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REACTI ON OR | NDUCI NG AN | MMUNE RESPO NSE BACKGROUND OF THE | NVENTION (a)
Fiel d of wbea3josswenti on The present invention relates to apcanpesieizan and a
met hod for oral admnistration of physiol ogical active products and
intestinal delivery thereof. The physiol ogical active products

adm ni stered by the nethod according to the present invention allowto
achieve a better systemc delivery _and i munol ogi c induction, and has
denonstrated i nmproved nutritional, nutraceutical, and therapeutic
capacities. (b) Description of Prior Art The intensification of fish
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ot her cdptive |ivestock species, has resulted in outbreaks of major

di seases and related nortalities. Consequently, this led to a w despread
use of antibiotics, as both a prophylactic and a treatnent neasure.
However, BACHKGROUND:OF PHE INMEMTIONC-resi stant bacteria and the

accunul ation of antibiotics in the environnent and in the flesh of fish,
underscored the necessity of a vaccination alternative. Indeed, in recent
years nuch effort has been dedicated to vaccine devel opnment and the use of
vacci nes i(Q) Eiekof @cfhidéntidips beconme popular. As in all vertebrates, the
specific immune response 1n fish is conposed of hunoral inmunity and
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according to the present invention allow to achieve a better systemic

delivery and immunologic induction, and has demonstrated improved

nutritional, nutraceutical, and therapeutic capacities.

(b) Description of Prior Art.

The intensification of fish farming and increased densities
involve a substantial stress which, as in other captive livestock species, has
resulted in outbreaks of major diseases and related mortalities.
Consequently, this led to a widespread use of antibiotics, as both a
prophylactic and a treatment measure. However, the development of
antibiotic-resistant bacteria and the accumulation of antibiotics in the
environment and in the flesh of fish, underscored the necessity of a
vaccination alternative. Indeed, in recent years much effort has been
dedicated to vaccine development and the use of vaccines in fish farming
has become popular. As in all vertebrates, the specific inmune response
in fish is composed of humoral immunity and cell-mediated immunity. Upon
exposure to an antigen, B-lymphocytes differentiate into plasma cells,
which produce specific antibodies, and into memory cells. The T-cells
proliferate into long-lived helper memory cells. In contrast with the immune



cl ass of inmmunoglobulin, simlar to the IgMof mammal s. The T-Iynphocytes
are al so responsible for the cell-nediated response. On primary antigen
stinul at iwo oBlogspoti fferentiate into killing cells, | ynphekirneopoedsci ng
cells and suppressor cells. The cell-nediated imune response in fish

i nvol ves al so nmacrophages, which are the fish's main [ine of non-specific
defense. In contrast with terrestrial l|ivestock, vaccination in fishis
conplicated by their aquatic environa@nt. Individual injections of

vacci nes are | abor-intensive and stressful, since fish have to be renoved
fromwater and anesthetized prior to injection. It has been denonstrated
t hat cert abystamsi @fehigheawertagm,aﬁsh appears rtegpoduee insinglehdomiramtt hey are

i ntrod dj h . . i t ish (i,e. i i
vaeer et oSS 8 I RbEou AP I bREet iaMshbisr e or of ect i on

\ ) . : Hrat ) & prote .
o eator e R FrBRRHSS s A aSbeon bRl s he bolbaedlaled o7 ° e
initial vasdoRge P piARSLMIGRN ]ﬁﬁ‘nul§ti6ﬂ by énffef@eﬁa?@mté pﬁﬂgﬁ%ba@r sed in

hi gh concentrations of a’Furuncul osis vacci'ne takes up o ery snall
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hours. Whe Ish are injected.wth vacci nes he protective, ant.igens can be
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gut). This , expl ains Lh fi ndi ng%_s that for all studied vaccines, the
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procedures as conpared to injections, It 1s considered in the
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induced by immersion have been variable. The uptake of Vibriosis vaccine
from water into rainbow trout is low, and is limited to 0.01-0.2% of the initial
vaccine bath concentration. Similarly, rainbow trout immersed in high
concentrations of a Furunculosis vaccine takes up only very small
proportions of the antigen, even when immersed for periods of up to 4
hours. When fish are injected with vaccines, the protective antigens can be
localized in the spleen and kidney, which are the main organs of phagocytic
filtration and the main sites for protective immunity. However, after
immersion of fish in the vaccine, the antigens are almost exclusively
located on the outer surfaces, skin and gills. In fact, whereas the injection
of vaccines induces a systemic immune response (in spleen and kidney), it
is believed that the immersion technique induces mainly an integumentary
immune response (in the mucous membranes of skin, gills and gut). This
explains the findings that for all studied vaccines, the injection of antigens
provides far better immune protection than does the immersion protocol.
However, in view of the relative simplicity of the immersion procedures as

compared to injections, it is considered in the industry that immersion of



-3 fish in a solution containing high concentrations of the vaccine results
in sufficient protection against certain diseases (e.g. enteric red nouth
di sease awo 0B/08®oTe speci es vibriosis). Neverthel ess, in tha/@aseoad ot her
di seases (e.g. furunculosis and in some species vibriosis), fish have to be
individually injected wwth the vaccine. Yet for other major diseases, such
as bacterial kidney disease (BKD), efforts to devel op vacci nes have been
unsuccessful. Oral adm nistration of 3vacci nes has been extensively studied
in recent years. However, despite the initial promse of this nethod (i.e.
bei ng conpletely non-stressful to the fish), oral vaccination was found to
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In all cases of vaccination in fish, longevity of the immune
protection is a major concern. Only rarély is the duration of the pfotection
induced by a single vaccination longer than one year, while rearing time to
harvest in most farmed fish is much longer, exceeding two years.
Consequently, many of the available fish vaccines are of limited efficiency.
Booster vaccinations of large fish, usually by injection, are required to
improve the duration of protection. This involves considerable labor,
handling, and stress to the fish, which results in mortalities. No delivery
systems are currently used in fish to prolong bio-availability of antigens. In
addition, a number of potential adjuvants that may have increased the
degree of immune protection, cannot be used in commercial practice

because they cause severe infections or are toxic.

As is the case in humans, a major problem which impedes the ability
to optimally immunize all fish against common diseases is the requirement
to deliver multiple doses of the vaccines in order to. maintain protection.
Current immunization schemes produce episodic stimulation of the immune
system because repeated applications of the vaccine have been the only

practical method for delivering vaccines. As a result, intensive research has



practical nmethod for delivering vaccines. As a result, intensive research
has WO 03/ 086097 PCT/ CA03/ 00523 -4 been recently carried out in mammal s
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that will efficiently induce a protective primary response of |ong
duration. Based on polyner design, the release pattern of the antigen is
ei ther continuous or conprises an initial prolonged release of the antigen
intended to prine the i mune response4 —-and a del ayed rel ease for boosting
it. The carrier polyners which are non-toxic and bioconpatible, in
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of fish vaccines in polymer systems would likely provide sustained vaccine
release and improved protection, important physiological differences
between species along with disparate conditions (e.g. water temperature)
would likely affect polymer function, and would require detailed
characterization between species and culture conditions. Furthermore,
polymer-mediated sustained vaccine release requires injection, therefore,
on a practical level, this strategy may offer relatively limited advantage over

non-encapsulated vaccines for aquatic species.

While fish lack some of the specialized cellular and tissue
components of the gut associated lymphoid tissues (GALT) of mammals,
there is considerable evidence for the ability of enterocytes, especially in
the hind gut segment, to take up antigens and translocate them to
macrophages and lymphocytes in the lamina propria and, under certain
circumstances, to systemic lymphoid organs, i.e. kidney and spleen.
Current evidence from carp suggests that oral delivery‘ of antigens
stimulates antibody pfoduction in the gut, gill and skin, but not in the kidney
and blood, while parenteral injection of antigen stimulates the systemic

compartment and not the mucosal compartment.



stinmul ates anti body production in the gut, gill and skin, but not in the

ki dney and bl ood, while parenteral injection of antigen stinulates the
syst em ¢ wooapsspnent and not the nucosal conpartnent. WOPCI/OB808523

PCT/ CA0O3/ 00523 -5 However, in salnonids, it is suggested that oral

I mmuni zation stinmulates only |ow responses in the gill, gut and skin,
while injection stimulates both system ¢ and nucosal responses and
stinmulates the latter nore effectively than oral immunization. Thus, while
there is evidence of a common nucosal i mmune system in fish, there seens
to be sone species variation in the extent of its conpartnentalization.
There is al so spREWRS, VA salionidd, nitt ke sugyestedotthatamiralgénmuptzatienby t he
enterocytes. In carp (Cyprinus carpio), only sol abl e antigens are taken up
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reacti on of thedantigen ao cemditiens in the anterior gut, while not necessarily

preventing uptake by hind gut enterocytes, may affect antigen translocation

to the systemic compartment. Present information, while still very

incomplete, indicates that orally delivered antigen must be protected from

digestion and other forms of modification in the anterior intestine and be

delivered to the hind gut enterocytes in a form which can be taken up by

these cells and translocated in a strongly immunogenic form to the

systemic immune compartment.

There is, therefore, a pressing need for a new, efficient, cost
effective and non-invasive method of administration to humans and animals
of a composition containing nutritional and therapeutic agents, particularly
peptides, which are otherwise unsuitable for oral administration.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a composition for
modulating at least one physiological reaction or inducing an immune
response in human or animal after oral administration, including mammals,
birds, insects, crustaceans, amphibians, reptiles and fish, for intestinal
delivery of a physiologically active agent comprising, a neutralizing agent

that increases pH in the animal digestive system to prevent chemical



response in human or animal after oral adm nistration, including mammals,
birds, insects, crustaceans, anphibians, reptiles and fish, for intestinal
del i very wbD oa/opdoysi ol ogi cal |y active agent conprising, a mENcABioai2fg agent
that increases pHin the animal digestive systemto prevent chem cal WO
03/ 086097 PCT/ CA03/00523 -6 denaturation, an inhibitor of digestive
enzynes to prevent enzymatic digestion of the active agents, and an uptake
I ncreasi ng agent which increases inBestinal absorption of a
physi ol ogically active agent. The invention is also based upon the finding
that the conmbination of the three agents provides additive and synergistic
i nt esti najefgiuratiory andinhititkeof whgestivee énzymesr teemreyentAeozii@atiobj ect of

the present invention is to provide nmethod for treatin nt.esti nal
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t he preseinvehtigrs iatsn babed epbs the dinditgithat the raeohination pbtheothupe
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conpri si ngpal (RsdorRifren@yt ral i zing agent at concentration between about

1 %to 60%wWw, an enzymatic inhibitor at concentration between about 1 %
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grom h factors, vascular endothelial growh and perneability factor
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In accordance with the present invention, there is provided a
composition for oral administration to an animal for intentional delivery of a
physiologically action agent or antigen, the composition of the present
invention comprising at least one neutralizing agent at concentration
between about 1% to 60% w/w, an enzymatic inhibitor at concentration
between about 1% to 50% w/w, and an uptake increasing agent at
concentration between about 0.1% to 50% wiw.
The composition according to the present invention, may also
comprise a physiologically active agent selected from the group consisting
of, but not limited to, therapeutical agents, nutritional p'roducts,
mucopolysaccharides, lipids, carbohydrates, steroids, hormones, growth
hormones (GH), growth hormone releasing hormones (GHRH), epithelial
growth factors, vascular endothelial growth and permeability factor
(VEGPF), nerve growth factors, cytokines, interleukins, interferons,
GMCSF, hormone-like products, neurological factors, neurotropic factors,
neurotransmitters, neuromodulators, enzymes, antibodies, peptides, proteic
fragments, vaccines, adjuvants, antigens, immune stimulating or inhibiting
factors, heomatopoietic factors, anti-cancer prqducts, anti-inflammatory

agents, anti-parasitic compounds, anti-microbial agents, nucleic acid



(VEGPF), nerve growth factors, cytokines, interleukins, interferons,

GMCSF, hornone-li ke products, neurological factors, neurotropic factors,
neur ot r areMioB&I87 neur onodul at ors, enzynes, antibodi es, PpPeptGANRHYS2pr Ot ei C
fragnents, vaccines, adjuvants, antigens, inmune stinulating or inhibiting
factors, heomatopoietic factors, anti-cancer products, anti-inflanmatory
agents, anti-parasitic conpounds, anti-mcrobial agents, nucleic acid WO
03/ 086097 PCT/ CA03/ 00523 -7 fragmentis, plasmd DNA vectors, cell
proliferation inhibitors or activators, cell differentiating factors,

bl ood coagul ati on factors, imunoglobulins, negative selective markers or

"sui ci de” fragffints, plasitid ONmowstss, asll iprolifogitiopeinhibitage ot |ctipatoypept i des,
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hydrogencarbonate, calcium phosphate, calcium carbonate, magnesium
salts, magnesium carbonate, magnesium ftrisilicate, magnesium hydroxide,
magnesium phosphate, magnesium oxide, bismuth subcarbonate, and
combinations thereof.

In addition, the composition of the present invention may
cémprise a neutralizing agent which consists of at least one of sodium
carbonate at a concentration of 10% to 20% w/w, and calcium carbonate at
concentration of 10% to 20% w/w of the composition.

According to the present invention, there is provided a
composition which comprises at least one enzyme inhibitor in an amount
sufficient to substantially inhibit the degradation of a physiologically active
agent by digestive enzymes in the digestive system of a human or an
animal and allow delivery of this physiologically active agent into the
intestine of the human or the animal.

The inhibitor of digestive enzymes may be selected from the
group consisting of, but not limited to, anti-proteases, egg albumin, plant-
derived inhibitors from oilseeds, soybeans, kidney beans, faba beans, rice
bran, wheat bran, ethylenediamine tetraacetate, alpha-1-antitrypsin,

albumin, ovalbumin, and proteasomes.



agent by digestive enzynes in the digestive systemof a human or an ani nmal
and allow delivery of this physiologically active agent into the intestine
of the huwernswossophe ani mal. The inhibitor of digestive enPgmasaogmgsbe
selected fromthe group consisting of, but not limted to, anti-proteases,
egg al bum n, plant- derived inhibitors fromoil seeds, soybeans, ki dney
beans, faba beans, rice bran, wheat bran, ethyl enedi am ne tetraacetate,

al pha- 1-antitrypsin, albumn, oval bwgn-n, and proteasonmes. WO 03/ 086097
PCT/ CA03/ 00523 -8 The conposition according to the present invention may
conprise pepsin inhibitors, enteropeptidase inhibitors, and/or albumn at a
concentration betYien confpositioA0%ocabvding héo c i opliesenh inventien pmeyent
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The composition of the present invention may further comprise
at least one additional ingredient selected from the group consisting of
ethylenediamine tetraacetate, preservatives, antioxidants, colorants
binders, tracers, one or more sweeteners, surfactants, unmoulding agents,
flavouring agents, meals, beans, yeast, brewer yeast, mineral oil, vegetable
oil, animal oil, lubricants, ointment, and combinations thereof.

