesicular stomatitis virus {VSV), a negative-sense RNA virus, may
resuit in a lethal infection of murine and rat brain (Huneycutt et al, 1994}, Within 12 h following intranasal inoculation
of VSV, this antigen can be detected in the clfactory nerve layer of the ipsitateral olfactory bulb. Within 3-4 days post-
inoculation (p.i.), VBV had disseminated into the glomeruli of the olfactory buib as well as the anterior olfactory nuclei,
ipsilateral to the VSV instillation. Within the glomeruli, VSV antigen is more prevalent in the granule celis than in the
mitral cells. Correspondingly, the lateral olfactory tract, where axcns of mitral cells course, remain Y3V negative
throughout 7 days p.i.. By 7 days p.i., viral proteins are detected in several additional regions extending 10 the brainstem.
The pattern of VSV immunoreactivity supports the piciure of initial infection of the olfactory bulb glomeruli, with sub-
seguent spreads via both ventricular surfaces and retrograde transport within axons of neuromodulatory transmitter
systems enervating the olfactory bulb (Huneycutt et al, 1994).

[0042] Draghia et al. {1995} have demenstrated that it is possible to transfer the Escherichia coli lacZ gene in vivo
into the central nervous system structures of rats after nasal instillation of replication-defective adenoviral vector ARSY
beta gal. Mitral celis from the olfactory bulb, neurons from the anterior olfactory nucleus, locus coeruleus and area
postrema expressed beta-galactosidase for at least 12 days (Draghia et al., 1995). Parainfluenza type 1 vaccine virus
also directly accesses the central nervous systemn by infecting olfactery neurons (Mori et al., 1996).

[0043] However, it would be highly desirable to have & convenient and reliable transnasal transport system for the
compounds that are capabile of and intended 10 generate a protective immune response without simultancusly gener-
ating a variety of adverse side effects, Common types of non-invasive applicaticns, including oral immunisation, often
da not elicit the desired immune response. Many injectible vaccines also do not provide optimum antibody isotype
pattern, mainly due to the unnatural route of antigen entry into the body. Transnasal immunisation remains preblematic
owing to the large size of typical immunogen which is subject to similar restrictions as the transport of pharmaceutically
active compounds across the nasal mucosa.

[0044] In conclusion, although the prior art has tested various approaches o transnasal delivery it has hitherto faited
to provide a convincing principle for convenient and well tolerated transfer of compounds, such as pharmaceutically
active substances, immunogens/antigens or allergens, through the nasal barrier, in particular if said compounds are
targe. The solution to said technical problem, i.e. the provision of a suitable system, is provided by the embodiments
characterised in the claims,

[0045] Accordingly, the present invention relates to use of a penstrant, suspended or dispersed in a solvent, in the
form of a minute fluid droplet surrounded by a membrane-like coating of one or several layers of at least two different
substances or two different forms of a substance with the tendency o aggregate, said substances or forms of a sub-
stance differing by at least the factor of 10 in solubility in a preferably aqueous liquid medium, such that the average
diameter ot homo-aggregates of the more soluble substance or torm of the substance or the average diameter of the
hetero-aggregates consisting of both said substances or forms of said substance is smaller than the average diameter
of homo-aggregates of the less soluble substance or form of the substance and/or wherein the mere soluble component
1ends to solubilise the penetrating droplet and wherein the content of such component amounts to up to 99 mol-% of
the concentration required to sojubilise the droplet or else corresponds to up te 99 mol-% of the saturating concentration
in the un-sclubilised droplet, whichever is higher, and/cr wherein the elastic deformation energy of the dropiet sur-
rounding the membrane-like coating is at least 5x lower, more preferably is at least 10x lower and ideally is more than
10x fower than that of the red blood cells or of the phospholipid bilayers with fluid aliphatic chains, such droplets then
acting as carriers, for the transnasal administration of pharmaceutically active compounds or antigens or allergens.
{0046] These compounds, antigens or allergens do not cross the nasal mucosa in a practically meaningful quantity
on their own without causing inacceptable side effects.

[0047) As regards the above recited values ol up to 99%, it is 10 be noted that values below 50 % of the former
relative concentration are particuarly useful, with vaiues below 40 rel-% or even around and below 30 rel-% being
even more advantageous, whereas in the case of droplets which cannot be solubilised by the more soluble component
relative concentrations which exceed the above mentioned relative concentrations by the factar of up to 2 are most
preferred.
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[0048] Formulations including the above-referenced penetrants are described in detail in DE 41 07 152, PCT/
EP91/01596, PCT/EP96/04526, and DE 44 47 287, which are incorproated herewith by reference. Relevant information
usefut for penetrant manufacturing and loading with various macromolecular actives, which are teo big to permeate
through the barrier, is given in patent application PCT/EPQ8/Q675Q, also incorporated herewith by reference.

[0049] More general information on lipid suspensions can be found in the handbook dealing with 'Liposomes’ (Gre-
goriadis, G., ed., CRC Press, Boca Raton, Fl., Vols 1-3, 1987), in the book 'Liposomes as drug carriers’ {Gregoriadis,
G., ed., John Wiley & Sons, New York, 1988}, orin the laboratory manual ‘Liposomes. A Practical Approach' (New, R.,
Quxford-Press, 1989). The preperties of phospholipids, which can be used conveniently to prepare bio-compatible im-
munopenetrants, are reviewed in ‘Phospholipids Handbook' (Ceve, G., ed., Dekker, New York, 1995},

[0050] The manufacturing temperature for said penetrants is normally chesen in the 8°C to 95 °C range. Preferably,
one works in the temperature range 10-70 °C, most frequently at temperatures between 15 °C and 45 °C, under all
circumstances pelow the temperature at which any important formulation ingredient would undergo an irreversible
change in the composition or physical state. These temperatures can be determined by the person skilled in the art
using his common general knowledge and the teachings of the varicus documents cited in this specification. (For
reference: the skin temperature is normaliy aroung 32 °C.) Other temperature ranges are possible, most notably for
the systems containing freezable or non-volatile compaonents, cryo- or heat-stabilised formulations, etc..

{0051] If reguired to maintain the integrity and the desired properties of individual system compenents, carrier for-
mulations can be stored in the celd (e.g. at 4 °C), with or without associated active agents. It is also possible, and
sometimes sensible, to manufacture and store the preparation under an inert atmesphere, e.g. under nitrogen. The
shelf-lite of carrier formulation, moreover, can be extended by using substances with a small number ot double honds,
that is, by a low degree of unsaturation, by choosing peraxide-arm ingredients, by including antioxidants, chelators,
and cther stabilising agents, or by preparing the agent loaded penetrants ad hoc or in situ, e.g. frem g freeze dried or
dry mixture,

[0052] The term "two forms of a substance” in connection with this invention means two icnization states or salt
forms of the same substance, two different complexes of such substance, etc..

[0053] “Non-invasive administration” or “non-invasive delivery” in this specification denotes application on or trans-
port through the nasal mucosa.

[0054] “Nasaladministration”, in the context of this decument, refers to appiications of test material, whether by direct
intranasal intubation, spontaneous sniff of a drop of the test fluid, or an inhalation of the sprayed test-fluid into the nose,
independent of precise site of impact or deposition.

[0055] The term "penetration” in this application describes non-diffusive motion of large entities acress a barrier. This
process is believed to involve penetrant adaptation to the otherwise confining peres in the barrier, perhaps in association
with a transient, selective, and reversible decrease in the barrier resistance.

[0056] The term "permeation” refers to a diffusion across the semipermeable barrier and is typically driven by the
permeant ¢concentration gradient across the barrier.

[0057] A penetrant, consequently, is an entity comprising a sing'e matecule or an arrangement of molecules too big
to permeate through a barrier but capable 1o cross the bariier owing to the penetrants adaptability to the shape and/
or diameter of the otherwise confining passages (pores) of a barrier. This adaptability is seen from the fact, for example,
that penetrants more than twice bigger than the pore diameter will cross the bilayer without being fragmented down to
the pore size. A permeant, on the other hand, is an entity that can permeate through the semi-permeable barrier, such
as the skin. A panefrant in an exiernal field experiences a driving force proportional to the nominal penetrant size and
to the applied field, which may occur naturally. Such a force, which on the intact, non-cccluded skin is believed to
originate from the water concentration gradient across the stratum corneum, can result in a penetrant motion through
the barrier, including the skin, if the force is strong enough efther to deform the penetrant or else to widen the passages
in the barrier sufficiently to elude the problem of size gxclusion, or both,

[0058] A permeant, on the other hand, is & molecule diffusing, or at least capable of diffusion, across the semi-
permeable barrier.

[0059] The above-referenced penetrant is typically an ulira-adaptable entitly comprising several components. Said
penetrant, in the widest sense of the word, is a supra-macromolecular body that can pass spontaneously through the
permeability barrier with pores much smaller than the penetrant diameter, and thus transport material from the appli-
cation to the deatination site on either side of the barrier. In order to meet this goal, the penetrant must adjust its
properties, most nolably its deformability, 1o the shape and size of the pores in a barrier. This typically occurs under
the influence of a strong driving force or a pressure acting on all molecules in the penetrant. Gradients which do not
depend on the penetrant cencentration, such as hydration or external electric potential difference across the barrier,
were shown fo serve this purpose.

[0060) Lipid aggregates in (quasi)metastabie state, and of the nature described above in connection with the inven-
tion, most often behave as highly adaptable penetrants, especially when they have the form of a tiny droplet surrounded
by one ora few membranes (bilayers) (Cevc etal., 1997; Cevc et al.,, 1998). Owing to membrane metastability, unusually
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high local bilayer curvature can develap at the sites of transient, local membrane destabilisation without compromising
the overall aggregate integrity. From the compesition point of view, such ultra-adaptatble and self-reguiating vesicles
typically consist of a suitably chosen lipid mixture. 1n order to change conventional lipid vesicles, liposomaes, into the
optimised vesicles {Transfersomes) one can add, for example, suitable edge-activatars into the aggregate membrane
{Cevc et al., 1998). Alternatively, molecules which change the system deformability after complexation with or binding
to the basic aggregate ingredient can be used. Often, but not necessarily, the activators belong 1o the class of sur-
factants below the saturation or sclubilization concentration, which in the latier case gives rise to mixed micelies for-
mation. This is important as solubilised lipids, in the farm of mixed lipid micelles, can cross the pores sufficienily wider
than the micella diameter but are incapabie of enforcing channe! cpening in the biclegical tissues, which can be widened
and trespassed by the mixed lipid vesicles, however. The postulated reason for this - to which the applicant does not
wish to be bound - is the much greater aggregation number of the latter kind of aggregate which translates into the
greater sensitivity to external, transport-driving gradients, such as the water activity gradient, and which is then capable
of paying the energetic price for the pore or channel opening in the barrier.

[0061] The present invention is, in view of the prior ant, particularly surprising since ultradeformable lipid vesicles
would seem unsuitable for the purpose of transnasal delivery taken that they were reported to date to cross barriers,
such as skin, only under non-occlusive conditions, that is, in the presence of a strong trans-barrier water concentration
gradient {Cevc et al. 1995; Paul and Cevc, 1885}, which is believed not to exist in the strongly hydrated nasal mucosa.
[0062] It was unexpectedly found that macromolecules in association with highly adaptable penetrants, typically in
the form of mixed lipid vesicies, are transported across nasal mucosa despite the high water content in this mugosa
and in the exnaled air salurated with humidity. Concluding from the fact that several successiully 1ested formulations
of such carriers caused no irritation in the nose itis inferred that the aforementioned transport does not rely on damaging
the barrier, such damage being the reason for more conventional transport of macromolecules from a soiution across
the nasal muceosa. Rather than this, it is reasoned (wherein the applicant does not wish to be bound by theory) that
said transport relies on the carrier penetration through the barrier, which should not accur in a very humid surrounding.
[0063] Itis furthermare taught in accordance with the invention that increasing the concentration of the surface active
molecules, which can act as permeation enhancers, decreases the efficiency of corresponding protein transpor across
the nasal mugosa, at least when the solubilisation point of the carriers has been reached. This finding is unexpected
in view of the fact that the art teaches that the bicavaiiability of nasally administered macromolecules typically gets
higher with increasing permeation enhancer conceniration.

[0064] A third unexpected finding is that carrier-mediated delivery of macromolecules across the nasal mucosa can
mediate a relatively efficient transport of targe molecules inte the central nervous system (CNS), The influx is seen
relatively soon after the drug administration into the nasal cavity when the large molecules are associated with the
carriers. This could be due to the transport of carrier-associated drugs across the nasal mucosa and subsequent uptake
of drug-laden carriers into the offactory nerve, through which the drug could be carried towards and into the CNS by
the retrograde transport; such iranspoert has already been postulated and was tested with individual molecules {Pasech-
nik-V; Price-d. Exp. Opin. invest. Drugs; 5: 1255-1278); the approach was not used, to the best of the applicant's
knowledge, in combination with particulates to date. An alternative explanation wouid involve the carrier-mediated
macromolecular delivery into the peri-nasal lymphatic system, which has been reported to communicate with the central
nervous system (Kida-S; Pantazis-A; Weller-RO. Neuropathol. Appl. Neurobiol. 1993; 19: 480-448),

[0065] A fourth surprising result achieved in accerdance with the present invention is that the referenced penetrants
allow a successful and preferably profective transnasal immunisation with large immuncgens. The use of highly adapt-
abie antigen- or immunogen-carriers for the purposes of immunotherapy is expected to or has been shown in accerd-
ance with the present invention to provide all the benefits of more conventicnal nasal vaccinations in addition to the
salety and robustness of administration. Improved safety would reflect the choice of the non-toxic and non-irritating
carrier ingredients. Betier reproducibility could result from the greater ability of the specially designed carriers, com-
pared fo that of the antigens or immunoadjuvants used alone to overcome the nose barrier. Taken the expectation that
different carrier populations Icaded with the individual antigens could be combined into a final multi-valent vaccine
formulation the capability of invented technology t¢ meet the trend in immunctherapy is given.

