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THERAPEUTIC COMPOSITIONS AND METHODS

This invention relates to novel compositions, to
methods for the delivery of biologically active
20 substances to the small intestinal tract, and to methods
for the treatment of intestinal pathogens in animals.
The small intestinal tract of animals, is important
for the absorption of biologically active materials such
as digested food components, antibiotics, vitamins, etc.
25 - Biologically active materials are often acid labile
and thus may be degraded or inactivated on passage
through the stomach on route to the small intestine for
absorption or bio-activity.
It has previously been proposed to enteric coat
30 materials with acid resistant/alkali soluble agents such
as cellulose acetate phthalate, so that biological
materials pass safely through the stomach for subsequent
liberation in the intestines. In young animals, for
example young piglets, the passage time of enterically
35 coated materials through the intestines may be so rapid
that the enteric coating fails to break down, resulting
in excretion of the enterically coated materials, or the



as cellul ose acetate phthalate, so that biological mat eri al s pass

safely through the stomach for subsequent | i beration in the intestines.
In young animals, for exanpl e young piglets, the passage tine of
enterically 35 coated materials through the intestines may be so rapid

that the enteric coating fails to break down, resulting I n excretion of
the enterigally coated materials, or the = 2 =
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15 coated with a delayed release material soluble in
intestinal juice;

(1i) an acidifying agent having a pH between 1.5 to
6 when in solution; and

(iii) a gel forming agent.

20 In acdordance with another aspect of this invention,
there is provided a composition comprising an acidic gel
having a pﬁ between about 1.5 to about 6, and containing
microgranules comprising a protein in association with a
weak base and partially coated with a delayed release

25 material soluble in intestinal juice.

The biologically active material may be a protein
such as an enzyme, growth factor, cytokine or hormone.
Where the enzyme is a proteolytic enzyme, it is
preferably selected from bromelin, papain, ficin,

30 chymotrypsin, trypsin, ribonuclease, carboxypeptidase A
or B, or subtilisin. Bromelin is most preferred. Growth
factors include growth hormone, insulin and the like.

As used herein, the term protein also includes
peptides within its scope. Generally, a peptide

35 comprises from 2 to 100 amino acids, and a protein
comprises 100 or more amino acids.

Biologically active materials may be non-




preferably selected frombromelin, papain, ficin, 30 chymotrypsin, trypsin,
ri bonucl ease, carboxypepti dase A or B, or subtilisin. Bronelin is nost
preferred. Growth factors include growh hornone, insulin and the |iKke.
As used herein, the termprotein also includes peptides withinits
scope. Cenerally, a peptide 35 conprises from2 to 100 am no acids, and a
protein conprises 100 or nore ani no dcivts. Bi ol ogically active
materials may be non-
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limting this inventl usua ave a Ui anmeter  between 50 to
500 [err] ml5These biologically active materials and buffering agents in

particulate form, with a delayed release material
(otherwise known as an enteric coating) soluble in
intestinal juices. Fluidized particles may be spray
coated with a solution of the delayed release material.

20 The size of granules formed by spray coating fluidized

' particles (in a fluidized bed) can be controlled, and is
dependant on the velocity of particle flow and spray
pressure of the coating solution. For example, fast
granule flow and high spray pressure leads to small

25 granules. Without limiting this invention, granules
usually have a diameter between 50 to 500 um. These
granules may be referred to as microgranules.

In accordance with this invention, granules are only

partially coated with delayed release material. This is

30 an important aspect of this invention, as it allows rapid
release of biologically active material in the intestine.
Partial coating may be generally achieved utilizing spray
coating of fluidized material. The extent of coating can
be determined by microscopic analysis of granules.

35 Generally, from 10 to 90% of the surface area of the
granules is coated with the delayed release material.
Preferably, from 50 to 80% of the granule surface is




granul es may be referred to as m crogranul es. In accordance with
this invention, granules are only partially coated with del ayed rel ease
material. This is 30 an inportant aspect of this invention, as it allows
rapid rel ease of biologically active material in the intestine.

Partial coating may be generally achieved utilizing spray coating of
fluidized material. The extent of coatingé4can be determ ned by
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15 Examples of acidifying agents are citric acid, lactic
acid, tartaric acid, succinic acid, oxalic acid, fumaric
acid, butyric acid, hydrochloric acid, proprionic acid
and the like.

Gel forming agents are also generally provided in

20 particulate form and are capable of forming a gel matrix
under appropriate conditions, such as dispersion or
mixture with an aqueous or organic solution (such as
glycerine or polyethylene glycol). Examples of gel
forming agents include karageenans, alginates, polyvinyl

25 pyrollidone (PVP), methyl methacrylate substituted with
bile-soluble fatty acids, dextran, and the like. An
acidic gel is formed by hydrating or dispersing a gel
matrix in an acidic solution or in the presence of an
acidifying agent as herein described.

30 The compeosition of one aspect of this invention is
provided in particulate form, as a mixture of granules
with a particulate acidifying agent and a gel forming
agent. In this form, the composition may be readily
stored and transported. When desired to be used for

35 delivering biologically active material to the intestinal

"regions of an animal, a small amount of water or other
non-toxic solution is added to the composition to give an



25 pyrollidone (PVP), nethyl nethacrylate substituted with

bile-soluble fatty acids, dextran, and the |like. An acidic gel is
formed by hydrating or dispersing a gel matrix in an acidic solution or
in the presence of an acidifying agent as herein described. 30
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the other components. When a composition according to an
embodiment of this invention is in the form of a gel, the
one or more antibiotics are generally dissolved during

20 preparation of the gel matrix and therefore generally
distributed throughout the gel matrix.

Any known class of antibiotics may be used in the
compositions of this invention, and include, for example,
one or more antibiotics selected from penacillin,

25 cephalosporin, erythromycin, tetracycline, thienamycin,
neomycin, and the like, such as derivatives thereof
having antibiotic activity.

As will be described hereinafter, it is believed
that antibiotics interact synergistically with the

30 compositions of this invention as described hereinbefore,
particularly when the biologically active material is a
protease, in the treatment of intestinal bacterial
infections associated with various disease states.

In still another form of this invention there is

35 provided a method for the delivery of a biologically
active substance to the upper small intestinal tract of
an animal which comprises administering to the animal a



one or nore antibiotics selected frompenacillin, 25 cephal osporin,

erythromycin, tetracycline, thienamycin, neonycin, and the |ike, such
as derivatives thereof having anti biotic activity. As will be
descri bed hereinafter, it is believed that antibiotics interact
synergistically with the 30 conpositions of this invention as descri bed
her ei nbef or e, particularly when the bilogically active material is a
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Escherichia c&% | G& q‘g’i chers‘?PnP& a#F@Fgg%ﬁgﬂ 2% O Pronas,
15 more antihiotics may be administered contemporaneously or
substantially contemporaneously.

Intestinal pathogens which may be treated in
accordance with this invention include bacteria, viruses
or parasites. Examples of such pathogens include, for

20 example, enterotoxigenic Escherichia coli, Shigella,
Yersinia, Pleisiomonas, Vibrios, Aeromonas,
Campylobacter, rotavirus, Cryptosporidia or Coccidosis.

The invention further relates to a method for the

treatment of diarrhoea in an animal which comprises

25 administering to the animal a composition comprising an
acidic gel having a pH between 1.5 to 6, said gel
containing microgranules which comprise a proteolytic
enzyme in association with a weak base and partially
coated with a delayed release material soluble in

30 intestinal juice. Optionally the composition may
comprise one or more antibiotics, or one or more
antibiotics may be administered contemporaneously or
substantially contemporaneocusly.

Any animal, preferably a mammal such as humans,

35 pigs, cattle, horses, sheep, birds, fish, or crustaceans
may be treated in accordance with the methods of this
invention. Particularly, the animal is a monogastrate



Campyl obacter, rotavirus, Cryptosporidia or Coccidosis. The

I nvention further relates to a nethod for the treatnment of diarrhoea in
an ani mal which conprises 25 admnistering to the aninmal a conposition
conprising an acidic gel having a pH between 1.5 to 6, said gel
contai ni ng m crogranul es which conprise a proteolytlc enzyne in
association with a weak base and partially7 = coated with a del ayed

rel ease material soluble in 30 intestinal juice. Optionally the conposition
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a 15 buffered ?ggﬁ?FOn having a pH of about 4 to 7. The extent of
coating of the mi crigrrespect of Numsmns, theuhnmpdéw%ﬂdnoaﬂ ghdeneral ly in

the order of ERMnERIR are o e £, RN Sl e © 0!
15 buffered solution having a pH of about 4 to 7. The
extent of coating of the microgranules for human
administration is generally in the order of about 20%.
The oral administration of an acidic gel in

accordance with this invention may be effected by any
20 convenient means. For example, the gel may be poured or
injected into the buccal cavitf of an animal.
Alternatively, the gel may be applied to or mixed with
foecd, such as animal feed.
The amount of acidic gel administered to an animal
25 for the delivery of a biologically active substance to
the intestinal regions of animals, or for the treatment
of diarrhoea, is generally unimportant, as is the
frequency of administration, and will depend on factors
such as the weight and health of the animal, its
30 nutritional status, fhe condition being treated and like
factors, and will generally be determined by a farmer or
veterinarian or physician. By way of exahple only, a
piglet may be administered 1 to 5 ml of an acidic gel by
way of syringe into the buccal cavity. Again, by way of
35 example, an effective amount of the composition of this
invention may be from about 0.01 g/kg body weight to
about 5 g/kg body weight



20 conveni ent neans. For exanple, the gel may be poured or I nj ected
into the buccal cavity of an aninal. Al ternatively, the gel may be
applied to or mxed with food, such as ani nmal feed. The anmount
of acidic gel admnistered to an-animal 25 for the delivery of a

bi ol ogically active substance to the intestinal regions of animals, or
for the treatnent of diarrhoea, is genﬁgally uni nportant, as is the
frequency of adm nistration, and wl| depe on factors such as the
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uni que action ighPhRKERl reaem_;ﬁrcomaknsl SeRfendiit coldWrldeidiy 'ty and
not the pathogen over conmes
numbers, pathogenic microbes cannot generate disease.
This unique action in preventing microbial diseasa by
modifying the host and not the pathogen overcomes the
traditional disadvantage of antibiotics, that being
microbial antibiotic resistance.
20 Additionally, and surprisingly, compositions of this
invention are effective against pathogenic microbes that

may not possess a recognised adhesive mechanism or

receptor {such as protozoan parasites, and viruses such
as rotavirus and transmissible gastroenteritis virus

25 (TGE)). This latter effect indicates that the
compositions of this invention, particularly those
containing proteases (such as plant and animal proteases,
for example, bromelin, papain, ficin, chymotrypsin,
trypsin, ribonuclease, subtilisin, carboxypeptidase A or

30 B, and the like), may act as non-specific immuno
stimulant. The immuno-stimulant effect of the
compositions of this invention is not well understood.
While this immuno-stimulation may be specific for a
particular pathogen it is believed to be non-specific and

35 involving the increased production of IgG.