Another object of the present invention is that physiologically
active agent when delivered into the human or the animal intestine may be
absorbed by the intestine for systemic delivery, or to have an effective
physiological effect on intestinal Wall.

Also, the composition according to the present invention may
allow for a physiologically active agent when delivered into a human or an
animal intestine to have a physiological effect into the content of the
intestine. This application may further be used to stimulate food transit
throughout the gut, or to treat infectious diseases.

In accordance with the present invention, the physiologically
active agent is capable of inducing mucosal immuni’iy or systemic immune
reaction in the host human or animal against mucosal infectious diseases.
There is provided a method of immunization of a host against mucosal



physi ol ogi cal effect on intestinal wall. Al so, the conposition according to
the present invention may allow for a physiologically active agent when
del i ver edworBos@human or an animal intestine to have a paygiAvBogH2sal
effect into the content of the intestine. This application may further be
used to stinulate food transit throughout the gut, or to treat infectious
di seases. In accordance with the present invention, the physiologically
active agent is capable of inducing m@cosal immunity or system c i mune
reaction in the host human or ani mal agai nst nucosal infectious diseases.
There is provided a nethod of immunization of a host agai nst nucosal WO
03/ 086097 rhiciddrd@rishitd Zdhich Scamprises gevallg madministeringnwr ithes hoskldry

adm nistering to the host an, inmunizing anount of . crqhial, surface
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i nfections I n an ani nal, conprises admnistering the conposition of

t he presertigéstiverfracth ot emmst 40 wgniar riataction; arelisitan wgaynei raspeNSount

sufficient_for .ther } C.: ectiveness. The m crobial infections may be
caused by arﬂaé’i’%é‘?'g&ﬁ??@ﬁé“e%@%ct ed fromthe group consisting of, but not

linited to, bactepcgording!® the pResBhDIPVENtiYIEABEE isvirovisled,a Bletindy bbcocci ,
Streptococci, Mcrococci, . Peptocacci, Peptostreptococci, Enterococci,

Baci | | us, ttgasiogr infegtinal mierobiRdcinfeetionsy izt an i animaly $Iieh oeerpplses
g[ fgbfg&%ﬁhh&%ﬁgﬁg@&bbg%n SAhsKBasHER YoESRl&RFGRan Yngar! asme,
microbial agent in an amount sufficient for therapeutic effectiveness.

The microbial infections may be caused by microorganisms
selected from the group consisting of, but not limited to, bacteria, fungi,
mushrooms, yeasts, viruses, Staphylococci, Streptococci, Micrococci,
Peptococci, Peptostreptococci, Enterococci;  Bacillus,  Clostridium,
Lactobacillus, Listeria, Erysipelothrix, Propionibacterium, Eubacterium,
Corynobacterium, Mycoplasma, Ureaplasma, Streptomyces, Haemophilus,
Neisseria, Eikenellus, Moraxéllus, Actinobacillus, Pasteurella, Bacteroides,
Fusobacteria, Prevotella, Porphyromonas, Veillonella, Treponema,
Mitsuokella, Capnocytophaga, Campylobacter, Klebsiella, Chlamydia,
Furonculosis, and coliforms.

The antimicrobial agent used to treated microbial infections may
be selected from the group consisting of, but not limited to, antibiotics,
bacteriocins, ~  lantibiotics, probiotics, antifungics, antimycotics,
antiparasitics, aminoglycosides, vancomycin, rifampin, lincomycin,
chloramphenicol, fluoroquinol, penicillin, beta-lactams, amoxicillin,
ampicillin, azlocillin, carbenicillin, mezlocillin, nafcillin, oxacillin, piperacillin,
ticarcillin, ceftazidime, ceftizoxime, ceftriaxone, cefuroxime, cephalexin,

cephalothin, imipenen, aztreonam, gentamicin, netilmicin, tobramycin,



Nei sseri a, Eikenellus, Mraxellus, Actinobacillus, Pasteurella,

Bact eroi des, Fusobacteria, Prevotella, Porphyrononas, Veillonella,

Tr eponemawo odos®@apkel | a, Capnocyt ophaga, Canpyl obacter, KiPergisbloes23

Chl anydia, Furonculosis, and coliforns. The antim crobial agent used to
treated mcrobial infections may be selected fromthe group consisting of,
but not limted to, antibiotics, bacteriocins, lantibiotics, probiotics,
antifungics, antinmycotics, antiparasdtics, am noglycosides, vanconycin,
rifampin, lincomycin, chloranphenicol, fluoroquinol, penicillin,
beta-lactanms, anmoxicillin, anpicillin, aziocillin, carbenicillin,

mezi oci | | igtracyolitdd,| | sulfomsaiidés,i nmagrgiziesci |drythromidirgar clarithremcief t azi di e,
ceftizoxime, ceftriaxone, cef rox‘_ , _cephal exjn, cephal othin impenen,
azt r eonanPZYERIMFED| POIRBYXIN e ﬁ,'fﬁ%m% a'ﬁ, ofipy oA H8EBPNBHPEA03/ 00523
-10 tet raﬁye%j)pes, sul f onam des, nmacrolides, erythromcin, clarithrontin,
azithromycin, polynmyxin B, clindamycin antibiotic, and conbi nati ons

t hereof. The inv i i I rQ\,: f.el livery,
whi ch conpri ses gﬁi‘% ﬂﬁ’&r@ﬁﬁs@%&%‘?éﬁ pt(??éwgﬁ %ﬁ%@g’gffﬁ@?g&%ﬁ’?ﬁ@al agent
for treat whctacheprisbs draloadiamistfatiometoaan ranimalwbi afthempelticalhagerdonpr i ses
an acceptabl e pharpmaceut | cal Cn%r[ll er. The ¢ osisfti Bn of the#resent
i nvent i onfardrealing a baalth disesdeniine A¥ma Vﬂ?'cnﬁ'@@/ ugher 6oHeNSeH8Pe s al so
provi ded ?88 tgblbgpﬁé}nte{b%uﬂéﬁﬁﬂﬁiei”Ve”ti on a nethod for enhancing
i ntestina uﬁa e "in human or animal, which conprises orally
admi ni stering a physiconumpisitidn pf déhéepresent imsntion ogarm bephged dndecal |y
active agent. Another object of the present invention is to provide a
met hod f oManiaciiER Pﬂﬁruﬁlsﬁig?%ﬁ"ogi cal reaction or inducing an i mune
response in a hunman or an ani nmal 80 riaj ng orﬁll adn}' nistrating a
sufficient anountTpere is also provided according”to the present invention a
method for enhancing intestinal uptake 'in human or animal, which
comprises orally administering a physiologically effective amount of a

physiologically active agent.

Another object of the present invention is to provide a method for
modulating a physiological reaction or inducing an immune response in a
human or an animal comprising orally administrating a sufficient amount of

a composition of the present invention defined herein.

For the purpose of the present invention the following terms are

defined below.

The term "therapeutic agent " is used in a generic sense and
includes treating agents, prophylactic agents, replacement agents, and
antimicrobial agents.

The term "common mucosal immune system" refers to the fact
that immunization at any mucosal site can elicit an immune response at all
other mucosal sites.

The terms "protein”, "peptide" and "polypeptide” refer to both the
naturally occurring chemical entities and the structurally similar bioactive

equivalents derived from either endogenous, exogenous, oOr synthetic



a conposition of the present invention defined herein. For the purpose of
the present invention the followng terns are defined below. The term

"t herapeuwwpDd3ag®@nt " is used in a generic sense and i ncl krdEFgCABOERS I NY
agents, prophylactic agents, replacenent agents, and antimcrobial agents.
The term "comon nucosal immune systent refers to the fact that

| mruni zation at any nucosal site can elicit an i nmune response at all

ot her nmucosal sites. The ternms "proté¢in', "peptide" and "pol ypeptide" refer
to both the naturally occurring chemcal entities and the structurally
simlar bioactive -equivalents derived fromeither endogenous, exogenous,
or synt heisbard® 4l 884 o PAEACAORNRIS 28 amidd asisrinksddogethsr byeth t o nean
pol ymers of amno acids |inked together by an ami de type |inkage known as
a pepti de apydia typehknkagertnayn ﬁ%?&%ﬁtﬁ? quﬁl ar bioactive equival ent” nmeans

a__pol ypeptide vi yho oA il S GRRRCHIOHRIE) eqUiidiBHeN ning denti cal to

that of the naturaﬁ?y occurring peptide, Is sufficiently simlar in
st ruct ur e potypeptidd with antermimot acitll sequgoice avkioh, althoughenot iesticalctos on t he

subject tg th d d by th . J ide itself. Th
"t her apeu&)l'i‘gt‘,ia‘i?flt Wegéggﬁlg\@%’ﬁ%”ﬁtpg%ﬁa&g's 'ééﬂ@ﬁlls'trﬁ' dﬂségﬁuecééfg {Bci ent
amount  of gfrﬁkg%cfeéf)?p?étaﬁtiéw eqtivhaent !ﬂ%rbpb@ﬁtﬁi%ﬁ’ecﬁsh@ﬁ ape subfecpenahat , at a

r easonabl risk ratio applicable to any nedical treatnment. It wll

be under stpoadycdtbbyethe naturalipeptidettselhd dai |y usage of the medi canents and

conpositions of t present. LNV ' i1 1. Dbe md b ndi n
physician within ?ﬁ% t&g&&%ﬁ@@@%ﬁ%ﬁ%ﬁﬁ %%@rﬁf? ﬁ%d?(gap@%f] I C ]
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depend upon a variety of factors including_the disor derlicagﬁai ?g treated and

the sever ithgrapeutiaebenefibr aba rersqnably kandfitfesic JaHe ARP any
medical treatment. It will be understood, however, that the total daily usage
of the medicaments and compositions of the present invention will be
decided by the attending physician within the scope of sound medical
judgement. The specific therapeutically effective dose level for any
particular patient will depend upon a variety of factors including the disorder
being treated and the severity of the disorder; activity of the compound
employed; the specific composition employed; the age, body weight,
general health, sex and diet of the patient; the time of administration, route
of administration and rate of excretion of the specific compound employed;
the duration of the treatment; drugs used in combination or coincidental
with the specific compound employed; and like factors well known in the
medical arts. For example, it is well within the skill of the art to start at
doses lower than required to achieve the desired therapeutic effect and to

gradually increase the dosage until the desired effect is achieved.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates the influence of increasing sodium deoxycholate

(g sodium deoxycholate/kg bypass cocktail) on weight gain in rainbow trout

in all tanks;



enpl oyed; the specific conposition enployed; the age, body weight, general
heal th, sex and diet of the patient; the time of admnistration, route of
adm ni st reDioss@pt rate of excretion of the specific conmpeardArsapiayed;

the duration of the treatment; drugs used in conbination or coincidental
with the specific conpound enpl oyed; and like factors well known in the
medi cal arts. For exanple, it is well within the skill of the art to start
at doses lower than required to achiteve the desired therapeutic effect and
to gradually increase the dosage until the desired effect is achieved.

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 illustrates the influence of

i ncreasi ng sodi umFite X Ylosipaisehe (inflerdieush ide@agingod adiehkdedxyphskate ockt ai | )

on weight gain_in rainbo rou in all tanks; 03/ 086097 PCT/ CA03/ 00523
-12 Fig. 4 [ Sqciem gy ch @%q/m bMBﬂ%SeC%kt?ﬂ&rb\é@l BBl INLRARRYL YOl ate (g

sodi um deqﬁ%b?é@(ngg. bypass cocktail) on weight gain in rainbowtrout in
extrenme tanks; Fig. illustrates the percentage increase in brook trout

wei ght in bST-supjd. itlosteatesythagercentageaiihcraasa in boodatrongweightlinn of
sodium d cholate; Fig, 4 illustrates. fish weight gajn qQf cqntrol and

i nj ected ?t? ';SUPPGW%“?% R¥PFSH &0 fi"ﬁ'ﬁ? b5nFr?ﬂ§"%hr k?ge‘soroqf §8§E’5‘3 dried
oval bum n pfoxybh6latenposi tion of the present invention; Fig. 6 illustrates

the inhibition curve for red kidney beans of the conposition of the
present invent i onFigidllustratesdishrvegight gaie of gantiok anshinieated fisbr soybeans of

o STl o Pl S g Nl

i nhibition curve ion 0O sent
i nvent i on;thEi@mgbditidriust thatprasémtanveritide; t i on curve for EDTA of the

conposi tion Fig. 6 illustrates the inhibition curve for red» kidney beans of the
composition of the present invention;

Fig. 7 illustrates the inhibition curve for soybeans of the
composition of the present invention;

Fig. 8 illustrates the inhibition curve for faba .beans of the
composition of the present invention;

Fig. 9 illustrates the inhibition curve for EDTA of the composition
of the present invention;

Fig. 10 illustrates the inhibition curve for wheat bran of the
composition of the present invention;

Fig. 11 illustrates the inhibition curve for spray-dried ovalbumin of
the composition of the present invention;

. Fig. 12 illustrates the inhibition curve for combined ingredients of

the composition of the present invention;

Fig. 13 illustrates the standard curve of HRP in the plasma of
rainbow trout;

Fig. 14 illustrates the effect of the composition of the present
invention on HRP uptake;

Fig. 15. illustrates intact HRP absorbed into the general
circulation of a fish; and

Fig. 16 illustrates antibody levels after oral immunization of fish.



of the present invention; Fig. 10 illustrates the inhibition curve for
wheat bran of the conposition of the present invention; Fig. 11

i 11 ustratwe mlogsopnhi bition curve for spray-dried oval bum ®CafCAIBLEs23

conposition of the present invention; Fig. 12 illustrates the inhibition
curve for conbined ingredients of the conposition of the present
invention; Fig. 13 illustrates the standard curve of HRP in the plasma of
rainbow trout; Fig. 14 illustrates thg-effect of the conposition of the
present invention on HRP uptake; Fig. 15. illustrates intact HRP absorbed
into the general circulation of a fish; and Fig. 16 illustrates anti body

| evel s after oralFignmyniilastiates thé dursival STTiSIBIAIRGOST dHETECAOREB0GR 3
of fish follow ng different types of
18 illustrates the nortalities of fish

Fig. 17 illustrates the survival
vacci ne adareingtadminisiatieng.
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DESCRI PTI @¥céie Hdmihisuahidh ON The present

bi oacti ve

by using an innoyative yacc '
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usi ng the vaccine conposition to deliver vaccines orally
in order to overcone current production constraints facing

to,
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I ndustry isePRIEY pESCRIPTIONUE THE RVENTONR' esent

The present invention provides evidence that by using an
innovative vaccine composition, it is possible to transport a bioactive
protein past the stomach of fish, as for example but not limited to, rainbow

trout, whereby the protein is absorbed (Figure 1).