[0066] It stands to reason that non-toxic and ,,gentle” formulations containing merely bio-compatible or natural, body-
like ingredients, which protect the body faster and/or better than the corresponding antigen injections, would be pre-
ferred to the latter and would have a substantial commercial value.

[0067] In accordance with the present invention itis recommended to choose the penetrant characteristics, especiaily
the deformability, concentration, or composition of the mixed lipid aggregates, so as 1o control the rate or the efficiency
of penetrant-mediated transport.

[0068] In the process of optimisation of the formulation and/or administration it may be convenient to determine the
flux of drug or agent loaded penetrants through the pores in a well-defined barrier as a function of suitable driving force
or pressure, which act across the barrier, and then to describe the data by a convenient characteristic curve which, in
turn, is employed to optimise the formulatien ar application further.
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[0069] The pharmaceutically acceptable form of the agent may be given in a variety of final formutations, optionally,
and depending on the purpose of the administration, in combination with diverse secondary agents. Such agents will
be explained in more detail laterin the text and may be, for example, bacterial compounds or other immunomodulations.
[Q070] Furthermore, the piesent invention relates to the use of a penetrant, suspended or dispersed in a solvent, in
the form of a minute fuid droplet surrounded by a membrane-like coating of cne or several layers of at least two different
substances or two different forms of a substance with the tendency 1o aggregate, said substances or forms of a sub-
stance differing by at least the factor of 10 in solubility in a preferably aqueous, liquid medium, such that the average
diameter of hormo-aggregates of the more soluble substance or ferm of the substance or the average diameter of the
hetero-aggregates consisting of both said substances or forms of said substance is smaller than the average diameter
of homo-aggregates of the {ess soluble substance or form of the substance and/or wherein the more soluble cemponent
tends o solubilise the penetrating droplet and wherein the content of such component amounts to up to 99 mol-% of
the concentration required to solubilise the droplet or else corresponds to up to 99 mol-% of the saturating concentration
in the un-solubllised droplet, whichever is higher, and/or wherein the elastic deformation energy of the droplet sur-
rounding the membrane-like coating is at least 5x lower, more preferably is at least 10x lower and ideally is more than
10x lower than that of the red blaod cells or of the phospholipid bilayers with fluid aliphatic chains as a carrier for the
preparation of a pharmaceuticat, preferably a vaccine composition for transnasal administration. It is preferred that
these molecules used on their own do not cross the nasal mucgsa in practically useful quantity without causing inac-
ceptable side effects.

f0071] The carrier is combined with the pharmaceutically active ingredient prior to the administration, e.g. when
formulating said pharmaceutical composition. As regards the further explanations, description cf advantages ete,, of
this and the following embodiments, reference is made to the respective description in connection with the first em-
bodiment described herein above. It is further to be understood in accordance with the present invention that maore
than one type of antigen, allergen or pharmaceutically active ingredient or combinations thereof may be formulated
intc said pharmaceutical composition.

[0072] Additionally, the present invention relates to the use of a penetrant, suspended or dispersed in a scivent, in
the form of a minute fluid droplet surrounded by a membrane-like coating of one or several layers of at least two different
substances or two different forms of a substance with the tendency to aggregate, said substances or forms of a sub-
stance differing by at least the factor of 10 in solubility in a preferably agueous, liquid medium, such that the average
diameter of homo-aggregates of the more soluble substance or form of the substance or the average diameter of the
hetero-aggregates consisting of both said substances or forms of said substance is smaller than the average diametar
of home-aggregates of the less soluble substance or form of the substance and/or wherein the more soluble component
tends to solubilise the penetrating droplet and wherein the content of such component amounis to up to 99 mol-% of
the concentration required to solubilise the droplet or else corresponds to up to 99 mol-% of the saturating concentration
in the un-solubilised droplet, whichever Is higher, and/or wherein the elastic deformation energy of the droplet sur-
rounding membrane-like coating is at ieast 5x lower, more preferably is at least 10x lower and ideally is more than 10x
lower than that of the red bicod cells or of the phosphalipid bilayers with fiuid aliphatic chains in combination with a
pharmaceutically active ingredient or an allergen or an antigen for the preparation of a transnasally administerable
pharmaceutical composition for the treatment of infective diseases, endocrine disorders, preferably hypopituitarism,
diabetes, hyperthyroidism, thyroiditis, most preferably Hashimoig's thyroiditis, subacute thyroiditis; adrenal disorders,
preferably Addison's disease, secondary adrenal insufficiency, Cushing's syndrome; gastrointestinal disorders, prei-
erably Crohn's disease, colitis; hemorrhagic diseases, preferably hemoephilia, leukopenia, hypereosinophilic syndrome;
musculoskeletal and connective tissue discrders, preferably rheumatoid arthritis, Sjégren's syndrome, Bechet's syn-
drome, lupus, sclercderma, polymyositis/dermatomyositis, polymyalgia rheumatica and temporal arthritis, polyarteri-
osis nodosa, Wegener's granuiomatosis, mixed connective tissue disorder, ankylosing spondylitis, psoriatic arthritis,
osteoanhritis, Paget's disease, sciatica, bursitis, tendonitis or tenosynavitis, epicondylitis, fibromyalgia, eosinophilic
faciitis; neurological disorders, preferably pain, singultus, vertigo, seizure disorders, sleep disorders, transient ischemic
attacks, spinal cord injury, demyelinating diseases, nerve root disorders, myasthenia gravis; psychiatric disorders,
preferably drug dependence, neurcses, mood disorders, schizophrenic discrders, delusionai disorders; for oncelogical
purposes and/or for treatment in the field of gynecology, preferably for the treatment of dysmenorrhea, menopause,
chronic anovulation, premature ovarian failure, endometriosis, infertility: andfor for treatment in the field of immunology,
preferably transplant rejection, hyposensitation, allergen immunotherapy or prophylactic vaccination.

[0073] The term “allargen” is used in this invention to descrive materials of endogenous or xenogenic, e.g. animal
or plant, origin which result in an undesired immune response of the body exposed to such an allergen, ofien resulting
in an acute hypersensitivity reaction. Allergising microbes or paris thereof (e.g. of mite), parts of plants {e.g. pollen) or
animal {e.g. hair and skin debris), but also man made and inorganic substances belong to this group. On the other
hand, nearly any part of the human body, if incorrectly processed by or exposed to the body's immune system, can
resultin an guto-immune respense and lead to the allergic reaction to such a substance. In the narrower interpretation,
used when s¢ stated, an allergen is a substance, a group, or an arrangement of substances causing immediate hy-
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persensitivity reactions in the body that could be diminished, or even eliminaled, by an immunotherapy, whether done
non-invasively through the skin or not.

[0074] An 'antigen” is a part of a pathogen or an allergen in its natural form or after fragmentation or derivatisation.
Mara generaily, the word antigen denotes a macromolecule or a fragment thereof, any haptenic moiety (for example,
a simple carbohydrate, complex carbohydrate, polysaccharide, deoxyribonucleic acid), in short, any molecule recog-
nized by a body's antibody repertoire and possibly capable of antibody induction when administered in the system. A
macromolecular antigen is defined as an antigen that is known to or believed to cross spontaneously the nasal barrier
only in quantity too small for the desired practical purpose. Thus, macromoelecules are molecules that, on their own,
do not cress the nasal mucosa in practically useful quantity without causing inacceptable side effects.

[0075] Furthermore, the presentinvention relates to a pharmaceutical composition for transnasal administration com-
prising a carrier which is a penetrant, suspended or dispersed in a solvent, in the ferm of a minute fluid droplet sur-
rounded by a membrane-like ccating of one or several layers of at least two diflerent substances or twe different forms
of a substance with the tendency to aggregate, said substances or forms of a substance differing by at ieast the factor
of 10 in solubility in a preferably aquecus, liquid medium, such that the average diameter of homo-aggregates of the
more soluble substance or form of the substance or the average diameter of the hetero-aggregates consisting of both
said substances or forms of said substance is smaller than the average diameter of homo-aggregates of the iess
soluble substance or form of the substance and/or wherein the more soiuble component tends to selubilise the pene-
trating droplet and wherein the content of such component amounts to up to 99 mol-% of the concentration required
to solubilise the droplet or else corresponds 1o up to 99 mol-% of the saturating concentration in the un-solubilised
droplet, whichever is higher, and/or wherein the elastic deformation energy of the droptet surrounding the membrane-
like coating is at least 5x lower, more preferably is at least 10x lower and ideally is more than 10x lower than that of
the red biood cells or of the phospholipid bilayers with fluid aliphatic chains and a pharmaceutically active ingredient.
[0078] !n a preferred embodiment of the use or the pharmaceutical composition of the present invention the phar-
maceutically active ingredient is an adrenocorticostaticum, an adrenolyticum, an androgen or antiandrogen, an an-
tiparasiticum, an anabolicum, an anaestheticurn or analgesicum, an analepticum, an antiallergicum, antiarrhythmicum,
antiarieroscleroticumn, antiasthmaticum and/er bronchospasmolyticum, an antibioticum, antidrepressivum and/or an-
tipsychoticum, an antidiabeticum, an antidot, an antiemeticum, antiepilepticum, antifibrinalyticum, anticonvulsivum or
anticholinergicum, an enzyme, a coenzyme or the corresponding enzyme inhibitor, an antihistaminicum or antinyper-
tonicum, an antthypotonicum, anticoagulant, antimycoticumn, antimyasthenicum, an agent against Morbus Alzheimer
or Morbus Parkinson, an antiphlogisticum, antipyreticum, antirheumaticum, antisepticum, a respiratory analepticum or
a respiratory stimulant, a broncholyticum, cardiotonicum, chemotherapeuticum, a coronary dilatator, a cytostaticum, a
diureticum, a ganglium-blecker, a glucocorticeid, an anti-flew agent, & haemostaticum, hypnoticum, an immunoglobulin
or an fragment thereof or any other immunologically active substance, such as an immunomodulator, a bioactive car-
bohydrate (derivative}, a contraceptive, an anti-migraine agenl, a corlicosteroid, & muscle relaxant, a narcoticum, a
neurotherapeuticumn, a (poly)nucleotide, a neurolepticum, a newrotransmitter, a (poly)peptide (derivative), an opiate,
an opthalmicum, {para)-sympaticomimeticum or (para)sympathicolyticum, a protein(derivalive), a psoriasis/neurader-
mitis drug, a mydriaticum, a psychostimulant, rhinclegicum, a sieep-inducing agent, a sedating agent, a spasmolyticum,
tuberculostaticum, urclogicum, a vasoconstrictor or vasodilatator, a virustaticum, a wound-healing substance, an in-
hibitor (antagonist} or a promoetar (agonist) of the activity of any of above mentioned agents, or any combination of said
active substances. ltis preferred that said active ingredient doas notitself cross the nasal mucosa in practically mean-
ingful quantity without inacceptabie side effects.

[0077] In another preferred embodiment of the use or the pharmaceutical compaesition of the present invention the
antigen is derived from a pathogen.

[0078] Inthe context of this invention, the term "pathogen” refers ta an entity which through its presence in or on the
baody leads to or promotes a pathological state which, in principle, is amenable to or could profit from a preventive,
curative or adjuvant immunotherapy.

[0079] Ina most preferred embediment of the use or the pharmaceutical composition of the invention said pathogen
belengs 1 the class of extracellular bacteria, including pus-forming cocci, such as Staphylococcus and Straptococeus,
gram-negative bacteria, such as Meningococcus and Gonococcus species, species of Neisseria, gram negative bac-
teria, including enteric organisms such as E. coli, Saimonella, Shigella, Pseudomonas, Diptheria, Bordelella Pertussis,
and gram-positive bacteria (¢.g. Bacillus pestis, BCG), particularly anaerobes, such as the Clostridiumspecies, bacteria
and viruses, which survive and replicate within host cells, comprising mycobacteria {e.g. M. tuberculosis) and Listeria
monocytogenes, retro- and adenoviruses, including hepatitis virus, (human} immunodeficiency virus, herpex viruses,
small-pox (chicken-pox), influenza, measles, mumps ang polia viruses, cytemegalovirus, rhincvirus, etc., and fungi
prospering inside host cells, parasites including animal parasites, such as protozoa and helminths, and ectoparasites,
such as ticks and mites, or Brucella species, including the causative agent for cholera, Haemophilus spacies, as well
as pathogens triggering paratyphoid, plague, rabies, tetanus and rubella diseases; eukaryotic ceils or their parts that
cause various neoplasiae, auto-immune diseases and cther pathological states of the animal or human body, which
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do not necessarily resutt from microbial infections, alsc belong in this group.

{0080] Itis most preferred that the antigen, preferably the pathogen, is used in a purified, or even better in a pure form,
[0081] Pathogens causing major infective diseases such as hepatitis virus, (human) immunodeficiency virus, herpex
viruses, small-pox (chicken-pox), influenza, measles, mumps and pofio viruses, cytomegalovirus, rhinovirus, etc., and
fungi prospering inside host cells, a parasite including animal parasites, such as protozoa and helminths, and ectopar-
asites, such as ticks and mites, ar Brucella species, including the causative agent {or cholera, Haemophilus specias,
as well as pathogens triggering paratyphoid, plague, rabies, tetanus and rubella diseases are particularly preferred as
are eukaryatic cells or their parts that cause various neoplasiae, auto-immune diseases and other pathelegical states
of the animal or human body, which do net necessarily result from microbial infections.

[0082] In another preferred embodiment of the use or the pharmaceutical composition of the invention the aflergen
is of xenogenic or endogenic origin, derived trom a microorganism, an animaj or a plant, or belonging 1o the groug of
man made andfor irritating inorganic substances, or 1o such parts or components of the human body which were
incorrectly processed by or exposed to the body immune system.

