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and/ or heatﬁﬁiabLe toxin (ST Sone

: ETEC ,
is invention re€lates to the prophylaxis, management and
treatment of diarrhoea.

Diarrhoea, particularly traveller’s diarrhoea, can be
caused by a change in the microorganisms of the gut.
Enterotoxigenic Escherichia coli (ETEC) infections are
common and, as many holiday makers and business
travellers can testify, can leave the sufferer ambivalent
about the wvirtue of leaving his native country. E. coli
is not the only aetiological agent: wmore seriously,

SeeaMBNAgement and

t he
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is not the only aeti ol ogi cal
Vibrio chol erea, the causative agent of

node of

(LT)

Vibrio cholerea, the causative agent of cholera, can -

cause diarrhoea as part of its sometimes fatal mode of
action.

Enterotoxigenic strains of E. coli | (ETEC) are
characterised by their ability to produce a heat-labile
toxin: (LT) and/or heat-stable toxin (ST). Some ETEC
strains also produce pilus adhesins called colonisation
factor antigens. These adhesins promote attachment of
ETEC strains to the small intestinal mucosa, thereby
facilitating colonisation and delivery of enterotoxin.

Diarrhoeal disease is ultimately dependent on production

and efficient delivery of enterotoxin.

The enterotoxins stimulate secretion by cells by
activation of signal pathways. Internal signals within
cells are carried by "second messengers". At least three
signal pathways are known to be important for secretion.
One pathway employs the second messenger c}clic adenosine
monophosphate (cyclic AMP). Anotherhemploys the second
messenger cyclic guanosine monophosphate (cyclic GMP).
These two messengers are referred to as cyclic

v ey e, e
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and delivery of enterotoxin. Di arr hoeal tely
dependent on production 25 and efficient del mmmmt ot oxi n.

The enterotoxins stinulate secretion by cells b tion of
signal pathways. Internal signals within 2 cells are carried by
"second nessengers”. At |east three 30 si gnal pat hways are known to be
i nportant for secretion. One pat hway enpl oys: t he second nmessenger
cyclic adenosi ne nmonophosphate (cyclic AVP). Another enploys the
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pat hway) requires CaJerr] as the second rressenger
The mode of action of LT is virtually identical to that

5 of cholera toxin (CT), which has been well documented.
Briefly, the B protomer binds to a ganglioside receptor
GM1 [galactosyl-N—acetYlgalactosaminyl-(N-acetyl-
neuraminyl)galactosylglucosylceramidel located on the
brush border membrane. Recent studies have shown that LT
10 also binds to a structurally related glycoprotein to
which CT does not bind. Binding is followed by
translocation of the A subunit through the membrane and
release of the Al fragment into the cytosol after
proteolytic activation. Adenylate cyclase activity is
15 stimulated following catalysing the NAD-dependent cyclase
complex. As a result, adénylate cyclase is locked into
an active form through inhibition of an inherent feed-
-back regulatory méchanism which normally involves the
hydrolysis of GTP to GDP and Pi. Inactivation of. the
20 regulatory subunit leads to increased levels of the
second messenger, cyclic AMP. cAMP activates an enzyme
called protein kinase A which, in turn, phosphorYlates
proteins. The phosphorylation of proteins (that is, the
addition of a phosphate group) results in the opening of

- 25 chloride channels and therefore secretion. Increased
levels of cAMP is also known to inhibit the absorption of
NacCl.

The mode of action of ST is less well understood than
30 that of LT. STs produced by ETEC are a heterogeneous
group of molecules having a molecular weight of £from
about 2000 to 5000 Da and which are non-antigenic in
their native state. An example of a common ST is ST I'
which can be either an 18 or a 19 amino acid peptide. 1In



The node of action of LT is virtuélly I dentical to that of chol era

toxin (CT), which has been well docurrent ed. ThwsnetlkfsB pr ot oner
binds to a gangli osi de receptor

[ gal act osyl - N-acet yl gal act osam nyI (N- acetyl

neur am nyl ) gal act osyl gl ucosyl ceram de] | ocated o h bor de
menbrane. Recent studi es have shown that LT 10 aI so bi nds to a
structurally related glycoprotein to -3 which CT does not bind.
Binding is followed by transl ocation of the A subunit through the
menbr ane and rel ease of the Al fragnent into the cytosol after
proteolytic activation. Adenylate cyclase activity is 15 stinul at ed

fol | owi ng cat SFSRFFRSE hé%ﬁ#deﬁ’&%&é’nta@}@&%@ adenylaggp| @¥clage aofesul t,

adenyl ate cyclm@ewm@pkeéus;os’r I stﬁﬂllaéﬂééleoﬁwﬁth@r a&hlbﬂmhleetlon
of an inherent_feed- t regul ftory mechani sm whi ch nor nmal
f

i nvol ves the £orm OﬁyH’FB?ﬁgi'%a YI3ERDEYSHEP: . ThAaacriani 8h g? t he
20 regul atDrisSubltﬂdaéU &&@tah@aheéueasedmeveirﬁﬁﬂ thep in gheond

TSSO Yo AP AR 2 LS8 S0 e raceson SR SeBSLSLD
phosphoryl at i drourid plguhalyliat(et heyclasset il the celddd,ti deading @wspahate
910UD) e Sl PRI B 0 S BEALB, SV S MG I BT
absor ption of followed\laby activatiomhefheiecic GMP odepéndant spregglwel |
understood th3finage (protein kinase G). This culminates in the
10 inhibition of Na* absorption and opening of chloride
channels and, hence, stimulation of Cl- secretion. ST-
induced fluid secretion is relatively short-lived and is
readily reversed, in contrast to the delayed but
sustained and irreversible effects of LT on adenylate
15 cyclase and fluid secretion. The intestinal ST I
receptor has been shown to be a guanyl cyclase although
other proteins or glycoproteins may also have a role.

Intestinal transcellular absorption and secretion of
20 electrolytes is driven by the Na*/K* ATPase pump, located
| in the enterocyte basolateral membrane. Water £flows
passively with electrolytes in response to osmotic
gradients, and Na* and Cl° are the predominant ions
involved in the absorption and secretion of water. The
25 absorptive and secretory processes in the small intestine
are separated. In general, electrolytes and water are
secreted from crypt enterocytes, and reabsorption takes
place through villus enterocytes. Normally, secretion
and absorption are balanced to prevent dehydration. The
30 diarrhoeal response caused by LT and CT results from
stimulation of a cAMP-mediated active secretory mechanism
(i.e. the cAMP pathway). The diarrhoeal response caused
by ST is from stimulation of the cGMP pathway. CcAMP and
CGMP exert an anti-absorptive effect on villus cells by
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water and electrolytes lost from the small intestine,
diarrhoea results that can lead to severe dehydration
and, eventually in extreme cases, death.

If subjects are adequately rehydrated after infection by
CT, LT or ST, examination of the iqtestinal mucosa shows
no bacterial invasion, no infiitration.of leukécytes, and
no capillary damage, even at the ultrastructural level.
Consistent with the normal morphology, absorptive
processes for nutrients do not seem to be impaired.

A vast accumulation of knowledge has been attained on the
mechanisms of attachment and role of enterotoxins in
pathogenesis of enterotoxigenic Escherichia coli (ETEC)
infections. Despite this knowiedge, safe and effective
prophylaxis against ETEC diarrhoea or treatment that can
counteract the large fluid losses sometimes observed, are
unavailable. Several studies have shown the efficacy of
antimicrobial drugs such as doxycycline and
trimethoprim/sulfamethoxazole in prophylaxis of
traveller’s diarrhoea. However, use of these agents has
not been encouraged because of the risks of side effects,
including hypersensitivity reactions, and because of the
rapid emergence of drug resistant flora in the stools of
these patients. 'Subsalicylate bismuth is 'partially
effective prophylaxis against traveller’s diarrhoea.
However, objectionable taste, constipation, and nausea
were observed in patients taking the liquid formulation.
In addition, many travellers find carrying large amounts
of liquid medication inconvenient. Current means of
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el ectrolytes in response to osnotic gradients, and Na[err] and
Cl[err] are the predom nant ions i nvol ved in the absorption and
secretion of water. The 25 absorptive and secretory processes in the
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by LT and CT r stimulation of a cAMP-nedi ated active
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responsé caused - by ST is fromstinulation of the cGW pathway. cAWP
and COE e¥REiaePaBIE! afBAALPLEY AtidtSlon | +ddkntC ®éarEY has
been directed towards immunoprophylaxis. Significant

protection against diarrhoea caused by ETEC following
vaccination with a combination of formalin and heat-

10 inactivated whole Vibrio cholerae cells and the purified
B subunit of cholera toxin has been reported. Other |
efforts to develop vaccines against ETEC infection centre
around the use of colonisation factor antigens (CFAs) as
vaccine candidates. As colonisation factors are

15 antigenically distinct, potential vaccines, must be
multivalent. A prototype ETEC vaccine that contains
known CFAs and outer membrane antigens associated with
ETEC is being developed. To be completely effective,
though, a vaccine would have to deal with all ‘the

20 adhesive factors synthesisea by ETEC strains in the
developing areas.

While the prospect of effective immunisation against
. diarrhoeal diseases of humans is appealing, effective
25 vaccines are not expected to be available in the near
future. '

A further problem is that diarrhoea is not necessarily
caused by microorganisms but may also be induced by other
30 secretagogues. Other secretagogues include hormones,
neurotransmitters, bile salts, fatty acids and nutrients.
Examples of diarrhoea include osmotically induced
diarrhoea which 1is caused by lactose intolerance,
malabsorption and diarrhoea caused by congential
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and prevention of ETEC and non-infectious diarrhoea are
therefore being pursued.

The present invention relates to such an alternative
approach, and is based on the remarkable discovery that
such enzymes as lytic enzymes, especially proteolytic
enzymes and mixtures of enzymes such as bromelain and, in
particular, stem bromelain protease which is a component
of bromelain can reduce toxin binding activity and can

inhibit the secretory effect of toxins such as LT and CT

and also toxins such as ST. This is in spite of the fact
that, as discussed above, ST has a very different mode of
action from LT and CT. As an added benefit, it appears
that such enzymes can  prevent attachment - of
enterotoxigenic bacteria to the human intestinal lining.
Even more surprisingly, such enzyﬁes also seem to inhibit
secretion induced by other secretagogues and, thus, may
also be effective in the treatment of other, non-
infectious, types of diarrhoea.

According to a first aspect of the present invention, .

there is provided the use of a lytic or other enzyme in
the manufacture of a medicament for the prevention,
management or treatment of diarrhoea in humans.

WO-A-8801512 teaches that bromelain or other enzymes
could be used in the treatment of scour in piglets, but
no disclosure was made either of the treatment of

- diarrhoea in humans or of the way in which the enzyme

1 dat5oi1@r bhaga or
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antimicrobial drugs such as. doxycycline and  ThisSheet Has Been Replaced
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di arrhoea. However, use of these agents has not b

because of the risks of side effects, I ncl udi ng hypersensitivity
reactions, and because of the rapi d enmergence of drug resistant
flora in the stools of t hese patien?s. Subsalicylate bismuth i's
partially 30 effective prophylaxis against travellers diarrhoea.
However, objectionable taste, constipation, and nausea . were observed
in patients takj n e li formul ation. - I n addi tion, many
traeellers flrmFQé%F q%+ (#iarrhoeal (respeRse FRdFRat Fewin or

i nconveni ent . oﬂh&fEﬁﬁcfﬁﬁﬁgbgﬁe In fact, MartlndéléaW298théi£E8ﬁa|
dlsease Cont S AANEIdE VRl o BIOROFLLY, B SE5taedy cause
adsorbents andiizxrrficea in humans and so prov1des a powerful
5 disincentive to investigating the use of bromelain or
other proteolytic enzymes in the treatment of that

condition.