The combination of a protease containing composition

as referred to herein with antibiotics may offer a



tradi tional disadvantage of antibiotics, that being m cr obi al

anti biotic resistance. 20 Additionally, and surprisingly,
conpositions of this i nvention are effective agai nst pathogenic

m crobes t hat may not possess a recogni sed adhesi ve nmechani sm or
receptor (such as protozoan parasites, and viruses such as rotavirus
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i ndi cates that the conpositions of this invention, particularly those
cont ai ni ng pr OtsQih"eQ@i(saﬂi@eTEe@ltaﬂh thd epedthentobfasntestinafor exanpl e,

b lin, t I

SUbt 11 Si e CamaERbaa RHEER phES "ants avESI Prs ERESFRCREGH nay
non-specific | anlse becastsenoifarthe ﬁba-speuﬁﬁietauuiamtinfékmyatﬁngfma
composi {11 Chnilibady 8kl 3e"BantEbhet 450700 Yhich MLl Guddts
bel i eved t05bethen59¢é&ﬁﬁr@bénd astinnopﬁlngtithth@seasbu apaksd on of

1 gG, i—&%‘ih&i%-' BReff fauaa0£ﬁa§ e+RQNABOVE HekiBsd t i on as

referred to here brotics may offer a synerglstlc
effect in the FPERPRANLODS FﬁF§§#P§§9 a Prateres; and | an RRtihiotic

synergistic i njaepehsaNaf®Ybiotidl 5§8tEAc8Us8sefptien NSFomPasa fiC act|on in
el evati ng anti body response as nentioned above, whjch coggllnents

t he antlnlcrobﬁﬁpeﬁEépéﬁ GPQ&RPFblo?pﬁsme??aﬂé§maP%kﬁnd this R4L861H148 been

found t hat 1Dheuﬁbsnéarr:rentrnﬂaedffectcszspassé Présént tvhén ruhﬁmw&me and
system c absor t,i O t he

an antibiotic i c [0
i nt esti nal regPSﬁs §ﬁ§8 h SRP %%ﬁ?ﬂ a?ﬁ?§s¥¥f%£t g&??ﬁéﬂ%%u Thi s
effect is aIsocpntampbrnheauaﬁY|hithlthe acidie gelricompasition of an

conrenporaneouahx?agﬁgﬁgsggg%ég%L%%Ye%F§§ﬁ3enporanepusly with the acidic

gel conposition 0 i's invention. Pr ot ease
cont ai ni ng conposi t Poateaset abntaining i compssitionsg rof) i this rinwengieon r um

anti-di arrpgeah; ghf gebvide broad spectrum anti-diarrhoeal effects,
weight gain, and a reduction in mortality on
administration to animals, particularly in immature

Beda

monogastrates such as pigs.
In accordance with another aspect of this invention
20 there is provided a method for the non-stimulation of the
immune system in animals, which method comprises orally
administering to an animal a composition comprising an
acidic gel having a pH between about 1.5 to about 6, and
containing microgranules containing a biologically active
25 material, particularly a protease, in association with a
weak base and partially coated with a delayed release
material soluble in intestinal juice. The protease may
be of animal or plant origin, and selected, for example,
from proteases such as bromelin, papain, ficin,
30 chymotrypsin, trypsin, ribonuclease, carboxypeptidate A
or B, or subtilisin and the like.
As will be apparent from the Examples hersafter,
protease containing compositions of this invention cause
a significant decrease in pathogenic intestinal flora.
35 This unexpected phenomenon provides the opportunity to
recolonise an animal's intestine with non-pathogenic
advantageous bacteria, such as lactobacilli,



wei ght gain, and a reduction in nortality on adm ni stration to ani mals,

particularly in i mmature nonogastrates such as pigs. I n
accordance with another aspect of this invention 20 there is provided a
met hod for the non-stinulation of the I mmune systemin animals, which
met hod conprises orally adm nistering to an animal a conposition
conpri sing an acidic gel having a pH between about 1.5 to about 6, and
contai ning mcrogranul es containing a bi oFoyPcal ly active 25 material,
particularly a protease, in association with a weak base and partlally

coated with a dEtERRFqAqanis@nd thepldkeafrew heslthy amimalsnal juice. The
]prot easet nay bﬁ afn %dallda%epha%h ahi asﬁeceggfse&ﬁtﬁ%eﬁﬁoreWee
rom proteases SUC as onelln C SN Sl N
ri bonucl ease, éﬁ{qddét é‘eﬁhgg "’blicﬁ CEPPLLBes| T8 S {9 9%
As will be apparaamxfﬂmrtﬂrg Eoaanl aninatcaf t:empositicm O crReeL SANY earnl ng
t decr

conposi tions | NV S as

pat hogeni c i eﬁciqﬁ%c &% gxav §9Tﬁ §Hu88%%§?e B“ h'rén%% %P%'{eﬁ oé;sa!}%e
opportunity to containﬂngnmderagranumas sonprbsingmavpr¢temmephthogen|c
advant ageous bag h o o

- 10 - ° str%b oé%fgﬁg& 8§%Reg &égﬁf%éééh%n?t%artia+m§ coated WithIn
accor dance mnthd@daagge@eleasahmgtEnwahtsghubhertn intesxxnaininitaa rafdhod
whi ch conpri ses yhagadlsRs eEaQ&g' Eaminils awﬁgs{:éri&%%t&ﬁﬁhﬁm mel a

conposi tion conpr|5|ng an b5 ac tween about 1.5 to

about 6 andl W@Gﬁ?@#ﬂ?ﬁésﬁﬁcWBQFEnQFEQné%m5rm%Yr@PQPﬁ#Qﬁeﬁﬂﬁaqq1m°re
associ ati on W t koapepdheaasy and pAtbbSLY] CORbed O sl enyldlriyad d.cl ease

admni ot ering Lo sai dhe,PRARAIehR, dbtTSreTad th o1 BRY SR S compri se
one or nore aspeptnoft thef ihtrentibrshayabe freferrdd anlddy ani nal s.
The organi sms ad%k%bi%%r%d"tOnéanQ'BBJaa£1£I%ééred at the same time as
15 the acidic gel composition or shortly thereafter, such as
from several minutes to 24 hours.

Probiotics may be administered in the form of freeze
dried organisms or other convenient form, such as in the
form of a nutrient solution, slurry of microorganisms and

20 <the like. '

In yet another aspect of this invention there is
provided an acidic gel or particulate composition as
described herein in admixture with conventional animal
feeds as are well known in the art, such as pelleted

25 feed, weaner pellets or the like. ' —

The various features of the composition of this
invention are particularly advantageous for the following
reasons: -

1. The provision of granules of small particle

30 size, namely 50 pym to 500 uym, as provided herein (these
may be referred to as "microgranules") delay release of
material in the buccal cavity (thus protecting the buccal
cavity from the effects of proteases suqh as bromelin),
and the stomach. Small particle size also facilitates

35 gastric passage.

2. The provision of buffering within the granule in
the pH range 3 to 6 acts to inhibit the proteolytic



aspect of the invention may be referred to as "probiotics" and may be
adm ni stered at the sane tine as 15 the acidic gel conposition or shortly
thereafter, such as fromseveral mnutes to 24 hours.

Probiotics nmay be adm nistered in the formof freeze dried organi sns or
ot her convenient form such as in the formof a nutrient solution,
slurry of mcroorganisns and 20 the |ikes 11 - In yet anot her aspect of
this invention there is provi ded an acidic gel or particulate

conposi ti on asactiviitycofbpepainein theaghomach e neutraldse mtiamagh pH,nual
feeds as are V@%&BEQthEtRGQ%%&B o USB1 §Ss it 1 £ @i.%] defiaieaner

pellets or the various features of the corrp05|t|on of

this i nvenmasaripdspsuchcas apFgteamen: «thd enate tthe il Iqpfiimum of
reasons: - bioilo IEElpﬁuQiféﬂQ:D oéuezaaéwlaﬁecgr&amyﬁ@ térfdyﬁhe?O si ze,
nanmely 50 [errimto 58 rlm as provided herein (these

referred todas rﬁ?‘@?-éﬁr’a' uP%s"‘?i%? del ease of mat eri al |n the buccal

CaVIh ty (L hus Iorot ecsl.ng'rhaepbﬁemi coatﬂ@gléﬂ é:l‘é!{ﬁltél"#? wifthed faemaﬁd)t eases
SucC as ronel il n onac arll Ccl.e SO
facilitates 35r§i§???cmﬁﬁ§§%§§ pm{‘ac@s {ZTDBJ' SAET 31?2-'13&&% A g

wi thin the graphnaetivation} handenables agraitﬁahc:tezle:ase o ibiolidegdcal
proteol ytic activity

of pepsin in t'ﬂ@tgfﬁﬁﬁcﬁitﬂ%ﬁtﬁéﬁ|%%a”forra%%sul—?e' startﬁ.% nacat I vation
of aci d-seb8i t duedénumpgasavell asmasking m-as Huldwemrm\dmamlﬂ e
the pH optinmu | r adroteolytic enzyne
5 bronelin tonggg%}ﬁ?:mggd)lgg fﬂef@{% lJ’#"#f."c’%art | a coatl r‘ig of granul es
with a del ayedparticulanly imtmmayure JIRRAGASHIATRA GF IMRIAENGS,i AR aci d

i nacti vati on, fRAschad! s& gﬁ@péleédrqheaé&,@ng Ol {ra¥ed at @ erial within
the small intestine, Starting in the 10 duodenum as wel| as nasking taste.
Ful ly enteric ipappgopriate site in the intestine. Unexpectedly, a
15 partial coating of delayed release material does not lead
to inactivation of biologically active agents in the
stomach. This is presumably due to the presence of the
buffering set out in point (2) above.
4. The acidifying agent promotes animal salivation
20 and increases palatability, as well as lowering gastric
pH and thereby maintaining the integrity of the delayed
release material in the stomach.
5. When in the form of a gel, the gel-forming agent
reduces diffusion from the granules and keeps the
25 granules in an easily flowing suspension. Protection of
buccal mucosa is also provided by the gel which helps
restrict diffusion of free enzyme (or other biological
material) from the granules. Due to the presence of an
acidifying agent in the gel, salivation and palatability
30 are promoted.
This invention will now be described, by way of
example only, with reference to the following non-
limiting examples. .

35 EXAMPLE 1

Preparation of compositions:
The following composition containing the proteolytic



granul es may not |iberate biological material, particularly in inmmuature

nonogastrates or rum nants, and thus nay be excreted, or contents

| i berated at an i nappropriate site in the intestine. Unexpectedly, a 15
partial coating of delayed rel ease material does not | ead to

I nactivation of biologically active agents in the stomach. This is
presumably due to the presence of the - hyffering set out in point (2)
above. 4. The acidifying agent pronotes ani mal salivation 20 and

i ncreases pal at @he{mé Ybrofelbh | was ?ﬁapgfénkgastric pH and t her eby

mai nt ai ni ng the:igtegritélof t he del ayed rel ease material in the

st omach. . h the formof a gel, the gel-form ng agent
reduces diffusi Bonohedbint he granul es and keep8%her/85 granules in an easily
fl owi ng suspensj ect ] buccal cosa is also provided by the
gel which heIpsbggal$%é%réﬁé§§h#¥?5ion of frégﬁbﬁyyhe (or other biologica

material) froamCéklylosel acetaxs phthalate esd@¥e wiiv an aci di fyi ng agent
in the gel, salivation and palatability 30 gligRePioupt ed. Thi s
i nvention will now be described, by way of exanple only, with reference
to the fol | owi ngthhn Acidifying agentianpl es. 35 EXAMPLE 1 Prepar at i on
of conpositionsgitric acid 1he §9l} AN LA G2EnG28! eighe t he
proteol ytic - 12 - enzyne
bromel i n was pr .Gel formi A Bronel in
25% wWw 100 cCafhoryriderAhdellulose 10¥0WhWrElativectbugeatudéget at e
pht hal at e 10@6w{wﬁ 100% W w (i)
Aci di fyi ng agerf®ight

Method:

1. Disperse 1 kg of cellulose acetate phthalate into 10
litres of water.

s 2. Add g.s. sodium carbonate or sodium hydroxide to the
solution of step 1 to give sodium cellulose acetate
phthalate (sodium CAP) at approx. pH 6.5.

3. Weigh out bromelin (2.5 kg) and dicalcium phosphate
(6.5 kg) and discharge into the spray coating

20 container in the Glatt (trademark) or Aeromatic
(trademark) spray coating apparatus. The powder is
fluidized and heated to 50°C.

4. Spray the sodium CAP onto the fluidized powder at a
pressure of 2 bars until complete and then allow to

25 dry for 30 minutes.

5. The partially coated material is then blended with
citric acid (0.6 kg) and carboxy methyl cellulose (1
kg) using a standard blending device.

It is the spray coating of fluidized particles which

30 is particularly amenable to the production of partially

coated granules. In order to achieve partial coating the

ratio (w/w) of biologically active matarial/weak base to
coating is generally about 1:0.1 or 1:<0.1.
The resulting granular composition is referred to in

35 the subsequent Examples as "Detach".