[0083] In further preferred emhodiment of the use or the pharmaceutical composition of the present invention the
allergen belongs to the class of the inhalation allergens, including but not limited to various pollen, spores, bits of animal
hair, skin, feather, natural and synthetic textiles, wheat, {house} dust, including mite; furthermore, food and drug aller-
gens; confact allergens; injection, invasion or depot allergens, such as various {gastrointestine-resident} worms, echi-
nococci, trichines, etc., or is a part of implantation material.

[0084] In an additional preferred embodiment of the use or the pharmaceutical composition of the present invention
said pharmaceutical composition comprises a compound which releases or induces cytokine or anti-cytokine activity
or exerts such an activity itself.

[0085] The term "cytoking®, as used in the present invention, denotes cytokines, such as IL-1, IL-2, IL-3, IL4, IL-5,
[L-8, IL-7, IL-8, IL-8, 1L-10, iL-11, IL-12, IL-13, fL-14, [L-15, [L-16, IL-17, IL-18, with all subtypes, such as IL-1cc and IL-
183, tumour necrosis factor {TNF), transtorming growth factor (TGF- and -ot}, Type ! and Il interferons (IFN-a1, IFN-
o2, (IFN-w), IFN-B, IFN=y}, migration inhibitory factor, MIF, ¢-kit ligand, granulocyte macrophage colony stimulating
factor (GM-CSF), monogyte macrophage colony stimulating factor (M-CSF), granulocyte colony stimulating factor (G-
CSF), chemckines, gtc., as well as all lunctional derivatives of any ot these molecules.

[0086] Cytokines that mediate natural immunity particularly well include type | interferons (IFN-o and IFN-), tumour
necrosis factor (TNF), intertewkin-1 (IL-1¢z and IL-18), interleukin-6 (IL-6) and leukocytes attracting and activating chem-
okines. Antiproliferative {e.g. with IFN-s), pro-inflammatory {e.g. with TNF, IL-1} or co-stimulatory {e.g. with [L-6) action,
amongst other, may be generated by transnasal administration of the pharmaceutical compasition described in ac-
cordance with the present invention. Cytokines which best mediate lymphocyte activation, growth and differentiation
include interleukin 2 (IL-2), interleukin-4 (IL-4) and transforming growth factor (TGF). Such cytokines, consequently,
not only can affect target growth but, moreaver, influence the activation of, and thus the production of other cytokines
by, the cells which finally may play a role in therapeutic or prophylactic action.

{0087} Cytokines that mediate the immune-mediated inflammation which heavily relies on the cell-mediated response
are interferon-gamma (iFN-y), lymphotoxin (TNF-8}, interleukin-10 (IL-10), interleukin-5 (1L-5), interleukin-12 (IL-12)
and, probably, migration inhibition factor. Leukocyte growth and difterentiation are most! affected by interleukin-3 (IL-
3}, ¢-kit ligand, granulocyte-macrophage colony stimutating {actor (GM-CSF), macrophage or granulocyte colony stim-
ulating factor (M-CSF or G-CSF) and interleukin-7 (IL-7).

{0088] It is preferred to select the compound displaying cytckine activity amongst IL.-4, IL-2 , TGF, IL-8, TNF, IL-1a
and !L.-103, a type | interferon, amongst which IFN-alpha or IFN-§ are most preferred, IL-12, IFN-y, TNF-B, IL-5 or {L-10.
[0089] In another preterred ernbodiment said compound with anti-cytokine activity is an anti-cytokine antibody or the
corresponding active fragment, a derivative, or an analogue thereof.

[0090] in another preferred embodiment of the use or of the pharmaceutical composition of the present invention,
the compound displaying or inducing cytokine or anti-cytokine activity and the pharmaceutically active ingredient or
antigen or allergen are associated with the penetrant, e.g. in the form of a complex, hetero-aggregate, via encapsulation
etc..

[0091] Inan additional preferred embodiment of the use or of the pharmaceutical composition of the present invention
the less soluble salf-aggregating molecule is a lipid, preferably a polar lipid, and the more saluble companent is a
surfactant or some more saluble form of the polar/basic lipid. The former ingredient, typically, stems from a biological
source or is a corresponding synthetic lipid or any of its moedifications. Such [lipid often belongs to the class of phos-
pholipids with the chemical formula
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where R, and R, is an aliphatic chain, typically a C,q.5g-acyl, or -atkyl or a partly unsaturated fatty acid residue, in
particular, an olgoyl-, palmitoeloyl-, elaidoyl-, finoleyl-, linolenyl-, linolencyl-, arachideyl-, vaccinyl-, lauroyl-, myristoyl-,
palmitoyl-, or stearoyl chain, and where Ry is hydrogen, 2-trimethylamino-1-ethyl, 2-amino-1-ethyl, C, s-alkyl, C, g-
alkyl substituted with carboxy, Co_s-alkyl substituted with hydroxy, C,_s-alkyl substituted with carboxy and hydroxy, or
C,.5-alkyl substituted with carboxy and amino, inositol, sphingosine, or salts of said substances, said lipid comprising
also glycerides, isoprenoid lipids, steroids, sterines or sterels, of sulphur- or carbohydrate-containing lipids, or any
other bilayer forming lipids, and preferably is selected from the group of phosphatidylehelines, phosphatidyleth-
anolamines, phosphatidylglycerols, phosphatidylinositols, phosghalidic acids, phosphatidylserines, sphingomyelins or
other sphingophospholipids, glycosphingolipids (inciuding cerebrosides, ceramidepolyhexosides, sulphatides, sphin-
goplasmalogens), gangliosides or other glycolipids or synthetic lipids, in particular with corresponding sphingosine
derivatives, or any other glycolipids, whereby two similar or different chains can be esterified to the backbone (as in
diacyl and dialkenay! compeourd) or be attached to the backbene with ether borids, as in dialkyl-lipids, or beiong to the
backbone as in sphingolipids.

[0092] The surfactant used, normally, is nonicnic, zwitterionic, anionic or cationic, especially a fatty-acid or -alcohol,
an atkyl-tri/di/methyl-ammonium salt, an alkylsulphate salt, a monovalent salt of cholate, deoxycholate, glycochotate,
glycodeoxycholate, taurodeoxycholate, taurocholate, etc., an acyl- or alkanoyl-dimethyl-amincxide, esp. a dodecyl-
dimethyl-aminoxide, an alky!- or alkanoyl-N-methylglucamide, N-alkyl-N,N- dimethylglycine, 3-(acyldimethylammonic)-
alkanesulphonate, N-acyl-suiphobetaine, a polyethylene-glycol-octylphenyl ether, esp. a nonaethylene-glycol-cetyl-
phenyl ether, a polyethylene-acyl ether, esp. a nonaethylen-dodecy! ether, a polyethylene-glycol-isoacyl ether, esp. a
octaethylene-glycol-isotridecyl ether, polyethylene-acy! ether, esp. octaethylenedodecyl ether, polyethylene-glycol-
sorbitane-acyt ester, such as polyethylenglykol-20-monolaurate (Tween 20) or polyethylenglykol-20-sorbitan-mo-
nooleate (Tween 80), a pelyhydroxyethylene-acyl ether, esp, polyhydroxyethylene-lauryl, -myristoyl, -cetylstearyl, or
-oleoy! ether, as in polyhydroxyethylene-4 or 6 or 8 or 10 or 12, etc., -lauryl ether (as in Brij series), or in the corre-
sponding ester, e.g. of polyhydroxyethylen-8-stearate (Myrj 45}, myristate-, -laurate, linoleate-, linolenate-, palmi-
tcleate- or -oleate type, or in polyethoxylated castor oil 40, a sorhitane-monoalkylate {e.g. in Arlacel or Span), esp.
sorbitane-monolaurate, -myristate, -lincleate, -inclenate-,-paimitoleate- or -oleals, an acyl- or alkanoyi-N-methylglu-
camide, esp. in or decancyl- or dodecanoyl-N-methylglucamide, an alkyl-sulphate (salt), e.g. in lauryl-, myristoyl, patmi-
toyl, olecyl-, palmitcleoyl-, linolenyl-, linoleoy!-, vaccinyl-, or elaidoyl-sulphate, sodlum deoxycholate, sodium glycode-
axycholate, sodium oleate, sodium taurate, a fatty acid salt, with similar preference for aliphatic chains as given ahove,
a lysophospholipid, such as n-octadecylene(=oleoyl}-glycerophosphatidic acid, -phosphorylglycerol, or -phosphoryl-
sering, n-acyl-, e.g. lauryl, myristoyl, palmitoyl, cieoyl-, palmitoleoyl-, ¢laidyl-, vaccinyl-, lincleyl-, linclenyl-glycero-phos-
phatidic acid, -phosphorylglycerel, or -phosphorylserine, or a corresponding short, double chain phospholipid, such
dodecyl-phesphatidylcholine, or else is a surface-active polypeptide. It is impartant to realise, however, thal complexes
of polar lipids with other amphipats often can take the role of surfactants in the coating of a carrier and that different
ionisation or sait forms of the pofar lipids may differ widely in their properties. it therefore stands to reason that two
different physiccchemical states of the same {polar) lipid mixed together in a membrane may produce a highly deform-
able casrier satistying the conditions of this invention.

[0093] Inan additional preferred embodiment ot the use or of the pharmaceuiical composition of the present invention,
the more soluble component is an agent 10 be transported across the barrier, said agent having a tendency to form
common large structures with the less soluble component(s) of the penetrant, typically in the form of a physical or a
chemical complex.

[00284] In afurther preferred use or pharmaceutical composition of the invention, the more soluble component tends
to solubilise the penetrating droplet and is present in concentration not exceeding 89 mol% of the concentration required
to disintegrate the droplet or, alternatively, not exceeding 99 moi% of the saturating concentration in the unsolubilised
droplet, whichever is higher, values below 50 % of the former relative concentration being paricularly useful, with
values below 40 rel-% or even arcund and below 30 rel-% being even more advantageous, whereas in the case of
droplets which cannot be solubilised by the more soluble component relative concentrations which exceed the above
mentioned refative concentrations by the factor of up to 2 are most preferred.
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[0095] In a different preferred embodiment of the use or of the pharmaceutical composition of the invention, the less
soluble penetrant component is a lipid, preferably a polar lipid and the more soluble component is a surfactant or a
surfactant-like maolacule or else such form of polar lipid which is sufficiently soluble for the purpase of this invention.
[0096] In another preferred embodiment of the use or of the pharmaceutical compesition of the present invention,
the average penetrant diameter is between 25 nm and 500 nm, preferably between 30 nm and 250 nm, even more
preferably between 35 nm and 200 nm and padicularly preferably between 40 nm and 150 nm.

[0097] In a different preferred embodiment of the use or of the pharmaceutical composition of the present invention
the penetrant concentration in the formulation for the use in the human or animal nose is 0.001 weight-% (w-%) to 20
w-% of total dry mass in the formulation, in particular between 0.01 w-% and 15 w-%, more preferably between Q.1 w-
% and 12,5 w-% and most preferred between 0.5 w-% and 10 w-%,

10098] In a further preferred embodiment of the use or of the pharmaceutical composition of the present invention
the supporting mediumn, e.g. a buffer, is selected to be a biccompatible solution with an osmotic activity similar to that
of a mongvalent electrolyte with a concentration range between 1 mM and 500 mM, more preferably between 10 mM
and 400 mM, even more preferably between 50 mM and 300 mM, and most preferably between 100 mM and 200 mM
or else such solution that affords practically sufficient penetrant stability combined with practically sufficient transport
rate across the barrier. The term "practically sufticient penetrant stability” means that the penetrant stabilily meets the
reascenable product quality criteria. The term "practically sufficient transport rate” means that enough drug is transported
through the barrier without using unreasonably large application volume or time, Said sufficient penetrant stability
combined with sufficient transport rate across the barrier can be determined by the person skilled in the art without
undue experimentation.

[0099] In another preferred embodiment of the use or of the pharmaceutical composition of the present invention,
ihe relative drug or agent concentration is between 0.001 w-% and 40 w-% of tolal penetrant mass, in particular betweean
0.01 w-% and 30 w-2%, even better betwean 0.1 w-% and 25 w-% and most preferably between 0.5 w-% and 15 w-%.
[0100] In one further preferred emhadiment of the use or of the pharmaceutical compasition of the present invention
the medium supporting the drugs and carriers is & biocompatible buffer with pH value between 4 and 10, more frequently
between 5 and 9 and most often between 6 and 8.

[0101] In another preferred embodiment ot the use or of the pharmaceutical composition of the present invention
additives are included in sald composition to reduce the system sensitivity to chemical, biological or ambient stress,
including anti-oxidants, antagenists of undesired enzyme action, cryo-preservants, microbicides, etc., or else modu-
lators of physically important system properties, such as formulation viscosity, etc..

[0102] In a different preferred embodiment of the use or of the pharmaceutical composition of the present invention
the relative drug or agent dose 1o be administered non-invasively through the nose by means of highly adaptable
carriers is chosen to be between 0.1x and 500x, more often between 0.5x and 250x, and even mare preferably between
1x and 100x different from the corresponding drug or agent dose that would have to be injected to achieve the desired
biological effects. Again, the latter dose can be determined by the person skilied in the art without undue experimen-
tation and on tha basis of his common general knowledge.

[0103] In another preferred embodiment of the use or of the pharmaceutical compoesition of the present invention
the applied penetrant dose is between 0.01 mg and 15 mg per nostril, even more ctten is in the range 0.1 mg and 10
mg per nostril, and preferably is between 0.5 mg and 5 mg per nostril.