The effectiveness of using the vaccine composition to deliver
vaccines orally in order to overcome current production constraints facing
the aquaculture industry is hereby clearly demonstrated. The present
invention relates to the administration of therapeutic proteins and
polypeptides in oral dosage form. The invention provides increased
absorption through the Gl tract and greatly improved bioavailability of the
proteins/peptides as compared to that of the prior art formulations. The
invention is useful both in human and veterinary nutrition, therapy and

‘treatment. As used herein and in the appended claims, the term

"nolypeptide" encompasses within its scope proteins and peptides as well
as polypeptides.

The compounds and compositions of the subject invention are
useful for administering biologically or chemically active agents to any
animals such as birds, fish, crustaceans, amphibians, reptiles, mammals
(such as primates and particularly humans), and insects. The system is
particularly advantageous for delivering physiologically, biologically or
chemically active agents which would otherwise be degraded or rendered

less effective by conditions encountered before the active égent reaches its

I nventi on provides eV|dence t hat

port a
limted

t he aquacul ture



I nvention relates to the adm nistration of therapeutic proteins and

pol ypeptides in oral dosage form The invention provides increased

absor pti owotopoewgh the G tract and greatly inproved bi oavari@eshbiy of the
prot ei ns/ pepti des as conpared to that of the prior art formulations. The

i nvention is useful both in human and veterinary nutrition, therapy and
treatnent. As used herein and in the appended clains, the term

"pol ypepti de" enconpasses within itsqgcope proteins and peptides as well

as pol ypepti des. The conpounds and, conpositions of the subject invention
are useful for admnistering biologically or chemcally active agents to

any ani n?ér@eﬁ%lheaii.@.i h§S afdaSiin  Whicht e adiveaspbhbicinthe defiveryes,
manmal s stch as primates and particularly humans), and insects. The
system i s copwositionl Iartpyb%mlam@zge\mﬂynftbe beislyi Afdhe iRy &9 ngi thay y,

bi ol ogi cal |y oy . chem.c A |,V .C : ' e degraded
or render@&g ?%E'Q'sé%egcﬁ% %)écg@hgbghﬁ %@o%&%ﬂ?ﬁ%ﬂpﬁ%ﬁ@ﬁ%?ﬁtg@ active
agent reagh@seritt nVYALBR/ GB6098cRCTIATARBAIBO Bninistdringr getivez cagerts,. e. t he
area in which the active agent of the deli Ym ccglgosition is to be

rel eased) espenially thasepslighsre ek ogdinadly orall\ #¢lvera®e8y  are admini stered.

Parti cul ar 1y, _therfompaundSnARAlicrPRARS ikiiaRP RIS thes SAMstaomt i on ar e

useful for orally ering active agen especi ally those which are
not or di nafipolypeptitiey, ideludingr proteins, THuehpas deibnot livided torthegapsaticalcul ar | y

ful for the admipistrati f I tid i pel udi LQs, h
as, but. nagenfe Hegoaa! ey ESpdSHchaBlen, iy sAhIPATRE: 5, °°
mucopol ys% s, qﬁ’oﬁ’nhd e(%lr %omgrmwegt €SH), §fowWthi BSrméws meresinggr owt h

hor nones , growt ne releasin hor mones ( GHRH), i[eagi thelial growth
factors, \eswonas (EHiRHMeepiheligl arowth fariorse vasawar iangofhaliah GEoWiiEGPF) |
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neur ot r ansieHekips, NAtErRETOAs! aBMCSF,emoymeae-like producst, neurological
factors, neurotropic factors, neurotransmitters, neuromodulators, énzymes,
antibodies, peptides, proteic fragments, vaccines, adjuvants, antigens,
immune stimulating or inhibiting factors, heomatopoietic factors, anti-cancer
products, anti-inflammatory agents, anti-parasitic compounds, anti-
microbial agents, nucleic acid fragments, plasmid DNA vectors, cell
proliferation inhibitors or activators, cell differentiating factors, blood
coagulation factors, immunoglobulins, anti-angiogenic producst, negative
selective markers or “suicide” agent, toxic compounds, anti-angiogenic
agenst, polypeptides, and anti-cancer agent nucleotides, and the like, and
structurally similar bioactive equivalents thereof.

In accordance with one embodiment of the present invention,
there is provided a composition for oral adminisiration and intestinal
delivery of a nutritional compound or a therapeutic polypeptide that can be
formulated, but without limitation to products described herein, with
deoxycholate and saponins in a ratio to provide a substantially increased
absorption and systemic bioavailability of the peptide by the intestine of the
host. The composition also comprises a pH neutralizing agent, such as but
not limited to sodium carbonate and calcium carbonate, and at least one



anti bodi es, peptides, proteic fragnents, vaccines, adjuvants, antigens,

I mmune stimulating or inhibiting factors, heonatopoietic factors,

anti - cancwp o3ps@duct s, anti-inflamuatory agents, anti-par €TtdAap3perzpounds,
anti- mcrobial agents, nucleic acid fragments, plasm d DNA vectors, cel
proliferation inhibitors or activators, cell differentiating factors, blood
coagul ation factors, immunogl obulins, anti-angi ogenic producst, negative
sel ective markers or "suicide" agent/jbtexic conpounds, anti-angi ogenic
agenst, pol ypeptides, and anti-cancer agent nucl eotides, and the |ike, and
structurally simlar bioactive equivalents thereof. In accordance with one
enbodi'rrentmlmbltd)mef digestine enzyanes, G -uph ambutanb’slilpniteditdeQ@ attoumiosott i on f or
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aci d- base 2804 B emﬂmfe&w W%ﬁ“do? known active natural or
synthetic biol ogi Ftarét Qﬂ’ng 8Ehﬁa %%s& bfahi) lg%mﬁsﬂ?%or{mt not
Dout : pr e et

limted to, between a erab ween about 6.5 and
7.5. |t ispurpodes onbyeasd 09 dhot Ipsovitbe %banealll lnstusote tistugfsall 4$he¢ eirugs
'11ustrati which may be beneficially formulated or reformulated using the oral delivery
compositions of the present invention. Other physiologically-active
compounds that can be encapsulated in the compositions of the present
invention include biologically-active compounds, such as proteins,
enzymes, anti-enzymes, peptides, catecholamines, anti-histamines,
analgesics, and the like. For the purposes of the present invention
"biological" is defined to mean any nutritionally or medically useful
composition derived from a biological source and/or a synthetic
pharmacological equivalent thereof such as insulin, heme, hemoglobin
(bovine, human, or synthetic), and hormones; "enzyme" or "enzyme
system" is defined to mean any protein or conjugated protein produced
biologically or synthetically and which functions as a biocatalyst. Other
medically useful compositions known to those skilled in the art, for
example, globulin, one or more glycoproteins, such as erythropoeitin, may
also be incorporated in the composition of the present invention.
The amount of therapeutic polypeptide will vary widely,
depending on various factors such as the particular peptide to be delivered,

the indication to be treated, the individual patient, and the like. The amount



purposes only and is not provided as an all inclusive list of all the drugs
whi ch may be beneficially fornmulated or refornul ated using the oral

del i very wooape®pti ons of the present invention. O her PCT/CA03/00523

physi ol ogi cal | y-active conmpounds that can be encapsul ated in the
conpositions of the present invention include biologically-active
conpounds, such as proteins, enzynes, anti-enzynes, peptides,

cat echol am nes, anti-histam nes, anal@esics, and the |like. For the

pur poses of the present invention "biological" is defined to nean any
nutritionally or medically useful conposition derived froma biol ogical
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delivery VERRRINERTTHURIVES device (ALZA Corporation, Palo Alto, Calif.) and the
Pulsincap™ delivery device (R.P. Scherer Co.).

The composition may further comprise an ion-pair forming
reagent wherein the mole ratio of ion-pair forming reagent to drug is from
about 2:1 to about 10:1. The ion-pair-forming reagent is added to increase
the lipophilicity of the dissolved physiologically active agent or drug and
thereby increase its membrane permeability. Increasing the drug's
lipophilicity may also provide some protection of the drug from enzymatic

- deactivation as much of the peptide degradation that occurs in vivo does so
in the aqueous environment of the gastrointestinal tract. Representative
ion-pair forming reagents include sodium decanesulfonate, sodium lauryl
sulfate, and sodium benzoate. ,

In one embodiment of the present invention, the composition
may optionally comprise from about 0.01% to about 10% based on the total
volume of the composition of an intestinal mucosal membrane transport
enhancing agent, such as deoxycholate. Such agents facilitate the
absorption of the therapeutic agent across the mucosal tissues in the

intestinal mucosa and directly into the bloodstream of the subject. Also



rel ease a drug after a predeterm ned period of tinme, and thus after the
vessel has passed into the ileumor colon, can be used to deliver the

f or mul at i wo 03f08¢0pE present i nvention. Such vessel s i ncl udeCTeA03@RONSETTM
delivery device (ALZA Corporation, Palo Alto, Calif.) and the PulsincapTM
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lon-pair formng reagent wherein the nole ratio of ion-pair formng
reagent to drug is from about 2:1 t¢7about 10:1. The ion-pair-formng
reagent is added to increase the lipophilicity of the dissolved
physi ol ogically active agent or drug and thereby increase its nenbrane
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butylated hydroxy toluene, nordihydroguaiaretic acid, the gallates such as

propyl gallate, hydroquinone, propenyl methyl guaethol and alkyl

thiopropionates, or water soluble agents such as alkanolamines, alcohols,

and propylene glycol. The most preferred antioxidant is Tenox™ GT1 (1:1

vitamin E-soybean oil), present in a concentration of between about 5% to

about 25% based on the total volume of the droplet.

Oral absorption of recombinant human GH to carp is

enhanced up to a 1000-fold when the delivered together with deoxycholate.

To prepare the pharmaceutical formulation of the present

invention, the ingredients are dry blended together, after which a small

amount of oil is added. These materials are miked together until a

homogeneous mixture of ingredient results. The resulting solid formulation

can be pressed into tablets that can then be coated with a suitable enteric

coating. Alternatively, the solid formulation can be placed into a capsule

formed of gelatin or the like and coated with an enteric compound, or

placed into a controlled release delivery device such as the CHRONSET™.

The solid formulation provides a mean for easily and conveniently

fabricating a dosage form.



may contain additional agents such as preservatives and anti oxi dants.

Typi cal preservatives include but are not limted to sodi um benzoate,
sorbic awopd3z/osmd7 t he nmet hyl and propyl esters of p-hydrorgThewanis3aci d
(parabens). Representative antioxidants include butylated hydroxy anisol e,
butyl at ed hydroxy tol uene, nordihydroguaiaretic acid, the gallates such as
propyl gall ate, hydroqui none, propenyl nethyl guaethol and al kyl

t hi opr opi onates, or water sol uble agggts such as al kanol am nes, al cohol s,
and propyl ene glycol. The nost preferred antioxidant is TenoxTM GI'1 (1:1
vitam n E-soybean oil), present in a concentration of between about 5%to

about 25% based OfDﬁ@Qarﬁl@éeﬁhémaneOhvéhﬁomﬁ@ﬂbefbrovﬂeala metwrdpforon of
reconbi nant human GH to carp enhanced up to a 1000-fold en. the
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of the in 'ng aq ani mal s repr uctlon y feeding
bi oactiveand a shortening in brood interval by 10-15 days in the swordtail

Xiphophorus helleri, and increase egg size and induce precocious
maturation in female lake trout Salvelinus fontinalis. Similarly, oral
administration of salmon pituitary extract to goldfish C. auratus, induced
ovulation and increased spermiation. The ihpodance of these data relates
to the accompanying elevations in plasma salmon gonadotropin (sGtH),
testosterone and 17a-20B-diphydroxy-4-pregnan-3-one, which provide a
likely endocrine-based explanation for the observed effects of other
pituitary preparations during earlier investigations (i.e., uptake of GtH).

Due to the problems inherent to the use of pituitary preparations
and partially purified hormones, it would aappear unlikely that such
preparations will offer any major benefit with respect to the control of
reproduction in cultured species using the oral route unless formulated in a
composition of the present invention. A comparatively recent innovation in
the control of maturation has been the application of gonadotropin-
releasing hormone. Many of the analogue forms of GnRH are 50-100
times more effective at inducing ovulation than the natural forms, and
include those which incorporate D amino acids and have terminal residues
substituted with ethylamide. These manipulations have the effect of



materials was provided by studies which enpl oyed. mammal i an and anphi bi an
pituitaries. Thus, dietary replacenent or supplenentation with pituitary
pr epar at iwo93e®9Ibeen observed to induce nuptial col orati ®@TiIGABAES23
bitterling Acheil ognathus inter-nmedium partially mature, and increase egg
dianeter, in the |oach M sgurnus anguillicaudatus, resulting in ovul ation
and a shortening in brood interval by 10-15 days in the swordtail

Xi phophorus helleri, and increase eggl%+ze and i nduce precoci ous
maturation in femal e | ake trout Salvelinus fontinalis. Simlarly, oral

adm nistration of salnon pituitary extract to goldfish C auratus, induced
ovul at i on @m@ANGiRY éla@&slstpecmoétth@moIEMeltamomnm onRis stimatader el at es
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biotechnology is particularly useful for species which are vulnerable to
handling and/or, are too small for safe injection (i.e., ornamental species).
In addition, chronic treatment with GnRHAs provides means to induce
maturation precociously, which is considered advantageous during roe
production, or for use with sex reversed broodstock.

Similar to the control of reproduction, studies using pituitaries as
feed supplements also provide an early indication of the possibility of
mahipulating growth in teleosts using oral delivery techniques. Thus, it has
been observed that the feeding of gruppies Lebistes reticulatus, with -
anterior pituitary powder resulted in significantly enhanced growth
performance when compared against controls. Also, a 50% increase in
length was observed for swordtails fed exclusively on dried anterior
pituitary from birth, while other experiments observed a doubling in weight
and tripling in length of lake trout fed anterior pituitary twice weekly.
Treatment of cultured teleosts with growth hormone (GH) and related
peptides offers a number of potential advantages, and several studies have

confirmed that orally delivered GH not only enters the bloodstream, but



| mportantly, the peptides are stable for an indefinite period provided they
are stored in sterile conditions at tenperatures below -20C. As such

GnRHAs prwoiodes@atel | ent candi date nol ecul es for use in tRreTarsaaB/o0RPpPr oach
to controlling reproduction. |Indeed, sufficient experinental evidence has
accunul ated, such that dietary delivery of GaRHAs, with or w thout
dopam ne agonist is now indicated as a nethod for controlling the final
stages of maturation in fish. Wile n20e expensive than traditional

nmet hods (injection, inplantation), dietary adm nistration offers the

advant age of being stress-free. This advance in reproductive biotechnol ogy
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teleosts with gr h. _hor e and ,related peptides offers a nunber of
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PCT/ CA03/ 00523 -20 accelerates growh rate in fish i 'es of
r econbi nangorappsitien gndsemetijod slewing tbﬁdJSﬁerdhetqralrroutmfom Vhecinatiorased

many-f ol d tWa{ Q)ffe?g rs‘?&?ﬁ&’ant advantage in that it reduces labor costs, is time-
saving, decreases the possibilities for cross-contamination with needles
and does not involve inventory handling or require disposal of treatment
waters.