Experiments which led to the making of this invention
10 have shown, by the use of an ex vivo rabbit intestinal
tissue model in Ussing chambers, that bromelain and
similarly acting enzymes significantly inhibited the
secretory effect of LT, CT and also ST; more
specifically, bromelain and other proteases completely
15 inhibited the net anion flux of Cl-, and hence the
secretagogue effect of toxins such as LT and CT and also
ST and other secretagogues unrelated to microorganisms.
The proposed mechanism of action of the enzymes is that
they prevent attachment of toxin by modification of the
20 toxin receptors located on the brush border membrane. It
is also hypothesised that these enzymes have an
additional mechanism for inhibiting fluid secretion since
they appear to inhibit secretion induced by prostaglandin
E, and by other secretagogues that do not interact with
25 . cellular receptors, namely theophylline, 8-Br-cGMP, 8-Br-
cAMP and Ca-ionophore.

There is now evidence that proteolytic enzymes such as
bromelain and stem bromelain protease, which is a
30 component of bromelain, have an effect on cyclic
nucleotide pathways and this is explained more fully in
the examples below. However, data indicate that the
enzymes can also inhibit secretion by factors which do
not require cyclic nucleotides. For example, it seems
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di arrhoea i s not necessaril y m croorgani sns may al so
be i nduced by’%ﬁ?ﬁ§°%M) secretagogues QG her secretagogues’ i ncl ude
hor nones, neurotransmtters, bile salts, fatty acids and nutrients.

One theory which may exﬁlain the anti-secretory activity
of these enzymes is that, in fact, bromelain or,
- 10 specifically, the stem bromelain protease component of
bromelain may have some effect on the chloride or other
channels either to prevent the channels from opening or
to block them. Either of these actions would account for
the anti-secretory action of the enzymes but it should be
15 stressed that the efficacy of enzymes such as bromelain
and stem bromelain protease in the treatment of diarrhoea

is not dependent on the accuracy of this proposal.

However, the significant point about these observations

20 'is that enzymes such as bromelain and stem bromelain
protease will inhibit secretion caused by toxins and
other secretagogues which cause diarrhoea by different
mechanisms.

25 The enhancement of sodium absorption by glucose did not
appear to be substantially affected by pre-treatment of
tissue with bromelain in the same experimental model,
this implies that protease does not result in extensive
physioclogical damage to the mucosa. Histopathological

30 and electron microscopic examination of tissue revealed
no morphological abnormalities, thereby further
confirming safety of the treatment.
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inhibiting secretion.

In another experimental model, the effect of bromelain

treatment on other physiologically important receptors

was tested. The influx of the amino acids, glutamic

acid, lysine and leucine and of the dipeptide, glycine-
10 phenylalanine was investigated. ' |

Results from the influx studies revealed that there was

no interference with.glucose, amino acid and dipeptide

influx, supporting that bromelain has no adverse effect

15 on receptors important for nutrient uptake. In fact,

bromelain appeared to increase the absorption of these

nutrients.  This demonstrates that bromelain has an

additional benefit other than just inhibiting secretion

- and that is that bromelain will also increase absorption.

20 This remarkable discovery indicates that bromelain would

be effective in aiding recovery from diarrhoea by
increasing fluid and nutrient absorption.

The physiological principle of the World Health

25 Organisation Oral Rehydration Solution (ORS) is to
replace the loss of fluid, salts and nutrients lost due
to diarrhoea. Death from diarrhocea is caused by

dehydration because of fluid and nutrient loss. The
active transport of nutrients across the brush border of
30 the small intestine results in passive absorption of
water and electrolytes. Bromelain in combination with
nutrients, for example, those nutrients recommended by
the World Health Organisation, would successfully assist
in replacing the deficit of salts and water in diarrhoea
35 and also actively induce reabsorption of intestinal
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as di scussed above, ST has a very different node of
CT. As an added benefit, it appears that such enzyne
attachnment of enterotoxigenic bacteria to the human
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secretion induced by other secretagogues and, thus, may al so be
effective in the treatment of ot her, non-infectious types of
di arrhoea. 25 According to a first aspect of the present invention,
there is provided the use of a lytic or other enzyne in . the manufacture
of a medi canense¢petivmes paadertthum, reducerabhgevelume dndafiiieatioh of
non-i nfecti ousgl boga in 30  humans. : I nternational Application
No. WO A-93/ 01800 descri bes granul ar conpositions conprising a
bi ol ogical ly active material which may be inter alia a prﬁteolytlc

. 35 The t gl aqi t o .
treatn e &gém at V\ﬁa (i eﬁ)‘? na:'rﬁg brqu‘ Border

treatnment of diseases i'nt
5 vesicles, was used to investigate the use of protease in

preventing attachment of colonisation factor antigen-
positive bacteria (CFA-positive bacteria) using enzyme
immunoassay procedures.

10 Enzymes useful in the invention include lytic enzymes.
Glycolytic enzymes such as those with sialidase,
glycosidase, amylase and cellulase activity may be
preferred, as may lipolytic enzymes. Proteolytic enzymes
may be particularly useful in the invention. Although

15 bromelain is the preferred proteolytic enzyme, others may
be useful. Cysteine proteases form a subclass of
proteolytic enzymes which includes bromelain and papain.
However, there is some evidence that papain may be
inhibited by cystatins, whereas bromelain is not..

20 Bromelain is therefore preferred. Other enzymes, such as
trypsin, may be useful.

Bromelain is the collective name for the proteolytic
enzymes found in the tissues of the plant Bromeliaceae.
25 Bromelain is a mixture of various moieties derived from
the stem of the pineapple (Ananas comosus). It contains
at least two proteoclytic enzymes but alsoc non-proteolytic
enzymes, including an acid phosphatase and a peroxidase; -
it may also contain amylase and cellulase activity. 1In
30 addition, various other components are present, in
particular, organically bound calcium. The known
proteolytic enzymes of bromelain and papain share a high
~degree of amino acid sequence homology around the active"
centre, and e?idence suggests that bromelain and papain
35 use the same catalytic mechanism. Bromelain differs from
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(J. Ethnopharmacol. 22 191-203 (1988)).

As early as the fifteenth century, bromelain has been
used as a digestive aid, as a cleansing agent to improve
the texture of skin, and to treat wounds to promote

healing. Recently, a vast accumulation of knowledge on

its pharmacological and biological effects héve'resultéd

in bromelain being available for clinical use in man. In

particular, bromelain is used as an adjunct in the
treatment of soft tissue inflammation and oedema
associated with trauma and surgery. Bromelain is
available in various countries under the trademarks ANANASE
FORTE, ANANASE, EXTRANASE, PROTEOLIS, RESOLVIT, ROGORIN, BROMASE
and TRAUMANASE. In clinical use over a period of more than
30 years, there have been few reports of significant
undesirable effects. |

In the past, bromelain has been used as the crude mixture
of enzymes and other components without attempts being
made to ascribe its activity to any particular component
of the mixture. However, the present inventors have now
found that one particular component known as stem
bromelain protease appears to be responsible for the
anti-diarrhoea activity of bromelain.

Stem bromelain protease has been described by Ritonja et
al (Febs Letters, 247, 419-424 (1989)) and has the amino
acid sequence set out below (SEQ ID NO 1):

Ala Val Pro Gln Ser Ile Asp Trp Arg Asp Tyr Gly Ala Val Thr Ser
1 5 10 18

lof
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humans
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to mcroorganisns. It is hypothesised that t hese W&Beeﬁmﬁﬁced

an additional nechanism for inhibiting fluid secr
appear to inhibit secretion induced by prostagl andi nIﬂmE“H“mu
30 secretagogues that do not interact wth cellul rs .

nanmely theophylline, 8-Br-cGw, 8-Br-cAW and Ca-ionophore..
There is now evidence that proteolytic er?z"’ymas such as 35 bronmel ain and
stem bronmelain protease, which is a . conmponent of br onel ai n, have

an effect on cyclic

el on,  Fowever I8k 7% adk Sapoe Bt epECINE OH %%*n’-’a A ©°

secretion by factors which on not requi re2 cycl ic nucleotidds. For
exanpl e, it seens 3la s drbl@u Jdrafle Thegys idy Lygl Bys GlnAleileu FacPza i on
by operating on the @l ci um dependent 4pat hways. It ias therefore

possi bl g that the enzynmes may act, not on the

Leu Ser Glu Gln Gln Val Leu Asp Cys Ala Lys Gly Tyr Gly Cys Lys

S0 S5 60
10
Gly Gly Trp Glu Phe Arg Ala Phe Glu Phe Ile Ile Ser Asn Lys Gly
65 70 75 80
15 Val Ala Ser Gly Ala Ile Tyr Pro Tyr Lys Ala Ala Lys Gly Thr Cys
85 90 . 95
Lys Thr Asp Gly Val Pro Asn Ser Ala Tyr Ile Thr Gly Tyr Ala Arg
20 100 ' 105 110
Val Pro Arg Asn Asn Glu Ser Ser Met Met Tyr Ala Val Ser Lys Gln
: 115 120 125 -
25
Pro Ile Thr val Ala Val Ala Asp Ala Asn Ala Asn Phe Gln Tyr Tyr
130 135 140
30 Lys Ser Gly Val Phe Asn Gly Pro Cys Gly Thr Ser Leu Asn His Ala
145 150 158 160
Val Thr Ala Ile Gly Tyr Gly Gln Asp Ser Ile Ile Tyr Pro Lys Lys
- 165 170 175
35

Trp Gly Ala Lys Trp Gly Glu Ala Gly Tyr Ile Arg Met Ala Arg Asp
180 185 190

40



different cyclic nucleotide pathways thensel ves but at — f+nal—step
of the pathways which nay be at the cell 10 sur f ace. 'I‘lusShee@iLSBeeE,

which may explain the anti-secretory activity of
that, in fact, bronelain or, specifically, the stem M’W ase
conponent 15 of bronelain may have sone effect on the chl

ot her channels either to prevent the channels from opening or to

bl ock them Ei ther of these actions 13 woul d account for the
anti-secretory action of the enzynmes but it should be stressed that
the efficacy of 20 enzynmes such as bronel ain and stem bronel ai n prot ease
in the treatnent of diarrhoea is not dependent on accuracy of this
proposal . Fetas Sex fex g fily] Pa?n?yﬁ)ﬁa'%tnaﬂﬂﬁtnt%%%pepﬁ%g‘ﬁ i ons 25
Is that enzymes such as BP®nelain and steMbronelain =~ fotease will

i nhi bit secretion maused LBy claceri agogues whi ch cause di arrhoea by

di fferent mechani sns. 554 The enhancenent of sodi um absorption by

gl ucose _did not 30 appear to be substantially affected by pre-treatnent

of Stissue with bromelain in the same experinmental nodel, this

i nplies that mMmpewfrglodn rotfurthelt aispeext efisthe invention there is

provided the use of stem bromelain protease having the

amino acid sequence of SEQ ID NO 1 or a sequence

substantially homologous thereto in the preparation of an

10 agent for the treatment or prophylaxis of diarrhoea in
| humans. ' ' '

The term "substantially homologous" would be wel.l
understood by one skilled in the art who would easily be

15 able to determine whether or not two sequences were
substantially homologous. However, in general, amino
acid segquences can be described as substantially
homologous when they have at least 40% homology although,
for the purpose of the present invention, it 1is

20 preferable for a sequence to have at least 50%, 60%, 70%,
80%, 90% or 95% homology to the amino acid sequence of
SEQ ID NO 1. In addition, the residues which are
compared need not be in exactly the same positions in two
sequences which are substantially homologous but rather,

25 one of thHe sequences may have various inserted or deleted
amino acid residues or regions with respect to the
sequence with which it is compared.