[0104] The efiiciency of adminisiration and the biclogical effects of the agent or drug chosen, consequently, can be
controlled by using different application volumes. Various metered delivery devices can be used for the purpose.
[0105] Accordingly, in an additional preferred embodiment of the use or of the pharmaceutical composition of the
present invention said formulation is administered using a metered delivery device,

{0106] Inonre further preferred embodiment of the use or of the pharmaceutical composition of the present invantion
different application volumes are selected 1o controi the efficiency of administration and the biclogical effects of the
chosen agent or drug.

[0107] In a different preferred embadiment of the use or of the pharmaceutical composition of the present invention
the penetrants in suspension are loaded with the drugs or agents within 24 hours prior to the formulation administration,
preferably 360 min, more preferably 60 min and even more preferably 30 min before the resulting formulation is ad-
ministrated in the nose. This embodiment is expectad to improve the formulation stability, loading efficiency, the release
kinetics, ease of use, compiiance, etc..

[0108] [n ancther preferred embodiment of the use or of the pharmaceutical composition of the present invention
the, delivery device is loaded at the treatment site.

{0108} in a further preferred ermbodiment of the use or of the pharmaceutical composition of the present invention
the delivery device is loaded separately with penetrants and the molecules, paricularly biological agents, to be asso-
ciated therawith,

[0110] [n one further preferred embodiment of the use of the present invention wherein the pharmaceutically active
ingredient is for administration 1o the nervous system.
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[0111] The term “administration” in connection with this embodiment means that the pharmaceutical compesition is
transnasally applied, but the target site of the active ingredient is the nervous system, preferably the CNS and most
preferably the brain. The possibility to use nasal application of the highly adaptable, drug-loaded penetrants in the
nase ta mediate a practically useful transfer of the drug across the barrier can thus be expleited ta transport a meaningful
amount of the drug, and to create a significant concentration of such drug, in the central nervous system or some other
adjacent tissue, such as the eye.

[0112] !n another preferred embodiment of the invantion, the pharmaceutical composition of the invention is a vac-
cine.

[0113] Said vaccine can be used for therapeutic or prophyiactic vaccination.

[0114] The term *(therapeutic) vaccination” in the context of this invention describes any kind of therapeutic immu-
nisation, whether done after the disease has been already established, to improve a clinical situation, or else for the
purpose of preventing a disease. Such a vaccination can involve single or repeated administration(s) of the vaccine
of the invention. Therapeutic vaccination will either prevent a patholegical situation and/or improve a clinical situation.
When applied as a preventive agent, it will generally result in a protective immune response.

[0115] Immunisation denotes any kind of provoking an immune response, irrespective of whether said response is
therapeutic or non-therapeutic.

{0116] An "antibedy” or an "immunocgiobulin® denotes an IgA, IgD, IgE, 1gG, or IgM, including all subtypes, such as
IgA1 and IgA2, IgG1, IgG2, 1gG3, IgG4. Their "derivatives” include chemical, biochemical and otherwise obtainable
derivatives, such as genetically engineered antibody derivatives.Fragments include e.g. single chain fragmenits, Fc-,
Fab- F{ab’),- and other parts of 1g-s, independent of whether they are of endogenous, xenogenic, {semi)synihetic or
recombinant origin. Aiso comprised by the invention are complexes of twe or more of the above-recited antihodies,
derivatives or fragmenis.

[0117] Theterm "immunogen" denctes a hapten coupled to an immunological carrier or an antigen, free or associated
with a carrier, which is capable of inducing an immune resgonse.,

[0118] “Immuno-tolerance” denotes the lack or, more generally, the reduction of an undssired immune response to
an antigen.

[0118] Th1 (T-helper cell type ) refated antibodies include 1gG2a, IgG2b and 1gG3.

{0120] Th2 (T-helper cell type i) related antibodies comprise the classes of igG1, IgG4 and IgE.

[0121] As has been indicated above, the successful immunisation with the vaccine of the inventicn through the nose
is a significant step forward in the design of conveniently administrable vaccines that (a) are highly efficient over a wide
range of immunogens of varying size and properties; (b) can be formulated together with certain cytokines, compounds
that mediate cytokine activity or compounds that antagonize cytokine activity in order to specifically direct the corre-
sponding immune response or to augment or suppress the same as may be desired; {¢) do not depend on the perurbing
injection by a needle; and (d) cause no irritating side effects, In addition, with the vaccine of the invention, successful
tolerogenisation may be achieved.

[0122] 1t hasinter alia been found in accordance with the present invention that

- Tween-SPC micelles give protection significantly below that of the vaccine of the present invention, suggesting
that the smali size of the carrier or the presence of surfactants alone does not suffice for a successfui immunisation:

- orally administered immuno-carriers create lower specific antibody titers than the transnasally administered vac-
cine of the invention, as determined on the basis of absorbance measurements;

- fhe transnasal vaccine of the invention gives rise to higher specific IgG1 and 1gG2 titers in the blood and to com-
parable IgG2a and Igh titers as compared 1o mixed micelles; ali titers were, on top of this, higher than those
generated by immunisation with SPC:cholesterol {1:1) liposomes,

[0123] When the transnasal vaccine of the invention is formulated together with a cytokine or an immunoadjuvant it
is advantageous to use (blends of) bacterial extracts. Specific examples given in this appiication include monophos-
phoryllipid A (MPL) and [L-12 or GM-CSF and IL-4. In principle, however, the vaccine of the invention may be formulated
or applied together with any of the compounds mediating, inducing or displaying cytokine activity or with antagonists
thereto that have been recited herein above.

[0124] 1tis preferred that the vaccine of the invention further comprises a pathogen extract or a compound from a
pathogen or a fragment or a derivative thereof,

[0125]) Most preferably, said pathogen extract or compound is selected from hepatitis virus, (human) immunodefi-
cigncy virus, herpex viruses, smali-pex {chicken-pox), influenza, measles, mumps or polic viruses, cytomegalovirus,
rhinovirus, etc., or fungi prospering inside host cells, a parasite including animal parasites, such as protozea and
nelminths, and ectoparasites, such as ticks and mites, or Brucelia species, including the causative agent for cholera,
Haemaphilus species, as well as pathogens triggering paratyphoid, plague, rabies, tetanus or rubella diseases.
[0126] Rt is additionally preferred that said vaccine further comprises an adjuvant.
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[0127] The term "adjuvant”is used here to describe any substance which supports, augments, stimulates, activates,
potentiates cr modulates the desired immune response of either cellular or humoral type, specifically in the case of a
prophylactic treatment by increasing the antigen specific immune respense of any kind and in the case of therapeutic
treatment ofien &y suppering celi-mediated immunity. This can be achieved by the addition of suitable cylokines, their
blends or suitable ageonists and antagonists. The class of immunoadjuvants which indirectly contribute to the useful
cytokineg pool includes small chemical entities with an allergenic potential, such as certain aliergenic (metal) ions,
including but not limited to LiCI, HgCl,, molibdenum, acids, bases and other irritating compounds, such as dicyclohex-
ylmethane-4,4'-diisocyanate, ditrocarb (diethyldithiocarbamate), 2,4-dinitrochlorobenzene, isoprinosine, isophorone-
diisocyanate, levamisole, (phenyl)oxazolone and alike, Swansonine, sizofran, phthalic anhydride, thymopentin, (fatty}
alcohols, {fatty) amines, {fatty) ethers, ricin, or other suitable amphiphiles, many surfactants and chemical permeation
enhancers, as weli as derivatives or combinations thereaof; furthermore, (low molecular weight) fragments of or deriv-
atives from microbes, including lipopolysaccharides (such as LPS), cord-factor {trehalose-dimycolate) and other (poly)
saccharides or {poly)peptides attached to membranes, used in sufficient quantity, acetylmuramyl-alanyi-isoglutamin,
and larger fragments of microbes, including bacterial exc- and endotoxins, or enterotoxins, such as cholera toxin and
the heat labile toxin of E. coli, and their macromolecular fragments, such as A-chain derivatives, most, if not all, of
which seem to posses ADP-ribosylating activity, the high potency immunoadjuvant LT holotoxin, etc., cell-wall skeleton,
attenuated bacteria, such as BCG, etc. Less established examples include clostridial taxin, purified protein derivative
of M. tuberculosis, LT-R182G, Fibronectin-binding protein | of Streptococcus pyrogenes, auter membrang protein of
group B Nefsseria meningitidis (GBOMP), various cther peptidoglycanes, etc.. Immunoadjuvants, in octher words, in-
clude molecules that alter the uptake or presentation of antigens, activale or increase the proliferation of antigen specific
lymphocytes, or interfere with the dominant controf mechanism in the immune respense, not just in the nose but aiso
in the other immunocompetent tissues. (The mucosal adjuvant activity of ADP-ribosylating bacterial enterctoxins is a
well established and known example for this.) On the other hand, molecuies which change the (relative} concentrations
of cytokines or other immunoadjuvants, such as anti-immunoadjuvant antibodies or other agonists or antagonists of
immunoadjuvants, aiso are immunoadjuvants in the sense of this invention. The same is true for molecules which affect
lymphocyte homing, such as various selectins (LECAMS, e.g. various CD62-s), GlyCAM-1, MadCAM-1, VCAM-1,
ICAM-1, hyaluronate, etc., and other chemokines, such as RANTES er MCP-1. Endogenous group of immunoadjuvants
furthermore comprises histamines, transfer factor, fufisin, etc.. As many of the above mentioned immuncadjuvanis do
not have sufficient potency tc ensure the desired effect after the non-invasive immunisation at too low, and sometimes
too high, cencentration or on their own, the functional definiticn of an adjuvant used in this work includes a fortiory
sufficient and such modulation of cytokine concentration and distribution pattern in the body that results in mounting
the desired therapeutic or prophylactic immune respense. If required to gain clarity said modutation and its exten? must
be determined in a dedicated experiment, in which the specific cytokine levels are determined, using methods known
to the person skilled in the field.

f0128] In a further preferred embodiment of the vaccine of the invention, said adjuvant is lipopalysaccharide, such
as lipid A or a derivative cr modification thergof, such as monophosphoryl lipid A, or its analogue, such as a falty
derivative of saccharose, cord-facter (trehalose-dimycolate), muramy! dipeptide, or another {poly)saccharide or (poly)
peptide identical to or resembling an immunologically active part of a membrane of a micrcorganism; an extract of a
micrgorganism, including bacterial exo- and endotoxins, preferably cholera toxin or the heat labile toxin of £. cofi, an
A-chain derivative, a component with an ADP-ribasylating activity, a peptidoglycane, a clostridial taxin, an LT halotoxin,
purified protein derivative of M. tuberculosis, LT-R182G, Fibronectin-binding protein | of Streptococcus pyrogenes, or
outer membrane protein of group B Neisseria meningitidis (GBOMP).

[0129] Itis most preferred that the vaceine of the invention comprises a blend of MPL and IL-12 or GM-CSF and IL-
4, when pure cytckines and their inducers are used.

[0130] In a different preferred embodiment of the vaccine of the present invention the relative immunogen/antigen
dose to be administered non-invasively through the nose by means of highly adaptable carriers is chosen to be between
0.01x and 100x, more often between 0.05x and 75x, and even more preferably between 0.1x and 50x different from
the corresponding immunogen/antigen that would have to be injected to achieve the desired biological effect. Again,
the latter dose can be determined by the person skilled in the art without undue experimentation and on the basis of
his common general knowledge.

[0131] Itistfurther preferred in accordance with the invention that in said vaccine the concentration of the transnasally
administered adjuvant is between 10x iower and up 1o 1000x higher than used with the corresponding subcutaneously
injected formulations employing similar antigen, the transnasally administered immuncadjuvant concentration maore
often differing from the injected immunoadjuvant concentration by the factor between 0.5 and 100, or better, by the
factor between 1 and 50, and best between 2 and 25,

[0132] The invention also relates to a container comprising the pharmaceutical composition recited herein-above.
The unit dosage may be determined according to the desired appfication.

[0133] Furthermore, the invention additionally relates to a package comprising at least one container camprising the
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pharmaceutical composition as described above. The package of the invention can comprise one, two, three, four or
more vials/units of the pharmaceutical compaosition of the lnvention,

[0134] The inventicn finally relates to methods of treating a patient in need thereaf comprising transnasally admin-
istering any of the abgve recited pharmaceuticat compositions.

[0135] The present invention further relates to a method for generating a protective or tolerogenic immune response
on a mammal by vaccinating sald mammal with a vaccine as described above.

[0136] In a preferred embodiment of the method according to the present invention diferent administration volumes
are selected to cantrol the applied immunogen dose and the outcome of vaccination. Various metered devices can ba
used for the purpose.

[0137] Inone more preferred embediment of the methed according {o the present invention a suspension of antigen-
free penetrants is loaded with the antigen to be associated therewith during the day prior to an administration, preferably
360 min, more preferably 60 min and even more preferably 30 min befare administering the resulting formulation in
the nose.

[0138] Inanother preferred embodiment of the method accarding o the presentinvention at least one dose of vaceine
is administered.

[0139] This embodiment of the method of the invention includes the repeated administration of the vaccine of the
invention. Repeated administration includes repeated administration in the nose or one or more administrations in the
nose in combination with conventional, e.g. parenteral administrations, In this connection, the kit of the invention may
be advantageously made to comprise ong or more containers, ampules er other kind of units comprising the vaccine
of the invention.

[0140] In a particularly preferred embodiment ¢f the method according to the present invention the time interval
between the subsequent vaccinations is chosen to be between 2 weeks and 5 years, often between 1 month and up
to 3 years, more frequently hetween 2 months and 1.5 years.