A 5 ml "dose" of petach is prepared by adding water

(about 4 ml1) to 1 g (approximately 1 ml volume) of



Citric acid 5% w w relative to granul e wei ght (iii) Cel formna

agent: 10 Carboxynethyl cellulose 10% w w relative to granule wei ght
Met hod: 1. Disperse 1 kg of cellulose acetate phthalate into 10
litres of water. 15 2. Add q.s. sodium carbonate or sodi um hydroxi de to
t he solution of step 1 to give sodiumcellul ose acetate

pht hal ate (sodi um CAP) at approx. pH 6.5~ 13 =3, Wei gh out bronelin (2.5
kg) and di cal ci um phosphate (6.5 kg). and di scharge into the spray
coating 20 gramnies nk? give 1"(31"2511t Ok VAHARR-K) or Aeromatic
(tradenark) sprggaﬂp@glmg apparatus The powder is fluidized and
heated to 50[err {uaso I U CAP ogt the fl uj dlzeg gomder
at a QQE gﬁ g i

dry for 30 'n n St a%ﬁ% gle, e cPhen Qlended
with c‘l’?’”’%" 9L ules J égl Fﬁfl dotP

"kg) using a staﬁfﬁaﬁ%" t?ﬂj’%‘ew ce. It is the spray coatl ng of

fluidized particles Etghteéﬁ)uananad(pﬂgidtp,aﬁemabks pddthwepeouankédn of
partially apt ahh?g
ratio (ww) of fogﬁ%ﬁté#egm eri 211%\/\%;%&%&% g%hdSﬁ coat 1 ng |s

general |y aboutith)uetﬂcu.txbﬂted and untrpstede{gontrgldr gmouRs in the
co 05|t|o | a h".
mp o‘?’e'tti‘? f'ﬁ b &é&édﬂ%i?ﬁcﬁq %nbn@ éemlt%sl Engafcac

A5n "do I's prepared 4 mM) tolg
(approx,nate|yia;ggeggﬂqﬁﬁg fgd artificial mi k (500m1 each) twice each . (3
gr anul egdy. give a 5 m gel volune. EXAVPLE 2 Det erm nation

of the intestinal transit tine of broneli admi |st ngle 5m
dose of Detach whi cH*t Sh& fopmencenent; {m 8§9F6 g 494§£§d dto

gi ve the Detach treated group were orally dosed with a
15 standard 5ml dose of Detach (a suspension containing 1 g
of granules dissolved in water to give an acid gel base).
A period of 1lh, 12h, 28h, 48h, 72h and 144h post
inoculation, randomly selected groups of three piglets
(two treated, one control) were killed by barbiturate
20 overdose and the small intestine removed. Sections (10cm
long) of the intestine from 5 sites: duodenal, lower
ileal, mid jejunal and midway between these sites were
removed and immediately stored at -20°C.
On completion of the experiment, the intestinal
25 sections from each pig were thawed, opened longitudinally
and the mucosal surface scraped with a glass slide.
Mucosal scrapings (0.2 g) were suspended in 1.8 ml of
working dilution buffer (WDB) consisting of phosphate
buffered saline (PBS, 0.1 M, pH 7.2) to which Tween 30
30 (0.05% v/v), bovine serum albumin (BSA, 0.25% w/v),
ethylene diamine tetraacedtic acid (EDTA< 1 mM) and
sodium azide (0.1% w/v) had been added. The scraping
suspensions were then tested for the presence of
bromelain by enzyme immuno assay (EIA, procedure 1 set
35 out below). Sensitivity of this assay had previously
been established as 2ng when the same batch of enzyme as
in the Detach, but suspended in phosphate buffered
saline, was tested by titration. -



an acid gel base. Ei ght een unweaned piglets, 4 weeks old, were

ranked on a |liveweight basis and allocated in a random rmanner into
Det ach treated and untreated (control) groups in the 10 ratio of two
treated piglets to one control piglet. ' Piglets were fed artificial mlk
(500m each) tw ce each day. . At the comencenent of the
experinent all piglets in t he Detach trg ted group were orally dosed
with a 15 standard 5nl dose of Detach (a Su %eﬁsion containing 1 g of

r anul di | ved i t t ' d of

S%Zh, uzgﬁ, Izlgflo \7/§h ;Rﬂ?\@fﬁﬁr’?‘]‘pg’ tIm aiﬂng%oﬁa?ﬁ% Bé?%%\% 3 seéb\‘fé %gd groups
of three pigl et evidentt i @ldatiedesthpatonites)ofictreikted mmmm&mt e
20 overdose andJdqrsud 1M & b&er:sggn%gd Br6fbl 11 H@gmmem! 4 orfd

the intestine fron1 duodena e] unal and

ni dway bet ween lﬂiai@tsmscga/\ér and 5 paip)ecliiihedi Bk REter \Jagingd Ao

-20[err] C. tesQin%(iﬁma%bﬂaloftakaﬁ grof’ easei-el t hEgldés Sddttedin
sections fron1eac wer e thawed, opeped |o tu i n and th
nucosal surface ther mdédgF“%EréP;dgr"m %&%%@Y (9%2 hy)

wer e suspended g3 1o affter dugﬁhgng dllutlon buffer (WDB) consisting of
phosphat e buf fered sal i ne (PBS, 1M pH7.2) to which Tween 30 30

(0.05% v/ v), bo&RREIUsion:,| phunin (BSA, 0.25% W v), et hyl ene di ani ne
tetraacedtic acid (E@'féﬁsltm’lﬁlm&ndf bromeﬂiunthzdmlgh(ﬂ:é%ig‘lét sk e en

added. The ragin pe n engt esence of
bronelain b % 39ﬁ§ tﬁﬁﬁn ?g Q?EIfﬁ gh%§ gﬁréé {5§ﬁ§€§ﬁ el ow) .
Sensitivity of Bromeddnayishxdagddyi veiegsed ibtenthsttnﬂe§##n94ﬂs 2ng when

t he sanme batch gEoEQEMQE 33 in the Detach, but suspended in phosphate __
buf fered sa sted by titration.

- 14 - En!!yﬁdéaﬂuspaﬁﬁﬁxlﬁOFrBﬁ?Fﬁ%iEbtach doses were evi dent
in all intestinghatkbksS Runk!ctredaendbrys Killed

15 Plate Coating: Anti bromelin IgG raised in rabbits.
coated 2h/37°C in carbonate : bicarbonate buffer (0.05 M,
pH 9.6) containing 10 pg/ml IgG) 100 ul/well. Stored at
4°C until required.

Test Samples: Intestinal scrapings diluted 1:10 w/v in

20 working dilution buffer (WDB, described earlier).
Incubated for 30 min at 37°C.

Conijugate: Avidin urease (Allelix Inc., Mississaugu,
Toronte, Canada) 1:400 v/v in conjugate buffer (Chandler,
D.S. et al., Vet Micrcbiol. 11: 153-161, 1986).

25 Incubated for 30 min. at 37°C.

Substrate: Urease substrate solution (CSL; Parkville).
Read at 540 nm (approximate).

EXAMPLE 3
30 Effect of Detach on intestinal K88 receptor activity.

The E. coli K88 receptor is typical of a number of
protein or glycoprotein receptor molecules that have been
demonstrated to play critical roles in the pathogenesis
of important microbiclogical diseases of the small

35 intestine. Receptors located on the intestinal brush
border membrane have been shown to be inéolved in
attachment (colonisation), cell entry and toxin delivery



at | h and 12h after dosing. Bromelain was evident in one piglet (site 4
and 5 only) killed 28h after dosing. No 5 intestinal material taken from
control piglets reacted in the EIA nor did material fromany piglets
killed at 48 h or |longer after dosing. Concl usi on: : Transit
time of bronelin through the piglet small 10 intestine is simlar to that
of other foodstuffs. Bronmelin is readiiy Lel eased into the intestine.
Procedure 1: Enzyne i munoassay for Bronelin: Pl ates: Nunc.
(Trademark) 15p4 anteeddnalg pa&nbbeheorremtnléeﬁcr 8bhie lof Nehidddi t s.

coated 2h/37C in carbonat bi arb uffer 9.6

contai ning 10 F&SEPFATS | 3‘@}:1 nPe |Feceg{:%1’:e§\a|:&e beerg[ err])C unti |
reqll:! redd_ I Mnf?nalm tbnbesreadliéyciaacugsaﬂed uby cpriotdblytia n 20
wor ki ng dil uti er SGL f r 30

A arlerr]c  Shadied snERusAE EhBE oEBEapRy ther AEERERALE 0 M
Tor ont o, Caﬁadaptivaoam/tha smed&j dpsesthnef tWelbwood) R, , Biocmisn. et al .,
et Morobiol. pibpnlad ARta $389) 3262 %gguméd §pALSY, "Ik, dn

Substrate: UreaSe bstrate sol ution Par kvi Rea at 540 nm
(appr oxi mat e) . Wilson EﬂABPLEM913OCE¢$eCBiQ$hEEt53h bH7+182st1983: Kas

receptor actiVifoiricourt, M.ANCahd 9QLieKSR.ACCEPASECctS imRlfal £¥: a nunber
of protein_or glgéoproteln recept or mol ecul es that have been

dermonstrat ed t 323624233t t@87)rol es in the pat hogenesis of inportant
m cr obi ol ogigcal di 5?§§Q§t§f weke sm&’cédBﬁitntast'vﬂaahﬂw@mﬁmimt ed on

at'tachment ( coPSRRYatadmpl ERFulR: £, Sand B4R BEFRAre. 0 e
- 15 - Piglets were reared in weaner flat-deck

accommodation and were maintained in a diet of

reconstituted milk until at least 4 weeks of age.

15 K88 receptor activity was estimated by enzyme
immunoassay (Chandler 1986, Supra, subsequently
designated KPEIA). Intestinal samples were collected
into at least 10% v/v WDB to which 0.1% w/v TI had been
added. This buffer was designated WDB/TI.

20 A continuous sampling procedure was employed. This
procedure consisted of connecting a teflon tube (4 mm
bore) to the threaded end of the fistula and passing the
other end of the tube through a slow running (0.5-1.0
ml/min) peristaltic pump to the sample tube. These tubes

25 contained 1 ml of WDB/TI and were housed in a fraction
collector of the type used to monitor chromatography
columns in protein chemistry (Frac 100, Pharmacia). Ice
was placed in the bowl that surrounded the rack of tubes
at the start of each day. Each tube collected the output

30 of the pump over a 10 minute period. In order to reduce
the amount of drag on the fistula during sampling, the
weight of the tube between the pig and the pump (placed
over the pens) was suspended in a counterbalanced line.
Detach treatment:

35 Piglets were sampled over a 24-48 h period prior to
Detach medication in order to obtain a base-line of
receptor activity. They were then treated with a 5 ml



by intestinal pathogens. At |east sone of these receptors, including
the K88 receptor, have been denonstrated to be readily inactivated by
proteol ytic enzynmes, including those proteases that are nornmally 5
active in the small intestine (Wllwod, R, Biochim Bi ophys. Acta
632: . 326- 335, 1980; Staley, T.E and Wlkson, J.B., Ml. Cell. Biochem
52: 177-189, 1983, Mouricourt, MA and Julien RA., Infect. |mun.

55: 1216-1 7 Pi fitied YY" d
st ai nl ess %e‘fe]x?%[ ealc;% Detach cgn‘?:%}ngﬁgs 1 tI-é’? %{1 18s)," 36 RRE
Pi gI ets were r @iar it aaeuningifeedok Sampddpgnwagathen Wm%d for

mai ntai ned in a dhglerdy 48-723PPeEdigd.ed m Ik until at |east 4 weeks of
age. 15 K88 receptor activity was estimated by enzyne I mMmunoassay

(Chandl er 1986 ReSHLEE* subsequent |y desi gnat ed KPEI A) | nt esti nal
sanpl es weres col | ectsbut 1000 @aatplle@aszbraoafomécm m ¥he Cthfed @ay v Tl

Egﬁt ibﬁﬁgus saﬁ%??e Thbﬁ'@ﬁﬁ‘@%i’ﬁ%ﬁ’?fgggt egﬁ)é\DB medb?%’ge%ge §0n5| st ed
of connecting @igidtE wethee maintained bar e) midkt et r cMawy manck of t he
(05 1 0 Prte S SALLEas, 1P, thAC bUREReSLBEE bR Leo o2
contai ned 1 m aifl onEygT la mmmleatreu'sebultnbasicablyoaimilan@a*emm aff the
type used U% Mifldeect" @@Rﬂ%@aﬁiﬁyvivo £8! BiNSohBepigtad n chenistry (Frac

100, Pharnaci a) ounded the rack of
t ubes at the staqsm%@éht@sysméﬁ pebéeeﬁio@%thhmmmttm of

the punp over %ﬁ%d&é“%ﬂneﬁ‘i%‘t@‘i? bafe&éeanaﬁafeéyqsetacntdi@dféwsn Q¢ drag

on the fistula ng sa he tube between the pig__

and the punp (f he SPREinUGRELY: Fempind) P\?«HFEESSE%O@EP‘% in tapterlyal anced
l'i ne. Det agpgt-peidieaiciond reductiBnsg! shSréeégtéﬁrﬁ&eﬂbpuprw@s 24-48 h
period priqQr.to tach mségﬁatm in.order to ob F:L 8 ase-|ine of
receptor adty viabFerv i Ff"' YELHONF Were coprirmed by one-way
analysis of variance to be statistically significant
(P=0.05) at 0-1 and 1-2 days after medication. This data
supports previous cbservations of the disruptive
influence of bromelain on the binding between various
20 pathogen adhesions (including K88) and toxins and their
intestinal receptors by in vitro experiments. It also
provides evidence to support the hypothesis that it is
the receptor-destroying capability of bromelain that
confers the demcnstrated ability of Detach to prevent
25 wvarious types of enteric infection.