The invention is particularly useful in the prophylaxis,
30 management or treatment of enterotoxigenic E. coli
infections. However, the invention may be equally _
effective in addressing diarrhoea caused by other toxins,
for example the toxin of Vibrio cholerae. It may also be
effective against any diarrhoea caused by organisms that



physiological damage to the nucosa. Hi stopathol ogi cal Thf a&hﬁB&m@mﬂmﬂi
of

m croscopi ¢ exam nation of tissue revealed 35 no norp mﬂm “mm

abnornmalities, thereby further confirmng safety

9 - Furthernore, there is also sone evidence that

enzynes, particularly bronelain may also enhance _ absorptlon of

secreted fluid and nutrients as well as I nhibiting secretion. 5

I n anot her experinental nodel, the effect i bronel ai n treatment on
ot her physiologically inportant receptors ~was tested. The influx of
the am no acids, glutamc acid, lysine and | eucine and of the

di peptide, glygj{eir 105 Mﬁhy%e%%smg}v%%ehgﬁt edof chlorlgesul ts

fromthe influx studies revea e
channels or other channels. Moreover, bromelain would be

expected to be effective against any agent being

infectious or non-infectious that mediates secretion by

5 activating signal pathways, ie by either the cAMP, cGMP

or calcium-dependent pathway. Examples of agents that

cause disease by activating signal pathways include the

following organisms and their toxins: Bortadella

_ pertussis, Salmonella species, Campylobacter jejuni,

10 Pseudomonas  species, Shingella species, Yersinia

' enterocolitica, Klebsiella pneumoniae, Clostridium
difficile and enteropathogenic Escherichia coli.

To assist survival of the proteolytic enzyme through the
15 stomach, it may be desirable to formulate the enzyme in
an enteric-protected preparation. Enteric-coated tablets
of bromelain are available \ (for example under the

trademark ANANASE ForTE in the United Kingdom). Other
orally administrable formulations include syrups,
20 elixirs, and hard and soft gélatin capsules, which may

also be enteric-coated.

Bromelain activity is stable over a wide pH range (pH 2-

9). Therefore, it may not be necessary to enteric-
25 protect (or enteric-coat) the bromelain or stem bromelain
protease from the acid conditions in the stomach. It

may, however, be necessary to protect the enzyme from
digestion by acid proteases in the gut. Bromelain or

stem bromelain protease may, therefore, be administered

30 with a buffering agent, for example bicarbonate.
Bromelain niay be equally effective if administered alone

in water or in a solution containing nutrients toassist

with absorption of fluid and nutrients. Examples of.
 suitable solutions of nutrients are those reccommended by



no interference with glucose, amno acid and di peptide R ) RV e
supporting that bromel ain has no adverse effect 15 ON TheCShpdt HasBeen Replaced

i nportant for nutrient uptake. |In fact, bronel ain a
i ncrease the absorption of these nutrients. This de Emm,
bronel ai n has an addi tional benefit other than just 1nnr R
secretion and that is that bronelain will also increase absorption.
20 Thi s remarkabl e di scovery indicaté® that bromelain woul d . be
effective in aiding recovery fromdiarrhoea by increasing fluid
and nutrient absorption. The physiological principle of the
Wrld Health 25 anj sati.on Oral ,Rehydrati.on Sql utio S), is to
repl ace t he Ié‘élse ofW(ﬁ(if?deesag'l% gﬁgaﬁli‘?ﬁt\éfﬁfls 8t §E§5' Hehl("‘%?%glon

di arr hoea. Thestdpy from diarrhoea is caused by dehydrati on
because of fluid and nutrient |oss. The active transport of
nutrients across the brush border of 30 the small intestine results in
passi ve absor Fheopreferred dehdveryasystedr aoudd bes coBtookladnrébease .
conbi naki on W LT S exanm! t trigen nde
by S e ior T 1Aty B3 nge BB Gre | BRISYAY) [ HAgoLPESE™

in replaci ng SHEefef idiansdf e t sinkrptiner and/Mnr reppeswse  of amlllhl so

actively indesgeraiasdtddned prbEsssdal It would be desirable to
have a combination of protection (to prevent digestion
and absorption) and release all the way to the ileum.

10
Oral is preferred route of delivery.

Dosage of bromelain is conventionally measured in Rorer
units, FIP units, BTU (bromelain tyrosine units), CDU

15 (casein digestion units), GDU (gelatin digestion units)
or MCU (milk clotting units). One Rorer unit of protease
activity is defined as that amount of enzyme which
hydrolyses a standardisation casein substrate at pH 7 and
25°C so as to cause an increase in absorbence of 0.00001

20 per minute at 280nm. One FIP unit of bromelain activity
is contained in that amount of a standard preparation,
which hydrolyses a suitable preparation of casein (FIP
controlled) under the standard conditions at an initial
rate such that there is liberated per minute an amount of

25 peptide, not precipitated by a specified protein
precipitation reagent, which gives the same absorbence as
lumol of tyrosine at 275nm. BTUs, CDUs, GDUs and MCUs
are as defined in the literature, as follows:

30 BTU
One bromelain tyrosine unit is that amount of enzyme
which will liberate one micromole of t?rosine per
minute under the conditions of the assay (for
example, after digestion of an acid denatured

35 haemoglobin substrate at pH 5 and 30°Q).



secretions and thus reduce the volune and duration of di arrhoea.-

Enzynmes useful in the invention include |lytic enzynes. 5Th1ﬁh¥€t%s\’ﬁeh&
enzymes such as those wth sialidase, glycosidas

cellulase activity may be preferred, as may lipoly Imm %ﬂrm
Proteol ytic enzynmes may be particularly useful in the

Al t hough bronelain is the preferred proteolytic enzyne, 10 others nay be
usef ul . Cysteine proteases form a 16 subclass of proteolytic
enzymes whi ch includes bronelain and papai n. However, there is sone
evi dence that papain may be inhibited by cystatins, whereas bronel ain
IS not. Br onel '% Is therefore preferred. Other enzynes, such 15 as
trypsin, my be useﬁgh Bronelain is the collective nane for the

proteol ytic eni’imés doondti nof heertzysmle whakcht hmb]l.anl:.lﬁiemméi asrese.
o A ooy & T A HiBr8bz XA LRUR IBLEhLeIeHEE | $d AL ARE %y ddG s St ©f

the pineapple nanas
proteol ytic enzynes3BﬁC érgm noatandardpcaSemhysubsEnayeest pﬂc?umlng an

acid phogphatase and a
GDU .
The enzyme activity which liberates one milligram:
(10%g) of amino nitrogen from a standard gelatin
solution after 20 minutes digestion at 45°C and at
10 pPH 4.5.

1100 BTU/g = 750 CDU/mg = 1200 GDU/g.

Similar calculations can be carried out for pure stem
15 . bromelain protease. While the precise dosage will be

under the control of the physician o:-clinician{ it may

be found that daily dosages of from 50 to 4000 GDU/day is

appropriate, for example from~100 to 1000 GDU/day. The

daily dose may be given in one or more aliquots per day,
20 for example twice, three times or four times a day.

The invention can be used in a method for the

preparation, management or treatment of diarrhoea in

humans, the method comprising administering to a subject
25 an effective amount of proteolytic enzyme.

The invention will now be described by the following

examples. The examples refer to the accompanying

drawings, in which: |

30

FIGURE 1 shows the effect of pure LT on rabbit ileal
Isc. Symbols represent the mean values at each time
point for 4 animals. LT (2.5pg/ml) or PBS (15ul)
was added to the mucosal bathing solution at time 0.



per oxi dase; it may also contain anylase and cellul ase 'agtertyfm"iﬁ
addition, various other conponents are 25 present, in Hadhed HasBeen Replaced:

organi cally bound cal cium The known proteolytic eniil _ ain
and papai n share a high degree of am no acid sequenc nd

t he active centre, and evi dence suggests that bronel

papain use the sane catalytic nechanis / Bromelain 30 differs from
11 papai n, however, in having a different specificity of

cl eavage. In addition, the known proteolytic enzynes of brone:ain
are gl ycoproteins, er. 1.0, .S a .sinpl . rotein. . Bronelain is
[ evi gv\gd By Taussi %n&%%tvﬁﬁ%ad%ates (Emr’%t{%o‘ﬁlﬁla?%gw. giﬁoggﬂ'gﬁf%e
(1988)). Awaga glddeds tohsefrobade bl hdegt sofuthoonel ai n has been

used as a digestive aid, as a cleansing agent to inprove the texture
of skin, and to treat wounds to pronote 10 heal i ng. Recently, a vast

accunul ati on of kn&ACEREe2ofhows the effect of bromelain on ileal Ig.

5 Columns represent the mean values 90-100 min after

LT (2.5pug/ml) addition, and 5min after theophylline

(5mM) addition. Ileal tissue from 4 animals were

pre-treated with bromelain (brom) for 30 minutes

prior to toxin addition. Control chambers were pre-

10 treated with bromelain plus antibody (B/Anti-B),

antibody (Anti-B) or PBS alone.

FIGURE 3 shows the effect of pre-treatment of ileal

tissue with PBS or bromelain (15 ug/ml) on Ig.. CT (1

. 15 ug/ml) was added to the mucosal bathing solution at
time 0.  Number of animals tested was 9. Symbols

with bars represent the mean iSE for 9 animals at

selected time points. The arrow indicates the time

at which 5 mM theophylline was added to the serosal

20 bathing solution after Iy values reached a plateau.

FIGURE 4 shows the effect of pre-treatment of ileal
tissue with PBS or bromelain (15 ug/ml) on Ig. ST
(300 wunits) was added to the mucosal bathing

25 solution at time 0. Number of animals tested was 6.
Symbols with bars represent the mean +SE at selected
time points. The arrow indicates the time at which
0.2 mM 8 bromo cGMP was added to the serosal bathing
gsolution after Iy, values reached a plateau.

30
FIGURE 5 shows the effect of pre-treatment of ileal
tissue with PBS, stem bromelain protease and
bromelain on I and PD.changes caused by 8-bromo-
CcAMP. (p values reveal significance as determined



I ts pharmacol ogi cal and biol ogi cal effects have resulted i

bronel ai n being available for clinical use in man. This Sh cular
bronel ain is used as an adjunct in the treatnent f

i nflammati on and oedema 15 associated with trauma

Bronelain is avai l able in various countries under

ANANASE FORTE, ANANASE EXTRANASE, 1PROTEQLI S, RESCLVIT ROGJQIV -
BROVASE and TRAUVANASE. In clinical use over a period of nore than
30 years, there have been few reports of significant 20 “undesi rabl e
effects. ln the, %ﬁ;’ gro | ai n has been used as the crude m xture
of enzymes and oth 8&% it ] hout attenpts being made to

ascribe its activity to any particul ar conponent 25 of the m xture.
However, the prese éﬁ&? t a n n e_pak | ar
conponent known as stem 6 gh%w%rgﬁgl§¥%68Fo?eagggagfé§?éegg Bg éééégn5|ble
for the ant itigisawer hoddahactiBa,t y sifetbr doedrmelain 30prote®dsem dndnel ai n

prot easg has been desgnbad b HL0Bhe 80 chanedtl e BERE ! bobsonad”

419-424°(1989)) and has 't uence set ow_( SEQ
ID NO 1) : CGMPA| g (\zalvaﬂrt@q;#ﬁwl |$wme%lqargf=e\r§s Adpteymined Al a
Val Thr Ser 35 by pa%_red t- test) 5 15
10 FIGURE 7 shows the effect of pre-treatment of ileal
tissue with PBS or bromelain on Iy changes caused by
theophlline and PE2. (p values reveal significance

as determined by paired t-test).

15
FIGURE 8 shows the effect of pre-treatment of ileal
tissue with PBS or bromelain on Iy changes caused by
the calcium-ionophore A23187. (p values reveal
significance as determined by paired t-test).

20

FIGURE 9 shows the effect of pre-treatment of ileal

tissue with PBS or bromelain on Ig changes caused by

_ endogenous mediators of secretion and the ability of

25 bromelain to stimulate absorption. (p values reveal
significance as determined by paired t-test).

FIGURE 10 shows EIA activity in relation to papain,
30 papain plus inhibitor (Antipain). or PBS used to
treat BBV coated wells. Symbols plus bars represent
the mean absorbance + standard deviation of the
absorbance measurements (A;,nm) of triplicate wells
tested on at least two separate occasions. BBV were



12
Al a
30
Au
Leu
50
Au
70
Al a
85

Val Lys Asn G n Asn Pro Cys Ay Ala Q/s Trp Al a Phe Ala

Il e 20 SheetHasBeen
: Ala Thr Val Qu Ser Ile Tyr Lys IIe Lys L“"lﬂ”"”m”
Pro 35
Ser u dn dn Val LeuAspQ/sAIaL%@GIyTyrGIyQ/s Lys
55 Ay Ay Trp
PheArgAIaPheGuPheIIeIIeSer Asn Lys Ay _ 65
80 15 ~ Val Ala Ser Gy

Il'e Tyr Pro Tyr r%slr@u%é%e% intg pa-ligg.nqlﬁo.oos% (w/v)], papain
plus inhibitor or PBS only, prior to inoculation of
wells with pure LT (1pg/ml). Specific anti-LT IgG
was diluted 1:100 in working dilution buffer.