The principal determinant of specific immunity at mucosal
surfaces is secretory IgA (S-IgA) which is physiologically and functionally
separate from the components of the circulatory immune system. S-lgA
antibody responses may be induced locally by the application of suitable
immunogens to a particular mucosal site. The bulk of mucosal S-IgA
responses, however, are the results of immunity generated via the common
mucosal immune system (CMIS), in which immunogens are taken up by
specialized lympho-epithelial structures, collectively referred to as mucosa-
associated lymphoid tissues (MALT). The best immunologic
lymphoepithelial structures are the gut-associated lymphoid tissues
(GALT), such as intestinal Peyer's patches. Other structurally and
functionally similar lymphoid follicles occur at other mucosal surfaces,
including those of the respiratory tract.



demand. Moreover, such reconbi nant proteins, when produced at the

I ndustrial level, are cost efficient and easily incorporated into

comer ci aWwo odiogdog7 Whil e the structural integrity of the @®dTrmNogped2e nay be
of inportance as a precursor to post-translational nodified fornms, nethods
of enhancing the nol ecules structural integrity or potency may provide
benefit froman oral adm nistration perspective. Description of

growt h-pronoting fragnments of the (P prol ecul e nay al so provide products
that express greater stability under |unenal degradation. A particular
enbodi ment of the present invention is to provide a conposition and a
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microbial colonization and sepsis (systemic infection).

For example, PspA is a preferred antigen for pneumococal
infections. In published International patent application WO 92/14488, the
entire content of which is incorporated herein by reference there are
described DNA sequences for the PspA gene from S. pneumoniae Rx1, the
production of a truncated form of PspA by genetic engineering and the
demonstration that such truncated form of PspA confers protection in mice
to challenge with live pneumococci.

From sequences of the PspA gene, it has been shown that
PspA proteins are variable in size (roughly 70 kDa). The C-terminal 37% of
the molecule is largely composed of the 20-amino acid repeats which form
a binding site that permits PspA to attach to the phosphocholine residues of
the pneumococcal lipoteichoic acids. The central region of PspA is rich in
prolines and is suspected to be the portion of the molecule that passes
through the cell wall. The sequence of the N-terminal 80% of the molecule
is largely beta-helical and contains the region of PspA that can elicit
antibodies that are protective against sepsis. Although PspA's are almost
always at least slightly different from one another, there is enough cross-

reactivity between them that antibodies or an immunological response to



oral adm nistration of bacterial protein i munogens, preferably m xed with
an adjuvant, such as cholera toxin (CT). O course, as an adjuvant, the
anmount ofwoliloggoa7 t oxi n used is non-toxic to the host. Thecahidmngs2af a
vaccine to protect against mcrobial colonization, as provided herein,
means that the active conponent may protect against disease not only in
the i nmuni zed host but, by elimnating carriage anong i nmunized

i ndi vi dual s, the pathogen and hence. apy di sease it causes may be
elinmnated fromthe population as a whole. Oal adninistration may al so
prevent sepsis resulting from admnistration of mcrobials, so that the

vacci ne CapePsH/A bty dr s bffbstive withaegpéct todRspAn aatallopneumocees. s
(systemc infection). For exanple, PspAis a preferred antige for
pneunpcocMorepvere dnmmization withPneRePA sae «ither sretechagainst ‘f)?r}hic?;rat ion WO

92/ 14488, dg&&g 9?5@23%%%‘%'3 Qfi-d %Bt ﬁ?g“%g%% pﬁfa?ﬁ§dAE€5ﬂiiﬁbF|))ﬁy ar eference

there are sequences gene fromS. eunoni ae

Rx1, the njixegecsfi answillandmberc af edsfAs ncaild RsAidey effentiteé dmemgiityeeri ng and
the denonstration that such truncated form of PspA confers protection in
nmce to @dainstmpstEHMOCeECipneunococci. From sequences of the PspA gene,

|t has_been shown bat i RS BTN nAcBteler PEPAE G8sdribeRl (RoVgD) y 70
0

kDa). The C-terni na e nolecule is largely conposed of the
20- ani no 8CVM488p awys behissd frothe pressnidingntion ast thet PpeARragmesisA to

attach to theﬁgh(gsghoc oline resi quags of the pneunococcal |ipoteichoic
aci ds. Th&esemedpOPYR Y PrakagsiIstalion i ¢ in prolines and is suspected to

be the portion of e dm!\REtresydiainsPrR? S8 Svitrd UGN vivoeegsieksionl of The
sequence of the N-termnal 80%of the nolecule is largely beta-helical and
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that anti Rpelses.gorcaaryporVIAls) wipbx Mraph heeulavirig) Bebes 6iraE; YERtCA03/ 00523
" and the like; and, these systems may be used for producing recombinant
PspA using the coding gene thereof.
Immunogenicity may be improved if the antigen is co-
administered with an adjuvant, commonly used as 0.001% to 50% percent
solution in phosphate buffered saline. Adjuvants enhance the
immunogenicity of an antigen but are not necessarily immunogenic
themselves. Adjuvants may act by retaining the antigen locally near the site
of administration to produce a depot effect facilitating a slow, sustained
release of antigen to cells of the immune systerh. Adjuvants may also
attract cells of the immune system to an antigen depot and stimulate such
cells to elicit immune responses.
Immunostimulatory agents or adjuvants have been used for
many years to improve the host immune response to, for example,
vaccines. Intrinsic adjuvants, such as lipopolysaccharides, normally are the
components of the killed, attenuated or non-toxic bacteria used as
vaccines. Extrinsic adjuvants are immunomodulators which are typically
non-covalently linked to antigens and are formulated to enhance the host

immune response. Aluminum hydroxide and aluminum phosphates



-22 one PspA detect or is effective with respect to PspAs on all
pneunococci. Mreover, inmunization with one PspA can either protect

agai nst dwatod/osq097 del ay death with virtually all-differenpcahaioBengs
strains. Accordingly, a mxture of a small nunber of PspA s could provide
effective inmunity against nost pneunococci. The inmunoprotective
truncated PspAs described in WO 92/14488 may be used in the present

i nvention as the PspA fragnents des@gi-bed above for oral adm nistration.
D fferent vector systems for in vitro and in vivo expression of

reconbi nant proteins are known; e.g., bacterial systens such as E. coli;
and vi rus(&MI@bﬂV@y%@@ﬂﬂn@ﬁlyb@fﬁrmd @ ay !ahms)eare ekinelyusetvas adjuivantsavi pox

virus, e.g., canarypox virus, fow pox rﬁj%} bac&geﬁw rus,. herges Vi rus;
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mediated immunity (CMI), immunogens are preferably emulsified in

adjuvants.

Compositions of the invention, especially for oral administration
may be conveniently provided as liquid preparations, e.g., isotonic aqueous
solutions, suspensions, emulsions or viscous compositions which may be
buffered to a selected pH. However, since delivery to the digestive tract is
preferred, compositions of the invention may be in a "solid" form of pills,
tablets, capsules, caplets and the like, incIUding "solid" preparations which
are time-released or which have a liquid filling, e.g., gelatin covered liquid,
whereby the gelatin is dissolved in the stomach and/or small intestine for
delivery to the gut and/or digestive system. |

The composition of the invention may also contain
pharmaceutically acceptable flavoring and/or coloring agents for rendering
them more appealing. The viscous compositions may be in the form of
gels, lotions, ointments, creams and the like and will typically contain a
sufficient amount of a thickening agent so that the viscosity is from about
2500 to 6500 cps, although more viscous compositions, even up to 10,000
cps may be employed. Viscous compositions have a viscosity preferably of
2500 to 5000 cps, since above that range they become more difficult to
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Suitable nontoxic pharmaceutically acceptable carriers, and
especially oral carriers, will be apparent to those skilled in the art of
pharmaceutical and especially oral or peroral pharmaceutical formations.
Obviously, the choice of suitable carriers will depend on the exact nature of
the particular dosage form, e.g., liquid dosage form (e.g., whether the
composition is to be formulated into a solution, a suspension, a gel or
another liquid form, or a solid dosage form, or e.g., whether the
composition is to be formulated into a pill, tablet, capsule, caplet, time
release form or liquid-filled form).

Solutions, suspensions and gels, normally contain a major
amount of water (preferably purified water) in addition to the antigen. Minor
amounts of other ingredients such as pH adjusters (e.g., a base such as
NaOH), emulsifiers or dispersing agents, buffering agents, preservatives,
wetting agents, jelling agents, (e.g., methylcellulose), coloring and/or
flavoring agents may also be present. The compositions can be isotonic,
i.e., it can have the same osmotic pressure as blood and lacrimal fluid.

The desired isotonicity of the composition of this invention may
be accomplished using sodium chloride, or other pharmaceutically

acceptable agents such as dextrose, boric acid, sodium tarirate, propylene



2500 to 6500 cps, although nore viscous conpositions, even up to 10, 000
cps nmay be enpl oyed. Viscous conpositions have a viscosity preferably of
2500 to 5@0030p®97 si nce above that range they beconme nor ePdirfdAosd23t o WO
03/ 086097 PCT/ CA03/00523 -24 adm ni ster. However, above that range, the
conpositions can approach solid or gelatin forns that are then easily

adm ni stered as a swallowed pill for oral ingestion. Liquid preparations
are normally easier to prepare than-gelks and other viscous conpositions,
and solid conpositions. Additionally, liquid conpositions are sonewhat

nore convenient to admnister, especially to animals, children,
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A pharmaceutically acceptable preservative may be employed
to increase the shelf life of the composition. Benzyl alcohol may be
suitable, ‘although, a variety of preservatives including, for example,
parabens, thimerosal, chlorobutanol, or benzalkonium chloride may also be .
employed. A suitable concentration of the preservative will be from 0.02%
to 2% based on the total weight although there may be appreciable
variation depending upon the agent selected.

Those skilled in the art will recognize that the components of the
composition must be selected to be chemically inert with respect to
microbial antigens. This will present no problem to those skilled in chemical
and pharmaceutical principles, or problems can be readily avoided by
reference to standard tests or by simple experiments (not involving undue
experimentation), from this disclosure. .

The immunologically éffective compositions of this invention are
prepared by mixing the ingredients following generally accepted
procedures. For example the selected components may be simply mixed in
a blender, or other standard device to produce a concentrated mixture
which may then be adjusted to the final concentration and viscosity by the

addition of water or thickening agent and possibly a buffer to control pH or
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vari ety of preservati i ncludi ng, for exanple, -parabens, thinmerosal,
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(not i nvolandng@addegA antibody-secreting cells in the spleen. The circulatory (or
systemic) immune responses elicited by oral (peroral; intragastric)
administration of microbial antigens along with CT are comparable with, or
even stronger than, those induced by the administration of similar
immunogens by the intragastric route. Accordingly, it appears that oral
immunization is an effective route for stimulatihg common mucosal
responses as well as circulatory antibody responses and can require less
antigen than other immunization routes.

Most soluble or non-replicating antigens are poor immunogens,
especially by the peroral route, probably because they are degraded by
digestive enzymes and have little or no tropism for the GALT. A notable
exception is CT, which is a potent mucosal immunogen, probably because
of the G.sub.M1 ganglioside-binding property of this binding subunit, CTB,
that enables it to be taken up by the M cells of Peyer's patches and passed
to the underlying immunocompetent cells. In addition to being a good
mucosal immunogen, CT is a powerful adjuvant. When administered in
micrograms doses, CT greatly enhances immunogenicity of other soluble

antigens co-administered with it.
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It is to be understood, however, that the scope of the present invention is

not to be limited to the treatment of any particular tumor.

It is to be understood, however, that the scope of the present
invention is not to be limited to specific biologically active ingredients, as
therapeutic agents.

In accordance with another preferred embodiment of the present
invention, the agent which is capable of inhibiting, preventing, or
destructing the cancer cells upon delivery of such agent is a negative
selectable marker; i.e. a material which in combination with a
chemotherapeutic or interaction agent inhibits, prevents or destroys the
growth of the cancer tumor cells.

Thus, upon systemic delivery of negative selective marker, an
interaction agent is administered to the animal or human host. The
interaction agent interacts with the negative selective marker in order to
prevent, inhibit, or destroy the growth of the cancer Negative selective
markers which may be employed for example, but are not limited to,
thymidine kinase, and cytosine deaminase.

The interaction agent is administered in an amount effective to

inhibit, prevent, or destroy the growth of the cancer cells. For example, the



di gestive enzynes and have little or no tropismfor the GALT. A notable
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that enables it to be taken up by the Mcells of Peyer's patches and passed
to the underlying i nmunoconpetent cells. In addition to being a good
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and uterus. It is to be understood, however, that the scope of the present

invention is not to be limted t%@;ﬂatmnt of any particular tunor.
It is to be understood, however, scope of the present invention
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therapeutic agents. |n B BKEiTRSR (SdVemnes Paitimdif)er red enbodi ment of the
present invention, the agent which is capable of inhibiting, preventing,

or destructing the cancer cells upon delivery of such agent is a negative
sel ect abl e mar ker ;The eaquaculiues i sidustry c varkiwiderbhaat uodergone dapid

expansion during the past 2 decades and currently represents the fastest
growing agricultural segment. The sector has grown at an annual
percentage rate of 10.9 since 1984, compared with 3.1 for terrestrial
livestock meat production. The fastest growing livestock sector over the
same period was chicken meat production with an APR of 5.3, followed by
pig meat 3.4, mutton and lamb 1.4, and beef and veal 0.9. Aquaculture’s
contribution toward total world food fish landings has increased more than .
two fold since 1984 from 11.5% to 25.6% by weight in 1995. Projected
increased demand for seafood products, coupled with decreased fisheries
landings from wild stocks has, and will continue to contribute to the growth
of the aquaculture industry.

The aquaculture industry, like other sectors of agriculture, faces
many of the production challenges associated with traditional livestock
production. Forty to fifty percent of the cost of salmonid production is
attributed to feeding. Rations contain a high percentage of costly fish
protein and salmonids require a relatively long feeding period to reach
market weight. In fast growing fish, excessive fat deposition is a concern to

both producers and consumers.
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i ncreased nore than two fqgld since 1984 from 11.5%to 25.6% by weight in
1995. Pr ojl@@[@‘dhese agents in fish.

The administration of growth hormone (GH) derived from
various sources has provided evidence that this hormone plays a key role
in stimulating somatic growth and reducing fat deposition in fish. Both
native and recombinant piscine GH has been applied to several fish
species, and are equipotents when injected into intact salmonids. As well,
GH derived from mammalian and avian sources have been reported to be
effective in altering growth performance of juvenile salmonids.
Administration of bovine GH (bGH) to salmonids leads to a two to three-fold
increase in growth rate, an increase in appetite and feed efficiency and
reduction in adipose tissue. Exogenous GH is also effective in older
(subadult) fish, and at low water temperatures when growth rate is
depressed.