{0141] In a further preferred embodiment, repeated immunogen administration is advocated to maximise the fina!
effect of a therapeutic vaccination. It is proposed to use between 2 and 10, often between 2 and 7, more typically up
to 5 and most preferred up to 3 immunisations, when a non-allergenic antigen is used, or such a number of times, in
ihe case of allergens, as is required either to achieve the desired immuno-iolerance, determined as described above
or by seme other suitable assessment method, or else 1o deem the effort as having failed. The time interval between
subsequent vaccinations should preferably be between 2 weeks and 5 years, often between 1 month and up to 3 years,
more frequently between 2 months and 1.5 years, when a subject is being immunised for the first ime. Rodents, such
as mice and rabbits are advantageously immunised in 2 weeks interval, primates, e.g. monkeys and often humans,
need a booster vaccinalion in 3-6 months interval.

[0142] In another preferred embodiment of the method according to the present invention the flux of penetrants that
carry an immunogen through the various pores in a well-dsfined barrier is determined as a function of the suitable
driving force or a pressure acting across the barrier and the data are then conveniently described by a characteristic
curve which, in turn, is employed to optimise the formulation or appiication further.

[0143] The disclosure content of the documents cited throughout this specification are herewith incorporated by
reference. Further incorporated by reference is the complete disclosure content of the co-pending application filed in
the name of tnncvative Dermale Applikationen GmbH and bearing the title "Noninvasive vaccination through the skin".
[0144] The figures show:

[0145] Figure 1 illustrates the effect of nasal insulin administration by means of carriers in an insulin dependent
diabetes meliitus patient, with the result of an i.v. injection of fast-acting insulin (Actrapid, Novo-Nordisk) shown in the
inset for reference.

f0146] Figure 2 illustrates the glucodynamics in a healthy human volunteer following intranasal administration of
insulin by means of Transfersomes. Inset gives the result of intravenous injection of similar formulation for reference
purpose.

[0147) Figures 3a and 3b provide further examples measured with a healthy volunieer following intranasal adminis-
tration of insulin formulations with inferior characteristics, believed to be due to oo slow drug release from the carrier.

[0148] Figure 4 illustrates the capability of nasally administered cytokines, associated with Transfersomes, to aifect
the outcomne of transnasal immunisation with tetanus toxoid.

[0149] Figure 5 illustrates the biodistribution of inswin-derived radicactivity in mice following nasal administration of
the agent in transfersomes.

[0150}] Figure 8 gives the corresponding results for interferon, as measured in mice.

{0151} Figures 7 illustrate the effect of changing aggregate size and/or deformability on TT specific immune response
in mice treated with various mixed micelles, Transfarsomes or liposomes loaded with TT. Panels a and b show antibody
isotype patterns, and in panel ¢ the total antibody titre, as expressed in absorbency change is given.

[0152] Figures 8 highlight the {srnall) effect of changing antigen dose (in the high dosage range) on transnasal im-
munisation of mice with TT by means of Transfersomas with or without lipid A derivative as an immunoadjuvant. In
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pane! a, the results of total absorbance measurements are given, panel b shows the corresponding titration curves,
and panel ¢ gives the relevant antibody isotypes.

[0153] Figure 9 is organised in similar fashion to compare the outcome of intranasal, oral or subcutaneous TT ad-
ministration using different antigen doses and purity.

[0154] For comparison, in figure 10, animal protection {survival) data are given for the experiments in which several
doses and administration routes were compared.

[0155] Figure 1t presents a set of data on the effect of varicus cytokines, or their combination, on the murine immune
response to TT administered into the nose by means of transfersomes, with s.c. data given for comparison. Panel a
gives the absorbance and titre data and panel b contains the isotype distribution results.

[0156] Figure 12 deals with the effects of combining low and high molecular weight immung-adjuvants {lipid a ana-
logue and interleukin-12).

[0157] Figure 13 illustrates the effect of specific cylokine inducers of microbial origin. Cholera toxin (CT} is used for
the purpose.

[0158] The examples illustrate the invention.

EXAMPLES

General experimental set-up and sample preparation

[0159] Conventional vesicles, liposomes, comprised soy phosphatidylcheline (SPC; Nattermann Phospholipids,
Rhone-Poutenc Rorer, Colcgne, Germany).

The suspension containing 10 w-% of the lipid in form of multiamellar vesicies was prepared by susgending the lipid
in & buffer and then extruding the suspension through several polycarbonate membranes (with 800 nm, 400 nm, 200
nm and 100 nm pores, respectively) to narrow down the final vesicle size distribution. If required, as judged on the
basis cf optical inspection or the dynamic light scattering done after the latter steps, extrusions were repeated several
{up to 5} times. In some cases, the vesicles were first extruded to a diameter of app. 50 nm and then frozen and thawad
three times to enlarge the vesicles again, owing to inter-vesicle fusion. Subsequently, the formuiation was passed
through a micro-porous filter {100 nm; Poretics, CA), under pressure, to prepare the final suspension of oligo- or uni-
tameilar vesicles.

[0160] Highly adaptable penetrants, used in the described examples, typically had the form of ultradeformable
vesicles {Transfersomes™) with one or a few bilayers. They comprised a mixture of phosphatidylcholine and (bio}
surfactants (cholate or polyserhate (Tween B0)}, and various biologically active ingredients, such as insulin, interferon,
interleukin, or GC-SF,

[0161] The above mentioned penetiants were prepared by mixing the phospholipid(s) with a suitable membrane-
softening agent, such as cholate or polysorbate, as the case may be, either in an aqueous buffer or in ethanol; cecca-
sionally chleroform was used. In the latter two cases, which gave similar resulis, the solvent was evaporated under
vacuum (10 Pa, overnight). The resulting lipid film was then hydrated with a buffer (pH around 7) to get a 70 wt-% lipid
suspension, by and large, Vesicles were brought to the final, desired size by sequential exirusicn as described for
lipcsomes, using mainly filters with smaller pore sizes. The fina! size of Transtersomes was similar to that of liposomes.
[0162] Changing the surfactant-to-lipid ratio is believed to affect the mixed lipid bilayers deformability: the higher the
surfactant concentration, the more adaptable is the resulling aggregate, up to the concentrafion at which the mixed
lipid membranes became unstable, owing to the high surfactant concentration. At such paint the mixed aggregates
revert into micelles which no longer thange their shape sasily, owing to the low compressibility of the micelie interior,
Vesicles without a surfactant or some other edge active ingredient, which are commaonly known as liposomes and have
at least 10x less flexible membranes than the more deformable mixed fipid vesicles, are a convenient negative contral
for the latter. The other obvious contral are

[0163] Mixed lipid micelles containing similar ingredients as the corresponding highly adaptable penetrants, but in
a different ratio, such that the edge active component {typically, but not necessarily, the surfactant) concentration is
above the solubilization concentration value. To prepare said micelles, individual components were mixed in the agque-
ous phase and permitted them ta interact until the mixture became optically clear, that is, solubilised, as judged by
optical inspection or absorption measurement at 460 nm to 660 nm.

Experiments carried out on human volunteers
[0164] To test biological activity of insulin carriers in humans, a freshly prepared test formulation was used in the
nose of two test subjects. The first was a normoglycaemic (male, 74 kg, 173 cm, 46 years); the second was a C-peptide

negative IDDM patient {female, 62 kg, 167 cm, 26 years). The test persons fasted between 6 h and 12 h prior to insulin
administration.
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[0165] To follow the temporal variation of gluccse concentration in the bloed, 5 ul to 30 u samples taken, every 10
min to 15 min, from the fingers on both arms. After an initial test period, during which the 'normal’ blood glucose
concentration and/or its change was determined, a suspension of carriers loaded with insulin {Transtersulin) was
sprayed into each nostril, using conventional non-metered sprayer, in a seties of 150 ul puffs. Care was taken to
minimise the spill-over of test formulation intc the throat or the dropping of said formulation from the nose.

[0168] Commercial glucometar {Accutrend™, Boehringer-Mannheim} was employed to determine the blood sugar
conceniration. At each time point, three individual, independent readings were made, except when the standard devi-
ation was so high as to require repeated measurements.

[0167] The test formulations were made essentially as described in patent apgplication PCT/EP98/06750. In brief, a
suspension of highly adaptable penetrants with the above mentioned compositicn and an average diameter of the
order of 100 nm te 150 nm was loaded with the drug, based on interfacial adsorption, and used within 24 h after the
preparation. The drug-carrier assoctation in the formutation was determined to be between 80 % and 70 %.

[0168] To administer the drug laden suspensicn into the nose, the preparation was filled into a commercial nebuliser
(with a hand-driven pump, vertically criented spraying nozzle and a puff volume of 150 uL, on the average). One puff
was given into each nostril at a time, while the test subject gently sniffed.

[016%9] The total number of puits was a function ot ihe application dose (in this case: 2). Immediate spill-over into the
throat or partial feakage of the fluid from the nose was reported in 10-20 % of cases. No side effects, such as local
jrritation, sneezing, etc., were cbserved.

Example 1:
[0170]

28.4 mg/mL phosphatidylcholine from soy-bean
$.5 mg/ml. phosphatidylglycerol from soy-bean
62.1 mg/mL Tween 80

phosphate buffer, pH 7.4

human recombinant (hr) insulin, 50 1U/mL
{from Actrapid 100 HM™, Novo-Nordisk)

Applied dose: ~5 1U per nostril

[6171] Results measured with a healthy subject are shown in figure 1. They reveal a transient decrease in the
systemic blood glucose concentration after two administrations of the drugin carriers (closed symbols), with a maximum
after 20-30 min and a return to the pre-treatment value after approximately 1 h in either case. The observed change
in glucose level corresponds 1o approximately 8.5 % of the decrease was measured in an independent experiment
after intravenous injection of the drug {Inset: open symbais). The reproducibility remains to be improved, however, the
first application, biased by the fack in administration skill having been less successful than the second administration.
{0172] Noirritation or other unpleasant sensation was reported by the test person after nasal administration of insulin
in highly adaptable penetrants.

Example 2:
insuiin loaded, highly adaptable carriers in an IDDM patient
[0173]

highly adaptable penetrants:
as given in example 1

Applied dose: 25 (U per nostril

[0174] Test preparation and experiment was performed as described with previous example. The last administration
of conventional insulin (Monotard™, Novo-Nordisk), at the dose of 22 |U was done at 10 p.m. on the previous day.
Test subject, moreaver, was stabilised by using long-acting insulin on the test day prior to nasal administration of the
insulin associated with highly adaptable drug carriers.

[0175] Results of an experiment done with said IDDM patient is illustrated in figure 2, Owing to the lack of endogenic
instiin production in this test subject, the pre-treatment blood glucose concentration was slightly above the normal,
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but relatively constant. The change resulting from nasal drug administration with ultra-adaptable carriers, has more a
step-like rather than a peak-like shape (closed symbols), completed within 75 min. This is precisely what one wouid
expect for an IDDM patient. The result of an i.v. injection of rapidly acting insulin (Actrapid™, Novc-Nordisk) in the
same test person on a different occasion (inset: gpen symbois) corroborates the conclusion. An estimate of apparent
bioavailability of nasa! insutlin based on these datais around 4 % and, consequently, somewhat lower than that reported
in example 1. This may have to do with the presumed variability in drug release between different formulations which
is llustrated in the following examples.

[0176] Nasal administration of carrier-associated insulin, according to the test person, caused no adverse side effect,
locally or systemically.

Examples 3-5:
Insulin associated with suboptimal carriers

[0177] Carriers as in previous examples, but believed not to release the drug readily owing to the higher affinity of
selected insulin batch for the carrier, which makes the drug adsorption irreversible.

Applied doses: 50 1U, 501U

[0178] Results of the test measurements done with several different vesicle suspensions, iflustrated in figure 3,
signal lack of action for the insulin administered nasally with such carriers. The blood glucese concentration in the
investigated normoglycaemic test person remains the same before, during and after the drug administration, for severat
hours at least. This suggests that the mere presence of carriers, or their ingredients, is insufficient to improve the
bioavailability of nasally applied macromolecules, such as insulin. To achieve the desired biological effect, the rate of
drug release from the carrier must aiso be adequate, such rate being determined in in dedicated ex vive experiments
by using conventional protein binding deassociation technigues.

Animal experiments
Examples 6-9:
Labelied insulin delivery across nasal mucosa of test mice

[0179] highly adaptable penetrants:

87.4 mg/mL phosphatidylcholine from soy bean (SPC) 12.6 mg/mL of a 50 % ionised cholic acid phosphate buffer, 50
mM, pH 6.5 hr-Insulin {(Actrapid™, Novo-Nordisk) labelled insulin frorm Amersham (345 pl contain 1.08 ug insulin and
1.725 mg BSA)

[0180] 1'251-labelled insulin (210 ul) was mixed with 210 ul of he-insulin (Actrapid™ Novo-Nordisk, 100 HM) and
purified 2 times by centrifugation to eliminate the non-bound label, which diffuses across the barrier much faster and
better than whole drug molecules. 100 pL of the resulling solution was mixed with 150 L phosphate buffer to yield pH
around 7. Protein solution and lipids were processed together, bringing the final vesicle size by repeated exirusion
threugh 106 nm pore fiiters to values around 150 nm.

[0181] Mice of NMRI strain (36 g to 51 g) from a local supplier were Kept in suspension cages in groups of 4 10 6.
The animals had free access to standard chow and water. Each mouse received 2.5 ul of [abelled penetrant suspension
containing insulin per nostril. Then, the decrease in total radioactivity was assessed by whole-body camera at least 2
times. At differert times the mice were killed and all major argans were taken and measured separately. The carcass
was measured in two sleps, after organ elimination and then after separation of the head. Radioactivity in excrement
and cage was alsc determined.