FIGURE 11 shows an enzyme immunoassay (EIA) for
monitoring LT toxin:brush border interaction. The
EIA enabled the iﬁteraction to be studied under a
wide range of reaction conditions.

10



Lys Thr Asp Ay Val Pro Asn Ser Ala Tyr. Ile Thr Gy Tyr: Af’lfi’ssb‘
100 105 110
Asn Asn du Ser Ser Met Met Tyr Ala Val Ser Lys @n ”" , ,

115 120 - 125 25

Val Ala Val Ala Asp Ala Asn Ala Asn Phe Gla Tyr Tyr i 130
135 140 30 Lys Ser Ay Val Phe Asn Ay Pro
Cys @y Thr Ser Leu Asn H s Al a 19 145 150

155 160 Val Thr Ala lle Ay Tyr Ay da Asp
Ser Ile lle Tyr Pro Lys Lys 165

170 ' r Yy u Ala
Ay Tyr lle Arg NEtFIELﬁQE?EiZ Eshows an EIA pr-lo_cedgrg @‘l:@' Jngﬁigégn% tl%

185 Cmcadhesz.n brush border interaction.

FIGURE 13 shows the effect of papain treatment on
5 the BBV coated solid phase. Symbols represent the

mean absorbance of the absorbance measurements

(A540nm) of triplicate wells tested on one occasion.

BBV [1:50 (v/v)] were pre-incubated with papain

diluted in PBS. Anti-BBV IgG detection antibody was
10 diluted 1:100 (v/v) in WDB.

FIGURE 14 shows EIA activity in relation to
concentration of papain used to pre-treat BBV.
Symbols represent the mean absorbance of the
15 - absorbance measurement (AS40nm) of triplicate wells
tested on at least two separate occasions. BBV
[1:200 (v/v)] were pre-incubated with papain prior
to inclusion in E4833- or E4833B-coated wells. Anti-
BBV IgG detection antibody was diluted 1:100 (v/v)
20 :Ln WDBE.

FIGURE 15 shows the effect of papain on the binding
of ETEC bacteria to BBV. Columns with bars
represent the mean absorbance of the absorbance
25 measurements (A540nm) of quadruplicate wells tested
on at least three separate occasions. BBV [1:200
(v/v)] were pre-incubated with papain [0.05% (w/v)],
papain plus inhibitor or PBS only, pribr to
inclusion in bacteria coated wells. Anti-BBV IgG
30 detection antibody was diluted 1:100 in WDB.



40 13 V%| ced
Ay lle Cys Ay Ile Ala Ile Asp Pro Leu Tyr

200 205 Pro Thr Leu u GQu uiﬁﬁﬁm
Therefore, in a further aspect of the invention there is 1

use of stem bronel ain protease having the am no acid sequence of SEQ | D
NO 1 or a sequence substantially honol ogous thereto in the preparation
of an agent for the treatnment or pro@Ryl axis of non- i nfectious

di arrhoea in humans. 15 The term "substantially honol ogous™ woul d be
wel | _

EXAMPLE 1: Investigation of Pre-treatment .of Mucosal

Tissue with Protease on LT Action in Ussin Chambers

~ The use of rabbit intestinal tissue mounted in Ussing

5 chambers (Ussing and Zerahn Acta. Phys. Scandinav. 23
110-127 (1951)) is a classical technique for studying the
prodess of transport across intestinal tissue. The use

of this ex vivo model has also proven invaluable for the

study of the mechanisms of action of enterotoxins.

10 Solutions containing CT or LT when added to the mucosal
side of mounted tissue, elicit a secretory response from

cells similar to that observed with perfusion of CT or LT

in rabbit ileum in vivo. Addition of toxin results in an
increase in transepithelial electrical ©potential

15 difference (PD) and short circuit current (Ig) of ileal
mucosa by stimulation of a net anion secretory £lux.

This results in the serosal side becoming more positive
-relative to the lumenal side. The net flux of negative
charge can be monitored electrochemically by means of an

20 electrical apparatus comprising matched reference
electrodes connected to a high impedance potentiometer.

Because of the usefulness of the Ussing chamber model in

monitoring toxin action, the effectiveness of many anti-
25 diarrhoeal drugs in reversing the secretory action of

toxins have been tested. This example relates to

experiments designed to observe the use of protease in

inhibiting LT toxin secretory activity. Concurrently,

the effect on the glucose-Na* active co-transport function
30 is monitored as an indicator of tissue viability.

Experiments were performed according to Field et al, (Am.
J. Physiol. 220 1388-1396 (1971)) with modifications
described by Fasano et al, (Proc. Natl. Acad. Sci. USA 88



understood by one skilled in the art who would easily be: _able to

determ ne whet her or not two sequences were substantgaTm » Replaced
However, in general, amno 20 acid sequences can bg ' , -
"substantially - honol ogous when they have at |east 40% ho i

al t hough, for the purpose of the present invention, it I's preferable

for a sequence to have at |east 50% 60% 70% 80% 90% or 95% honol ogy
to the ami no acid sequence 25 of SEQ | D2%0 1. In addition, the residues
whi ch are conpared need not be in exactly the sane positions in

two sequences which are substantially honol ogous but rat her, one of

t he sequences nmay have various inserted or deleted am no acid residues

or regions w tTR42sHete 9V ) he Adbddemadendiew dierdRnd: Whiteonpbbits
14 Br onme| Al fcypUidrbeafyBschedi §84 PByehbeabkYE1288h8S i nARYation
non-infect| Ousanc?gt?ﬂ]én s;ggificggdlg}?tgj?r gnetgéleat.én?.n Aby15cm segment of
distal ileum was quickly excised and cut open along the
5 mesenteric border. The ileum was then rinsed clean of
luminal contents and stripped of muscular and serosal
layers by means of blunt dissection. The active
transport processes of the mucosa have been reported to
be better maintained in stripped as opposed to unstripped
10 ileum (Field et al, 1971 loc cit). The resulting
preparatidn consisted of epithelium, lamina propria and
muscularis mucosae. Four sections of mucosa were
prepared as such from the one animal, and mounted in
Lucite Ussing chambers of aperture 1.12cm?. Each surface
15 of the tissue was continually bathed (10ml per surface)
| in freshly prepared Ringers buffer containing NaCl
(53mM), KCl (5mM), Na,SO, (30.5mM), mannitol (30.5mM),
Na,HPO, (1.69mM), NaH,PO, (0.3mM), CacCl, (1.25mM), MgCl,
(1.1mM) and NaHCO, (25mM). The bathing solution .was
20 - maintained at 37°C with watexr-jacketed reservoirs
connected to a constant-temperature circulating pump and.

gassed with 95% 0,/5% CO,. '

The PD (the difference in voltage measured on the mucosal .
25 side versus the serosal side of the tissue) and I (the
amount of current needed to nullify the PD) were then
measured as previously described (Field et al, 1971 loc

cit). A positive PD indicated that the serosal potential.
was higher than the luminal potential, that is the net
30 flux from the mucosa (M) to serosa (S) was positive. The

tissue resistance (R) for each animal was also calculated
from Ohm’s Law where Iy =PD/R, so that results between
individual animals could be compared. Prior to mounting
the tissue, the fluid resistance (R,) was determined and



activating signal pathways, ie by either the cAMP, cGW 5

cal ci um dependent pat hway. To assi st survival of the pw lag Been Replaced, -
enzyme through the stomach, it nay be desirable to fornui: - _

in an enteric-protected preparation. Ent eri c-coat ¢ Al .
of bronelain are avail able (for exanple under t he trademark ANANA

FORTE in the United Kingdom. O her orally admnistrable '
formul ati ons include syrups, el i xi2@s, and hard and soft gelatin
capsul es, which may al so be enteric-coated. 15 ~ Bronelain activity

I's stable over a wide pH range (pH 2- 9). Therefore,. it may not be

necessary to enteric- enteric-coat) the bronmelain or

stem br onBPGIFRITREESS é-qtr%ﬁ&’ﬁé’a&EP&aEéﬁH?t i oRBCPnthRctdBSuU¥RSBCch.

't may, hOV\BVQfourit%dWe%arpridr prtgs eCéxﬁéﬁmentatﬁRﬁVWE ﬁﬂé)mlc;%geﬁés on by
acid proteases |n t he qﬁ in_or stem pronel gro ease may,
therefore, jadt é%ro:quarpe L3t 5 n’g"lt%ﬂé?aj[ 38 npl e

bi car bonate tzﬂsu@elmaamh&d/ destsudy | yrpid ectrmlée&&oxw%ﬂlﬁﬁw al one
in wate

absorpt%on O;Q?? Sg %Eég&ecgﬂ%ﬁ%$i ék%?“ gg&t t%%?%i%h¥'§%$dT§%ﬁs of

nutrients foar eachosgpezdimentndelo lyest for leakiness of the system
owing to perforations of the ileal tissue, 200ul of 0.5mM
solution of glucose and mannitol diluted in Ringers was
added to the serosal and mucosal side respectively prior

10 to experimentation.

Once the tissue reached equilibrium (time 0), the test
material (0-100ul) was added to the mucosal side. The
same volume of sample was added to the serosal side to
15 preserve osmotic balance. Variations in Ig, PD and R
were then recorded every 5-10 mins. At the end of every
experiment, 200ul of 0.5M glucose was added to the
mucosal side of each chamber. Only those tissues that
showed an increase in Iy in response to glucose
20 (indicating tissue wviability) were included in the
analysis. The increase in Iy, upon glucose addition is
due to enhancement of Na* absorption mediated by the
electrogenic coupled transfer of Na* with glucose into the

cell.

25 .
Pieces of ©rabbit ileum exposed to a range of
concentrations of bromelain (0-1000ug/ml) for 30 min were
examined by light microscopy and electron microscopy.
Tissue exposed to PBS alone was used for comparison.

30

For light microscopy, tissue was fixed in neutral
buffered formalin and stained with haematoxylin/eosin and
tissue gram stain. Tissues for electron microscopy were
fixed in 3% (v/v) glutaraldehyde/0.1M sodium cacodylate



the Wrld Health Oganisation for Oal Rehydration :._ Ther apy
The preferred delivery system would be controlled 5 § egﬂhtheﬂ
enzyme, to ensure conpl ete exposure of all enterocytes mu wmr

It would be desirable to have a conbi nati on of protect|

di gestion and absorption). and release all the way to the

Oal is preferred route of delivery. Dosage of bronelaln |s
conventionally nmeasured in Rorer uni 28, FIP units, BTU (bronel-ain
tyrosine units), CDU 15 (casein digestion units), GDU (gelatin digestion
units) or - MU (mlk «clotting units). One Rorer unit of

protease activity is defined as that anount. of enzyne whi ch hydrol yses

a standar di sathufifemasth Bubstanat ¢hen stored at 4°C until required.

la Light Microscopy

5 At examination of the tissues, particular attention was
directed to morphological and structural changes in both
the intestinal villi and the brush border lining.

Tissue samples exposed to 1000ug/ml of bromelain did not

10 respond to glucose addition at the end of the treatment

' period, indicating that the tissue was no longer viable.

Light microscbpic examination of these samples revealed

pronounced marked vacuolar degeneration; The villus

structure was absent and there was coagulation necrosis

15 of individual epithelial cells lining the remnants of the
villus.

The ileal tissue that was treated with 50ug/ml of
- bromelain was viable after glucose addition; however, .the
20 I, response was not maximal, indicating some necrosis of
the tissue. Light microscopy confirmed this cbservation,
whereby samples exhibited some coagulation necrosis of
luminal epithelial cells and vacuolar degeneration,
indicating dead or dying cells. The villus architecture

25 of these tissue preparations, howéver, remained intact.