Oral application of GH is a practical method it has provided
histochemical and biological evidence for a mechanism which transports

intact proteins into the circulation of teleost fish following oral
administration. 1t is now shown that orally administered horseradish
peroxidase is transported to the circulation within 1 h.

It is reported the transfer of bGH into the circulatory system of

yearling rainbow trout following introduction of the hormone into the lumen

of the digestive tract. Similarly, it is demonstrated that recombinant salmon
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past the stomach, however, they are not feasible for commercial
applicatioh. Attempts have been made to co-administer bioactive proteins
along with detergents and antacids to reduce the acidic environment in the
stomach. While these studies have demonstrated reduced protein
degradation, the treatments used may affect the uptake of other important
dietary factors. Another option is the use of pH-sensitive polymers which
encapsulate and protect the peptides from acidic degradation in the
stomach and permit release once in the small intestine.

It is clearly shown from the method of the present invention that
compounds (hormones, vaccines, antibodies etc) are delivered orally past
the stomach of monogastic animals (including humans) in order to bypass
gastric digestion to the site of absorption in the small and/or large
intestine(s). To date, a large proportion of this work has centered on
developing encapsulation strategies using a range of formulations and
forms of interest. These formulations and forms may simply modulate the
release of a specific compound in a predétermined fashion, or may use
specific physiological determinants (e.g. pH, temperature etc.) to trigger the

delivery of the encapsulated material.
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devel op systens t Hdte autrentpexparinent highlighte spnewestraiegy tewermitiyabones,

anti gens, .c.) from.the.acidic enviton t t i or rectal
i ntubati oﬁFéhYe%'i %f'r’]a;guga(gqvleee?p%e @\Qtthgsdgg%]% bg;lpi ?&r %&%@? i t\)/'égé{gtlrlvo ei ns

past the shaipyuhd BPVRKeEst BltRly Wi BOtodleaisidfl enfisutritomalefactars to
application. Attenpts have been nmade to co-adm ni ster bioacti veﬁgr ot ei ns

al ong wi t iemepeartye fUBPERSE digesivedrnzyse Bimetian @nd rIedurts tbal avgRRBht in the

st omach. i|& L ydi SL{, f i

degradat i megﬁ%%%eéﬁnﬁ¥§?%@?%%§ r@g f Eé’é‘?éﬁceéﬁg?gﬁg”%rﬁ (R)lt8 héehrO V\llnnpor t ant
that we can effectively bypass the enzymatic process, and enhance

intestinal uptake of the aforementioned compound to achieve a desired

biological effect.

Materials and Methods

Bypass Cocktail Formulation

The formulation of the bypass cocktail is shown in Table 1. Unprocessed
oilseed and pulse ingredients were obtained from local suppliers and
mechanically dehulled. Fish meal, rice bran, brewers yeast, sodium
carbonate, calcium carbonate and EDTA were all feed grade and
purchased from local suppliers. Sodium deoxycholate and crude egg
albumin were purchased from Sigma Chemical Co. (St Louis MO). The diet

was mixed as indicated and ground using a 1 mm mesh.



dietary factors. Another option is the use of pH-sensitive polynmers which
encapsul ate and protect the peptides fromacidic degradation in the

stonach awo jpesaP1T rel ease once in the snmall intestine. | PCrgABmeezby shown
fromthe nmethod of the present invention that conpounds (hornones,

vacci nes, antibodies etc) are delivered orally past the stomach of
nonogasti ¢ animals (including humans) in order to bypass gastric digestion
to the site of absorption in the snaBp -and/or large intestine(s). To date,
a large proportion of this work has centered on devel opi ng encapsul ation
strategies using a range of formulations and forns of interest. These
formulations and fornms may sinply ITadlédte the release of a specific

conpound in a predeterm negypaski sutktail fomiulation speci fic physi ol ogi cal
determ nants (e.g. pH, tenpérature etc.) to trigger the delivery of the

encapsul at ed mat erfai— 10637 WW Conpl ex pol yner
used in other forhng; Fdﬁﬁu.ti ey —SyStef < L [kd), icult to
characterize. As wBISNMERk utilization'BP certain polymers that are not
Gener al |y Regar dedEgg aurein cras) nakeédO0requl atory approval of these
systens a | ong andBeRB&y process. Fur| 88@r nor e, many pol yner systens are
relatively costly -Sakiumychebapete scal e {4001 i zation inpractical. The current
experi ment hi ghl i gGakciamrearbenatat egy t{d0fermit oral delivery of a

bi oacti ve peptide Figm déihi s case bST). |BQOf eedi ng a bi oactive conpound of
interest along wtRjs s@gktail of antijgotritional factors to tenporarily
suppress digestiveg me function andsproducts that augnent intestinal
absorption (referrgd.iQdddie ' bypasgggocktail'), we have shown that we

can effectively byggaﬁm %oﬁ%ﬁ’cﬂgfei C Puogsss, and enhance intestinal

iy +

uptake of the af OkEieit Sesh ETINTHhEhR <86 WaRHHs Sndshbaitecfih ! 00! cal
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Fish and Feeding

A series of experiments using two salmonid species was
undertaken (Experimeht 1: rainbow trout; Experiment 2: brook trout). These
species were chosen as they represent both well studied experimental
models as well as economically important cultured species.

For Experiment 1, rainbow trout (n=20; initial weight = 52 grams)
were stocked into 6-60 liter cylindro-conic tanks in a closed water
recirculation system 2 weeks prior to the start of the experiment. Water
temperature was held at 15°C and photoperiod was set at 12hL:12hD
cycle. In Experiment 2, brook trout (n= 400; initial weight 38 grams) were
stocked into 8-800 liter cylindroconic tanks in a closed water recirculation
system two weeks prior to the start of the experiment. Water temperature
was 11°C for the duration of the experiment; fish were subjected to natural
photoperiod (approx. 14hL:10hD). During both experiments water quality
(ammonia, nitrite) was monitored weekly and oxygen concentrations
measured daily. Fish were fed a commercial feed (Corey Feed Mills Ltd.
Fredericton, NB) during the acclimation period and during the non-

treatment periods.



Bypass Cocktail Formulation The fornulation of the bypass cocktail is shown
in Table 1. Unprocessed oilseed and pul se ingredients were obtained from

| ocal supywbioansgsoand mnechanically dehulled. Fish nmeal, ri ®ETHrAB/00328ewer s
yeast, sodium carbonate, calcium carbonate and EDTA were all feed grade
and purchased fromlocal suppliers. Sodium deoxychol ate and crude egg

al bum n were purchased from Sigma Chem cal Co. (St Louis MJ). The diet was
m xed as indicated and ground using-331 mm nmesh. WO 03/ 086097

PCT/ CA03/ 00523 -32- Table 1 Bypass cocktail fornulation |ngredient
Inclusion Rate /k Fish neal 150 Egg al bumin 100 Beans 300 . Sodium

car bonat e ek¢frintéh&il Maipukiticie 100 Fish oil 100 Rice bran 50 EDTA 50
Brewers yeast 45 Sodi um deoxychol ate 4-401 Concentration vari in
experiments see MibeEXapEMent etmesambinaiti BRVINE; ﬁ?”ﬁetrﬁ%@di(ﬁﬁ series of

Far mbow t MRS, i RS MIQ) BF T o AR HESBRN R REILIRT ol o
they reprqpesd doplichtejrbuss Wetre secevagingnentislof provde sitaer 0tontasl),

econom cally i1 nportant cul tured species. For Experipent 1, rainb t
(n=20; i nidt il %i%modmmzdgpggmjpl?ate/kg bypass cgcktail. in the selcon W trout

experiment, 4 duplicate treatment groups received food supplemented with
0, 1, 5 or 10 mg deoxycholate /kg bypass cocktail with 20 pg rbST/g fish.

In both-Experiments 1 and 2, fish weight and feed consumption
were monitored on a weekly basis. Fish were weighed and then fasted for
36 hours prior to feeding the bypass cocktail containing bST. Following
feeding feed was withheld for an additional 12 hours. From this point, fish

were fed twice daily to near satiation.

Results

In both experiments, no treatment-assdciated mortalities were
noted, suggesting no adverse health effects of the bST or the bypass
cocktail on rainbow and brook trout. Fish fed bST in the bypass cocktail
had significantly improved growth rates versus controls. In Experiment 1,
treated fish averaged a 25% increase in growth rates; the fastest growing
“tanks grew over 40% larger than controls (Figs. 1 and 2). In Experiment 2,
bST-treated groups showed improved growth rates versus controls, though
those fed the bypass cocktail containing 5 g/kg deoxycholate showed the
highest growth rates with a 90% increase in growth rates over controls (Fig.

3).
EXAMPLE Il ,
Growth enhancement of rainbow trout (Oncorhynchus
mykiss)
Method

Intraperitoneal (IP) administration dose per fish weekly was 20

ug bST/g live body weight for 6 weeks.



were stocked into 6-60 liter cylindro-conic tanks in a closed water
recirculation system?2 weeks prior to the start of the experinent. Water

t enper at uwe os@s6obel d at 15C and phot operi od was set at 12IRCTA2AwBoo2gcle. In
Experiment 2, brook trout (n= 400; initial weight 38 grans) were stocked
into 8-800 liter cylindroconic tanks in a closed water recircul ation
systemtwo weeks prior to the start of the experinent. Water tenperature
was 11 C for the duration of the expgdi-+ent; fish were subjected to natural
phot operi od (approx. 14hL:10hD). During both experinents water quality
(ammonia; nitrite) was nonitored weekly and oxygen concentrations neasured
daily. Fish were fed a commercial feed (Corey Feed MIIls Ltd. Fredericton,
NB) during the acclimation .period and during the non- treatnent periods. WO
03/ 086097 MOB/ 00523 -33- Experinental Manipul ations In Experinent 1,
reconbi nant bovi ne somatotropin (rbST, Mnsanto Co. St Louis M) was

i ncl uded tRig.pAoMliigieatiessthati necopingny BSEhinjected dB sigpificaatly iRdWeRSs were fed
varying | evel s of.provide either 0 ), 4 or 40 g sodium

deoxychol é@%ﬁﬁﬁ%?ﬁ%&%@&t@%ﬁ‘ 1 rﬁ'#@'ﬁ@%égcond experiment, 4 duplicate
treatment groups received food supplenented with 0, 1, 5 or 10 ng
deoxychol ate / kg bypass cocktail wth 20 ﬂ rbST/ g fish. In both-
Experiments 1 and 2, fish weight QﬁﬂMEé&l_'consunpti on were nonitored on a

weekly basis. Fish %1'1 . : hours prior to
feedi ng the bypass \(l:%%% al gg&%@%ﬁf@ﬁiﬁ%ﬁﬁggwmaﬁf eedi ng feed was

wi thhel d for an additional B ! tﬁlls point, fish were fed tw ce
daily to near satiation. Results In both experinents, no

t r eat ment -B&migﬁgbggr?rgtéé&es were noted, suggesting no adverse health
effects o € or € bypass cocktail. on rainbow and brook trout. Fish
fed bST i rMatesialgpass cockt ai |

Centrifuge Sorvall model

Bench-top blender

Dissecting material (scissors)

Centrifuge bottle

Disposable cuvettes for spectrophotometer

Microcentrifuge tubes 1.5 ml

Spectrophotometer

© N o o kw0 Dhd =

Vortexer

9. Microplates reader from Biorad

10.50 mM Tris-HCI pH=7.5

11.Commassie blue staining solution

12.BSA (1 mg\ml) standard solution

13.TCA 20%

14. Rainbow trouts pancreatic and duodenal tissues
15.0.5% casein in 50 mM Tris-HCI pH=9

16.50 mM Tris-HCI+CaCl, 10 mM pH=7.5

Enzyme extract

1. Rainbow trout were weighed and sacrificed.

2. Dissection was performed to remove the proximal small intestine from
the fish.



had significantly inproved growmh rates versus controls. In Experinent 1,
treated fish averaged a 25% increase in growmh rates; the fastest grow ng
t anks gr ewo®3®86040% | arger than controls (Figs. 1 and 2). PCa/&opeeizeent 2,
bST-treated groups showed i nproved growth rates versus controls, though
those fed the bypass cocktail containing 5 g/ kg deoxychol ate showed the

hi ghest growth rates with a 90% i ncrease in gromh rates over controls
(Fig. 3). EXAMPLE Il Growth enhancegsnt of rainbow trout (Oncorhynchus
nyki ss) Method Intraperitoneal (I1P) adm nistration dose per fish weekly was
20 g bST/g live body weight for 6 weeks. WO 03/086097 PCT/ CA03/ 00523 -34-
Resul ts Fig.Affer Wdighing! efe t fituesewemi iemnbgdSised nineG0echV PTESHHCI i cant |y

i nduces increased body weight gain in rai n%ow trout. EXAVPLE |11
Assessnment dthp(&dOMWVE enzyne inhibitors present in feed ingredients

E)é;(r:ﬁct ogﬂér‘gﬁ’ﬁgﬁ@t Q%féosOedXé ﬁgl?’?%la@@rl?ta (tS(r:: fsgg(ras)Sorftl l(:eg(rjﬂc ug(za. bottl e
5. Di sposgblespitits $@serhatartpatituoidiat stoee diem @it R0 fardatthef uge t ubes 1.5
m 7. Spectrophot oneter . . .
6. Perform Commassie assay to measure the amount of protein present in
the enzyme extract.
Commassie blue stain protocol
1. Weigh 160 mg of BSA in 10 ml of 50 ml Tris-HCI pH=7.5.
2. Prepare a standard curve of BSA (0 pg/ml to 1600 pg/ml).
3. Add 4 pl in each well of either BSA, extract enzyme and dilute (1:1)
extract enzyme in a 96 well plate.
4. Add 200 pl of Commassie blue.
5. Read at 655 nm with the microplate reader from Biorad.
Enzymatic protocol: |
The experiments are performed in duplicate.
BLANK:

1. To 500 pl of 50 mM Tris-HCI+10 mM CaCl; pH=7.5 solution.

2. Add 500 pl of TCA 20% (distilled water) solution.

3. Add 20 pl of enzyme extract

4. Add 500 pl of casein 0.5% (50 mM Tris-HCI pH=9) solution.

5. Incubate 15 min at 4°C (ice). Centrifuge at 12000Xg for 5 min and read
at 280 nm.

TEST:

1. To 500 pl of 50 mM Tris-HCI+10 mM CaCl, pH=7.5 solution.

Add 20 pl enzyme exiract.

Add 500 pi of casein 0.5% (50 mM Tris-HCI pH=9) solution.

Incubate at 0, 5,10,15 and 30 min at room temperature.