- 16 - suspensi on of Detach (containing 1 g of granules), 30 mn

prior to a norning feed. Sanpling was then continued for a further
48-72 h peri od. Results: 5. About 1000 sanples were collected in
t he three-day periods inmedi ately before and after medications.
Piglets were maintained on a mlk diet. Many nore sanpl es were
collected in the internmedi ate periods = 13Iromﬁng a nuch cl earer, but
basically simlar pattern of 10 receptor activity in vivo to be

const r uct ed. Results of the saFBRE ol | ections made in both the

periods imedi at etynPEhR6EsEPIsaip Péd [0l gt HEP (Retieptior Actibety
continuously sanpligd mitdstinal Tontent SAmpaeseCdllecte@O0verEriisfad i ON
reductions in receptor actipaysy B&foreSogbagtesdMedfdatiene reductions were
confirmed by one-way Pigletsalweries mafintainedcent a hilktdiettduriny

si gni ficant (P=0.05) at 0-1 amatinflodaysampléngiedi cation. This data
supports previous observations of the disruptive I nfl uence of bronel ain
on the binding between various 20 pat h&88nRaceptovndctivityli ng K88) and

t oxi ns anPitched r I nt esti nal==r-ecept-ors by in vitro experrments-=It al so
provi des evi dence to support Rietneatmendsi s that it i sPost-Theatment

recept or - destroyi ng capdRays y-Jftch0dné PaynOrAat (Payif br3)t he (Day 2-3)

denonstrated ability of Detach to prevent 25 various types of enteric
i nfection. 1 DETACH 0.71+/-0.11 0.19+/-0.15 0-551‘['0-29 0.17+/-0.19

TABLE 1 Cont i nuous! y (Zdpl ed Pi gl é88) k88 Recept 6#0hctivity (15)
in Intestinal Content Sanples Caollected Over Three Days
Before or After DEFREht | $r28+/-0.14 °-@#Fg5§r 1mere°n9§p£3?nga on a milk
di ef__during o (79) conti f s sanpling)
K88 Recept gy ACUeWach 0.28+/-0.22 0.084/-0.08  0.11+/-0.15 0.06+/-0.09
(68) (42) (38) (42)
2 DETACH 0.55+/-0.19 0.11+/-0.10
(39) (25)
3 DETACH 0.30+/-0.17 0.15+/-0.10 0.23+/-0.20 0.24+/-0.24
(78) (34) (15) (35)
* Mean absorbance values obtained from the intestinal content

samples when tested by KPEIA. Values shown in the table are
mean absorbance (A540) +/- standard deviation. The number of
samples collected over each time period is indicated in
brackets below the absorbance values.

EXAMPLE 4

Prophylactic control of diarrhoeal disease over a
prolonged period (day 6 of life to weaning at about day
21).

A number of field trials have been conducted to
demonstrate the efficacy of Detach treatment in
prophylactic controi of piglet diarrhoea. These trials
have indicated that Detach ‘treatment assists control of
postweaning diarrhoea (which is associated commonly with
K88 + E. coli) using a single oral dose. In addition,
Detach medication has been found effective in control of
preweaner (Sucker) scouring diseases of piglets, again as
a single oral dose. Preweaner scouring diseases are
commonly associated with rotavirus or coccidial
infections and usually are evident as chronic pasty



Pigk mmeeee---- e

Pr et r eat nent Post - Tr eat nent (Days -3 to 0) (Day
0-1) (Day 1-2) (Day 2-3) 1 DETACH 0.71+/-0.11 0.19+/-
0.33+/-0.29 0.17+4/-0.19 (21) (16)

(40) (15) 1 DETACH 0.28+/-0.14 0.34+/-0.21 0.05+/-0. 10
(79) - (30) (24) 2 _DEEACH 0.28+/-0.22 0.08+/-0.08
0.11+/-0.15 0.06+/-0.09 (68) (42)

(38) (4

( 39) 2'%’5“’@%“ %ﬂﬁwﬁf %719%8%1 982’95 1 week 2% . 0. 20
0. 244/ -0. 24 age and continuing -3 week@g4)nespite the mgye

(35 * Mean émsaxwar\e@nyfél@ﬁ @ms'e rae%efars@a t e gif Eset aBak senﬁeeacn
sanpl es when tested q;gKPEIA Val ues shown in the ta

ar
absor bance (A5 forRithe dtHaLk iage atrwhigh.pasess of Siagghggg
col l ected over Wémémowr agsual iyndiettflaed An contl@baclket ghéel ow t he

absor bance valqgf EXAMPLE 4 Prophyl actic control of diarrhoea
di sease over a 9*5883%% onged period (day 6 of life to weaning at about day
21) . Methodey of field trials have been conducted to

d trate th ff t f
b1 ol et diarrhoca.  THORG gfbenental £33 4Rk o cqupalbeRLYRRbAERG IS, ©
assi sts contrcﬂlqdated #nnnan;mahﬁyeatamnh&datpwhﬂchAustaetpaLated commonl y
wi th DB SN0 sl bR 91%k:HRtEny 01300RELANL pecdil oCh
oun er

nedlcatlon as been ectlve In contro preweaner
scouring di seastzeanediap a@tratjamoa@& a single oral dose. Pr evveaner

scouring diseases ang total’ YWY M13%e06’ aked Wskl BOFEMbTHR1ETtE£OLri dial _
'nfections and 1u5s uaa.'llllglcaage% (?t\g %%r%tac?as a%gr cirsn %o Con¥rol groups. Piglets
were fostered at any time up to three days old, at which
15 point every litter was weighed.

The Detach group piglets were dosed with a single
oral dose of 5 ml Detach on day 6. The Control group
were not treated with Detach.

Litters were again weighed at weaning on the day of

20 transfer to the weaner accommodation.

Incidence of scours, treatments given and mortality
were recorded to weaning.

Treatment, mortality and weight gain were also
measured.

25 Results:
A summary of results up to weaning is given in Table 2.



- 18 - di arrhoea commenci ng when the piglet is about 1 week of age

and continuing for 1-3 weeks. Despite the nore chronic nature of these
di seases, a single dose of Detach gi ven before the usual age at which

onset of diarrhoea 5 synptons occur usually resulted in control of the

di seases. Met hods: The experinental farmwas a conmercia

br eedi ng unit | ocated in central -west-erl®® Wi ctoria, Australia. 10

Glts and sows were alternately allocated to Detach treated or control
gr oups. A total of 30 litters WEBABLEs2d during this trial: 15
all ocated to Detach and 15 to Con OYR Sto ekt were fostered at
any tinme up to three days old, athag#%ﬁglgapg?n? every litter was wei ghed.

The Detach gP®¥® piglets were dosed VMQQF ingle Congrel dosSighifigance
Det ach on day 6. The Control group (4> ot treéﬂ§dnmhr1tbtach

Litters were aga| hed at weani t.he day of 20 transfer to _the
weaner acco v\€$ | nci 2@&0{' (- 8&our s 3-7BeAdmdfds gi v@n7éﬁd
nortality Eorded t o weani ng. Treatnment, nortality and

wei ght gai n Pigy ewel s-o day b:’l.re(aegly ed. REERAOUOSY  1A73urUBLE)Of T egubss Upg

to weaning i I n Tabl e -1
Mo df ey (dERUFF 115007 (0.26)  0.07 (0.26) pog Pr38p 1o

VEanlng SowsScour treatments/litterDat.2ch (1.93) CagLbdl (6.38)gni f k0a00E

Piglet weaning (kg) 8.05 (0.45) 5.97 (0.48) <0.001
Days to weaning ' 30.00 (2.2) 29.27 (1.67) 0.41
Weight gain to weaning 6.38 (0.45) 4.25 (0.54) <0.001
o Daily liveweight gain 213 (0.17) 145 (19) <0.001

The significance of the results was calculated by
analysis of variance with piglets/litter and day 3 weight
as co-variants where appropriate. Weaning ages were Qery
similar, being based on management practices rather than
pig performance. However, the other production criteria
was highly significant as was the reduction in disease
treatment by 82%.

This trial clearly demonstrates the efficacy of a
single dose of Detach in the prevention of preweaning
scours. All the relevant criteria showed highly
significant benefit from the treatment. Weaning weight
was increased by 2 kg and disease treatments reduced by
80% in the treated litters. The lack of mortality made
comparison on this parameter impossible.

Despite the short-acting nature of Detach
pharmacologically, the advantage of an early dose of
Detach appears to persist until weaning.

It appears from this trial that unless there is no
clinical or performance evidence of preweaning scours, a
single preweaning dose of Detach is a preferred
management regime. The efficacy of Detach treatment
against preweaning scours is clearly evident.

Five further trials have been carried out (data not
shown) to assess the utility of the Detach treatment in



(+S.D.) (+S.D.) No. pigs/litter 9.87 (1.66) 9.73 (1.16)
0. 745 (day 3) Pig wt. - day 3 (kg) 1.66 (0.09) 1.71 (0. 15)

0.532 Mortality (scours) 0.07 (0. 26) 0.07 (0. 26) 0. 938 Scour
treatnments/litter 4.2 (1.93) 22.67 (6.38) <0. 001 Piglet weaning (kg)
8.05 (0.45) 5.97 (0.48) <0. 001 Days to weani ng 30.00 (2.2)
29.27 (1.67) 0.41 Weight gain to weanidfy = 6. 38 (0. 45) 4.25 (0.54)
<0.001 Daily liveweight gain 213 (0.17) 145 (19 <0. 001

The signi fi canbteyenthogr prarveanss canekent aequr- Ianmiheses tsdalasiance
W th piglets/|stheraasd é@ynét&ehghaccormg:%/waﬁm% wheravapgagRr i at e.

Weani ng ages were ver bel ng base na errent ractlces
rather than aﬁtﬁrpgiFB?nﬁﬂﬁeagWiﬁv L ERT e@rﬂ?éi et EFrterla

was highly si gmhéséaﬁfiﬁsvme&hbyrﬂﬁbt@édcm dlreat mtiont ieapgeRt by 82%
This trial ¢lear enpnstrates

ffi f f h
in the prev nt?'ﬁﬁxii)'f’ p?ﬁ%ﬁﬂl "ﬁﬁ "t'eg%g?ﬁ sca/%/q&%r‘raé‘lsa?gﬁ?ig ?fe‘egPﬁ s}]g\?\/ed
hi ghly si gni weanthgbsocedrs foblowirg twesriingnt . Emganmngtweagbd withs

i ncreased by 25 §E8§$dﬁg%§e$ﬁ§wé&e%§%ﬁ5@ % O(V%hno];’g?aﬁeat ed

litters. The |la conpari so |é par anete
i npossi bl e. impromphealtheamdadm:tmg qﬁatdma@fa Det ach

phar macol ogi cal I y, ﬁb&aﬂefeﬁ@ﬂea&hm@%é Ya 3Rbed of %h%&tsla gars to

persist until weanin ﬁears fromthis trial that unless there

is no cl1fi ckreate ePi@%%ﬁﬁc%hQN@ 8uBkey ©F  single
preweani ng dosgi gletBi@ére  Sofavifisr @éiltw@ramem&bmgamaatﬁageﬁéf i cacy

of Detach treatnent agai nst preweani ng scqQurs is cIearI vi dent
Five further tVeEEsIQ rpP %r‘?‘?%??"bd"ta“{‘ﬁ:ﬂsa %ﬁ%t835§ggss t he—
utility of thetbehted pighét®nghdwed no such infection.
A number of additicnal trails were carried out to
15 determine the effect of Detach in the prevention of post-
weaner scours in piglets. A total of 1705 piglets were
used in these trials of which 502 were negative controls,
100 were positive controls, 503 were dosed with 1 g of
Detach in gel form (as per Example 1) and 600 were given
20 alternative regimes of treatment. The efficacy of Detach
was clearly shown in these investigations. No pigs dosed
with a single dose of Detach died from E. coli scour.
Only 2 pigs in the Detach regime died of scours compared
with 16 control or antibiotic treated animals. 1In
25 addition Detach was highly effective in reducing
morbidity as measured by treatments given. Perhaps the
most significant observation is the three-fold reductiocn
in treatment necessary for post-weaning scour.