Tissue treated with 10ug/ml of bromelain had an intact
mucosa with villi lined by tall columnar epithelium. In
general the tissue appeared normal, yet occasional cells
30 showed some coagulation necrosis. There was a large
response to glucose addition after 30 minutes of
bromelain treatment, indicating healthy, viable tissue.
The occasional cells that may have been affected by
bromelain treatment, therefore did not appear to




pH 7 and 25[err]C so as to cause an increase in absorbence of 20

per mnute at 280nm Cne FIP unit of bronelain actlmmkwmusﬂﬁln
in that anount of a standard preparation, which hydrol
preparation of casein (FIP controlled) under the stand

at an initial rate such that there is |iberated per ni
anount of peptide, not precipitated by a specified ‘protein

preci pitation reagent, which gives the sade absorbence as | [err] nol
GDUs and MCUs are as defined in the

tyrosine at 275nm BTUs, CDUs,
as folloms' 30 One bronel ain tyrosine unit

literature,

t hat anmount of yme which wll |liberate one mcronole
tyrosi ne perlﬁ@ﬂﬁ?ﬁQ%ﬁkﬁfﬁqﬁ¥(Rﬂﬁh%hﬁﬂﬁ?ﬁﬁV3ﬂﬂ§P§91tY of fbeayissuer
exanple, after digestion of an acid denat ured haenogl obin

substrate at pb Ef\ggtﬁé),l %1Jr%scopy
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Examination of tissue treated with 10 ug/ml of bromelain
by transmission electron microscopy revealed no
morphological changes to the microvilli. The glycocalyx
or mucus 6verlay was seen to be intact.

lc Effect of LT on Ig. Across Ileal Mucosa

The changes in I produced by addition of 25ug of pure LT
(final concentration was 2.5ug/ml) to the luminal side of
the ileal mucosa are shown in Figure 1. the I  began to
increase 40-50 min after addition of toxin. In chambers
where tissue was exposed to PBS only, there was a
negligible change in Ig.. Studies have shown that 40-60
min after CT addition there is a gradual pfogression to

~a maximal effect which occurred over the next few hours.

Continuation of this effect occurred despite removal of
all free toxin. Toxin that had been heat treated prior
to exposure to the tissue had no effect. In addition;
toxin exposed to the serosal side of the tissue had no
effect on Ig indicating that action only occurred after
binding to receptors 1located on the brush border
membrane.

Theophylline, a methylxanthine, was added to the serosal
side of the tissue to observe the change in Ig due to

CAMP. Theophylline inhibits cyclic nucleotide
phosphodiesterases and thus elevates cAMP by inhibiting
the conversion of AMP to 5‘’-AMP. The effects of

theophylline, cAMP alone and saturable amounts of CT on
Na and Cl fluxes are the same. The effects of

0. 00001

of

i's
of



CbuU That anmount of enzyne which wll Iibeqﬁg&eE

m crogram of tyrosine after one mnute digestion at 5 3 m a
standard casein substrate at pH 7.0 : The enzyd'ﬂlﬂ m ch
“liberates one mlligram : (10[err]g) of amno nit

standard gel atin 10 solution after 20 minutes digestion at 45[err]C
and at pH 4. 5. 1100 BTU g = 750 CDU ng = 1200 GDUY g.
15 Sinmilar calculations can be carried @3 for pure stem br onel ai n

protease. - Wiile the precise dosage will be under the control of the -
physician or clinician, it may be found that daily dosages of from 50

20 The dai | y SRt (P8 o TR oHBUSYSTr S BFESPPTLY 3 GESY 1 o7
exanple tw cemiiutess ti mes or four tinmes a day. The invention can
be used in a nethod for the '
Addition of theophylline (final concentratiom 5mM) to the
5 serosal side of the toxin-treated tissue resulted in a
~ further increase in Ig. The increase in I, due to
theophylline on PBS treated mucosa was equivalent to the
final Ig, due to the combined toxin and theophylline
treatment. This indicates that the change in Iy due to
10 LT addition was due to the toxin action on cAMP and not
by any other mechanism. The same change in I, also
showed that the amount of toxin and hence its activity
used in this experiment was not maximal. That is, more -
toxin was required to occupy all receptors in order to
15 = exhibit maximal levels of cAMP and hence Ig.

At the completion of the experiment, glucose was added to

the lumenal side of the chamber. This resulted in a

further increase in Iy indicating that the tissue was
20 viable. '

1d Effect of Bromelain on Secretory Effect caused by
Escherichia coli heat-labile Toxin (LT) |

25 Bromelain diluted in PBS (final concentration 10ug/ml)
was added to both the mucosal and serosal side of the
tissue. Control chambers were included whereby bromelain
(100ug/10pl) was first pre-incubated (30 min at 37°C)
with an equal volume of an anti-bromelain antibody (IgG)

30 (0.5mg/ml) prior to addition to the chamber. Other
chambers contained antibody or PBS alone. All chambers
were then allowed to incubate for 30 min to enable
sufficient bromelain pre-treatment of the mucosal tissue.
Prior to addition of toxin the chambers were completely



preparation, managenent or treatnent of non-infecti'ous 25 diarrhoea in

humans, the method conprising adm nistering to hi H&Iﬁa: RphRgt i ve
amount of proteolytic enzyme. The inventioniw Iﬂ i bed by
the foll ow ng exanpl es. The exanples ref er- . m",i'panyi ng
30 draw ngs, in which:

FIGURE 1 shows the effect of pre-treatnent_ of ilLeal tissue wth
PBS, stem bronelain protease and 2 bronel ai n on I[err] and PD
changes caused by 8- brono- CAMP. (p values reveal significance
as determ ned by paired.t-test). FI GURE 2 shoms t he

effect of pre- % 88%sr Hiddei (see above)'hRd"Findld twidSro 2helre

br onel ai n pro and
complete removal of antibody and bromelain. The chambers

were then re-filled with fresh Ringers and the tissue
allowed to stabilise. LT (2.5pg/m1) was then added to

5 the mucosal side and the experiment compieted as
described above. '

Figure 2 shows the change in Isc' produced by pre-treatment
of tissue with bromelain or control substance prior to
10 addition of LT. In all control chambers, the Iy began to
' increase 40-50 min after addition of toxin as observed
above. This result indicates that the anti-bromelain IgG
and bromelain pre-incubated with antibody had no effect
on the LT actien. It also shows that changing the
- 15 Ringers buffer had no effect on the tissue.

In chambers that were pre-treated with bromelain, there

was no change in I, after Gbmin, indicating that the

. bromelain had completely inhibited the secretory effect

20 of LT. Addition of theophylline to control chambers,

showed a further increase in I of 40% to 50%. In
comparison, addition of theophylline to the bromelain
treated chamber only showed a similar increase in Ig.. The |

final change in I, was therefore 40% to 50% less than

25 that of the combined effect of LT and ‘theophylline in

control chambers. It is presumed that some other

mechanism of action of bromelain in inhibiting £luid

secretion may be present. Bromelain has been reported'to

inhibit the synthesis of prostaglandins, which are known

30 to inhibit cAMP production (Taussig and Batkin, 1988).

Other molecules that inhibit the synthesis of

prostaglandins, including aspirin, indomethacin and

ibuprofen, have also been shown to inhibit intestinal

fluid secretion induced by bacterial toxihs (Gots et al,
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tissue with
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on I[err]

val ues revea

(p val ues reveal

iéigt
PBS or bronelain on I[err] changes cau Lﬁ‘ ’m

bronelain on I[err] and PD changes caused by 8- b&Q
significance as determ ned
15 FI GURE 3 shows the effect of pre- treat

E2 (PGE2) (p val ues revea

shows
mel ai n

significance as determned by paired t-test). FI GURE 4
the effect of pre-treatnent of ileal - tissue with PBS or bro
changes caused by the cal ci umionophore A23187. - (p
significance as determned by paired t-test). 25
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ability of bronelain to stinulate

('Iiheste_ tggtt:?. it e MEA ShdNbroh@15End ! Séri{bféﬁ'efy
inhibited the net anion flux of C1° and hence secretagogue
effect of LT. The data also indicate that bromelain has
an additional mechanism for inhibiting fluid secretion,
other than its ability to inhibit binding of toxin to
intestinal receptors. The observation that total Ig
levels bromelain-treated tissue combined
prostaglandin (see Example 2b) or theophylline failed to
reach the same levels as control tissues, supports this

in

hypothesis.

Addition of glucose at the end of the experiment showed
therefore indicating that
Because: the

a further increase in I,
glucose-Na* transport was unaffected.
enhancement of Na absorption did not appear to be
substantially effected by pre;treatment of tissue with
protease, the implication is that bromelain does not
result in extensive physiological damage to the mucosa.

iators

with -

This result is confirmed by the light microscopy study, |

referred to above and by influx studies described in
‘Example 7b. '

E PLE 2: Investigation of Pre-treatmen Mucosa

Tissue with Protease on CT Action in Ussing Chambers

fect of bromelai gecreto effect caused b

cholera toxin (CT).

2a

In a similar experiment to that described in Example 1d,
bromelain diluted in PBS (final concentration 1S ug/ml)
was added to both the mucosal and serosal side of the

ileal tissue. Control tissues were treated with PBS




18 EXAMPLES The use of rabbit intesti naw

Ussing 5 chanbers (Ussing and Zerahn Acta. Phys, S'_Ica‘hids ‘&Eﬂ
o]
AR,

1 10-127 (1951)) is a classical technique for studying f

transport across intestinal tissue. The use. of thi has
al so proven inval uable for the study of the nechanisns of action of
secretogogues. 10 Sol utions containing secretogogues when added to the
mounted tissue, elicit a secretory respo®e fromcells simlar to that
observed with perfusion of secretogogues in rabbit ileum in vivo.
Addi ton of secretogogue results in an increase in transepithelial

electrical 15 otentigl difference (.RD short .circuit-current (l[err])
of Tl eal micoATTRE ot | AR HHES, AT o ddicibase, tor 3Y) piRurkl, ]
Iresul tis [ ndt heamsdrnixsed iate descwibed abbee. CTP(0 tugle waa ghenecatidetihe -
unmenal side. The _net flux o . negative charge.can,be nmonitored

el ectrochem carr?yt&? Zﬁuc?r%%é]s sd'fde aﬂggel_ rfﬂgnlﬁgﬁgr acf%?rl%tﬁfr REi ng

mat ched before.