Stop the reaction by adding 500 pl de TCA 20%. Incubate 15 min at 4°C
(ice). Centrifuge at 12000Xg for 5 min and read at 280 nm.

o M 0D



8. Vortexer 9. Mcroplates reader fromBiorad 10.50 nM Tris-HC pH=7.5 11.
Comrassi e blue staining solution 12. BSA (1 ng\m ) standard solution 13.
TCA 20% 1wO oRagdbbDw trouts pancreati c and duodenal tissuePCTAABOG23 casein
in 50 MM Tris-HCl pH=9 16.50 mM Tris-HCl +CaCl 2 10 mM pH=7.5 Enzyne extract
1. Rainbow trout were weighed and sacrificed. 2. Dissection was perforned
to renove the proximal small intestine from the fish. WD 03/ 086097

PCT/ CA03/ 00523 -35 3. After weighingg-the tissues were honogeni sed in 50
mM Tris-HCI ph=7.5 (1:10 wAv). 4. Centrifuge at 16000Xg for 30 mn at.4C.
5. Keep the supernatant. Aliquot and store themat -20 C for further use.
6. Perfor [AKibifoReXtQCARY t 0 neasure the anount of protein present in the

enzyne extract. Conmmassie blue stain protocol 1. Wi gh.16Q of BSA in 10
m of 50 Gﬂn@m@thsmdu%jﬂa' @“'nqﬂrféfpg bewszﬁ%m%m%@ 'B%@SA (0 g/m to
1600 g/ m). r;'b cf?rd in each well of either BSA, extract enzyne and

dilute (1:1) act enzyne in a 96 well plate. 4. Add 200 | of Commassie
bl ue. 5. RedWeigh 856 mmyrofitiehpdvidbemaret pytl ibine10 eddé 50fmiinTiB-bkKdd. Enzymati c

Protocol: Th e B inaT Corcentiatibn shouldise 2B g, cat &
3. Wlth the hand tissues grinder, homogenise the solution.
4. Centrifuge 2000Xg for 10 min at room temperature®.
5. Keep the supernatant. It will be the inhibitor extract for the enzymatic
protocol.
Enzymatic protocol:
The experiments are performed in duplicate
BLANK: 4
1. To 500 pl of 50 mM Tris-HCI+10 mM CaCl, pH=7.5 solution.
2. Add 500 pl of TCA 20% (distilled water) solution.
3. Add variable volumes of inhibitor extract or 50 mM Tris-HCI pH=7.5
solution.
4. Add 10 pl of enzyme extract.
5. Add 500 pl of casein 0,5% (50 mM Tris-HCI pH=9) solution.
6. Incubate 15 min at 4°C (ice). Centrifuge at 12000Xg for 5 min and read
at 280 nm.
CONTROL:
To 500 pl of 50 mM Tris-HCI+10 mM CaCl, pH=7.5 solution.
Add variables volumes of 50 mM Tris-HCI pH=7.5 solution.
Add 10 pl enzyme extract.
Incubate 60 min at room temperature.
Add 500 pi of casein 0.5% (50 mM Tris-HCI pH=9) solution.
incubate at 30 min at room temperature.
Stop the reaction by adding 500 pl de TCA 20%. Incubate 15 min at 4°C

(ice). Centrifuge at 12000Xg for 5 min and read at 280 nm.
TEST :

N o a ks wDdhd =



BLANK: 1. To 500 i of 50 mM Tris-HCI+1 0 mM CaCl 2 pH=7.5 solution. 2. Add
500 | of TCA 20% (distilled water) solution. 3. Add 20 | of enzyne extract
4. Add 5080l03p860eBsei n 0.5% (50 nM Tris-HC pH=9) sol uti oRCTEA0BNEUIBate 15
mn at 4C (ice). Centrifuge at 12000Xg for 5 min and read at 280 nm TEST
1. To 500 i of 50 MM Tris-HCl+1 O mM CaCl 2 pH=7.5 solution. 2. Add 20 |
enzyne extract. 3. Add 500 | of casein 0.5% (50 mM Tris-HC pH=9) sol ution.
4. Incubate at 0, 5,10,15 and 30 min3gat- roomtenperature. 5. Stop the
reaction by adding 500 | de TCA 20% Incubate 15 min at 4C (ice).
Centrifuge at 12000Xg for 5 mn and read at 280 nm WD 03/ 086097

PCT/ CAO3/ 905?8’500%%1‘ 50 i Er-HEH 1A @aCl, pRE7Bisalutidn.t he industri al
grinder the food bought commercially in fine powder. 2. Wigh 250 ny of

t he powdel. a@mﬂdpanabresuvnlmmesmf iohibior extraeti s- HCI  pH=7.5 (final
concentratio ould be 25 ng/mM). 3. Wth the hand tissues grinder,
honogeni s&- "R‘(ﬁ plienane extragiant 1 j f uge 2000Xg for 10 nin at room

t enper at uye*| ncﬁbat'éeﬁpnfnli'%tﬁib‘?ﬁfé]ﬁ bafturelt Wi Il be the inhibitor extract for
t he enzymatlc rot oco Enzymati c protocol: The exEEri ments are perfornmed

in duplicst et\dctBBellml oica§-n5mif’/o|c(600ﬁl\/5'0rlsﬁvl0f pH=PieoLion. MVl Cadl 2 pH=7. 5
solution. _ 2. Add 500 &)1 of 0% (diistilled water) sol ution.
6. Incubate at 30 min at room emperature.
7. Stop the reaction by adding 500 wl de TCA 20%. Incubate 15 min at 4°C
(ice).

8. Centrifuge at 12000Xg for 5 min and read at 280 nm.

Results

Figs. 5-12 demonstrate the effects of individual protease inhibitor
components of the Oralject™ cocktail on in vitro proteolytic inhibition, as
well as the overall inhibition of the Oralject™ cocktail. These data are
presented as the degree of proteolytic enzyme inhibition versus increasing
level of inhibitor inclusion. The data reveal that the individual components
(lyophylized ovalbumin, red kidney beans, soybeans, faba beans, EDTA,
wheat bran, spray-dried ovalbumin, Figs 5 - 12 respectively) of the
Oralject™ cocktail affect to differing degrees the inhibition of in vitro
proteolytic enzyme activity. Furthermore the oVeraII cocktail is effective in
inducing overall proteolytic enzyme inhibition. Finally, using the curves
generated in Figs. 5 to 12, the point of maximal inhibition as well as the
concentration of inhibitor providing 50% of the maximal inhibition were

extrapolated.

EXAMPLE IV

Enzyme assay for the quantification of horseradish peroxidase in the
blood of rainbow trout

Material
1. 96 well plates (Immulon™ || from VWR)



3. Add variable volunes of inhibitor extract or 50 mM Tris-HCl pH=7.5
solution. 4. Add 10 pl of enzyne extract. 5. Add 500 pl of casein 0,5% (50
nmM Tri s- HED oples®Y»7 sol ution. 6. Incubate 15 min at 4C (i cepCT@NBOINBge at
12000Xg for 5 mn and read at 280 nm CONTROL: 1. To 500 pl of 50 nmiM
Tris-HCl+1 O mM CaCl 2 pH=7.5 solution. 2. Add variables volunes of 50 nM
Tris-HC pH=7.5 solution. 3. Add 10 pl enzyne extract. 4. Incubate 60 mn
at roomtenperature. 5. Add 500 pl ofgcasein 0.5% (50 nM Tris-HC pH=9)
solution. 6. Incubate at 30 min at roomtenperature. 7. Stop the reaction
by addi ng 500 pl de TCA 20% Incubate 15 mn at 4C (ice). Centrifuge at

12000Xg 1O Bidbplagbddenttont BRSAIMM TEST: WO 03/ 086097 PCT/ CA03/ 00523
-37 1. To 500 | of 50 mM Tris-HC +10 nM CaCl 2 pH=7.5 solution. 2. Add
vari abl es 3voMigieeenfifugeivbes 6f 1&dfact. 3. Add10 | enzyne extract. 4.

| ncub 0 Ai 5 Add 500 | of in 0.5% (50 M
ncubat e %r_hgkﬁttg@#%% ﬂ@gstoqgg%ﬁéﬂﬁgw of casein (

Tris-HC at 30 mn at roomtenperature. 7.
St op the meartMBotabltsaddi ng 500 pl de TCA 20% Incubate 15 min at 4C

(ice). 8 FJent ri fu&e at 12_800X& fq@gm’@g_ and read at 280 rim Results
Fi gs. 5- 18- ddftsesadiah Perendass ¥ees i vi dual protease inhibitor
conponent § opnfi 1o rSERloitrikiaask Rinh gBBt Igt MO0 Proteol ytic inhibition,
= 8. 0,1M carbonate-bicarbonate pH=9.6 buffer

9. 0,1 M phosphate-citrate pH=5 buffer

10.PBS 1X+BSA 1%+0,5% Tween 20 buffer

11.PBS 1X pH=7,4 buffer

12.Hydrogen peroxide 30%

13.Saran wrap

14.Incubator at 37°C

15. Distilled water

16.Rainbow trout (plasma)

Method

Coat plate with antigen

1. Dispensed 200 pl of the anti-HRP from goat IgG dilute 1:1000
solution (in 0.1M carbonate-bicarbonate pH=9.6 buffer) into each well of a
96 wells plate.

2. Wrap coated plate in saran™ wrap to seal and incubate overnight at
4°C or 2 hours at 37°C.

3. Rinse coated plate 3 times with PBS 1X pH=7.4. Each time, flick the
phosphate-buffered saline into the sink and rinse 3 more times with distilled
water.

4. The plates were shaken dry and stored at 4°C until use.

Block residual binding capacity of plate

1. Fill each well with 200 pl of PBS 1X+BSA 1%+0.5% Tween 20 buffer.

2. Incubate 30 minutes at room temperature.



well as the overall inhibition of the OraljectTM cocktail. These data are
presented as the degree of proteolytic enzyne inhibition versus increasing
| evel of wollosdoor inclusion. The data reveal that the i naCIi@walos23
conponents (Ilyophylized oval bum n, red ki dney beans, soybeans, faba beans,
EDTA, wheat bran, spray-dried ovalbumn, Figs 5 - 12 respectively) of the
OraljectTM cocktail affect to differing degrees the inhibition of in vitro
proteol ytic enzyne activity. Furtherggre the overall cocktail is effective
in inducing overall proteolytic enzyne inhibition. Finally, using the
curves generated in Figs. 5to 12, the point of maximal inhibition as well

as the C%D%Ftﬁ H8bi ABf He éé}’ﬂi)iéi dctaiPirYHRIMGIIRE % 10 irf Ssmeadiisrl i nhi bi tion
were extrapolated. EXAVPLE |V Enzyne assay for the quantification of
hor ser adi g¢h Add d0Ddd o€ standank:cutvequiasio in e bthers mells. Material 1. 96 wel |

plates (lnmul onTM I f VWR) WO 03/086097, PCT/ CA03/ -38- 2.
M cropl at &-r s the P@#‘?r' %]n%‘reaﬁfzfﬂﬁ‘ wramaé\%degﬂ??tﬁftﬁ%uﬁ%}g%aﬁf 1.5 n12 4.
Centrifugg tRiRE 1:99@}33 n@h ng59<¥BSA51-%I®/B% Foleeh2Bbuifer. ser adi sh

per oxi dase type Anti - Hor ser adi sh peroxi dase from goat 1gG
(ICN) 8. Standarctaubenprethddcar bonate pH=9.6 buffer 9. 0,1 M

pes 1 % picrDUtEinResras offia Gl iRy IO WA FER PREHERR 2 7 T
2. Add HRP to obtain a final concentration of 0.5 to 8 ng/ml.
Enzyme assay
1. Add 200 pl of TMB (in-50 mM citrate-phosphate pH=5 buffer+ 30% of
hydrogen peroxide) in each well.
2. Wait 30 minutes and add 50 pl of 1M sulfuric acid to fix the coloration.

3. Read at 415 nm with the Microplate reader from Biorad ™.

Results

An ELISA was developed for horseradish peroxidase (HRP),
permitting its use as a tracer for plasma uptake studies following oral
administration. This method has provided an extremely sensitive method to
document HRP uptake with lower detection limit of approximately 2.5 ng
HRP/ mi plasma and a linear portion up to 8 ng/ ml (Fig. 13).

Using this method to follow HRP uptake, a fish meal-based
control matrix, and the Oralject™ cocktail containing HRP (2.5 ng/g) was
force fed to rainbow trout and blood samples taken at selected times
following administration. As illustrated in Fig. 14, plasma uptake of orally
delivered HRP in the Composition of the present invention was significantly
higher than that of the fish meal control. Furthermore, the circulating
concentrations of HRP were detected for a period of 6h following

administration.



14. Incubator at 37C 15. Distilled water 16. Rai nbow trout (plasmg)

Met hod Coat plate with antigen 1. Dispensed 200 | of the anti-HRP from goat
| gG di | utwob308@07 solution (in O 1 M carbonat e-bi car bonatPeTiAe9/062buf f er)
into each well of a 96 wells plate. 2. Wap coated plate in saranTM w ap
to seal and incubate overnight at 4C or 2 hours at 37C. 3. Ri nse coated
plate 3 tines with PBS 1X pH=7.4. Each tinme, flick the phosphate-buffered
saline into the sink and rinse 3 nordgQtines with distilled water. 4. The
pl ates were shaken dry and stored at 4C until use. Block residual binding
capacity of plate 1. Fill each well with 200 | of PBS 1 X+BSA 1%t0.5% Tween
20 buffer. 2. Incubate 30 m nut &EXAMPLEON t enperature. WO 03/086097 -

PCT/ CA03/ 00523 -39 3. Add 10Q | of the sanple containing HRP dilute 1:10
in some wells. 4. Add 100 | ¥fa Y%B?dﬁ‘jﬂg% plasma in the others wells.

5. Wap twan wap and incubate 1 hour at 37C. 6. R nse 3
times wt 5% Tween 20 buffer. Standard curve nethod 1.
Difute the plasma g E R dHﬁonair{b%%tr%h%g %Wo%ég&%n%%cﬁatedz Add HRP

to obtain a final ncentr |or1 o) nzyne assay 1. Add 200
| of TMB (Wateb@ysidneidtr 12°@)pivesd tivided Hrfo lsugfoeups M@oumahfd@n

ng SX![ 3912 ,r§QQ|§§g Etb\éﬁ{/%gqlrazﬁ] |r\1/\qclhte 80 Ijrpac?%ormu atlonaqd (20 SaImOI’IICIOM SAHJ furie
mg/fish) either once bi-weekly for 6 weeks, or on three consecutive days,
bi-weekly for 6 weeks. Treatment was similar for the Oralject Formulation 2.
An identical protocol was used for the V. salmonicida vaccine, with the
exception that fish were fed orally at 10 mg/fish. For each vaccine, an
additional group included injected controls (200 ul/ffish of 0.6 x 10 10
cells/ml for A. salmonicida and V. salmonicida) Blood samples were taken
at 2, 4 and 6 weeks following the start of the experiment and serum

collected and stored at -80 °C until required for analysis. A schematic of the
experimental design is as follows:
Oralject™ Formulation 1—1 application biweekly (0, 2, 4 weeks)
braljectTM Formulation 1 —3 applications biweekly (0, 2, 4 weeks)

e

Vaccine (A.sal, or V. sal)

\

Oralject™ Formulation 2 —1 application biweekly (0, 2, 4 weeks)
OraljeActTM Formulation 2 —3 applications biweekly (0, 2, 4 weeks)

Elisa Assays

Antibody levels were determined using an ELISA protocol
provided by ALPharma™. This method employed a mouse anti-salmon IG
monoclonal antibody (4C10) and a peroxidase-labelled rabbit anti-mouse

secondary antibody diluted appropriately. Fish serum samples were serially



3. Read at 415 nmwth the Mcroplate reader from Bi oradTM Results An ELI SA
was devel oped for horseradi sh peroxidase (HRP), permtting its use as a
tracer fowopBasdm’ upt ake studies foll ow ng oral adm ni st PETICN3/00328 S

met hod has provided an extrenely sensitive method to docunent HRP upt ake
with lower detection limt of approximately 2.5 ng HRP/ ml plasm and a

| inear portion up to 8 ng/ m (Fig. 13). Using this nethod to foll ow HRP
upt ake, a fish neal -based control noatrix, and the OraljectTM cockt ai l
containing HRP (2.5 ng/g) was force fed to rainbow trout and bl ood sanpl es
taken at selected tinmes followng admnistration. As illustrated in Fig.