30 EXAMPLE 5
The role of enterotoxigenic Escherichia coli (ETEC)
as an important etioclogic agent in human diarrhoeal
disease is well establiéhed (Sussman, M., The virulence
of E. coli, Reviews of Methods. Soc. Gen. Micro., 1985).
35 These organisms are characterised by their ability to
produce one or both of a heat labile (LT) or heat stable
(ST) enterotoxin (Gaastra, W. and de Graaf, F.K., Micro.



- 20 - preventing pre-weaner (sucker) scour. In these trials, a 5

m dose of Detach (according to Exanple 1) five days after birth was
adm nistered orally using a syringe. These trials clearly showed a
clear reduction in pre- 5 weaning scours as well as an additional benefit
I n post - weani ng scours followi ng weaning. Piglets treated with

Det ach al so showed an increase wei ght ga 121 an overal | I nproved heal th
and reduction of disease. Hi stol ogi cal anal ysis of a nunber of

control and 10Rev:e46edlP9gléls 1982kd tSome ®tiaing iaksn produee of

piglets were r p CP&% I e I n
post - nortem sa gﬁ?{%&‘?cﬁ %%jﬁ #’%g?% &b t@?a?%egﬁg ietwsh \R/&gﬁgg such
i nfecti on. adhesim neEbETEG SEERIRS ok the aﬂq‘?%@k&'{‘ﬁq%-oufmﬁéeﬁ

determne the ghée fitsée%fsﬂiwci&e &s@vaqtdvprermemxms toMpaner scours
in piglets. Atota 1705 ets were used in etrlals f which

502 were nefatf@ebiveredoin, cf"selwmjetlbcﬁﬂ tﬂﬁ\r@%m 1833cRdrE dosed
with 1 g of (GaRsEEd, |th§j_,fos f&p. per Exanple 1) and 600 wer e gi ven 20

alternative reglrres of treat he effic a | early
shown in these inveSti$R¥RRS nf mept ﬁcmaéy %'@a maded gvtva%?g

D]get ach died freg&l. COtthé@BurImmun. Czny mqu i 119810 Bet awstr ehiere d|| ed25
of scours conp ntr i oti ni n
addi ti on Det acﬂégg‘éi?ﬁ‘%l?/? %‘F%Cﬁ &f nto‘# ‘ﬁ' of %%%E’g’%t 3 KBL’EVO

by treat mebds mvmﬂuém@amstad:lunent mbs(lFMIgrpda:ld‘aIMe cﬂ}s.mla-xrtm i s the

three-fold re F%E necessary for post-weaning scour.
30 EXAMPLE 5d¥gﬁ$£€ inﬁé@iﬁ% &t er ot oxi geni c Escherichia coli (ETEC

as an_i nport arMateriabgiand fhuman di arr hoeal di sease is well
est abl i shed (NS ﬁﬂqg\% , The vi rul ence of E. coli, Reviews of Methods.
Soc. Gen. Mcr 5). 35 These organl sns are characteri sed b¥ their

ability to pr oW Zprland Jihite ibreed fabbity of bpth,sexes Trem,pe

(ST) ent erps oxgingl@astdddeywerdl wiads fixf the léxpeditent. Their
weights ranged from 1.5 to 2.7 kg.
Bacteria:
ETEC strains used in this trial were originally

isolated in Bangladesh from patienté with diarrhoea.

20 Strain H10407 (serotype 078:K88:H1l) and a mutant
derivative of this strain, H10407p were kindly provided
by D.C. Evans (Houston, Texas) (Infect. Immun. 19: 727-
736, 1978). Strain E1392/75 7A (serotype 06:K15:H16) was
kindly provided by B. Rowe (London U.K.). Strain H10407

25 produces both ST and LT toxin and possesses the
colonisation factor antigen CFA/I. H10407p produces both
ST and LT, however does not produce CFA/I. Strain
E1392/75 7A is a non-piliated and non toxigenic
spontaneocus laboratory derivative of CFA/II" E. coli 1392

30 (Sack, R.B. et al., Infect. Immun. 56: 378-394, 1988) and
has been shown to neither colonise nor induce diarrhoea
in the RITARD model (Wanﬁe, C.A. et al., Infect. Immun.
55: 1924-1926, 1987).

Strains were inoculated onto CFA agar (Evans, Supra)

35 and grown at 37°C overnight. The bacteria were
harvested, washed in sterile phosphate buffered saline
(0.01 M, pH 7.2; PBS) and diluted to desired optical



-21- Rev. 46: 129-161, 1982). Sone strains al so produce antigenic
colonisation factors (CFA) or pili which permt adhesi on of ETEC
strains to the intestinal mucosa. These facilitate col oni sation and
all ow enterotoxins to be 5 delivered in close proximty to target
epithelial cells (Gaastra, et al., Supra). Thi s experi nment
descri bes the RI TARD nodel of Spira et 22 - (Infect. | mun. 32: 739-747,
1981) to test the efficiency of the Detach formulation of Exanple 1 in
vivo 10 in redu@englty tmeasurementsrA/ Thedaatierdag copcpntgationrwddi t

i ntestinal nucoggge detéfﬁfﬁé&“ﬁyfthﬂﬂﬁ'Eaii countABh”ah licate bloodeWw

Zeal and White breed rabbits of both sexes froma si_ngl e_breeder were
used for the exPSRFnehetespiter seﬁ&ﬁ%ﬂﬁi&“@%ﬂ&e&“f?§§ll 314 cylyuges
Bacteri a: were Ftwscidd afds CRReA idghd LTS prodactdehebgr sgeddkiy

I sol ated in Ban adesh fron1 atie th ,diarrhoe 0,Straln H10407
kserotypelofg CYHS ) L0m I :Lﬁiﬁ” éF#V&P’ @gBﬁ%tﬁchg#?E;%“ H10407p
wer e ki ndly prcRITRRD Modgny D C. Evans (Houston, Texas) (Infect. Inmun. 19:
727- 736, 1978 t ype ~K1

ki ndl'y provi ded by) é”%om%ﬁ‘g’?de%%e(ﬁ%te?a%& ﬁ?gﬁgﬁ’z‘?&@ 900 VIR
and LT toxi n arwa$ossadseslttheslightc gladiifigatdonsadiscuasedgbal@rs/ | . .
H10407p prOduceﬁrMht chall '—Txal*fo‘&V%ed%Sbﬂ% EEBHUEE ﬁ% 1p Strain

E1392/ 75 7A is non- p|||ate d non "t oxi genic t aneous atory
derivative ¥ dﬂame ) v@ﬂe orzjly3gossdc With 8. 439 af thengwulamn
56: 378-394, 19%Hps¥irion i&@les*lo""'&nb%nﬁbt B&Eaéﬂ' Oghd est¥védiduce
di arr hoea |n the RITARD nodel (Vanke, C. nfect. [mun.

55: 1924- 1926, HfRA8 hours, butg engio&@Pe"PﬁGEuPQt LibIEB- CFA agar —
(Evans, Supra) MdénittskitidWwhedDik&@geer ni ght. The bacteria were

harvested,.mashed | rlleéﬁ$os h%&%e %g%rsgarr 523 we Oégg.gé pH 7. 2;
PBS) and diluted to ’
15 death hourly for the 24 hour post-challenge period.
Rabbits were individually categorised with a diarrhoea
score as 0, no diarrhoea; 1, mild diarrhoea with faeces
softer than normal; 2, moderate diarrhoea with at least
three watery stools; and 3, severe diarrhoea with
20 multiple watery stools. Faecal swabs were collected when
faeces were passed and rectal swabs were taken from
rabbits not passing faeces. The challenge strains were
identified by typical E. c9li colony morphology and by
EIA.

25 Collection of Tissue Specimens:
All animals were killed 24 hours post-challenge and

the intraluminal fluid of the small intestine was
measured. In euthanised or dead rabbits, large fluid
volumes in the small intestine (>60 ml) was indicative
30 that diarrhoea was a major contributor to death.
Sections (2 x 3 cm) of small intestine were collected
from five sites comprising, duodenal (S1), proximal
jejunum (S$2), mid ‘jejunum (S3), distal jejunum (S4) and
ileum (S5). Each segment was opened longitudinally and
35 extensively washed in sterile PBS to determine strongly
adherent bacteria, or left unwashed to determine total
numbers present. Quantitative cultures were done by



- 22 - density neasurenents. The bacterial concentration was al so
determ ned by viable cell count on duplicate bl ood agar plates after
serial dilution in PBS. Al cultures were checked for CFA/l and LT
production by specific 5 enzyne imunoassay (EIA) prior to rabbit

I nocul ati on. Rl TARD Mbdel : The RI TARD nodel devel oped by Spira
et al. (Supra) was used, with slight_mpglifications di scussed bel ow.
Prior to challenge, half of the rabbits fromeach group 10 (Table 1) were

or alDley dﬁsed ‘C’i\’ihbﬂlogeﬁ%%iﬁb ?:Hgsﬁéaﬁbkabnebmiﬁﬁﬁéoﬁégm@ra cﬂoﬁ@npdl Ie_ é-’ known
as Detach, and_ starve or our s, t e.gj ven water_a itum
Moni t ori ng t he POMogeHdser at f“igRﬁgﬁ?as mg?ﬁfg%séixﬁﬁngﬁ bt in
weakness or 15 pisatahdh@liguotser (25eu2s were pbated honterhjogrragar and
Rabbits were ingjvidually tegorised w.th b LT r s 0, no
di arrhoea; 1, %g.llhd ageir h&gieﬁ ?HCP‘EQE??B at g%faéefate?\lasn %%‘%?r%lﬁg
nmoder at e di & r nnmben Dif bacitezit per ciirof thssue wamclaterminal. severe

di arrhoea with |t t S ﬁ&ﬁ? r when
faeces were pagﬁg’&@;ﬁhhfgggf a ?\%‘Bsbﬁg%ésfgegﬁﬂfnr‘om sfafargdbsf%sior.@ assi ng
faeces. The chfiixatdensinalR$ nensral bufifered; fermalinpi After ®hai col ony

mor phol ogy ands?%g%mgggLéergSeﬁﬂhhaﬁaiQH phrdES5Ne BPES HBEWMEtoxylin- Al

ani mal s were Kki ours post-chal |l enge and the intralumnal fluid

of the small i @O83n §aiaing angeLiGPUE. CFamSELRIRG MeFe T abbi ts,
large fluidg statid#ReainahBeyeisk! intestine (>60 m) was indicative 30

that diarrhoea was a ma ontributor to deaéh. Sectjions 3 cm of
FeRSEQRIRN | 4 SRk o

or
smal | intestine mer@aEG?Féé egounts; yere; 104 :
(S1), proximal varianeesnamd( 8Aalysed isinguGedstat 3l stBffjcganof (S4) and

washed in st or PRESBASPERTACELPR, Hao<PPongryRed by EAratn A Y | o,
unwashed to depeogiram thasl determinesrefficscies (Mhrframtive cultures were
done by 15 chemotherapeutic tests (Finney, D.J., Statistical Methecd
in Biological Assay, Pub. Charles Griffin and Company
Ltd., 1952).
Results:
Groups of rabbits were given 1 x 10! bacteria of
20 different E. coli strains and sterile PBS to observe the
diarrhoeal response during a 24 hour incubation period.
Results are shown in Table 3. Various E. coli
enterotoxin and colonisation factor combinations were
selected to include a piliated enterotoxigenic strain
25 (H10407), an enterotoxigenic strain only (H10407p), and a
non-piliated non-enterotoxigenic type (E1392/75/7A). A
PBS control was included to observe the effect of surgery
and Detach treatment without bacterial challenge.
None of the rabbits given 10 mls of sterile PBS
30 developed diarrhoea. Neither did any of the rabbits
challenged with non-piliated H10407p and E1392/75 7A. At
autopsy, the fluid volumes in the small intestine from
the pyloric sphincter to the ileocaecal junction rénged
from 10 - 50 mils. _
35 0f the eight control (non-Detach treated) rabbits
challenged with H10407 seven died or had profuse water
diarrhoea. At autopsy, the fluid volume in their small



- 23 - honogeni sing tissue for one m nute using a Sorval l

honogeni ser at full speed. Serial dilutions were made in PBS and
aliquots (25 ul) were plated onto bl ood agar and CFA agar. After

i ncubation at 37[err]C for 18 hours the 5 nunber of bacteria per cm of

ti ssue was determ ned. O her- speci nens were processed pronptly for

hi st ol ogy by fixation in 10% neutral-bpffered formalin. After the
speci nens were enbedded in paraffin, both haenmatoxylin- eosi n staining

and tissue G afntegtingg %hgedoﬂfeomlﬁoslasIﬁlscalTH&leﬁqﬁaJs ‘'volume in

Bact I t I f t abi |

anal ysed usi ng e emallodng: dAzgs, Treseinp thniifa, noR I TRl |
by Fortran-Fi nfeym aao 16|5r mglal(rﬁ.hhebmplarksm mebthef¥0-3t imds (iM rabdbhtss

henot h t t F t i n Biological
chenot her apeu |c 88 ér%e? kg[&ﬁy&lgo%é,,ssr,g |§£?§F}p V\%&g% y. in Biologica

Assay, Pub. Ch N -an Resul ts:
G oups of r&bbits w@né.ygpnenoi xhgonbb&uetma‘@#d 246'-181 flefagh priarote

strains and St‘i‘{&b'a]ﬁ?PEﬁatlQeﬁgéeﬁ}(Sdt heThi £aEhiPoPada rﬁsqgm Pgstng a 24

hour i ncubation peri are s own In Table 3. Various E. coI|
ent er ot oxi n an¢hedlengeatEfsATT RESELNG0RRE NEEPEA SR N°"!~ﬁsl%t"§\?