5
Figure 3 shows the change in I, produced by pre-treatment
of tissue with PBS or bromelain. The data shows that
bromelain reduced the change in Iy, and PD and therefore
the secretory effect caused by CT. The reduction in Ig
10 and PD values induced by bromelain was 60% (p=0.001) and

70% (p=0.002) respectively. See Table 1 of Ussing
chamber data. :



o .
e Q. (&) .
- D o t
5 Qi e : L O ~ _ - laut % momsu Omgu HASC | ¢
E=E o Soo 7 - quipo-ouo3g-8 'aNpO-Ia-0 {EUFT
F———— c —_
m o =£ mO © - ewIXew I sosuodsal ad .@Mm
e WD 0N D 0x3U0D pue m.umummhu..c.mm.ﬂmEOHQ cmmww M
wMEe Sc._¢c os1 uaym £°NSSTI Wcmhmuuaﬁ jo eouedtztubis O3 siaj
D ) O O m o (a803-12 mmk.ﬂmmv =1°] :
== QO._ o C C. .
ﬂnowwoi .w - ened
—~ 00 pow pue
m.ﬂna..%m >2538°9F -gTewtue u o3 ds ¥ SU P
—. 0 Own_ﬂs \
> Tm0OsW>> e |||I...|||.|||||||||||||||IJ
g5ef, - £° — o-25-0+
8Bz 5= 3 c00-0  vooFziss  €'s¥L0s 9 AWORTS
nmfh. >~ O 0 T°0FL"T z o¥9°¢ . LS
oo c > c O, . "0F0° T Z° z +
Z 0 T°0 . . a0d
m.m .demm mm.ym\.mV 0¥s°2 20" 0 9'QTFL 67 T TIFZ €6 v
< _ Sglsc” < z0°0 z°0¥6°0 27 0%S . o oo+
oD, »n  .—>c > C . . v°0F€°C 10°0
=222, 5658 =_-%o y°0FS° 1 caTce 6 o)
-socs g 2 LoFz°T 100° 0 6°9FL" ST €' 8¥5°8S
m.w%w = 05.200°0 ¢ 0¥’ 0 +01F9'06 L oaya+
0~ 0 PbSOTD.— CF7 €0°0 G 8¥Fg8° S¥ ¢ 0T+ .
Toooop 0> 30°0 €°0¥0°T €°0%2°2 . -
sCChobe ol . Z0°0 AR-TE AR gL¥ores L
3-8 " P30 E,., g-o¥eto  TTOFLT
— cff — 0on.— uTxoL
ooov —_Locounilc sad u 3
CSoc CH> = = P €4 a  ureraword |
c 0 $2g o2 4 uteTawoxd
oC2d2d -8 o
2535188 o v AL —
oo E o c~% (pw) ad B
degga thllU -
Sunocx o S
” ..nlp.& etm.r POI;|_| . BToU0Lg 30 UUNNMM
R - I 5 jusmieoid utrel
02586 Boooo B dq pug °°T v uo onssti TesLt 3
— 0> 00C T
()] n O — D = O .
O O DD O CTTO®
(&) Onnpgonmgc
cCo .. O —cm<
DNE S oo
- 300NWO0O0LVLOESO . .
O C.— OO — « @O @y 0 —
—_ 0 5 5 _ O O — 00
VRO 0NV nONG

1]

St

0c

ST

0T



_ i :
20  5242-5246 (1991)). Adult male New Zeal and Wi t This@hky S )
(2-3kg) were anaesthetised by methoxyflurane inhal ation, Wmfhced

sacrificed by air enbolism A 15cm segnent of di st al

qui ckly excised and cut open along the 5 mesenteriic b um
was then rinsed clean of | umi nal contents and st'ri pped of nuscular
and ser osal | ayers by neans of géunt di ssecti on. The active
transport processes of the mucosa have been reported to. be better

mai ntai ned in stripped as opposed to unstripped 10 ileum (Field et al,
1971 loc cit). The resulting preparation consi sted of epithelium

lam na propripaRflnyiline gﬁgcahaégsFOWﬁ S8&rosal "OHY é@%ﬂﬂé"@i e
nmucosa were b’repare as SucC romt he one anl-rra?, an m)un% eCFI n
Luci te Ussi ngwbeaimbbys a5td apBr tyalaes 1zeafbed] .a Epdateant acndizatingf t he

uci te RaTy eaEsed] _ ;
i ngers buf f ol gahey SFRRERE0F (CIecin S RS Ehon, of heplERRd ALy ©

manni t ol (30. 5h®) end of ghe experiment showed similar increases in Ig

5 and PD in both the bromelain-treated and PBS-treated
tissue, as observed previously in LT experiments
described in Example 1. This resulted in a final

reduction in total Iy and PD of 44% (combined effect of
toxin and theophylline) in tissues treated with bromelain

10 as compared to control tissues (Table 1).- This
observation suggests that another mechanism for
inhibiting fluid secretion exists.

15

2b ngegt of Prostaglandin E2 (PE2) on I.. in bromelain
treated tissue.

To observe whether the reduction in total I, levels in
20 bromelain treated tissue was because of reduced
intracellular levels of cAMP as a result of reduced
prostaglandin levels, exogenous prostaglandin was added
to the serosal side of the chamber when I and PD values
had reached a plateau. PE2 (1 x 10° M) was added instead
25 of theophylline. The data presented in Table 1 of Ussing
chamber data, indicate that there is still a reduction of
48% and 64% respectively, in the total I, and PD in
bromelain and CT treated tissue, compared with the
. combined effect of CT and PE2 in control (PBS treated)
30 chambers. - '

These data suggest the additional mechanism by which

bromelain reduces fluid secretion cannot be completely

explained by its reported ability to inhibit the
35 synthesis of prostaglandins.




Na[err]HP err] (1.69mM), Na[err]PJerr] (0.3mV, CaCl[ermgﬂee&ﬁgmmR@hced
|ng| [err] (1.1mM and NaHCO err] (25mV). The bath mmml

maintained at 37[err]C with water-jacketed res
connect ed to a constant-tenperature circul ati ng punp and

95% (Jerr]/5%CO[err] . The PD (the difference in voltage: rreasured
on the nucosal 25 side versus the serosal side of the tissue) and -
I[err] (the anount of current needdd to nullify the PD) were then
nmeasured as previously described (Field et al, 1971 |oc cit). A
positive PD indicated that the serosal potenti al was hi gher than the
| um nal potent quxfromthe rrucosa(M to
serosa (S) wa ect of REEeLe fgqEnhdug;

was al so cal cmmtmchenchzér@mﬂﬁéaa; lﬁ&mr@mjﬁ (ﬂr_tz D/R, so that

results between I ndi vidual animals could be conpared. Prior to
nount i ng _ the tissue, the fluid resistance. (Rf) was determ ned and
21 Experiments were conducted in a similar manner as for

5 those using LT (Example 1d) and CT (Example 2a).

Bromelain diluted in PBS (final concentration 15 ug/ml)
was added to both the mucosal and serosal side of the
ileal tissue. Control tissues were treated with PBS
alone. Chambers were allowed to incubate for 30 minutes

10 - and rinsed as described above. ST (300 units) was then
added to the mucosal side and the experiment dompletéd as
before.

Figure 4 shows the change in I, produced by pre-treatment
15 of tissue with PBS or bromelain. The data show that
bromelain reduced the change in I, and PD and therefore
the secretory effect caused by ST. The reduction in Ig
and PD values induced by bromelain was 34% (p=0.0313) and
33% (p=0.06) respectively and this is shown in Table 1.
20 .
8-Bromoguanosine 3’ 5’-cyclic monophosphate ( final
concentration 0.2 mM), an analogue of cGMP known to
simulate cGMP production, was added to the serosal side
of the tissue when PD and I, values had reached a plateau
25 (maximal response because of ST). Similar additional
increases in Iy and PD in both the bromelain-treated and
PBS-treated tissue were noted as a result of cGMP
addition, with the final total I, and PD values in
bromelain-treated tissues being significantly less than
30 that of control tissues. This is shown in Figure 4 and
also in Table 1. |

Significant reductions in total PD and Iy, values was
observed as in earlier experiments when tissue was



I ncor por at ed
prior to e
appr oxi mat el
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si mul t aneous
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of 0. 5mM
added to the
experi nment at
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into the calculations. Once the tissue was . nmounted and

xperinmentation, the I[err] was det ernnsmt Been Replaceq
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mechanism for inhibiting £fluid secretion, other than
inhibiting the ability of toxin to bind to intestinal
receptors. If bromelain were to only prevent the
attachment of toxin to the intestinal cells, all
intracellular biochemical = pathways would remain
unaffected. The observation that total Ig and PD levels
in bromelain-treated tissue fail to reach the same levels
as PBS-treated tissue after addition of a second
messenger (ie 8-Br-cGMP, PE2 or theophylline), implies
that bromelain does affect an internal signals within
cells. The ability of bromelain to reduce the total Ig
and PD changes induced by 8-Br-cGMP, implies an effect
after cyclic nucleotide generation. Other molecules
affect intracellular  processes, for example
chlorpromazine and indomethacin, however these molecules
appear to be active only against submaximal doses of
toxin (ST). Furthermore, these molecules have been found
to be unsuitable for clinical use against diarrhoea
because of undesirable side effects. Bromelain, in
contrast, is effective against maximal doses of toxin and
has been shown to be clinically safe.

All of the experiments described above indicate that
bromelain is effective in inhibiting secretion induced by
bacterial enterotoxins and also by inhibiting secretion
induced by Dbacterial toxins combined with other
secretagogues (second messengers for internal signals).

el ectrogeni c coupl ed transfer

dﬁ? Q.Lélfgx gic(ﬁ}%gikgﬁ that HithlelsdR has ad’ §E8ItIbnkdbbit



concentrations of bronelain (0-1000[err]g/m) for 30 mn were
exam ned by light mcroscopy and el ectron m croscopy.. Tms&m&ﬁhssaﬁ

to PBS al one was used for conparison. 30 For I_'i ght
tissue was fixed in neutral _ buffered formalin j’and

haemat oxyl i n/ eosi n and tissue gram stain. Tissues

m cr oscopy were fixed in 3% (v/v) gl ut ar al dehyde/ 0.1 M sodi um
cacodyl at e 22 buffer (pH 7.4)
and then stored at 4[err]C until required. Li ght M croscopy 5
At exam nation of t he tissues, particul ar attention was directed to
O Po, 091 8l TR B LULRL s Y 98k 89" Nexample '4'%cd " ERSpEY ¥ !

descr:.be the ability of bromelain and stem bromelain to
inhibit the secretion induced by second messengers alone,
without the addition of bacterial toxin. Examples also

5 demonstrate that bromelain can inhibit secretion induced
by endogenous mediators of secretion (i.e. that induced
by hormones or neurotransmitters or nutrients).

10 EXAMPLE: 4 FEffect of Crude Bromelain and Pure Stem

Bromelain Protease on Secretion Induced ° 1i
Nucleotides

Experiments were conducted in a similar manner as for
15 those described in Examples 1 to 3, with the exception
that no bacterial toxins were used in these experiments.
Bromelain or stem bromelain diluted in PBS (final
concentration 15 ug/ml) were added to both sides of the
ileal tissue. Control tissues were treated with PBS
20 alone. Chambers were allowed to incubate for 30 minutes
and rinsed as described above. Analogues of cAMP and
CGMP (8-Bromo-cAMP and 8-Bromo-cGMP; 0.2 mlM) were added
to the serosal side of the tissue. These analogues
induce secretion by stimulating increased levels of these
25 cyclic nucleotides.

Figure 5 and Figure 6 show the change in I, and PD
produced by pre-treatment of tissue with ‘either PBS,
bromelain or stem bromelain. The data show that
30 bromelain and stem bromelain were equally effective in
reducing the PD and I, and therefore secretion induced by
both 8-Bromo-cAMP and 8-Bromo-cGMP. '



Ti ssue sanpl es exposed to | 000[err]g/m of.bronelain'a*frTKn—ﬂf%————+e§pond
to glucose addition at the end of the treatnent nmﬂmagﬁ“ge

that the tissue was no | onger viable. Li ght mcr 1on
of these sanples reveal ed pronounced mar ked vacu
The villus structure was absent and there was co 05|s

15 of individual epithelial cells lingigng the remants of the

vill us. The ileal tissue that was treated with 50[err]g/m of'
bronel ain was viable after glucose addition; however, the 20 I[err]
response was not mexi mal, indicating sonme necrosis of : the tissue.
Li ght m croscdine odatarpedsehtedodemonstirate that bnthwilelin sy $6em

Vacuol ar degeniiiiaiH 32 BRERARIPeOn inhini el Pertlibilcadned by o

archltecturg chreaaﬁdtﬂnﬁnaqalinlarpﬂepaﬁato&nsycﬁmwenacleoeﬂdesed i ntact.
nucosa

\-/rv: tsﬁu\?l It lr:aalt ?ﬁq nid Sf% a#fﬁ%] Pﬁﬁhe%gpl aé@ernagrgaeig&ﬁ% SFER% e T i ssue

appear e8 nor n¥esppnsidden fioan sthec @ntd - Q@arrhoehoasu19nn9fcbagméha1nn

necrosis. There was a |arge response to glucose addition after 30

m nut es of bronelaln treatnent |nd|cat|ng heal t hy, viable tissue.
: Eff melaisnion Secretion caused b

The occasi ona

theophzlllne and Prostaglandln Eg

10 Experiments were conducted in a similar manner as for
those described in Example 4. Bromelain diluted in PBS
(final concentration 15 ug/ml) were added to both sides
of the ileal tissue. Control tissues were treated with
PBS alone. Chambers were allowed to incubate for 30

15 minutes and rinsed as described above. Theophylline (9
mg) or prostaglandin E2 (1 x 10°M) was added to the
serosal side of the tissue. These molecules stimulate
secretion by action on the cAMP pathway.