[0182] Results pertaining to different time-points are given in Figure 4. They show that substantial amount of nasally
administered radicactivity is recovered from the body, even after exclusion of gastro-intestinal tract, especially during
the first hours following suspension administration, Values in the blood are in the range of 9 % at 0.5 h and 2 %, the
specific concentration falling from 3 %/mL at the beginning to 0.7 %/mL at the end. Activity in the nose decreases from
10.4 % at 0.5 hto 0.3 % at 8 h. Liver values are between 2.3 % after 0.6 h, the maximum around 2.8 at 1 h and values
above 1% after 4 h. After 8 h, the residuum in the liver is around 0.4 %. The relatively high hepatic values are suggestive
of passage of pariicles, thatis, penetrants, through the barrier and subsequent uptake in the reticulo-endothalial system.
[0183] Corresponding CNS values are 0.1 % and 0.03 %. Maximum in the brain is measured between the first and
second hour with app. 0.11 % and 0.14 %, respectively, which amounts to around 0.3 %/g organ. These, apparently
low values compare favourably with the result of more conventional drug delivery into CNS which yields values below
0.5 % of injected dose or around .15 %/g organ, for example, when transferrin-receptor is used to deliver the drug
{Pasechnik & Price, 1996}. In the case of white-germ agglutinin 0.1 % was found in clfactory bulb,
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Examples 10-11 :

[6184] highly adaptable penetrants

87.4 mg/mL phosphatidylcholine from soy bean (SPC) 12.6 mg/mL of a 50 % icnised cholic acid phosphate buffer, 50
mM, pH 6.5 hurnan recombinant insulin (Actrapid™, Novo-Nordisk) iabelled insulin from Amersham

[0185] In a related experiment, 345 pL of 125)-fabelled insulin was mixed with 345 pL of cold Actrapid™ (Novo-Nor-
disk) and purified 2 times, as in previous experiment. After addition of 200 pL phosphate buffer, 150 ulL of resulting
solution was mixed with the lipids and extruded to final vesicle size. The applied dose was 3 ul per nostril, Mice were
kilted after 1 h, fixed, cut in thin sections and inspected by the whole-body radiography. Free insulin in solution was
used far comparison.

[0186] The resulls of above mentioned exgperiments {not shown) revealed high label accumulation in the nasal region,
as one would expect, substantial spill-over into the Gi tract, very high density in the bladder, but also some radioactivity
in the liver, which appears to be slightly higher for the carrier-derived than for the free insulin.

Examples 12-13:
Labelled interferon-gamma delivery across nasal mucosa of test mice

[0187] highly adaptable penetrants
86.8 mg/mL phosphatidyicholine from soy bean {SPC) 13.4 mg/mL Na cholate phosphate bufter, 10 mM, pk 7.2 (nom-
inal} 1 mg IFN-gamma/mL suspension (100 uCi/mL suspension, as 3-125-tyrosyl-IFN-gamma)

Applied dose: 5 pl nostril

[0188) Mice of NMRI strain (3610.6 g} were housed and taken care of as described with previous examples. Prior
to the test formulation application, the animals were sedated as described before. Test formulation then was adminis-
tered through a fine catheter in two drops of 5 ul, resulting in the total dose of 1 mg lipid. After this, the animals weare
kept in separate cages to prevent mutual contamination.

{0189] Measured radioactivity in the blood was found to correspond to app. 2.5 % of the appiied dose, liver concen-
tration being at app. 2 % and coion conceniration around 2.5 %, all after 2 h. The highest amount of radioactivity by
then was recovered from the stomach (37 %) and in the cage plus excrement {32 7).

[0190] In the central nervous system (CNS} 0.06 % of total nasally applied dose, as judged by derived radioagctivity,
was present 1 h after the drug administration by means of highly adaptable, protein-loaded mixed lipid-surfactant
vesicles.

Examples 14-19:
Cytokine delivery across the nasal mucosa of test mice
[01811 highly adaptable penetrants

37.7 mg/mL phosphatidylcholine from soy bean (SPC)
62.3 mg/mt polyscrbate {Tween B0)

phosphate buffer, 10 mM, pH 6.5

Tetanus toxoid, as antigen {2 mg/mL)

interferon-y (IFG-y)

Granulocyte-monocyte-colony stimulating factor (GM-CSF)
interleukin 4 (1L-4)

Interleukin 12 (IL-12)

Applied dose: 3 pL per nostril

[0192} Mice of Swiss albino strain (18-20 g) were obtained from The National Instituts of Nutrition (Hyderabad, india).
They were 810 12 weeks old at the tirme of tirstimmunisation. The antigen alene orin combination with various cytokines,
both believed to be at least partly associated with the carriers, was positioned with a sequencing in front of the animal
nose and left to be sucked-in by the latter. Blood samples were collected retro-orbitally and tested with specific anti-
bodies directed against the empiloyed antigen by measuring absorbance at 432 nm, after subtaction of blank samples
with ELISA.
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[0193] The results of above mentioned measurements, illustrated in figure 6, suggest that the presence of all tested
cytokines in vaccination formulation, based on the highly adaptable antigen carriers, increases the serum absorbance
compared to that characterising the non-modulated value, determined after simple immuno-carrier administration. Ret-
ative differences are more likely consequences of diverse bio-potency of tested immuno-modulants emgloyed in the
present specitic experimental system than indicative of variable macromolecular transport rate across the nasal mu-
cosa.

[0184] The observed 100 % increase in serum absorbance measured for GM-CSF/IL-4 combination is remarkable,
as it is known that neither polysorbate nor phosphatidyicholine ex soy-bean can markedly enhance permeaticn capa-
bility on their own. It is therefore reasonable to assume that the observed effect is not simply due 1o the delivery of
antigen molecules (with the molar mass of 150 kDa) across the nasal mucosa but, moreover, testify that at least a
proportion of co-administered cytokines has passed the barrier in a biclogically active form.

Examples 20-21:
[0195] highly adaptable penetranis

as in examples 14-19, except for the absence of cylokines
Tetanus toxoid antigen (2 mg/mL}

{0196] Mixed lipid micelies

14.8 mg/mL phosphatidylcholine from soy bean (SPC)
85.2 mg/mL polysorbate (Tween 80C)

phosphate buifer, 10 mM, pH 6.5

Tetanus toxold antigen (2 mg/mt)

[0197] Applied dose: 3 uL per nostrit

[0188] Experiments were done as described with previous examples (14-19).

{0198} tmmune response in the animals treated with mixed lipid micelles as in Examples 14-19 was c¢learly inferior
te that measured after the nasal application of antigen in the highly adaptable lipid vesicles, despite the fact that the
ialter contained a smaller amount of Tween B0 than the former. If the surfactant was responsible for the transport ol
macromolecules across nasal mucosa, owing to its action as skin permeation enhancer, precisely the opposite exper-
imental outcome would have heen expected. .

{0200] This suggests that highly adaptable carriers {mixed lipid vesicles) transpert macromolecuies across the nasal
mucosa by a mechanism other than the drug permeation.

Examples 22-29:

Aggregate size (stabilily) effect

[0201] Highly deformabie vesicles with NaCh {Transfersomes™)
89.3 mg phosphatidylcholine from soy bean
10.7 myg sodium cholate (NaCh)
0.9 mL phosphate buffer, pH 6.5
[0202] (Mixed lipid) Micelles with NaCh, type 1
65 mg phosphatidylcholine from soy bean
35 mg sodium cholate
0.¢mL phosphate buffer, pH 6.5
[0203] (Mixed fipid) Micelles with NaCh, type 2
31.6 mg phosphatidylcholine from soy bean

68.5 mg sodium chalate
0.9 mL phosphate buffer, pH 6.5
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[0204] Highly deformable vesicles with Tw, Transfersomes™ type 1

37.7 mg phosphatidylcholine from soy bean
62.3 mg Tween 80 (Tw)
0.9 mt phosphate butffer, pH 6.5

[0205] Highly deformabile vesicles with Tw , Transfersomes™, type 2

64.5 mg phosphatidylchoiine from soy bean
35.5 mg Tween 80
0.9 mL phosphate buffer, pH 6.5

[0206] {Mixed lipid) Micelles with Tw, type 1

13.2 mg phosphatidylcholine from soy bean
86.8 mg Tween 80
0.9 mL phosphate buffer, pH 6.5

[0207] (Mixed lipid} Micelles with Tw, type 2

7 mg phosphatidylcholine from soy bean
93 mg Tween 80 '

0.9 mL phosphate buffer, pH 6.5

0.10

[0208] Lipid vesicles (liposomes)

65 mg phosphatidylcholineg from soy bean (SPC)
35 mg cholesterol
0.9 mL phesphate buffer, pH 6.5

[0208] Tetanus toxoid {2 mg/mL; home made) used at the dose of

40 pg (20 pL) TT per mouse and immunisation
[0210] The medium filtrate from a culture of Clostridiurn tefani grown in vitro was used as an puiified antigen. Pure
toxoid was purchased from Accurate Antibodies, NY, USA.
[0211] Totestthe effect of aggregate properties in the formutation, three kind of aggregates were preparad: relatively
large vesicles (diameter between 100 nm and 200 nm) either comprising a flexible membrane (Transfersomes) or a
relatively rigid membrane (liposomes) and much smaller micelles (diametar helow 50 nm). The latter were chosen to
mimick the more conventional approach of using detergents as nasal mucosa permeation enhancers.
[0212] Amongst the eight tested formulations, Transferscmes, on the average, give best results, but absolute titres
are always very low, probably owing to the antigen impurity. Mixed tipid micelles are most efficient in creating IgA, but
are nct really different than the other aggregates in the case of IgG2a and igM, whilst in the case of Ig2b they are
comparabie to Transfersomes. The 1gG1 level, which is decisive for animal protection, is only significantly elevated
when Transfersomes are used to deliver TT across through the nose (see figure 7a).
[0213] Mixed micelles containing less potent detergents (with lesser skin permeation enhancing capability) are, rel-
atively speaking, less efficient immuno-carriers' (see figure 7b}, the more deformable Transfersomes with a higher Tw
content standing clearly out in the case of 1IgG2a and IgM, are similar to the Igss deformable Transfersocmes with a
lower Tw content in the case 1gG1 and 1gG3, and are as efficient as mixed micelles with Tw in the case of IgA and
IgG2h. The smallness of measured values is reason for the concern, however, which can best be overcome by using
purer antigen.
[0214] Looking at the cumulative titre of all specific anti-TT antibodies in the serum, liposomes are relatively efficient
immung-cagriers’ in the primary and mature response (perhaps owing to the action of non-associated TT), whilet the
Tw rich mixed micelles are the worst. NaCh Transfersomes are top performers in the late immune response {cf. figure
7c).
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Examples 30-35:

Antigen dose and purity effect

[0215] Highly deformable vesicles (Transfersomes):

B6.3 mg phosphatidylcholine from soy bean (SPC)

13.7 mg scdium cholate {NaChol)

+/- 0.04 mol-% monophosphoryl Lipid A (LA) relative to SPC
0.9 mL phosphate buffer, 10 mM, pH 6.5

[0216] Tetanus toxaid (1T, from local source, purified by ultrafiltration)

0 ug, 40 pg or 80 pg TT/ mouse/ immunisation
[0217} To obtain pantially puritied antigen, such filtrate was passed through a 10 kDa cut-off membrane and washed
thoroughly with phosphate buffer, pH 6.5; in the process, the culture filtrate was concentrated 15 times.
[0218] Dose dependence results are illustrated in figure 8a. The TT-specific increase in serum absorbance following
TT administration through the nose by means of Transfersomes reveals a positive dose dependence in the primary
and late immune response in the absence of LA, the presence of LA revedting this trend. Titre-wise and with regard to
specific antibody isotype distribution, similar but not identical picture is obtained (cf. figures Bb and 8c¢). The survival
data are indicative of good protection in every case. Taken together this suggests that the required dose for non-
invasive nasal immunisation by means of highly deformable carriers is much lower than that required for a successful
non-invasive TT administration through the skin,
[0219] Antigen purity effect. Comparison of the data shown in figure B¢ and 7a and 7b shows that antigen purity
strongly affects the level of muring immune response against tetanus foxin when the toxoid has been apptied non-
invasively through.

Examples 36-46 :

Route of administration

[0220] Highly deformable vesicles, NaCh Transfersomes™ as described with examples 1-8

[0221] Tetanus toxoid mixed with NaCh suspension 20 mg/mL sodium cholate in phasphate buffer, pH 7

[0222] Tetanus toxoid dose: 40 ug TT perimmunisation; 5 ug TT, 10 ug TT, 20 ug TT, 40 pg TT per immunisation.
[0223] Using the same experimental procedures as described with previous examples, the antibody-specific serum
absorbance the corresponding antibody titre and isctype distribution, and the leve! of animal protection against tetanus
toxin was detarmined after nasal, oral and subcutaneous antigen administration.

{0224] Theresults are given infigures 9. They reveal that the increase in serum absorbance, ultimately, is comparable
after invasive and non-invasive antigen administration {figure 9a). However, the titre in the latter case is significantly
lower except in the primary response. Interestingly, s.c. injection only produces superior results after the second boost,
whereas the combination with TT and cholate, which then ¢an act as nasal permeation enhancer in total antibody titre
is batter at all times. The probable reasen for this is the high concentration of |9G2b, as is seen from figure 9b. Injections
elicit most efficiantly the 1gG1 and IgM type of antibedies.

[0225] Animals are well protected by any cf above mentioned vaccinations with TT, but only after 2 boosts; in the
case of nasal vaccination. In contrast, one boost is sufficient (data not shown). Using 4-8x lower dosas of purified TT
suffices for protection in the case of nasal vaccination, but not when the antigen is injected (cf. figure 10).