14, pl asmyjjlufcpk @ @-fold;ahitigl dm@tiqure@) HRRoiigh fdrecaPopaistirt parmposést he
present invention was significantl gher than that of the fish neal

control-. Ko resylirg @Ptl‘t"ﬁ‘iéjQﬂSﬂM o ¥'ﬁ@ Vaé@'ﬁé‘tﬂ‘i’t orally yvas SXPTRREEER @ det ect ed
f | d 3/ 00523
190 Bxawpiiertiedd 08, B %ok it et QREC0N bt

vacci ne, ﬁmmlsewaéd)hrgh(tnre,aqecﬂedmﬁalﬁsmgmupcﬂl ated water systemat 12C)
were divided into 5 groups. Two groups of fish received the vaccine in the
Oralject Formulation I (A salnonicida: 40 ng/fish) either once bi-weekly

for 6 weeks, or on three consecutive days, bi-weekly for 6 weeks.

Treatnent pasyige Ml ar for the Oralject Fornulation 2. An identical

protocol was used for the V. salnonicida vaccine, with the exception that

fish /fish. F h ir ddi ti |
1 h uere el bty dRry {1 S, For each vacci ne, an add 1 onal o oup
sal moni ci da and Vi 5alipit Sl bk S0dCSARP 5 WBEBIIAIRR 1 gédnerdl and 6

weeks follow ng t € experiment an
circulation of fish within 30 minutes post-treatment. HRP concentration was

maximized at 1 h and declined thereafter. There was negligible uptake of
HRP in fish meal-based control diet, indicating that Oralject™ induces the
augmented uptake pf intact bioactive proteins.

Oral Vaccine Delivery /

Fig. 16 shows the influence of Oralject™ formulation type and
application frequency on antibody level (expressed as a percentage of OD
versus serum pool from selected high-titre injected controls). There was no
influence of Oralject™ formulation type, however, application frequency
significantly affected antibody level, with multiple applications providing

increased antibody levels.

In Fig. 16, relative antibody levels (% OD of injected control at
serum dilution of 1:100) 4 weeks following the start of the experiment, in
rainbow trout following oral administration of A. salmonicida vaccine using
different (a,b Within Application Frequency, different superscripts are
significantly different (P<0.05), x, y Within Oralject Formulation, different

superscripts are significantly different (P<0.05).



coll ected and stored at -80 C until required for analysis. A schematic of
the experinental design is as follows: OraljectTM Formul ation 1 -1

appl i catiwo odioswekly (0, 2, 4 weeks) OraljectTM Fornul at ipPem/CA03/6@523
applications biwekly (0, 2, 4 weeks) 7 Vaccine (A sal, or V. sal)
Oralject TM Fornul ation 2 ->1 application biweekly (0, 2, 4 weeks)
OraljectT™M Formul ation 2 ->3 applications biwekly (0, 2, 4 weeks) Elisa
Assays Antibody |evels were determ mel@-using an ELI SA protocol provided by
ALPharmaTM Thi s net hod enpl oyed a nouse anti-salnon I G nonocl onal

anti body (4C10) and a peroxi dase-|abelled rabbit anti-nouse secondary

anti body diluted appropriately. BEXAMRULUBM sanples were serially WO

03/ 086097 PCT/ CA03/ 00523, -41 diluted 1:2 '66%{9??' d; initial dilution: 1:10),
al t hough for conparison fhitg8sicale orakvaceine deliyeb¥t i cal density from fish

vaccinated orally was expressed as a percentage OD froma pool of fish

serum (both diluted 1:100) collected fromselected high titre, injected
control fiMbteniala@mnel MBsods s O al application of HRP Figure 15 reveals
that intact HRP vvaégabs rbed into the 8ener sh within

| i | ati f . fi
30 minutes post -t r &8t fERMal el YACERARaD; Bﬁ%g\'/a{sﬁ;%ﬁtq:uggegpaﬁt "% and

decl i ned tRgsaats @ind FlaRILEHVIBSCBEAA, Friligridtoh N®, @ing HiPaddptaiiehofreal - based
control diet, indicati n& t hat Or_alﬂagctTM i nduces the augnented uptake of
a

intact bi dhethypasprcockiaiidesaibad indebland. Brsokieau) (Batyelines snbing/isHe

i bonce, 21gPbobi s AR B T EPS ohias, AR RL LRRLLBLR SIUSHEY o0

sel ect ed hjigh- HethilerihatedcCictyd aeiér, ohs)C). Thripticaies groups were fed a
lyophilized commercial Furunculosis vaccine (ALPharma) in either the
Oralject™ System (OR) or in a commercial feed matrix (FA). Positive
control fish were injected with vaccine (0.2 ml; ip), whereas negative
controls were untreated. Oral treatments were repeated (booster
application) at 250 degree-days following initial inoculation. Serum was
collected at bi-weekly intervals and in vivo cohabitation challenge was
initiated at 450 degree-days following initial inoculation.

Results

Figure 17 clearly demonstrates that fish treated orally with the
OraljectT""-va.ccine is as effective as the Jinjection treatment to protect
animals against infection to Aeromonas salmonicida. Moreover, antibody
titres were higher in the Oralject™ group than those observed in non-
treated group or in fish fed with commercial feed containing the same

concentration of vaccine (resuits not shown).

EXAMPLE VII

Large-scale oral vaccine delivery

In this study, we undertake to evaluate the efficiency of a

furunculosis vaccine administrated with the oral delivery system OralJect™,



i nfluence of OraljectTM fornul ati on type, however, application frequency
significantly affected antibody level, with nultiple applications providing
i ncr easedweaniokody | evels. In Fig. 16, relative antibody PeTalA3085260D of
injected control at serumdilution of 1:100) 4 weeks following the start
of the experinent, in rainbow trout follow ng oral admnistration of A
sal noni ci da vaccine using different (a,b Wthin Application Frequency,

di fferent superscripts are significgptdly different (P<0.05), x, y Wthin
Oraiject Formulation, different superscripts are significantly different,
(P<0.05). WO 03/086097 PCT/ CA03/ 00523 -42 EXAMPLE VI Large-scale oral
vacci ne delhioteisy an Mdaptatidrs ofifiice gphssisobktaitdemcribéd dnabbleatcThas,i on st udy
was conducted at the Resource and Producti vit cil, Fredericton NB,
usi ng an é(éﬁ‘ﬁﬂ@t"i’%ha@m'n'ﬂ%e%WH%m?oEﬁlr"é?@ Qr@i{%%?ﬂﬂaﬁtﬁ"l 4B 2’01h Br ook
trout (Sa | i di vi ded
nto 8 ¢ anidHspBike AR R gotertg daint BoRARNRS Sakrodbiatie e ' &,
Dupl i cat e ngordtopsd wad&ohmiared wwmhleuhjeztﬁdi vangin®.ci al Furuncul osi s vacci ne
(ALPharma) in either the OaljectTM System (OR) or in a commercial feed
mat ri x (Fplatehak AhdMethdtlg ol fish were injected with vaccine (0.2 ni;
ip), whereas negative controls were untreated. Oral treatnents were

repeated Egortslt, ﬁﬁmma@& Be@ 185 fRbigraapr ee- days fol lowing initial
i nocul ation. Serum was | ected at bi-weekly intervals and in vivo

cohabi tat jQy chal |l en gree-days following initial
i nocul ati ong Resul tsgﬁ gﬁ?gn?qhﬁ?géa@%é%uﬂn%%g?fat es that fish treated
orally witOR8he O alQraljedtW vaASiVascine @5 wiwptane/doss) t he injection

t r eat ment (Iafﬁfr ot ect %nl 7 clls agai nst infection to Aeronobnas sal noni ci da.
Nbr eover , body - Untreate

On day 28, all treated groups received a booster (B) dose of vaccine

treatment.
Vaccination procedures

As recommended by supplier, injected fishes (INJ) received 0.2
ml of PBS containing with 1.25% (w/v) of furunculosis vaccine (Alpharma,
Oslo, Norway) for both, the first injection and the booster injection. Booster

injection was administrated at day 28.

For the first immunization, fishes from fish groups or Oralject
groups received 1% of its wet weight administrated orally. The second
vaccination was performed the same way 28 days following first
vaccination. Fish from control group (CTRL) were untreated.

Schedule

Day 0 | First immunization

Day 14 Antibody dosage ,

Day 28 : Second immunization (boost; all groups), Antibody
dosage

Day 42 Antibody dosage

Day 70 Antibody dosage, Challenge (Co-habitation)

Day 84 Report



titres were higher in the OraljectTM group than those observed in non-
treated group or in fish fed wwth comercial feed containing the sane
concent r awoaa/oefo9vacci ne (results not shown). EXAMPLE VI | pCrarageseal e or al
vaccine delivery In this study, we undertake to evaluate the efficiency of
a furuncul osis vaccine admnistrated with the oral delivery system

Oral Ject TM WO 03/ 086097 . PCT/ CA03/ 00523 -43 which is an adaptation of the
bypass cocktail described in table 144TFhus, vaccine was adm ni stered using
the pelleted Oral Ject TM system and both, hunoral response and the
protection agai nst Aerononas sal nonicida were nonitored and conpared with
the injected vaccine. Materials and Methods Brook trout, initial nass 88 g,
185 fish/group. INJ ; AS Vaccine Intrapritoneal Injection OR8 : OaljectTM
+ AS Vaccibesageefanlibodydegpense CTRL Untreated On day 28, all treated
groups received a i : pnation
procedures As reCO%&tﬁﬂ?}éﬁqre%@bg%%g\ﬁsgd;rtaYyl?z%ﬁe@fthf/ﬁg@]@gﬁ?Sls rh?]c)ﬂmr%y;ei ved 0.2
m of PBSusedtimbor faboratohny.1. 25% (w v) of furuncul osis vacci ne (Al pharna,
Csl 0, Norway) for both, the first injection and the booster injection.
Booster iChdldngetesds adninistrated at day 28. For the first inmunization,
fishes fromfish groups or Oralject groups received 1% of its wet weight
adni ni strated oral FyrthEhe virreillenyaGhéthatibgyWash Reré enamshdddeoysame way 28

days following first vaccination. Fish fromcontrol group %CT_RL) wer e
unt r eat ed.coBahidatiore This method consists of placing previously infected fish with

the treated fish and following the mortality to a pre-determined limit, a given

percentage (30-40% according to the literature) of control fish mortality.

Results
Antibody response

Peak of antibody response was reached 6 weeks following first

immunization in all treatments.
Challenge

During the challenge, fish were challenged by cohabitation.
Although antibody levels were almost the same as untreated level except

the injected treatments, protection against occurred.

Table 2: Cohabitation challenge results

Mortality
Treatments Mortalities  percentage RPS
INJ-B 71159 4.4 89.2
ORS8-B 13 /164 7.9 80.5
CTRL 58 /180 40.6 0

Relative Percentage of Survival, RPS:
(1- % Mortality treated / % Mortality untreated) x 100



Day O First inmunization Day 14 Anti body dosage Day 28 Second i mmruni zation
(boost; all groups), Antibody dosage Day 42 Antibody dosage Day 70

Ant i body wogageq9Thal | enge (Co-habitation) Day 84 Report PADOIBOGBEE97

PCT/ CA03/ 00523 -44- Dosage of antibody response Anti body response was

anal yzed by ELISA, which is routinely wused in our |aboratory. Chall enge
tests For the in vivo challenge nethodol ogy, fish were challenged by
cohabitation. This nmethod consists ofispl acing previously infected fish with
the treated fish and following the nortality to a pre-determined limt, a
gi ven percentage (30-40% according to the literature) of control fish

nort al i t yFiguresid tieafiptddmehrstrated anstefigPetrbateld arally ity thee Spaljest™nas reached
6 weeks following first imunization in all treatg’pnts al | enge During

}Qeefhal | wagRine i §ﬁt€iﬁ;ﬂ0§'VQI@élthéri@jéeﬁmtr@éﬂﬁ%'i‘tt@tﬁ’@ ct aﬂim%&j}?' ti body
vel s we a ; iohnN&nall
treat ment @‘?e‘%@fzt@t iﬁogg%?ﬁst% aé’@%’ﬂ?’?’ég%“@ﬁﬁg §§H§C@La§'t())}nt g;th?gdr}]r%‘c%izﬁl enge

results Myreavér \antibodqttitesst wel highertinethep@ralject {ggravpsthanNthoBe7 / 159
4.4 89.2 OR8-B 13/ 164 7.9,80.5 . e . .
observed” in non-treated group or in fish fed with commercial feed

containing the same concentration of vaccine (Figure 19).

Conclusion

Bioactive proteins (in this case, HRP) can be delivered orally to
rainbow trout using the Oralject™ System, with subsequent appearance of
intact protein in the general circulation. Using this strategy, approximately
18-fold increase in circulating HRP was measured versus oral delivery in a
fish meal based formulation. Rainbow trout fed A. salmonidicida vaccine in
the Oralject System show antibody levels up to 75% of that from injected
control fish. Also, these resulis suggest that Oralject™ treatment provides

a similar protection than injected methodology.

While the invention has been described in connection with
specific embodiments thereof, it will be understood that it is capable of
further modifications and this application is intended to cover any varia-
tions, uses, or adaptations of the invention following, in general, the
principles of the invention and including such departures from the present
disclosure as come within known or customary practice within the art to
which the invention pertains and as may be applied to the essential
features hereinbefore set forth, and as follows in the scope of the

appended claims.