20 Figure 7 shows the change in Iy, produced by pre-treatﬁent
of tissue with either PBS or bromelain. The data show
that bromelain is effective in reducing the I, and

. therefore secretion caused Dby theophylline and
prostaglandins.

25

EXAMPLE 6: Effect of Bromelain on Secretion caused by a
Calcium Dependent Pathway

Experiments were conducted in a similar manner as for
30 those described in Example 4. Bromelain diluted in PBS
(final concentration 15 ug/ml) were added to both sides
of the ileal tissue. Control tissues were treated with
PBS alone. Chambers were allowed to incubate for 30
minutes and rinsed as described above. A calcium
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treatment, therefore did not appear to
23 adversely affect the absorptive capacity of the
El ectron M croscopy 5 Exam nation of tissue treated, w
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changes to the mcrovilli. The glycocal yx " or mucus

overlay was seen to be intact. 35

10

15

20

25

30

ionophore (A23187) (final concentration 5 x 10°M) was
added to the serosal side of the tissue. Ca ionophore
causes the 1release of calcium from stores in the
endoplasmic reticulum. Increased levels of Ca®** in the
cell stimulates secretion by action on a Ca?*-dependent
pathway.

Figure 8 shows the change in Iﬂ;produced.by pre-treatment
of tissue with either PBS or bromelain. The data show

that bromelain is effective in reducing the I, and

therefore secretion caused by a Ca-dependent pathway.

EXAMPLE 7: Effect of Crude Bromelain on Normally Function

of the Intestine

7a Increase in absorption of fluid.

Experiments were conducted in a similar manner as for

.those described in Example 4. Bromelain diluted in PBS

(final concentration 15 ug/ml) were added to both sides
of the ileal tissue. Control tissues were treated with
PBS alone. Chambers were allowed to incubate for 30
minutes and rinsed as described above. Tissue was
continually bathed in the Ringer’s solution for 90
minutes. The change in Ii. during the 90 minutes was
monitored to observe the effects of endogenous mediators
of secretion (for example hormones, neurotransmitters and
nutrients) and whether the tissue was absorbing or

secreting.

Figure 9 shows the change in Iy produced by pre-treatment
of tissue with either PBS or bromelain. The data show
that bromelain treatment of tissue was effective in

T



24 The follow ng series of exanples (Exanple 1 to Exanple
describe the ability of bronelain and stem bronel ai n . TEhGShwhthHeenRep laced .

secretion induced by second nessengers al one,- wi t hout
bacterial toxin. Exanples-also 5 denonstrate that brorrel m’,
I

secretion induced by endogenous nedi ators of secretion

I nduced by hornmones or neurotransm tf{ers or nutrients). 10 EXAI\/PLE '
1 Effect of Crude Bronelain and Pure Stem Bronel ai n Prot ease on '
Secretion Induced by Cyclic - Nucl eot i des Experinments were conducted

in asimlar manner to that 15 described above. No bacterial toxins were
used in thesereduclﬁgfpecfhémm . iPiguERldai By ore:sa e Melediatdrst ed i n PBS

(final concentratiop 15 u ? re ai ded t si des he il eal

tissue. Oont?%?r?f'%%’ﬂlesa&%éd #\%%t eﬂaﬁntﬁf%eC%llyﬁs a?‘%neStl@F'f;ﬁ%é PE vere

aAI I Iowed to :c nghdeierion. 30TRE dataeaormttatiesddtadbrdardaincdsahdge.

nal ogues o CAMP and [ QID- C . Q.2 .MM

were added to® f%%CE%Y%sglga&F%Poéoqwgo 'S &ﬁﬁgg e Fate

5 that bromelain can inhibit secretion and enhance

absorption is also a remarkable discovery in that it
demonstrates that bromelain will be effective in both
treating and preventing diarrhoea. |

10 7b Increase in absorption of nutrients.

These experiments were conducted to demonstrate the
effect of bromelain on other physiologically important
receptors required for nutrient uptake. These studies

15 lead to the discovery that bromelain could also enhance
the absorption of nutrients.

Influx Experiments. We tested glucose influx (initial
rate of unidirectional flux of glucose £from the

20 incubation medium into the epithelium) in the presénce
and absence of bromelain (Guandalini, S Fasano, A Albibi,
F Marchesano, G Nocerino, A De Curtis, M Rualtelli, F F
Pettenazzo, A & Rubino, A (1988) Gut, 29, 366-371).
Influx of the amino acids, glutamic acid, lysine, leucine

25 and the di-peptide, glycine-phenylalanine, was “also
studied.

New Zealand White rabbits were killed by chloroform
inhalation. A 25 cm segment of ileum, was excised,
30 opened along the mesenteric border and rinsed free of
intestinal contents with cold Ringer’s solution. Two 10
cm segments of intestine were rapildly mounted in lucite
influx chambers, where four adjacent portions of the
mucosal side (surface area of 0.28 cm?) were exposed to



anal ogues induce secretion by sinulating I ncreased Ievels of t hese*
cyclic nucleotides. 25 Figure 1 and Figure 2 shom/théhéﬁhw n|Repliced
and PD produced by pre-treatnment of tissue with elther w u

bronelain or stem bronelain. the data show that
stem bronel ain were equally effectlve |n 30 reduci ng the PD an

and therefore secretion induced ? th 8- Brono-cAWP and 8- Br ono- cGVP.
25 The data presented denDnstrate at bronelain and stem

bronelain are effective in inhibiting secretion caused by increased
.intracellular levels of cyclic nucleotides. This finding suggests that
st em bronel ai Rher Qefistedbat fon r§§D@ﬂ§d>ﬂQ| eotonot hpiritds dagr 3heea ged i on of
bromel ai n. asseg w:.t!."l'lxE %stff O2 és BE:%mﬂ gin O'r]]:'hgecéxgélfn]cucbaautsleo% by

solutions contained bromelain at 1 mg/ml for studies
observing glucose inflnx, and 15 pg/ml for amino acid and

5 dipeptide influx. Control tissues were incubated with
- Ringer’s alone. Studies commenced when the preincubation
solution was replaced with solutions of same composition,

but with the presence of C#-labelled nutrient and H3-

Inulin as a marker of extracellular space. Incubation in

10 this solution was for 45-50 seconds and was stopped by
quickly removing the solutions containing label and

adding cold 0.3 M mannitol. Each piece of exposed tissue

was then punched out, gently blotted on filter paper,
homogenised in 10% trichloroacetic acid and centrifuged

15 = to sediment particulate matter. Aliquots of the
supernatants were assayed for radioactivity with Hpb
Beckman scintillation fluid, in a Beckman LS 7500 Beta-

counter. Calculations were conducted as previously
described (Rubino, A Field, M & Schwachmann, H (1971), J.
20 Biol. Chem, 246, 3542-3548).

Table 2 shows the effect of bromelain on nutrient influx.
The data show that there is no interference with glucose
and amino acid influx, indicating no adverse effects on
25 other receptors important for nutrient uptake. The data
also reveal that treatment of intestinal tissue increases

the absorption of nutrients.
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t heophyl 1i ne and Prostagl andin E2 10 Experiments were CO

simlar manner as for t hose described in Exanple 1. Hﬂsne@hﬁslélenpﬁl ted'
in PBS (final concentration 15 ug/m ) were added to
the ileal tissue. Control tissues were treated with [”,”"I
Chanbers were allowed to incubate for3g0 15 mnutes and
descri bed abovg BEiacisiininn s s (9 - ng) or prostaglandin E2 (1 X
10[err]M was serosal side of the tissue. These
nol ecul es sti _sgcrefion by action on the cAWP pathway. 20
Figure 3 shows |fhe Ehapog Lynylfjerr] produced by pre- treat ment of
tissue wth either P kel ain. The data show that bronelain is
effective in rdgducihg the L[er|] and therefore secretion caused by
t heophyl | i ne prost ag| andi ns. 25 The observation that total
I[err] and PD Il [ hi n-treated tissue fail to reach the
sane | evels as cated?tispue after addition of a second nessenger
(ie 8-Br-cQw, (PGE2) or 30 t heophyl line), inplies that
bronel ai n does 2] signals within cells. The ability of
bronel ain to rdduce { and PD changes I nduced by 8-Br-cGwW
and 8- Br- cAMP ct afer cyclic nucl eoti de generati on.
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26 EXAMPLE 3: Effect of Bronelain on Secretion cause&ihl

Cal ci um Dependent Pathway . 5 Experinents were conducted i -mmh
manner as for t hose described in Exanple 1. Bronelaln(j H H I
(final concentration 15 ug/m) were added to both sides

tissue. Control tissues were treated with PBS al one. Chanbers mere
allowed to incubate for 30 10 mnutes a rinsed as described above.

A cal cium i onophore (A23187) (final Concentration 5 x 10[err]M was
added to the serosal side of the tissue. Ca ionophore causes the

rel ease of calciumfromstores in the endoplasm c reticulum ' Increased

| evel s of Ca[ @xaMPLE 8he The IaE heabénukapeétésgéeéﬁozlt@t@acﬁfﬁéﬁ@rbpm@
- In
F?g?:{] g?ggﬂg@ﬂbrggh %%%Eg%yVESicleglggrgn EngzﬁwsImmuSoagsggge

Similar procedures to that described by Laux et al
5 (Infection and Immunity 52 18-25 (1986)) and Mouricout
and Julien (1987) Infection and Immunity 55 1216-1223
were used. (These authors immobilised intestinal mucous
preparations on wells and subsequently treated coated
wells with enzyme; this was used to determine the effects
10 ~0of enzyme treatments on calf and mouse mucosal-"
preparations in attempts to elucidate the nature of K99

and K88 receptors.)

In the current study, brush border vesicles (BBV) were
15 used as the test material. BBV were first prepared and
then immobilised on the solid phase as follows:

Briefly, crude mucus was obtained from human small
intestine by means of a method derived from that of Laux

20 et al, loc. cit. Brush border vesicles were subsequently
prepared by the method of Chandler "Inherited Resistance
to K88* Egcherichia coli in Pigs", PhD Thesis, La Trobe
University, Bundoora, Victoria, Australia (1986)). This
procedure was derived from the methods of Christiansen

.25 and Carlsen (Biochim. Biophys. Acta. 647 188-195 (1981)),
Carlsen et al, Biochim. Biophys. Acta. 689 12-20 (1982))
and Schmitz et al, (Biochim. Biophys. Acta. 323 98-112
(1978)). The details are set out in the following
paragraph.

30 o
Human intestinal jejunal material was thawed in cold
Tris-HCl (12 mM, pH 7.4), the villous surface gently
scraped with a microscope slide and scrapings suspended
in WDB. The suspension was then centrifuged at 27,000 x



treatnent of tissue with either PBS or bronelain. The 20 data show that
bronelain is effective in reducing the I[err] and t HihisSheat Has BeercRaplacedn

caused by

a Ca-dependent pat hway. EXAMPLE 4: E
Bronmel ain on Normal |y Function of the Intestine 25

I n absorption of fluid.
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30
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Experiments were conducted 1n a srm

as for t hose described in Exggple 1. Bronelain diluted
(final concentration 15 ug/m) were added to both sides

ileal tissue. Control tissues were treated with PBS al one. Chanbers
were allowed to incubate for 30 m nutes and rinsed as. descri bed

10

15

20

25

30

was

g foaoms mial 8o bhiddee | patticRagerand Seé 1l Ddr fide O .
Supernatant material, hereafter called crude mucus (CM),
was retained and stored at -20°C until required. The
pelleted cellular material was suspended in ‘2ml cold
Tris-HCl (pH 7.4) and filtered through a 1mm Buchner
funnel to remove connective tissue and muscle fibres.
The mucosal cell suspension was hypotonically disrupted
by dilution (1:6) with cold distilled water and then
homogenised in a SorvarL blender at full speed for 2 min.
(The word SorvaLL is a trade mark.) The microsomal
fraction was then precipitated with concentrated MgCl, or
solid CaCl, (final concentration 10 mM) and centrifuged at
2,900 x g for 20 min. The pellet obtained was discarded
and the supernatant fluid filtered through cheese cloth
and re-centrifuged at 27,000 x g for 30 min to pellet the
crude brush border material. The supernatant fluid (S1)
was retained and stored at -20°C until required. The
crude brush border material ~was suspended in 10 ml
distilled water, to which 10 ml Tris-HCl (1.4 M, pH 7.4)
and NaCl (0.15 M) were then added. The suspension-was
homogenised with 5 strokes in a P/E homogeniser at 1,000

rpm and centrifuged at 27,000 x g for 30 min. The pellet

containing brush border vesicles (BBV) was suspended in
PBS for testing by EIA and for antiserum (anti-BBV IgG

- production.