Exampie 47

Low molecular weight adjuvant {lipid A) effect

[0226] Highly deformable immuno-modulated TT-Transfersomes™: as in examples 9-14

[0227] Tetanus toxeid: 2 mg/mL, with 20 ul or 40 pl corresponding to 40 ug or 80 ug TT per immunisation

[0228] it is believed that co-administration of immuno-active, typically immunopotentiating, molecules is advanta-
geous for presentation TT associated with the carriers to the body. To substantiate this conclusion specifically the
outcorme of non-invasive immunopresentation of TT was compared by means of Transfersomes with or without mano-
phosphory! lipid A (LA), which is a we!l known immunaostimulant known to elicit generation of TNF, for example. For
the used, relatively high antigen doses no strong dependence was found, however. In either case substantial titres and
a prophylactic immune response was reached, which was not the case with purified 7T which profited from the presence
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of LA.
Examples 48-53:

High molecular weight immunomedulators (cytokines)

[0229] Highly deformable vesicles, Tw Translarsomes™:

as described with examples 1-8, plus various cytckines {Interferon+y, GM-CSF, IL-4, IL-12) (3.05 mg IFN-y; 0.004
mg GM-CSF; 0.004 mg iL-4 per mL, 0.004 mg IL-12 per mL})
[0230] Tetanus toxoid, 2 mg/mL, corresponding to 40 ug TT (purified, home prepared) per mouse/ immunisation
[0231] The effect of cytokines was studied individually and in combination. The results are given in figures 5. They
suggest that GM-CSF plus IL-4 combination can support the generation of anti-TT antibodies in mice, as can, probably,
IFN-y and perhaps IL-12, and maybe IL-4 {cf. figure 11a). The strongest effect is seen in the case of IgM and IgA,
except in the case of IL-12 usage, which only affects strongly IgG2b generation. The protection relevant 1gG1 is in-
creased strongly only by the combination of GM-CSF and IL-4, whereas igG3 is not affected at ail. Injection works best
for IgG1 (cf. figure 11 b).

Examples 54-58:

Combination of low and high molecular weight adjuvants (LA + IL-12) effect

[0232] Highly delormable vesicles, NaCh Transiersomes™, as described with exampies 1-8, plus

0.4 mg IL-12 per mL immunogen suspensicn

0.04 mol-% monophosphoryl Lipid A (LA) relative to SPC

Tetanus toxoid {purified}, 2 mg/mL, corresponding to 40 ug TT per mouse/ immunisation
[0233] The effect discussed with examples 25-31 was confirmed for a blend low molecular and high molecular weight
immunoadjuvants. The results are given in figures 12 and show that the immunopotentiation by such a combination is
especially strong during the early stage of immune response, the combination in any case being betlter than LA alone.

Examples 59-71:

Bacterial wall component, cholera toxin, as adiuvant:

Hightly deformable vesicles, Transfersomes™ (Tfs);
[0234)

TisC

86.3 mg phosphatidylcholine from soy bean (SPC)

13.7 mg sodium cholate (NaChol)

0.9 mL phosphate buffer, 10 mM, pH 6.5

C.1 mL ethanol

TisT

36 mg phosphatidylcholine from soy bean (SPC)

64 mg Tween 80

.9 ml. phosphate buffer, 10 mM, pH 7

Cholera toxin (CT; Sigma, Neu-Uim), 2 ng/immunisaticn, if specified,
Tetanus toxoid (TT, pure; Accurate antibodies), 2 mg/mL.

[0235] Volume doses corresponding te 0 ug TT/mouse/immunisation (negative control), 1 ug TT/mouse, 5 ug TT/
mouse, 10 pg TT/ mouse, 20 ug TT/mouse, 40 ug TT/mouse (in the absence of CT) and 0.5 ug TT/mouse/immunisation,
1 ug TT/mouse, 5 pg TT/ mouse {when using CT) was used intranasally in the type T Transfersomes (TfsT) in botn
nostrils and at the dose of 0.5 ug TT/mouse/immunisation in the type C Transfersomes (TisC) in 4-6 Swiss altino mice.
Moreover, 20 ug TT/ mouse/immunisation in TfsT was injected subcutaneousty at the corresponding site in the positive
control group. mmunisations were done o days 1, 14, 28.

[0236] The protective effect of antigen applied in the nose was good when the antigen dose exceeded 20 pg/immu-
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nisation; lower doses yielded insufficient, but detectable protection (cf. figure 13). When chalera toxin (CT) was included
into the test farmulation together with the tetanus toxcid, excelient prolection was achieved aiready at the lowest of
tested doses (0.5 ug/immunisation), independent of the ultra-deformable carrier compesition. Protection was complete
in all test groups containing CT in the foermutation applied on the skin,
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Claims

Use of a penetrant, suspended or dispersed in a solvent, in the form of a minute fiuid dreplet surrounded by a
membrane-like coating of one or several layers of at least two different substances or two different forms of a
substance with the tendency to aggregate, said substances cor forms of a substance differing by at feast the factor
of 10 in the solubility in a preferably aqueous, iquid medium, such thal the average diameter of homo-aggregates
of the more soluble substance ortorm ot the substance or the average diameter of the hetero-aggregates consisting
of beth said substances or forms of said substance is smaller than the average diameter of homo-aggregates of
the less soluble substance or form of the substance and/or wherein the more soluble compoenent tends to sofubilise
the penetrating droplet and wherein the content of such component amounts to up to 89 mol-% of the concentration
requited to solubilise the droplet or else corresponds 1o up to 98 mol-% of the saturating concentration in the un-
solubilised droplet, whichever is higher, and/or wherein the elastic deformation energy of the dropiet surrounding
the membrane-like coating is at least Sx lower, more preferably is at least 10x lower and ideally is more than 10x
lower than that of the red blood cells or of the phospholipid bitayers with fluid aliphatic chains, such droplets then
acting as carriers for the transnasal administration of a pharmaceutically aclive compound or an antigen or an
allergen.

Use of a penetrant, suspended or dispersed in a solveny, in the form of a minute fluid droplet surrounded by a
membrane-like coating of one or several layers of at least two different substances or two different forms of a
substance with the tendency to aggregate, said substances or foerms of a substance differing by at least the factor
of 10 in the solubifity in a preferably agueous, liquid medium, such that the average diameter of homo-aggregates
of the more soluble substance orform of the substance or the average diameter of the hetero-aggregates consisting
of both said substances or forms of said subsiance is smaller than the average diameter of nomo-aggregates of
the less soluble substance or forms of the substance and/or wherein the more soluble component tends to solubilise
the penetrating droplet and wherein the content of such componéent ameunts to up to 99 mol-% of the concentration
required to solubilise the droplet or else corresponds 10 up to 99 mol-% of the saturating concentration in the un-
solubilised droplet, whichever is higher, andfor wherein the elastic deformation energy of the dropist surrounding
the membrane-like coating is at least 5x lower, more preferably is at least 10x lower and ideally is more than 10x
lower than that of the red blood cells or of the phosphelipid bilayers with fluid aliphatic chains as a carrier for the
preparation of a pharmaceutical, preferably a vaccine compesitian for transnasal administration.

Use of a penetrant, suspended or dispersed in a sclvent, in the form of a minute fluid droplet surrounded by a
membrane-like coating of one or several tayers of at least two different substances or two different forms of a
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substance with the tendency to aggregate, said substances or forms of a substance differing by at least the factor
of 10 in the solubitity in a preferably agueous, liquid medium, such that the average diameter of homo-aggregates
of the more soluble substance or form of the substance or the average diameter of the hetero-aggregales consisting
of both said substances or forms of said substance is smaller than the average diameter of hamo-aggregates of
the less soluble substance or form of the substance and/or wherein the more soluble component tends to solubilise
the penetrating droplet and wherein the content of such component amounts to up to 99 mol-% cf the concentration
required to solubilise the droplet or else corresponds to up to 99 mol-% of the saturating concentration in the un-
solubilised droplet, whichever is higher, and/or wherein the elastic deformation energy of the droplet surrounding
the membrane-like coating is at least 5x lower, more preferably is at least 10x lower and ideally is maore than 10x
lower than that of the red blocd cells or of the phospholipid bifayers with fluid aliphatic chains, said penetrant being
used in combination with a pharmaceutically active ingredient or an allergen or an antigen for the preparation of
a transnasally administerabie pharmaceutical compaosition for the treatment of infective diseases, endocrine dis-
orders, preferably hypopituitarism, diabetes, hypenthyroidism, thyroiditis, most preferably Hashimoto's thyroiditis,
subacute thyroiditis; adrenal disorders, preferabiy Addison's disease, secondary adrenal insufficiency, Cushing's
syndrome; gastrointestinal disorders, preferably Crohn's disease, colitis; hemorrhagic diseases, preferably hemo-
philia, leukopenia, hyperecsinophilic syndrome; musculoskeletal and connective tissue disorders, preferably rheu-
mateid arthritis, Sjégren’s syndrome, Bechetl's syndrome, tupus, scleroderma, polymyositis/dermatomyasitis, pol-
ymyaigia rheumatica and temporal arthritis, polyarteriosis nodosa, Wegener's granulomatosis, mixed connective
tissue disorder, ankylosing spondylitis, psorlatic arthritis, osteoarthritis, Paget's disease, sciatica, bursitis, tendo-
nitis and tenosynovitis, epicondylitis, fioromyalgia, eosinophilic Taciitis; neurclegical disorders, preferably pain, sin-
gulius, vertigo, seizure disorders, sleep disorders, transient ischernic attacks, spinal cord injury, demyelinating
diseases, nerve root disorders, myasthenia gravis; oncological disorders; psychiatric disorders, preferably drug
dependence, neuroses, mooed disorders, schizophrenic disorders, delusional disorders; and/or for use in the field
of gynecoclogy, preferably for the treatment of dysmencrrhea, menopause, chronic anovulation, premature cvarian
failure, endometriosis, infertility; and/or for use in the field of immunology, preferably transpiant rejection, hypo-
sensitation, allergen immunotherapy or prophylactic vaccination,

A pharmaceutical composition for transnasal administration comprising a carrier, which is a penetrant, suspended
or dispersed in an aqueous solvent, in the form of a minute fluid droplet surrounded by a membrane-like coating
of one or several layers of at least two different substances or two different forms of a substance with the tendency
{o aggregate, said substances or forms of a substance differing by at least the factor of 10 in solubility in a preferably
agueous, liquid medium, such that the average diameter of homo-aggregates of the more scluble substance or
torm of the substance or the average diameter ot the hetero-aggregates censisting ot both said substances or
forms of said substance is smaller than the average diameter of home-aggregates of the less soiuble substance
or form of the substance and/or wherein the maore soluble component tends 1o solubilise the penetrating droplet
and wherein the content of such component amounts to up to 99 mol-% of the concentration required to solubilise
the droplet or else corresponds to up ta 99 mol-% of the saturating concentration in the un-solubilised droplet,
whichever is higher, and/or wherein the elastic deformation energy of the droplet surrounding the membrane-like
coatling is at least 5x lower, more preferably is at least 10x lower and ideally is more than 10x lower than that of
the red blood celis or of the phosphelipid bilayers with fiid aliphatic chains said composition also including a
pharmaceutically active ingredient or an allergen or an antigen.

The use of claim 3 or the pharmaceutical composition of claim 4 wherein the pharmaceutically active ingredient is
an adrenocorticostaticum, an adrenolyticum, an andregen or antiandregen, an antiparasiticum, an anakelicum, an
anaastheticum or analgesicum, an analepticum, an antiallergicum, antiarrhythrnicum, antiarteroscleroticurn, anti-
asthmaticum and/or bronchospasmolyticurn, an antibicticum, antidrepressivum and/or antipsychaticum, an antid-
iabeticum, an antidot, an antiemeticum, antiepilepticumn, antifibrinolyticum, anticonvulsivum or anticholinergicum,
an enzyme, a coenzyme or the corresponding enzyme inhibitor, an antihistaminicum or antihypertonicum, an an-
tinypotanicum, anticoagutant, antimycoticum, antimyasthenicum, an agent against Morus Alzheimer or Morbus
Parkinison, an antiphlogisticumn, antipyreticum, antirheumnaticum, antisepticum, a respiratory analepticurn or a res-
piratory stimulant, a bronchelyticum, cardiotonicum, chemotherapeuticum, a ceronary dilatater, a cytostaticum, a
diureticum, a ganglivm-blocker, a glucocorticoid, an anti-flew agent, a hasmostaticum, hypnoticum, an immu-
noglobuline or its fragment or any other immunclogically active substance, such as an immunemodulator, a bio-
active carbohydrate (derivative), a contraceptive, an anti-migraine agent, a corticostercid, a muscle relaxant, a
narcoticum, a neurotherapeuticum, a {poly)nucleotide, a neurolepticumn, a neurotransmitter, a (poly)peptide (de-
rivative), an opiate, an opthalmicum, (para)-sympaticomimeticum or (para)sympathicolyticum, a protein{deriva-
tive}, a psoriasis/neurodermitis drug, a mydriaticum, a psychostimulant, rhinclegicum, a sleep-inducing agent, a
sedating agent, a spasmolyticum, tuberculostaticum, urologicum, a vasoconstrictor or vasadilatator, a virustaticum,
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a wound-healing substance, an inhibitor {antagonist) or a promotor (agonist) of the activity of any of above men-
tioned agents cr any combination of said active substances.

The use of claim 3 or the pharmaceutical compaosition of claim 4 wherein the antigen is derived from a pathogen,

The use of claim 3 or the pharmaceutical compositicn of ¢laim 4 wherein said pathogen belongs to extracellular
bacteria, including pus-forming cocci, such as Staphylococcus and Streptococcus, gram-negalive bacteria, such
as Meningococcus and Gonococcus species, species of Neisseria, gram negative bacteria, including enteric or-
ganisms such as E. coli, Salmonelia, Shigella, Pseudomonas, Diptheria, Bordetella Pertussis, and gram-positive
bacteria (e.g. Bacillus pestis, BCG), particularly anaerobes, such as the Clostridium species, bacteria and viruses,
which survive and replicate within host cells, comprising mycobacteria (e.g. M. tuberculosis) and Listeria moro-
cytogenes, retro- and adenoviruses, including hepatitis virus, (human) immunodeficiency virus, herpex viruses,
smalil-pox (chicken-pox), influenza, measles, mumps and polio viruses, cytomegalovirus, rhinovirus, etc,, and fungi
prospering inside host cells, a parasite including animal parasites, such as protozoa and helminths, and ectopar-
asites, such as ticks and mites, or Brucella species, including the causative agent for cholera, Haemophilus species,
as well as pathogens triggering paratyphoid, plague, rabies, tetanus and rubella diseases or to eukaryotic cells or
their parts that cause various neoplasiae, auto-immune diseases and other pathological states of the animal or
human body which do not necessarily result from microbial infections.