CTRL 58 / 180 40.6 0 Relative Percentage of Survival, RPS: (1 - %
Mrtality treated / % Mrtality untreated) x 100 WD 03/ 086097

PCT/ CA03/W0328860975 Figure 18 clearly denonstrates that fipsh/daoeaees orally
with the OraljectTM vaccine is as effective as the injection treatnent to
protect animals against infection to Aerononas sal nonicida follow ng
cohabi tati on chall enge. Moreover, antibody titres were higher in the

Oral ject TM group than those observedgi-n non-treated group or in fish fed
with comrercial feed containing the sanme concentration of vaccine (Figure
19). Conclusion Bioactive proteins (in this case, HRP) can be delivered
orally to rainbow trout using the OraljectTM System w th subsequent

appearance of _intact protein in the general circulation. Using this

strat egy, ﬂﬂﬂdﬁ.ﬁh&l&m-fol d increase in circulating HRP was measur ed
versus oral delivery in a fish nmeal based formul ati on. Rai nbow trout fed
A. sal noni,di ci da yacgi Ln. t Lheet . Sys 8 nt.i lgvels up to
75% of t hét from Phj (gdéﬁé%élﬂ%%nfbﬁoﬁ%ﬁdslﬁﬁ% és{ofpﬁy%@s ragsh%%}g%uggest t hat

O al j ect TMdudasy 8B Wnniureyigdponsa irs hoinbarorardtnat aftenotah adninistaten

met hodol ogy. Wi le the invention has been described in connection with
speci fi c SAISLERMBASIHOR GEFWHIEING't wi || be understood that it is capabl e of

further nodifi Cat%%l@ﬂoﬁ@ﬁmﬁ%ﬂéi@é} 'élﬁ'ivbsafdé?ﬁ;ended to cover any varia-
aptations the 1n

tions, uses, or a véntion following, in general, the
principl es of theb) mideastoonanceutralizingi agesteffedéyenito unersaseopiitile present
di scl osure as conme w.thin kno

whi ch the invention e Sy 0219 ﬁ%&@hﬁﬁ%{ ?‘gdlei:rﬁm\émé{&legbgéﬂ '?tglrt He
appendod ol ai mo. VIO DN OHa0gy P CAY by cihve ddetscope of the
c) at least one inhibitor of digestive enzymes to prevent
enzymatic digestion of said physiologically active agent, said
inhibitor being selected from the group consisting of
homogenized legumes, oilseed or pulse grains; and
d) at least one uptake-increasing agent capable of increasing

intestinal absorption of said physiologically active agent.

2. The composition of claim 1, wherein said neutralizing agent is at
concentration between 1% to 60% w/w, said inhibitor is at concentration
between 1% to 50% w/w, and said uptake increasing agent is at

concentration between 0.1% to 50% wi/w.

3. The composition of claim 1, wherein said physiologically active
agent is selected from the group consisting of therapeutical agents,
nutritional products, mucopolysaccharides, lipids, carbohydrates, steroids,
hormones, growth hormones (GH), growth hormone releasing hormones
(GHRH), epithelial growth factors, vascular endothelial growth and
permeability factors (VEGPF), nerve growth factors, cytokines, interleukins,
interferons, GMCSF, hormone-like products, neurélogical factors,
neurotropic  factors, neurotransmitters, neuromodulators, enzymes,

antibodies, peptides, proteic fragments, vaccines, adjuvants, antigens,



-46- WHAT IS CLAIMED IS: 1. A conposition for nodul ating a physi ol ogi cal
reaction or inducing an imune response in human or aninmal after oral

admi ni st reDios8609Bai d conposition conprising: a) at | east PGMACA03/00523

physi ol ogically active agent; b) at |east one neutralizing agent effective
to increase pHin digestive systemof said human of animal to prevent
denaturation of said physiologically active agent; c) at |east one

i nhibitor of digestive enzynes to pr4fent enzymatic digestion of said
physi ol ogically active agent, said inhibitor being selected fromthe group
consi sting of honogenized | egunes, oilseed or pulse grains; and d) at

| east onejmpLAL StiMdaRRFONMhIGNRTY fackprapheombtdpoietiEafsictogs, antkeandanal
absorption of said physiologically active agent,. 2. The conposit.i on of
claim1, prestusiss santhinfamimaloryi d§eBisentants %rtas't'é’on%%mp?‘é@(?gn Yween 1 %
to 60% W w3 é@?r‘rl]lg! [Qicléie. akid®e At8! | ABsmREIMRAN vbclér 0 cefi% w w, and

sai d uptake I'ncrea agent is at oncen’tratlon_ between 0.1 %to 50% w w.
3. The coppiifération ofhilitarsmot, asthateisn eell diffesesitiatiogi taatorp, aklopde  agent
is selected fromth roup. consi sting of therapeutjcal age utritional
product s, CARIYBUPR s RSy | H’@@}JHPQIQFH@)S,C%@W rgg(@g,ﬁv%tg}a%%’g, cﬁlhorrmnes,
growt h hordipAgs GEbhis, 3626t EopsImIe 4ittl-aagibgenizoagarites polygePtitles,epi t hel i al
growt h facsiugrs, v%?:]usl’ar endot ﬁel i al grovwﬁ% gnd pernpagi Iylgtéy factors
(VEGPF), mpticangenvagentsicBoids preguationndsugs, need | Biskamine HZnkesepiarons,

GVCSF, horﬁfne-like products, neurol ogical factors, neurotropic factors,
neur ot r an@ a(qog}sgs. neur onodul at ors, enzynes, antibodies, peptides, proteic
fragnents, vaccines, adjuvants, antigens, WO 03/086097 PCT/ CA03/00523 -47

4. The composition of claim 1, wherein said neutralizing agent is in
an amount sufficient to neutralize acidic degradation in said human or
" animal digestive system and to allow delivery of said physiologically active

agent to intestine of said human or animal.

5. The composition of claim 1, wherein said neutralizing agent is
selected from the group consisting of anti-acids, sodium bicarbonate,
sodium carbonate, sodium citrate, calcium phosphate, calcium carbonate,
magnesium salts, magnesium carbonate, magnesium trisilicate,
magnesium hydroxide, magnesium phosphate, magnesium oxide, bismuth

subcarbonate, and combinations thereof.

6. The composition of claim 1, wherein said neutralizing agent is at
least one of sodium carbonate at a concentration of 10% to 20% w/w, and

calcium carbonate at concentration of 10% to 20% w/w of the composition.

7. The composition of claim 1, wherein said inhibitor is in an amount
sufficient to inhibit degradation of said physiologically active agent by
digestive enzymes in said human or animal digestive system and to allow
delivery of said physiologically active agent to intestine of said human or

animal.



i mmune stinmulating or inhibiting factors, heomatopoietic factors,
anti-cancer products, anti-inflammtory agents, anti-parasitic conpounds,
anti- m cwolBaBeoagents, nucleic acid fragnents, plasm d DRETW&®B00R3 cel |
proliferation inhibitors or activators, cell differentiating factors, bl ood
coagul ation factors, immunoglobulins, negative selective markers or
"sui ci de" agents, toxic conpounds, anti-angiogenic agents, polypeptides,
anti-cancer agents, acid production-48ugs, and histam ne H2-receptor

ant agoni sts. 4. The conposition of claim11l, wherein said neutralizing agent
is in an anpunt sufficient to neutralize acidic degradation in said human
or animal digestive systemand to allow delivery of said physiologically

active agent to intestine_ of said human, or ani rral.. @) Th?ncfo%r;ﬂosi tion of
claim1, f#herein 53§ ¢omprAsitan of ﬁ@'@gént’vh%ems%q“ c'f‘@ toF O I BPoup

consi st ngn?)zmégt s, §8|e%fefhd (ﬂh“fﬂeb'rgcréﬁﬁoﬁs‘?stingg%?' HAli-pRotBasat @ggsodi um
citrate, caltium phosphate, cal ciur carbonate, ™ magnesi um salts, nagnesi um

car bonat ealbumging plantaderived linibiters fromgoitssiedimshyblearxi kidneyrhgaesiaba
phosphat e, magnesi um oxi de, pisnmuth bcat bonat

S > and . conbi i.pNns
t her eof . BEAFNIRNRIEEH t WHRAbfbIaNa ﬁlih?{,rje NG E%rﬁa%ﬁ%’ a?{g) %F\E’ agent is
at | east 4a06\in SABLEIH VRIS afll ploteeREMRT ation of 10%to 20% w'w, and

cal cium carbonhate at concentration of 10%to 20% w w of the comnposition.
7. The conposition of claim1, wherein said inhibitor is in an anmount

LT o AP, R D i T,

di gesti veYenzyne I géstlve systemand to all ow

delivery qfasiahd &Wﬁ%@éiﬁ%tﬁ@itd%rﬁpéﬁ vAtcrgpaptidasd inhipttoi.ne of said human or
ani mal . WD 03/ 086097 PCT/ CA03/ 00523 -48 8. The conposition of claim1l,

wherein said inhibitor of digestive enzynes is selected fromthe group
consi stingaof antypRIBhfRRRion"d%laim 1, wherein said inhibitor is albumin at a

concentration between 1% to 20% wi/w.

11. The composition of claim 1, wherein said uptake increasing
agent is selected from the group consisting of a bile salt, saponin,
deoxycholate, sodium salicylate, sodium lauryl sulphate, oleic acid, linoleic
acid, monoolein, lecithin, lysolecithin, polyoxyethylene sorbitan ester, p-t-
octylphenoxypolyoxyethylene, N-lauryl-g-D-maltopyranoside, 1-

dodecylazacycloheptane-2-azone, and phospholipid.

12. The composition of claim 11, wherein said uptake-increasing

agent is deoxycholate at a concentration between 0.01% to 10%.

13. The composition of claim 1 comprising at least one édditional
ingredient selected from the group consisting of ethylenediamine
tetraacetate, a preservative, an antioxidant, a colorant, a binder, a tracer, a
sweetener, a surfactant, a unmoulding agent, a flavouring agent, meal,
bean, yeast, brewer yeast, mineral oil, vegetable oil, animal oil, a lubricant,

an ointment, and combinations thereof.



al bum n, plant-derived inhibitors fromoil seed, soybean, kidney bean, faba
bean, rice bran, wheat bran, ethylenediam ne tetraacetate, al pha-1-

anti trypswp,03@adam n, oval bum n, and proteosones. 9. The ecmOYBVIAR Of
claim1l, wherein said inhibitor conprises at |east one of a pepsin

i nhi bitor and an enteropeptidase inhibitor. 10. The conposition of claiml,
wherein said inhibitor is albumn at a concentration between 1 %to 20%
ww. 11. The conposition of claiml49kherein said uptake increasing agent
is selected fromthe group consisting of a bile salt, saponin,

deoxychol ate, sodium salicylate, sodiumlauryl sulphate, oleic acid,
l'inoleic 14cid, rmr?@bﬁip@siltibﬁcdﬂaiﬁm? 1I,yw¢|®ére|m' slaicfphyxblsvlgmﬁy mﬁtiwedsorbi tan
ester, p-t- octyl phenoxypol yoxyet hyl ene, N-lauryl--D-mal t opyr anpsi de, 1-
dodecy| azagswl wg@limtf&liée@ddﬂdﬁ&s’f'aﬁcpfpﬁ?é@ BkarapPh animal '?r?tebs%t?ﬁgg}/ti on of

claim11, i i " asing agent is deoxycholate at a
concent ra?%ﬁﬁ%éﬂﬁ%%géfﬁ&eq%&%% 13. The conposition of claim1l
conprising at |east one additional ingredient selected fromthe group

i sti f ethyl di anj | t tate, .vat |
ant oxi dahb, a colth SAMPORIGNRera 1 raferein 3all GREIERGICMY Eheac ant, a

unmoul di nlggé‘rgte\%en g{)e]fli{/ér\éfaluihi iﬁ&sﬂﬁf R safEAlimanadhimeeRas anbsfietiveyeast ,

m neral olf, veget e oll, animal oil, a lubricant, an ointnment, and
conbi nat i phgsiologicabd effeti @D BtesB@OWalCT/ CA03/ 00523 -49 14. The conposition
of claim1l, wherein said physiologically active agent when delivered in
intestine of said human or animal is absorbed by said intestine for

system ¢ dgl i ver yrhd SompRiteATepsiaihon wherdiisaid physiologically sdlive
physi ol ogically active ‘agent when delivered in intestine qf sai d human or
ani mal hasgent efhent telvergthyisi dntegtical obryaidt hemannOEsenimal Wafl @ 16. The

conposi ti %Hy&glo%licaeilrgﬂ%bt YRS SRt G MBYRIARG! cal Iy active

17. The composition of claim 1, wherein said animal is a bird, a

mammal, an insect, a crustacean, an amphibian, a reptile or a fish.

18. The composition of claim 1, wherein said physiologically active
agent is capable of inducing an immune response in said human or animal

against mucosal infectious diseases.

19. The composition of claim 1, wherein said modulating comprises

increasing or reducing the rate of a physiological reaction.

20. A method for modulating a physiological reaction or inducing an
immune response in a human or an animal comprising orally administering
to said human or animal a sufficient amount of a composition as defined in

claim 1.

21. The method of claim 20, wherein said physiological reaction is at
least one of body growth, immune reaction, fat metabolism, or muscle

synthesis.



agent when delivered in intestine of said human or aninmal has a
physi ol ogi cal effect on the content of the intestine. 17. The conposition
of clai mwp osloggoei n said animal is a bird, a manmal, an PCTAECA03/06523
crustacean, an anphibian, a reptile or a fish. 18. The conposition of claim
1, wherein said physiologically active agent is capable of inducing an

i mune response in said human or animal against nucosal infectious

di seases. 19. The conposition of clap-l, wherein said nodul ati ng conprises
i ncreasing or reducing the rate of a physiological reaction. 20. A.nethod
for nodul ating a physiological reaction or inducing an imrune response in
a human or an aninmal conprising orally admnistering to said human or
animal a sufficient anount of a copposition as claimi1. 21. The

. .defj ned i
met hod of 22 ai m 28 Melhed«af systangicsielivery Ja EHYS'&QQWﬁXSﬁC{']@ 29eN4 1035t one of
body growh, i [} O, ;4 -aLhARL ; igs. WO
031 08007 R AR i TGETE ARBASY offlyBiRfinofigiaBsie-
physi ol ogihtmhdryoraninvat saganpodition as ldefined v claimdni nal , sai d net hod

conprising orally admnistering to said hunman or aninmal a conposition as
defined in claiml1. 23. A nethod for enhanci ng body uptake of a

physi ol ogixgal | y agt héﬁ)od?fb‘?"énrféhcﬁ‘@ BAdY UBfakeNofa phyBRIcYicaly adtiverl
conprising orally admnistrating to sdid human or aninmal a physiol ogically
ef fecti ve ageotinor ah antigemoli ta ohumendefri @ad animal gamprising. o@l of a

For " modul SrAgezephyap ey PLtaN d i s PRI HRRE T SrocteltOuaL once i n

human or ajig@mposition as defined in claim 1.

24, Use of a composition according to claim 1 in the manufacture of
a drug or a food for modulating a physiological reaction or inducing an

immune response in human or animal.