Srain only (HESERT S4% 2pBbidantiebtes 1R Bo¥eLt) had ?‘oﬁwﬁ‘c@t“%in' ’
(E1392/ 75/ 7A) . the majbsétzoﬁéreﬁ agshgﬂcP%EEEFt Eﬂﬁéafﬁ?ﬁ &t~ of
s?r?ﬁry béoﬁn%%&h%h aatapgy,wi:hléougzébcats 3osroﬁ|tl'£élaldng1gelntestin§e tEone
o} e rabbits given S .0 | ope ea i ther
did any of the"gé‘&b i(id %P égﬁgmﬁﬁ“‘ﬁ%gg’\r/‘% g:t%%ﬁ@}% and

E1392/ 75 7TA. Atintet&néopayxgeﬁhérbinulz -60Imbhes in the snall intestine from_

the pyloric sphincter to the il eocaecal junction ranged from10 - 50
ms. 35 O the eight control (non-Detach treated) rabbits
chal | enged with H10407 seven di ed or ha@BBL8f 8se wat er di arrhoea. At

autopsy, thg flupga¥phuds: RebpShse Si% Rabbits Treated with or Without
Detach and challenged with different ETEC Strains

GROUP STRAIN ADHESIN TOXIN TREATMENT DIARROEAL
RESPONSE2
20
A H10407° cFa/1t STHLTY D 1/7S
C 7,89
25 B H10704p CFA/I” sTtLTt D 1/4€
c 1/4S
o E1392/75 CFA/II- ST-LT" D 0/4
7A c 0/4
30
D PBS D 0/4
c 0/4

@ - No. of animals with diarrhcea or death/total number

35 tested.
b . Five rabbits omitted from analysis due to non diarrhoea

related death.

C = Mild diarrhoea

d - Rabbit survived infection, colony counts at site 3 was
40 5.8x109.

€ - Dpetach treated rabbit died, colony count at site 3 was

1.2x107.

Bacterial Adhesion:
45 Quantitative cultures were performed on all animais
to study the adhesion of challenge bacteria in different




- 24 - I ntestines ranged from 20-105 ms. The total volune in t he
smal |l and | arge intestine conbi ned, however, ranged from 130-165 nls
(in conparison with 10-50 mi's in rabbits i nocul ated with E1392/75 7A,
H10407p and PBS). 5 Only one of the rabbits treated with Detach
prior to H10407 chal l enge died. This rabbit died 11 hours post
chal | enge after passing one | oose stool._Nage.of the .other six rabbits
treated with Detach had diarrhoea and the majority (4 of 6) had passed

forned faeces Rur44 HE thellshallAintdbeRfl. (AC1CoamSDes wérd hadmdde
i ntestine were solid-._and theofgggd accugHIatlo

In the small
i ntestine rang®d ¥y &ReFil6o RS © erve adheren? bacteria s ther % 3 15
Di arrhoeal Respidosa.n Baahilengé tatedriiat wepe dppéavemt in all ditemh and

chal | enged wit00\ (eronte ET6CCS! (305 besnGEHE most iy ADHESIN

RESPONSE[ er 5] 20lonise@. Mean rie$048E[ ofr tult@Fdsé| done & +CFA/I* D

1/ 7[err] ' v/

55 8 BRGTOFS® o pFious 8i1ph,on non-fatach triqeg £t LSl
C 1/ 4] wariied frog lower vaiues2a®sSl, (52184 ami $5.(8.7x107

ggg 6.2x107, 1.04x108 apd 6.231080?210nycforming unf¥gt 30 D
C 0/ 4 (CFU){cm=rrspestiygilidl §OWFPRSUFERRELE higheR N3 ues AT nunber
35 4este4. (6.2x109). Results are shown in Table 4. In the

following analysis site 3 cultures were used for
comparison.

The number of CFA/I* bacteria adherent to the mucosa
in the Detach treated rabbits ranged from 1.3x104

15 (minimum count) to 1.2x107 CFU/cm (means 2.6x106 CFu/cm).
This represents over 2,000-fold less CFU/cm than the
values for control rabbits challenged with the same
strain (p<0.05). Table 4 illustrates the difference in
colony counts between Detach treated and untreated

20 animals. "

It is clear from this Example that the Detach
preparations significantly reduce intestinal flora. It
is believed the intestinal flora which is depleted
corresponds to pathogenic microorganisms. Such

25 microorganisms may be replaced with advantageous
microcorganisms, such as those derived from healthy
animals. Examples of such organisms, which may be
referred to as "probiotics”, may include streptococci and
lactobacilli.

30 The number of bacteria bound to the small intestinal
mucosa of rabbits infectad with CFA/I™ H10407p ranged
from 1.3x104 CFU/cm (minimum count) to 6.6x107 CFU/cm in
a rabbit with mild diarrhoea (mean 1.6x107 CFU/cm).
Colonisation of CFA/II” occurred at a similar level, with

35 colonies (CFU/cm) ranging from 1.3x104 (minimum count) to
1.3x108, mean = 3.9::07). There was no significant
difference in bacterial numbers between Detach treated



b = Five rabbits omtted fromanal ysis due to non diarrhoea

rel at ed death. c = MId diarrhoea d = Rabbit survived infection,

colony counts at site 3 was 40 5.8x10[err]. e = Detach treated

rabbit died, colony count at site 3 was 1. 2x107. Bacteri al

Adhesi on: 45 Quantitative cultures were performed on all animals

to study the adhesion of chall enge bacterd 26 » di fferent

- 25 - parts of the small intestine. Al sanples were washed W th

sterile PBS to arid eiore- trbereh tarhaciler ichaldengedguti th eitbheosaonchal | enge
wi th CFA/ I+ H10407 strain being

bacteria were %ggﬂgggé i§%fﬂi sites,
t he npst heavi l cé?onlseép Mean results of cultures done of CFA/ I+
bacteria at vari ous bt tzabits ghak megeived sterdidehPBS onlyyaried from

| ower val ues at al %re e . 0 ,

1. 04x10[ err] anﬁ?&%ﬁ%f‘paﬁ%ﬁ or,m n !{Jﬂrﬁstegt 18 ?élé—u%ﬁ%ir'ﬁi
respectively) tihtesting {nean iv d-h@lxl\pé /£m):0 S3 (6.2x10[err]). Results
are shown in Table 4. In the followi ng analysis site 3 cultures were
used for conpari son. The nunber_of CFA/ 1+ bacteria adherent to
t he nmucosa in the Detach treated ra EFr%nged from1.3x10[err] 15
(minimum count) to Megx10brénisd¥idw o€ amdll Arbeeitie afCed RIMARD This
represents over 2,000-fol dchailehgt/ withha0't OFU Pervahimalfor control
rabbits challenged with the sane strain (p<0.05). Table 4 illustrates
the difference in col ony counts between Detach trGeLONISATIONtreated 20
ani mal s. GROUP | tISTRAIN ear TREATMENTs Exan@Slle t hat t heS®etach 85

s believed the

preparations _significantly reduce intestinal flora. 1t

intestinal flora which is depleted

A H10407 D 2.9x106 3.2x106  7.1x10
c 8.7x107 6.2x10° 6.2x108
B H10407p D 1.0x108 2.3x107 1.2x108
o 1.9x107 1.2x107 1.8x1010
c E1392/75 7A D 6.1x106 1.6x107 5.9x106
C 7.5x106 5.0x107 2.1x1010
D PBS D 2.0x106 5.9x10° 5.6x103
ca 3.2x105 1.3x106  1.2x107

@ = excluding rabbit heavily colonised.

Fecal Excretion of Bacteria:

Fecal swabs were obtained from rabbits when faeces
were passed. In all animals the challenge bacteria were
excreted. Rectal swabs were taken at autopsy. Presence
of the challenge strain in the rectum was apparent in all
rabbits including those that had not passed faeces prior
to termination of the experiment. In all instances, 100%
of colonies cultured, were of the challenge strain.
Histology:

Histological studies of small intestinal tissues
obtained from all rabbits revealed nc mucosal
abnormalities under light microscopy. Organisms were
only rarely seen on the mucosa, suggesting that bacteria
bound in certain areas, rather than an even distribution

along the gut.



corresponds to pathogenic m croorgani sns. Such 25 m croorgani sns may be
repl aced with advant ageous m cr oor gani sns, such as those derived from

heal t hy
to as

ani mal s. Exanpl es of such organi snms, which may be referred

"probiotics”, may include streptococci and | actobacilli. 30

The nunber of bacteria bound to the smal] 4ytestinal mucosa of rabbits
i nfected with CFA/I - H10407p ranged froml.3x10[err] CFU/ cm (m ni num
count) to 6. 6x§9§§ﬁggigELVcn1in a rabbit with mld diarrhoea (nean

1. 6x10[err]

| evel
to

S5
7.1x1 0

| oni sati on of occurred at _a sim |l ar

CFUcmy . Al
with 35 coIoﬁFe%s(Yﬁi} ROV Hhay § :Pr§XEEP§FrF ipilardtdesount )

1. 3x10[ enAr hech@nsms %EWMQédesﬁlwawm mmanganal afnlinal

difference in erial ers

" 26 - B P ra b L i 6 EFR | G, 22 PR P Animal
piliated stfaiorigin rely on |pdlibfor sadl‘faioredvsdbstaquehe PBS only,
relatively f

1. 3x10[ err] :
Mean Col oni satdbsease Shml| botntspaciaes dfs @likitedDby the production of

RIS it G el oo

A

6. 2x10[ err]
2.3x10[ err]
1.2x10[ err]

—

15

20

25

30

35

UL BRGLELLR I Se PP lalt {NRVTH.  avsol BLgathBEal ™" =

H104%¥ this expgriment it j.s\;ﬁgypg,s,trated that oga.ﬁx 10[ err]
administration of Detach, afifaﬁﬁﬁéérg ep aratiofi, 2ua8[ err]

gpggggﬁgyi]in réaucing df%rrhoea an% ggthoe ingkﬁﬁ?err]
de®rH Gb¥r38% (6 of 7) in rabbits infected with CFA/I
positive H10407. 87% (7 of 8) of control rabbits not
receiving Detach died or suffered from severe diarrhoea.

Wanke, et al. (Supra) reported previously that the
threshold for expression of clinical symptoms of
diarrhoeal infection is 108 cFu per cm of small
intestine. In this study, rabbits challenged with
bacterial strains possessing no known colonisation
factors did not get diarrhoea and were colinised to
levels below a threshold of 107. In these rabbits there
was no difference in levels of colonisation between the
treatment groups. Alternatively, in non-Detach treated
rabbits challenged with piliated H10407, bacteria
colonised to levels well above 107 (mean = 6.2x109).
Detach treatment of rabbits, challenged with the same
bacterial strain were only colonised to levels similarly
observed with bacteria not possessing known CFA's (mean =
2.6x105). It is apparent therefore, that oral Detach
treatment was successful in modifying the surface of the
rabbit mucosa, such that colonisation of CFA/I* bacteria
was significantly reduced (p<0.05).