The use of claim 3 or the pharmaceutical compasition of claim 4 wherein the antigen is used in a purified or even
bstter in a pure form.

The use of claim 3 or the pharmaceutical composition of claim 4 wherein the antigen is the antigenic determinant
of hepatitis virus, (human) immunodeficiency virus, herpex viruses, small-pox (chicken-pox}, influenza, measles,
mumps and polio viruses, cytomegalovirus, rhinovirus, ete., and fungi prospering inside host cells, a parasite in-
cluding animal parasites, such as protozoa and helminths, and ectoparasites, such as ticks and mites, or Brucelia
species, including the causative agent for chelera, Haemophiius species, as well as pathogens triggering paraty-
phoid, plague, rabies, tetanus and rubella diseases or else eukaryotic cells or their parts that cause various neo-
plasiae, auto-immune diseases and other pathological states of the animal or human body, which do not necessarily
result from microbial infections.

The use of ¢laim 3 or the pharmaceutical compaosition of claim 4, wherein the allergen is of xenogenic or endogenic
origin, derived from a microorganism, an animal or a plant, or befonging te the group of man made and/or irritating
inorganic substances, or to such parts or components of the human body which were incorrectly processed by or
exposed fo the body immune system.

The use of claim 3 or the pharmaceutical composition of claim 4 wherein the allergen belongs to the class of the
inhalation allergens, including but not limited to various polien, spores, bits of animal hair, skin, feather, natura!
and synthetic textiles, wheal, (house) dust, including mite; furthermore, food and drug alfergens; contact allergens;
injection, invasion or depot allergens, such as varicus (gastrointestine-resident) worms, echinococci, trichines,
etc., a pan of implantation material.

The use of any one of claims 1 to 3 and 5 te 11 or the pharmaceutical composition of any one of claims 4 10 9
additionatly comprising a compound which releases or induces cytckine or anti-cytokine activity or exerts such an
activity itself.

The use or the pharmaceutical compesition of claim 12 wherein the compound exerting cytokine activity is iL-4,
IL-2, TGF, 1L-6, TNF, IL-1c and IL-1B, a type 1 interferon, preferably IFN-alpha or [FN-f, [L-12, IEN-y, TNF-B, IL-
Sorii-10.

The use or the pharmaceutical compasition of claim 12 wherein said compound with anti-cytokine activity is an
anti-cytokine antibody or the corresponding active fragment, a derivative, or an analogue thereof,

The use or the pharmaceutical composition of claim 4 wherein the compound displaying or inducing cytokine or
anti-cytokine activity and the pharmaceutically active ingredient or antigen or allergen are associated with the
penetrant.

The use of any one of claims 1 to 15 or the pharmaceutical composition of any one of claims 4 to 15 wherein the
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less soluble self-aggregating molecule is a lipid, preferably a polar lipid, and the more soluble component is a
surfactant or some more soluble form of the potar/basic lipid.

The use of any one of claims 1 to 16 or the pharmaceutical composition of any one of claims 4 to 16 wherein the
more soluble component is an agent to be transported across the barrier, said agent having a tendency ta form
common large structures with the less soluble component(s} of the penetrant, typically in the form of a physical or
a chemical complex.

The use of any one of ¢laims 1 to 17 or the pharmaceutical composition of any one of ciaims 4 to 17 wherein the
moare soluble compoenent tends to solubilise the penetrating droplet and is present in concentration not exceeding
99 mol% of the concentration required to disintegrate the droplet or, aliernatively, not exceeding 99 mol% of the
saturating concentration in the unsolubilised droplet, whichever is higher, values below 50 % of the former relative
concentration being particularly usefu!, with values below 40 rel-% or even around and below 30 rel-% being even
more advantageous, whereas in the case of droplets which cannot be solubilised by the more soluble component
refative concentrations which exceed the ahove mentioned relative concentrations by the facter of up to 2 are most
preferred.

The use of any one of claims 1 to 18 or the pharmaceutical composition of any one of claims 4 to 18 wherein the
less soluble penetrant component is a polar lipid and the more soluble component is a surfactant or a surfactant-
like molecule or else such form of a lipid, preferably a polar lipid which is sufficiently soluble for the purpose of this
invention,

The use of any gne of claims 1 to 19 or the pharmaceutical composition of any ene of claims 4 to 19 wherein the
average penetrant diameter is between 25 nm and 500 nm, preferably between 30 nm and 250 nm, even more
preferably between 35 nm and 200 nm and particularly preferably between 40 nm and 150 nm.

The use of any one of claims 1 to 20 or the pharmaceutical composition of any one of claims 4 to 20 wherein the
penetrant concentration in the formulation for the use in human or animal nose is 0.001 to 20 weight-% of total gry
mass in the {formulation, in particular between 0.01 w-% and 15 w-%, more preferably between 0.1 w-% and 12.5
w-% and most preferred between 0.5 w-% and 10 w-%.

The use of any one of claims 1 to 21 or the pharmaceutical composition of any one of claims 4 to 21 wherein the
supporting medium, e.g. a buffer, is selected to be a biccompatible solution with an osmotic activity similar {o that
of a monovalent electrolyte with concentration in the range between 1 mM and 500 mM, mare preferably between
10 mM and 400 mM, even mere preferably betweaen 560 mM and 300 mM, and most preferably between 100 mM
and 200 mM or else such solution that affords practically sufficient penetrant stability combined with practically
suificient fransport rate across the barrier.

The use of any one of claims 1 to 22 or the pharmaceutical compesition of any one of ¢laims 4 to 22 wherein the
relative drug or agent concentration is between 0.001 and 40 weight-% of total penetrant mass, in particular be-
tween 0.01 w-% and 30 w-%, even better hetween 0.1 wand 25 w-% and most preferably between 0.5 w-% and
15 w-%.

The use of any one of claims 1 10 23 ¢r the pharmaceutical composition of any cne of claims 4 to 23 whearein the
medium supporting the drugs and carriers is a biocompatible bufier with pH value between 4 and 10, more fre-
quently between 5 and 9 and most often between 6 and 8.

The use of any one of claims 1 to 24 or the pharmaceutical camposition of any one of claims 4 to 24 wherein the
additives are included in the preparation {o reduce the system sensitlvity to chemical, biological or ambient stress,
inciuding anti-oxidants, antagenists of undesired enzyme action, cryo-preservants, microbicides, etc., or else mod-
ulators of physically important system properties, such as formulation viscosity, etc..

The use of any one of claims 1 to 25 or the pharmaceutical composition of any one of claims 4 to 25 wherein the
relative drug or agent dose to be administered non-invasively through the nose by means of highly adaptable
carriers is chosen to be between 0.1x and 500x, more often between 0.5x and 250x, and even more preferably
between 1x and 100x different from the corresponding drug or agent dose that would have to be injected to achieve
the desired biclogical effects.

30



10

2¢

25

30

a3s

40

45

50

a5

27.

28.

29,

30.

a1.

32.

a3,

34,

35.

36.

37.

38.

39,

40.

41,

EP 1 031 347 A1

The use of any one of claims 1 te 26 or the pharmaceutical compasition of any one of claims 4 to 26 wherein the
applied penetrant dose is between 0.01 mg and 15 mg per nostril, even mare often is in the range 0.1 mg and 10
mg per nostril, and preferably is between 0.3 mg and 5 mg per naskil.

The use of any one of claims 1 1o 27 or the pharmaceuticat composition of any one of claims 4 1o 27 wherein the
efficiency of administration and the biclogical effects of the agent or drug chosen are controlled by using different
application volumes.

The use of any one of claims 1 to 28 or the pharmaceutical composition of any one of ¢laims 4 1o 28 wherein said
formulation is administered using a metered delivery device.

The use of any one of claims 1 to 29 or the pharmaceutical compositicn of any one of claims 4 to 29 wherein
different application volumes are selected to control the efficiency of administration and the biological effects of
the chosen agent or drug.

The use of any one of claims 1 to 30 or the pharmaceutical composition of any cne of claims 4 ta 30 wherein the
penetrants in suspension are loaded with the drugs or agents within 24 hours grior to the formuiation administration,
preferably 360 min, more preferably 80 min and even more preferably 30 min befare the resulting formulation
administration in the nose.

The use of any one of claims 1 to 31 or the pharmaceutical composition of any one of ¢laims 4 to 31 wherein the
delivery device is loaded ai the treatment site.

The use of any one of claims 1 to 32 or the pharmaceutical composition of any one of claims 4 to 32 wherein the
device is lvaded separately with penetrants and the molecules, particularly biological agents, to be associated
therewith,

The use of any one of claims 1 to 33 or the pharmaceutical composition of any one of claims 1 to 33 wherein the
pharmaceutically active ingredient is for administration to the nervous system.

The use or the pharmacsutical compesiticn of claim 34 wherein the nervous system is the brain.

The use of any ¢ne of claims 1 to 35 or the pharmaceutical composition according to any one of claims 4 to 35
wherein said pharmaceutical compasition is a vaccine,

The vaccine of ciaim 36 which further comprises a pathogen exiract or a compound from a pathogen or a fragment
or a derivative thereof.

The vaccine of claim 37 wherein said pathogen extract or compound Is selected from hepatitis virus, (human)
immunodeficiency virus, herpex viruses, small-pox {chicken-pox), influenza, measles, mumps or polio viruses,
cytomegalovirus, rhinovirus, elc., or fungi prospering inside host celi, a parasite including animal parasites, sugh
as protozoa and helminths, and ectoparasites, such as ticks and mites, or Brucella species, including the causative
agent for cholera, Haemophilus species, as well as pathogens triggering paratyphoid, plague, rabies, tetanus or
rubella diseases.

The vaccine of any ene of ¢claims 36 to 38 which further comprises an adjuvant.

The vaccine of claim 38 or 39 wherein said adjuvant is lipopolysaccharide, such as lipid A or a derivative or mod-
ification thereof, such as monophasphoryl lipid A, or its analogue, such as a fatty derivative of saccharose, cord-
factar (trehalose-dimyceolata), muramyl dipeptide, or another (poly)saccharide or {poly)peptide identical to of re-
sembling an immunclogically active part of a membrane of a microorganism, an extract of a microorganism, in-
cluding bacterial exo- and endotoxins, preferably cholera toxin or the heat labile toxin of E. coli, an A-chain deriv-
ative, a component with an ADP-ribosylating activity, a peptidoglycane, a clostridial toxin, an LT halotoxin, purified
protein derivative of M. tubercufosis, LT-R192G, Fibronectin-binding protein i of Streptococcus pyrogenes, or outer
membrane protein of group B Neisseria meningitidis (GBOMP).

The vaccine of any one of claims 36 to 40 comprising 2 blend of MPL and 1L-12 or GM-CSF and IL-4.
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The vaccine of any one of ¢laims 36 to 41 wherein the relative immunogen/antigen dose to be administered non-
invasively through the nose by means of highly adaptable carriers is chosen to be between 0.01x and 100x, more
often between 0.05x and 75x, and even more preferably between 0.1x and 50x different from the cerresponding
immunogen/antigen dose that would have fo be injected to achieve the desired hiological effect.

The vaccine according te any one of claims 3% 10 42 wherein the concentration of the transnasaily administered
adjuvant is between 10x lower and up to 1000x nigher than that used with the corresponding subcutaneously
injected formulations employing similar antigen, the transnasally administered immuncadjuvant concentration
mare often differing from the injected immunoadijuvant concentration by the factor between 0.5 and 10G, or better,
by the factor between 1 and 50, and best between 2 and 25,

A container comprising the pharmaceutical compasition according to any cne of claims 4 to 43,

A package comprising at least one container comprising the pharmaceutical composition ¢f any one of claims 4
to 43.

A method for generating a protective immuno response on a mammai by vaccinating said mammal with a vaccine
according to any one of claims 36 to 43.

The method according 1o claim 46 wherein different adminisiration volumes are selected 1o controt the applied
immunogen dose and the outcome of vaccination.

The methed accarding to claim 46 or 47, wherein a suspension of antigen-free penelrants is loaded with the antigen
to be associated therewith during the day prier to an administration, preferably 360 min, more preferably 60 min
and even more preferably 30 min befere administering the resulting formulation in the nose.

The method of any one of claims 46 to 48 characterised in that at least one dose of vaccine is administered.
The method according to claim 49 wharein said vaccine is administered as a booster vaceination,

The method according to any cne of claims 46 to 50, wherein the vaccine is applied between 2 and 10, preferably
between 2 and 7, even more preferably up 10 5 and most preferably up te 3 times, when a non-allergenic antigen
is used, ar such a number of times, in the case of allergens, as is required either to achieve the desired immuno-
tolerance, determined according 1o a suitable assessment method, or else to deem the effort as having tailed.

The method according to any one of claims 48 10 51, wherein the time irterval between the subsegquent vaccinations
is chosen to be between 2 weeks and 5 years, often between 1 month and up to 3 years, more frequently between
2 months and 1.5 years,

The method according 10 any one of claims 46 to 52, wherein the flux of penetrants that carry an immunogen
through the various pores in a well-defined barrier is determined as a function of a suitable driving force or a
pressure acting across the barrier and the data are then conveniently described by a characteristic curve which,
in turn, is employed to optimise the formulation or application further.
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