These results obtained v th rabbits are clearly
extendible to human situation, given the gross
similarities of pathogenesis between human and animal
ETEC infections. Indeed, the rabbit is a standard model
for the study of human bacterial infections.



C E1392/75 7TA D 6. 1x10[ err] 1. 6x10[ err]

5.9x10[ err] C 7.5x10[ err]

5.0xl 0[ err] 2. 1x10[ err] D PBS D 2.0x10[ err]
5.9x10[ err] 5. 6x10[ err] Cerr] 3.2x10[ err]
1. 3x10[err] 1.2x10[err] a excluding rabbit heavily col oni sed.
Fecal Excretion of Bacteria: Feead8 swabs were obtai ned from
rabbits when faeces were passed. In all animals the challenge bacteria
wer e excret ed. Rbet srestmgntwefchusnins with the Hetagh pueparationof
the chal | enge stpdlial BrblEdeCREUTLUBSOAPPEGE Unddp Rl £rom T abbI s

I ncl udi ng those that had not passed faeces prior to termnation of the
experinent. |n gPterp¥pxAgesic)Eagherichia ¢oli Aiseasas.ur SPChwere of the

chal | enge st ral protecti&asm&oaﬁse from the HiSdrHdNiGH /iddidi iR tebnS bRl |

I ntestinal t ned from al | bi t evealed no nmucosal
abnormalitie ﬁﬂ@FsF#ﬁﬂi ﬁFE?BEEBing aﬁ%ﬂ?%wéé? ggp?“seen
OE t he rmcosaOI swggeanaﬂghbéat bﬂcheaSﬂcoloniéw&mﬂz maw:t ann:i@bﬁas rather
t han an even di

- 27 - @Eéé? bQR/II C?A??9¥ a&%ﬁ#hkﬁgﬂh that there are gross
simlariti es in mpememswommmimmmmcamdamdmm mal
ETEC infections ri rer on
pili for adhesi on an@i Egequ‘é‘gif'n&'gE col oni é'(jla[]'lgﬂon 01[8# hé’ilgg’als%aﬁ'nt estine.

Al so d|arrhb@alintesﬁiaeam%teni@btﬁit@e%|EEP#Q&SQ|&nan§dnByIEH@1550ductlon
of effici e”éxé&héwéyré’&u@ei&& Oiﬁ’xé:{‘@erotoxi&gnic' e b?g.%gzg‘érb gt it

is denonstrated that oral dm ni stration

preparati on, 930t3r§%%c%§E¢%4°¢r1#QQMR#r&?%ﬁ%QQMﬂﬁbarﬁﬁ&“&ﬂapﬂﬁééaglﬂﬁuced“

CFA/1I and enterotoxin to intestinal preparations, and
complete inhibition of binding of CFA/II. This data is

15 indicative that the Detach preparation should be
effective in humans in-vivo, in providing protection from
enterotoxigenic E. coli diseases.

EXRMPLE 6
20 Increased globulin levels follows Detach treatment.
This experiment was desigﬁed to duplicate human
physioclogy using a pig model to determine the effect of
large doses of Detach (> 1 g) on serum bicchemical
parameters. A ten fold dose rate was selected to
25 investigate the change in serum globulin levels.

Experiment:
15 pigs 10-16 weeks of age were used for the

experiment.
Group A - 8 pigs untreated
30 Group E - 7 pigs administered Detach (10 g) 3 times
a day for 2 or 5 days.
Serum biochemical parameters pre-treatment and post-
treatment in both groups were compared to cbserve any
effects of the treatment.

35 Results:
There appeared to be a significant (p=0.043)

increase in serum globulin levels when pigs were treated



death by 86% (6 of 7) in rabbits infected with CFA/I positive H10407.
87% (7 of 8) of control rabbits not recei ving Detach died or suffered
from severe diarrhoea. 15 Wanke, et al. (Supra) reported previously
that the threshol d for expression of clinical synptons of

di arrhoeal infection is 10[err] CFU per cm of snall Intestine. In this
study, rabbits challenged with bacterial _strai ns possessing no known
col oni sation 20 factors did not get di ar'rﬁ ea and were colinised to

| evel s below a threshold of 10[err th I i e no
difference in Y}e{:}éﬁaﬁec PERT si{ i%entéoég}'meg‘z’git%rg%stegt ?’gaP%ﬁth}AgS%s.

Al ternativel y,g) didbmeetcesult cin eahy sigrdifificantcichangegéBakrt nopi | i at ed
H10407, bacteréﬁmg@ecol onised to |l evels well above 10[err] (nmean =
6.2x10[err]). tach treatment of rabbits, challenged with the sane

bacterial strain wSkokmlin Rvais sere, inveatdoated furfher. oAlBR3ed with
bacteria nog W?ﬁ&%&ﬂﬂd\%ﬁ%ﬁd NRAje1S wereatwlQekd by i s apparent
al Detach

therefore, that or treat nent was successful .in m)difgL_gg t he
a

surface of theelectrophpresis Hsing fetlulose: gestate: aof GHaREAF cteria

was signifi candy Yadreshiesme€ax<0. 05) . These results obtained with
rabbits are clearly extendiblet%n&lﬁirﬁn I tgation, given the gross 35
ante

sinmilarities of pattREEHERiTDATST fi nal ETEC i nfecti ons.
| ndeed, the rabbit is a standard nodel for the study of human bacteri al
I nf ections - 28 - The
treat nent ’oq humans with the Detach pre%%?]é?ison shoul d provide

protection, for exanple, from SexwscGlobydip heveadsherichia coli
di seases. Suchp g N otect i on nayr.lﬁﬁrég}?gfnr m t he degr gdatbgagenodi fication

of 5 intestinal®receptors for vi eterm nants | galmgan ETEC
di arrhoea, such as colonisation factor antigens CFA/I, CFA/ LT, CFA/ILILI
and CFA/ | 45 EXPertIENTS conducted by tne applrcant (data not
shown) have shagyggthat the treatnment @ hunman snal | 1.41
204 C -0.24
202 Cc 1.32
242 C 0.04
20 240 c 0.28
219 C 2.21
203 D 2.16
228 D 2.53
25 224 D 1.51
217 D 1.22
214 D 2.06
238 D 4.07
30

The mean increase in gamma globulin is 170%

Alpha and beta glcbulin levels varied between pig

samples, therefore no conclusions could be made. There

was, however, a consistent increase in gamma globulin
35 levels.

The changes in gamma globulin levels between pre-
treatment and post-treatment values in the two groups
were analysed by analysis of variance. This increase was
statistically significant (P=0.03, 0-99.5%). The

40 antigenic specificity (and antibody class) of the gamma
globulins is yet to be determined.

These results show an increase in serum gamma
glocbulin in what may be non-specific gamma globulin
levels following detach administration. A rise in serum



10 intestine material with a protease (papain) results in ext ensive
reduction in enterotoxigenic Escherichia coli bacterial adhesion, and
in particular, reduced binding of CFA/1 and enterotoxin to intestinal
pr eparations, and conplete inhibition of binding of CFA/Il. This data
Is 15 indicative that the Detach preparation should be effective in
humans in-vivo, in providing protection fr _ enterotoxigenic E. col

di seases. EXAMPLE 6 20 Increased globulin levels follows Detach

treat ment. ' p Lgn t i nan

physi ol ogy usinégg g§8'§%§é|E%gg§§%g¥§§%gf§%% g?%en:égggl(imﬁaggg ‘doses of
Detach (> 1 g) dhisematn Provheri anl explapatiomt£9B. the thueadol d dose rate
was sel ected to0aR%imIkesbidat %gél%gr&haaﬁ%éﬂaéﬁrm&l HUY ighen® rved

Experi ment : 15 pI%S weeks of age were used for the

experi nent . te, ggpekfective agpinst pretR¥Al 3(vingl@ndeprotozoan pigs
adm ni st er edsDeta¢BctiBng) 3 tines a day for 2 or 5
days. Serum bi ochem cal paraneters pre-treatnent and post-

treatment in both groups were conpared to observe any effects of the
treatnent. 35 REXAMPRE 7 There appeared to be a significant

(p=0. 043) iﬁgreasgiin sgrhn1€éobulin evel s when pigs were treated

- 29 - W t FXFB 8888 BFOTET oM. SRR doses of Detach (<10 9)

did not result in ank srgalfwasancactiedeytbaieamdarragulhdmnyictoria to
o obal 1 n | 18] SadEEs BHESSEERLES SF itaal f Sreveniich SWHIGTTR,
acetate and quavewngtedlves. The trial was carried opt towards the end
of the spring calving season in Gippsland where the main
organism isclated from affected animals over the past few
years has been C tosporidia.
15 The trial was carried out on six dairy farms. All

these farms were "problem" farms where disease had been

severe for several years.
Test Material:
Detach according to Example 1.
20 Dose: 35mL in the form of a gel.
Method:
The dose of Detach was 35 mL, repeated as required
at about three to four day intervals. The maximum number
-of doses given to any calf was five.

25 In general, scouring occurred between one week and -

four weeks of age. Normally by 28 days the calves were
moved from the rearing pens to the calf paddock and were
less susceptible. Records were kept of scouring days,
doses of antibiotics required and electrolytes given.

30 Date of death was recorded, together with cause of deacth,
where known. Faecal samples were sent to the laboratory
for analysis. Iniestinal samples were also forwarded
from farms where mortalities occurred.

Calves were weighed on two farms at the end of the

35 trial to try and gauge if there was a large different in
growth rates between the two groups. No evidence of such
@ difference was obtained.



by densitoneter. Results are set out in Table 5. 10

Table 5 Serum d obulin Level s Pi g No.

Tr eat ment I ncrease : .

Gamma 15 225 ' C 1.41 204

C i -0.24 202 C 1.32
242 C - BD4 20 240 _ C
0.28 219 C 2.21 203

D 2Daﬁa relaf28g to number of scour [days and antibiotiz 53
2D5 224 use Rexz'zcalf w%i analysed by pa.'h.]ed's:L I:S:est.2111::1“131:].1:1«* 2 06
238 data was gnalysed by Chi-squexypd twst. The nean
increase in gamme opepal | ana Sad¥4d %esul ¥8 e Ashnitiadd qbylram'eewe' S

vari ed between pig sanpl es, therefore no conclusions could be de.
There s, however, a consistent increase in gama globulin 35 Ievels.
The changes in ganma gIobuIin | evel s beprasen pre- treatnent and
post-treatnment values in tQe two grqu e, a d by anal ysis of
vari ance. This increase wa 9? E?FﬁﬁPlﬁgé?b Y ] P=0. 03,

0-99.5% . The 40 antigenic speci f icity (and Maﬁmﬂy Oontrplof ®he ganma

globulins is yet to be determ ned. These results show an increase
i n serum ganma globulin in what may be 4 '
| evel s f ol 1@wi Numbizxt cofh clawes stration. A rise8h serum 55
Mortality % 4% 25% %k
3 Scour days per calf 1.45 2.33 %%
Doses of Detach per calf 2.24 -
Antibiotic doses per calf 0.34 1.00 *
15 Electrolyte doses per calf 2.98 3.18 -
Average daily gain (kg/d) 0.931 0.971 -
Age of first scour (d4) 10.2 9.5 -
Notes: 1 Calves weighed on two farms only
20 * P < 0.05 -

** Pp < 0.01 _

Detach significantly reduced mortality on almost
every farm and also resulted in a reduced need for
antibiotics and electrolytes. Death rate was reduced

25 from 25% to 4%. (Different P <.0l). Antibiotic dosage
was reduced from one dose per calf to 0.34 dose per calf.
Electrolyte use was little changed with 3.18 doses given
per control calf and 2.98 doses given per treated calf.

The number of days on which scouring was recorded

3C was also reduced, from 2.33 days per calf in the control
calves to 1.46 days per calf in the treated calves.
(Difference P <.0l).

The biggest effect wa: on mortality. Mortal-cy was

.sumably contributed by C-oyptosporidia, the dominant
35 pathogen isclated in faecal or post-mortem samples.

Cryptosporidia are a highly pathogenic intestinal
parasite of young calves, for which there is no effective

treatment available at present. Death may occur after



- 30 - | gG may al so have inplications for nucosal immunity. Thi s

may provide an explanation for the broad antim crobial spectrum of

Det ach whi ch has been observed to be effective against bacterial, viral
and protozoan 5 infections. EXAMPLE 7 Prevention of scours in
cal ves. Atrial was carried out near Warragul in Victoria to 10
assess the efficacy of Detach in prevent iﬁgfzsqours in. young cal ves. The
trial was carried out towards the end of the spring calving season in

G ppsl and wher egh &8é N Q' OF | st Jran achast i s over
the past few j:.gars ha§ 1t:)v(waen g ft ospor i of'iq% 15 Tﬁgstargi Sﬁewas

carried out on ¥nkMak; q:@nflagnlggpt% ive on [dectralyteRe £0T" BRYBFRM farns
where di sease hagek€ein a véerfyadébiDItHUE cUnAMtAbh. DetdCh! mbpt8EEat:

Det ach according_t ample 1. 20 e: 35nL in the formof a gel.
Met hod: ge#e%§ei%f%ﬁ?%??w %i‘ﬁ_,dirs?ﬁg&red as required at
about three 350 four Ty ontmonaldosesheofimeatach (35hml) cleatlgoses given to

and T cour witReesg roved SPRRE o Uy BRBBRINLET RRLBETOR od O

from the reari rmedugad tthe meed| fopankitiiotie whegapy. | ess suscepti bl e.

Records were kept of scouring days, doses of antibiotics required and

el ectrolytes given. 30 Date of death was recorded, together with cause of
deat h, where known. Faecal sanples were sent to the |aboratory for
anal ysis. Intestinal sanples were also forwarded fromfarns where
nortalities occurred. Cal ves were weighed on two farns at the end
of the 35 trial to try and gauge if there was a large different in

grow h rates between the two groups. No evidence of such a difference —

was obt ai ned.



- 31- Data relating to nunmber of scour days and antibiotic use

per calf was anal ysed by paired + test. Mrtality dat a was anal ysed by

Chi -squared test. Trial and data results are sunmarised TmTabte —
2. 5 TABLE 2 This SBEGTHB BlerH cplace
Detach Trial in Calves _ ;i ﬂ ' f
P 10 Nunber of claves 583 - 55 DI §) ﬁ!w”@jﬂmo

4% 25%  ** Scour days per calf 1. 45 HEN AL R il ikdi «
Doses of Det acheimgal f 2.24 - Anti biotic doses per calf

0. 34 1.00 * 15 Electrolyte doses per calf 2.98 3.18 -
Average daily gain (kg/d) 0.93[err] 0.97[err] - Age of

fi FSL ZCOUV (d)f 1. lﬂclzz%inpoitidh Tomprisihgtes: [err] Cal ves

wei ghed on two farns, oply * P o< ** P <
0.01 Det acH jsf grFFIWIRS FIPFISERI S P&?’.‘??%ﬁ%%%??“e- every

farm and al so mestédzil iin assohictd orced thoe weakabase entdcpaghilally

el ectrol ytes. %&g%ﬁw &%%géggéfgﬁf%%éﬁggoéglmig if,er ent P

<.01). Antibi sage e per calf to 0.34
dose per cal f. intestinak gudaeiuse was little changed with 3. 18 doses given

per control calf and 2 P8 doses dilAhe YoentoHa¥dnGob! pit between diSygUMDer

of days on which scouri’ng was recorde was al sO0 reduced, from 2.33 days
per calf in thd.orka @bout & ahass ino selydignisap8r calf in the treated

cal ves. (Differqncs PP <a Q1 forming agéhe.bi ggest effect was on
nortality. Mrtality was sumably contributed by Cryptosporidia, the

dom nant 35 pat hogen isolated in faecal or post-nortem sanples.
Cryptosporidia are @.hi ghlgonfpsiadon accordingnab clapmr dsi whepéiy othg

B ey ooy Biblagcalty WiV Sgeht 15 b BRbERLh 243 18°LR ShzpheTo"

growth factor or hormone.

3. A composition according to claim 2, wherein the
protein is an enzyme selected from bromelin, papain,
ficin, chymotrypsin, trypsin, ribonuclease,
carboxypeptidate A or B, or subtilisin.

4. A composition according to claim 1, wherein the
biological material is a non-proteinaceous biological
material.

S. A composition according to claim 4, wherein the
non-proteinacecus biclogical material is a vitamin, co-
factor, metal ion or antibiotic.

6. A composition according to claim 1, wherein the
gel forming agent forms a gel on mixture with an aqueous
or other solvent.

7. A composition according to claim 1, wherein from
10 to 90% of the surface area of the granules are coated

with the delayed release material.

8. A composition according to claim 1, wherein the
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- 32 - only one or two days of scouring. In other cases the ani mal can

be kept alive on electrolytes for several weeks in a very debilitated

condition. Detach may offer real hope in treatnent of thls di sease.

Two or nore doses of Detach (35 nL) clearly protected y ﬁﬁsﬁﬁﬁWE&Bdm Replaced
ot

Cryptosporidial infection and reduced the need for ant| bi !1 M!ﬂﬁfﬁ!”!!

33 CLAI MS 1. A conp05|§4on conpr|5|ng

(1) - granul es conprising a blologlcally

associ ation w qu% and pa £&ARt ed mnth a delayed

rel ease naterlgP sol ab gb?%En S ng%¥ﬁu af%lce 10 (ii) an
acidi fying agent having a pH betmeen about 1.5 to about 6 when in
sol ution; and 9. A composition according to claim 1 which forms

an acidic gel containing microgranules on the addition of
an aqueous solution.

10. A composition according to claim 1 which
additionally comprises one or more antibiotics.

11. A composition comprising an acidic gel having a
pH between about 1.5 to about 6, and containing
microgranules comprising a biologically active material —
in association with a weak base and partially coated with
a delayed release material soluble in intestinal juice.

12. A composition according to claim 11, wherein
the biologically active agent is a protein and is an
enzyme, growth factor or hormone.

13. A composition accordihg to claim 12, wherein
the protein is an enzyme selected from bromelin, papain,
ficin, chymotrypsin, trypsin, ribonuclease,
carboxypeptidate A or B, or subtilisin.

14. A composition according to claim 11, wherein
the biological material is a non-proteinaceous biological
material.

15. A composition according to claim 14, wherein
the'non-proteinaceous biological material is a vitamin,
co-factor, metal ion or antibiotic.

16. A composition according to claim 11, wherein
from about 10 to about 90% of the surface area of the

granules are coated with the delayed release material.

17. A composition according to claim 1l which
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(iii) a gel formng agent. 15 2. A conposition cenprising—an acidic

gel having a pH between about 1.5 to about 6, Ihéﬁﬂxu%Qan amg

m crogranul es conprising a biologically active materi al
association with a weak base and partially coated with ,IMJ”E MHU)
rel ease material soluble in intestinal juice. 20 i raapgl

according to claim1 or claim2, »3Fetn the biologlcally active
agent is a protein and is an enzyme, growth factor or hornone. 25
4. A conposit addikdonadilygcovprises Gnewdrrrore tantibioticsgprotein is an
enzyne selected from bronelin, papain, ficin, chynot rypsi n,
trypsin, ri bonucl ease, car boxypeptidate A or B, or subtilisin.

30 5. A conposiBionAameshadngorotheadelivery Qfianbiologicallgher ei n

the blOloglca'aE%&%é'éhbéﬁaﬁcaoeap&ﬁéehﬁﬁéfoéﬁhll intesd¥1H0G@lctTyYeer i al -
6. A conposition accor to claimb5, wherein the non-

34 pPBt éPﬁ&ééau%’gIBFBI SEPEEL SR BPAGELiNG the iqommasitien of
factor, netal bayp BheaBE alalms 1 to 9 witH.an %Wéﬁ@@oamui ke LO

claim1l or any one 0 ere th forn1n agent
forms a gel Bngﬁixtﬁ?g ?ﬁeﬁgtﬁﬁdQG%gP riﬂis thus

formed gel to the animal.

19. A method for the delivery of a biologically
active substance to the upper small intestinal tract of
an animal which comprises orally administering to the
animal a composition according to any one of claims 10 to
14.

20. A method for the treatment of intestinal
pathogens and/or diseases associated with intestinal
pathogen infection in animals which comprises reacting
the composition in claim 1, wherein said bioclogical
active material is a protease, with an appropriate
solution to form a gel, and thereafter orally
administering the thus formed gel to the animal.

21. A method for the treatment of intestinal
pathogens and/or diseases associated with intestinal
pathogen infection in animals which comprises orally
administering to an animal a therapeutically effective
amount of a composition according to claim 11, wherein
said biologically active material is a protease.

22. A method according to claim 20 or 21 wherein
said protease is bromelin.

23. A method according to any one of claims 20 to
2... wherein said intestinal pathogen is a bacteria,

R O 0 |!I|-

virus, Or parasite.
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8. A conposition according to any one of clainms 1 to 7, wheretn—-
from1l0 to 90% of the surface area of -the 10 granulq&m&hgugggaﬁgﬁ c&r :
aim

t he del ayed rel ease materi al . 9. A conposition
1 or any one of claims 3 to 8 wherein the acidif mgnmwnlu

particulate form 15 10. A conposition according any
one of claims 3 to 9, which forns-a®6aei di c gel contalnlng
m cfogranul es on the addition of an aqueous sol ution. 20

conposi tion accordi @4.t oAampthod atcording fotclaim 23, JMhemdmnﬂsaid

dditi |1

a1 O | QU8B ATLe P Skb erom pmcprocdueddiBl 8
sai d b|ologlcaﬁsﬁhsﬂishéézsgl_ nghégeala, |gerain¥#<n2kﬁ*§iomqnasa:he
preparation gios Aergﬁghﬁéneﬂ%mﬁgioyﬁétéf thocdyLaigient of intestina

pat hogens and/or ifarfhoea I n anim non-specific
stinulation of CryptpapaRédipspEnfoccsdosis. 13, Use according to claim 12,
wherein said protease is bronel i n. 14. The use as clai ned

in claim12 or claim13, where the int at_.hogen

bacteria, virus or ggrasptgethod according to cla mrEB or i&gﬁierein 35
said composition additionally comprises one or more
antibiotics.

26. A method according to claim 20 or 21 comprising
the contemporanecus or substantially contemporaneous
administration of cne or more antibiotics.

27. A method according to claim 20 or 21, wherein
said animal is a monogastrate or immature ruminant.

28. A method according to claims 20 and 21, wherein
said animal is a human, pig, calf, horse, fish or

crustacean.

29. A method for the treatment of diarrhoea in an
animal which comprises administering to the animal an
acidic gel having a pH between about 1.5 to about 6, said
gel containing microgranules which comprise a proteolytic
enzyme in association with a weak base and partially
coated with a delayed release material soluble in
intestinal juice.

30. A method according to claim 29, wherein said
proteolytic enzyme is bromelin.

31. A method according to claim 28, wherein said
gel additionally contains one or more antibiotics.

32. A method according to claim 28, comprising the
contemporaneous or substantially contemporaneous
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for exanpl e enterotoxigenic Escherichia coli, Shigella, Yer si ni a,
Pl ei si onbnas, Vi bri os, Aer onpnas, CanpylobacterM"fe%avLLusj___mm
Cryptosporidia or Coccidosis. 5 15. The use as clalmﬁgngHp one of

clainms 12 to 14, wherein the animal is a nnnogastrate Replaced
rum nant, for exanple a human, pig, calf, horse, fish or "ﬂ' ””
) - 37 -
administration of one or more antibiotics.

33. A method for the non-specific stimulation of
the immune system of an animal, which methods comprises
reacting the composition of claim 1, wherein said
biologically active material is a protease, with an
appropriate solution to form a gel, and thereafter orally
administering the thus formed gel to the animal.

34. A method for the non-specific stimulation of
the immune system of an animal which comprises orally
administering to the animal a composition according to
claim 10 wherein said biologically active material is a

protease.

35. A method according to claim 33, wherein said
protease is bromelin.

36. A method according to claim 33, wherein the
animal is a human, pig, calf, hérse, fish, or crustacean.

37. Use of a composition according to claim 1,
wherein said biologically active material is a protease,
for the preparation of a medicament for use in the
treatment of intestinal pathogens and/or diarrhoea in

animals.

38. Use according to claim 37, wherein said
protease is bromelin.
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