BBV were immobilised on the solid phase by means of a
‘high pH-coating buffer. BBV 1:50 (v/v) were diluted in
sodium bicarbonate buffer (NaHCO,/Na,CO,; 0.1 M, pH 9.6)
and adsorbed to wells by incubation overnight at. 4°C.

The effect of enzyme on LT-binding was then determined by
inoculating BBV coated wells with papain diluted [0.1% to
0.00625% (w/v)] in PBS. The plates were incubated for 30

o

n PBS
of the

above.



m nutes. The change in I[err] during the 90 mnutes was— _nonitored to

‘observe the effects of endegenous nedi ators of secre (for exanpl e
hor nones, neurotransmtters and nutrients) and mheth ewasd_
absorbing or 5 secreting. Figure 5 shows the :
produced by pre- treatment of tissue wth either PBS

data show that bronelain treatnent of tiggue was 10 effectlve

reducing the I[err] induced by endogenous - medi ators of secretlon
and al so was effective in stinmulating absorption. The data
denonstrate that bronel ain is effective agai nst non-infectious
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on physiologic | npor t receptors require nut i ent uptake
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25 the absorghipn(@ighwd 1N SWDB contains phosphate buffered saline
(0.1M, pH 7.4, PBS) to which bovine serum albumin [0.25%
(w/v), BSA], ethylenediamine tetra-acetic acid, disodium
_ salt (1mM, EDTA), polyoxyethylenesorbitan monolaurate
10 [0.05% (v/v), Sigma, Tween 20] and NaN, [0.1% (w/v)] had
been added.

The enzyme immunoassay used is illustrated in Figure 11;
details of it are as follows:
15 . |
Routine assays consisted of BBV immobilised to the wélls
of microtitre plates. The immobilised BBV were used to
bind E. coli LT toxin. The presence of bound toxin was
then detected by adding in turn, rabbit anti-LT IgG,
20 urease-conjugated sheep anti-rabbit IgG, and eniyme
substrate solution. '

Immobilisation of BBV on Solid Phase

25 Disposable polystyrene microtitre = plates (Nunc
Laboratories, Roskilde, Denmark) were used for all
assays. BBV [1:50 (v/v)] were diluted in sodium

bicarbonate buffer (NaHCO,/Na,CO,; 0.1 M, pH 9.6) and
adsorbed to wells by incubation dvernight at 4°cC.
30 Typically, 100ul was added to each well. Alternatively,
plates could be coated by incubation for 2h at 37°C.
Coated plates could be stored at 4°C for 1-2 weeks until

required.



Influx Experiments. W tested glucose influx (initial _ rate of———

uni di rectional flux of glucose fromthe i ncubati on nﬁ'ﬂfﬁﬁhﬂeﬂm'fsﬂeehﬁ@pla'ce&'

epithelium in the presence 30 and absence of bronelain. |
am no acids, glutam c acid, lysine, |eucine and the di , lﬂ .
a )
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gl yci ne- phenyl al ani ne, was al so studi ed. (Guandalini, S

Al bi bi, F Marchesano, G Nocerino, A De Quptis, M Rual telli

Pettenazzo, A & Rubino, A (1988) Cut,

28 29, 366-371). New Zeal and Wiite rabbits were killed by

chl orof orm I nhal ation. A 25 cm segnent of ileum was excised, 5 opened
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mounted in | ucCl in anber s, “whére tour adjacent portions of the
with bovine serum albumin (1% (w/v), Sigma, BSAl]

dissolved in PBS.

5
Diluents and Washing Procedures
The buffers used in all EIA assays performed in
microtitre plates were based on PBS (0.1 M, pH 7.2). WDB
10 was generally used as the diluent for suspending samples

and reagents. WDB containing ovalbumin (from chicken
egg) [1% (w/v), grade II, Sigma] was used as the diluent
for enzyme conjugates. Optimum dilutions (for specific
activity and economy) of coating agents, antigens,
15 detection antibodies and conjugates were estimated by
crossed (chedkerboard) titrations. o

All incubation steps, excluding the coating procedures,

were performed at 37°C for 30 min. Between each of the

20 steps, supernatant liquid was removed from the wells
which were then washed three times with washing buffer

' consisting of PBS to which Tween 20 [0.05% (v/v)] had

been added. Prior to the incubation with substrate,

wells were washed with distilled water to remove any

25 effect of residual buffer on substrate (pH sensitive)

solutions.
Use of Urease Conjugates and Substrate

30 Urease-conjugated sheép-anti-rabbit IgG (whole molecule)
was purchased from Allelix and Sigma.

Urea substréte [0.008% (w/v) bromocresol purple pH
indicator; 0.1% (w/v) urea; 0.00074% (w/v) disodium salt
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The action of bound urease (and hence specific colour
development) could be stopped by addition of aqueous of
thiomersal [0.025% (w/v)] to test wells (10pl/well).

Treatment of BBV with papain resuited in complete
reduction of LT-binding activity. The effects of lower
concentrations of enzyme and an endpoint of enzyme
activity, however, were not determined. Incubation with
enzyme and inhibitor or WDB only had negligible effect on
EIA activity. It is possible that the disruptive effect
of LT-attachment was not due to modification of BBV
receptors, but due to effects of protease on the solid

- phase coating. In order to investigate this possibility,

anti-BBV IgG was used to detect the presence of BBV after
protease treatment (Figure 13). Papain treatment of the
BBV-coated solid phase resulted in a slight reduction in
EIA activity. This was taken as an indication that the
BBV solid phase was largely unaffected by protease

i

in
ckly

tly

d and

I ons

treatment. The reduction in EIA activity observed after

protease treatment of BBV was therefore largely due to
the effect on LT receptors located on the BBV.
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EXAMPLE 9. The Influence of Protease on Attachment of
Intestinal Brush Border Vesicles (BBV) to Colonisgsation
Factor Antigens (CFA) in the EIA

The following experiments were designed to investigate
the use of protease in preventing attachment of CFA-
bacteria to human intestinal preparations using enzyme
immunoassay (EIA) procedures. The immunoassay used is
illustrated in Figure 12.

To determine the effect of protease in preventing
attachment to CFA-positive E. c¢oli, BBV were pre-
incubated with protease in a separate (uncoated) plate
for 30 min at 37°C prior to completion of the binding
assay as follows.

CFA-positive E. coli bacteria were diluted (10°
bacteria/ml)in sodium bicarbonate buffer and adsorbed to
wells of a microtitre plate as described in Example 2.
BBV were diluted in WDB [1:200 (v/v)] and inoculated into
triplicate wells (100 ul) and incubated for 30 min at
37°C. The presence of intestinal material bound to the
bacteria was detected by means of rabbit IgG raised
against BBV (anti-BBV IgG). This detection antibody was
used at a concentration of 1:100 and diluted in WDB.
Bound IgG was detected with urease-conjugated sheep-anti-
rabbit IgG (whole molecﬁle) diluted in WDB containing 1%
(w/v) .ovalbumin and the assay developed with wurea
substrate as described in Example 7. Plate washing and
incubation procedures were as described in Example 7.

The effect of pre-incubation of BBV with increasing

amounts of papain (EC 3.4.22.2) on CFA/II attachment and

therefore EIA activity is illustrated in Figure 14.

receptors inportant for_nutrient uptake. .

The data al so reveal that treatnent of intestinal tissue i BeppRep
absorption of nutrients. [err] ' ,ﬁ""”"

lacgd
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LONER SQUARE (O dATY: | SLEWORTH
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Treatment of BBV with papain resulted in an extensive
reduction of BBV attachment to E. coli strains which were
either CFA/I-positive H10407 or CFA/II-positive E4833
(Figure 15). Interestingly, papain' treatment also
5 affected the non-CFA/I-mediated attachment of H10407P.
Trypsin [Type IX, 13-17,000 BAEE units ml™'; 0.05% (w/v);
'Sigma] pre-treatment of BBV also significantly (p<0.001)
reduced the ability of BBV to attach to immobilised
E. coli E4833. Trypsin treatment of BBV reduced EIA
10 activity from 0.656 + 0.052 to 0.003 + 0.001. '

The degree of inhibition of binding was dependén_t on the
concentration of enzyme present. Typically, high
concentrations of protease [>1%  (w/v)] led to EIA

15 activities of A;,,>0.2+0.012, presumably because the enzyme
had affected the coating on the plate. At concentrations
of enzyme between 0.1% to 0.0063% (w/v), EIA activities
were low (A 540 < 0.1 % 0.004) indicating that the enzyme
had inhibited the blndlng of CFA to BBV. At enzyme

20 concentrations below 0.0005% (w/v), EIA activity began to
increase, because of dilution of the enzyme.

Control experiments were conducted whereby a protease
inhibitor ([Papain Inhibitor (Antipain); Soybean Trypsin

25 Inhibitor, Type II-S, Sigma] was included in wells to
block activity of the enzyme. In these wells EIA’
activity was similar to that observed without enzyme
present.

30 Effect of Protease Treatment on the Solid Phase

- The potential disruptive effect of the protease on the
bacteria-coated solid phase was determined by separately:
incubating the protease (and WDB as a control) in test




(2) 1 NFORMATION FOR SEQ ID NO 1: 25 (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH: 213 ami no aciTi§ Sheet Has Been Replaced
(B) TYPE: amino acid 30 (ii) MOLECULE TYPE: protei “Jlu"mllm“lm)
SEQUENCE DESCRI PTION: SEQ I D NO 1: Ala Val Pro p
Trp Arg Asp Tyr Gy Ala Val Thr Ser 35 1 5 R

10 15 46 _ 30 .

wells prior to washing, blocking, incubation of BBV, and
completion of the assay. H10407 CFA/l-positive coated
wells were incubated with papain [diluted 1% (w/v) to
0.000625% (w/v) in PBS] or WDB only. (WDB is Working

5 Dilution Buffer, containing phosphate buffered saline and
BSA, as described in Example 7).

Such pre-treatment of wells with large amounts of
protease [> 0.1% (w/v)] resulted in reduced EIA activity

10 of some samples by up to 50% (0.324 + 0.091) compared
with the activity observed in_wells that had been pre-
incubated with WDB alone (0.615 # 0.021). Large amounts
of .protease incubated separately with BBV prior to
addition to wells had also been shown to affect the EIA

15 result (see above}. Smaller amounts of protease had a
negligible effect on EIA activity.

Although EIA activity of the assay was reduced following
pre-treatment of test wells with large amounts of enzyme
20 [> 0.1% (w/v)], the activity in the most affected wells
still greatly exceeded the activity exhibited in wells
coated with CFA-neégative bacteria. The usefulness of
this system for determining the adhesive ability of BBV
was thus not affected.
25 _
' The effect of protease on the solid phase was far less
than the effect of protease on the BBV. Incubation of
BBV with protease prior to inoculation of the test wells,
led to severe inhibition of the activity of the material.
30 The affect of protease on attachment therefore, appeared
to be due to modification of the bacterial receptors
located on the BBV, and not due to an influence of
protease on the bacteria-coated solid phase.



Val Lys Asn G n Asn Pro s Ay Ala s Trp Ala Phe Ala A.a.

20 2 0 SV Y0P ' Afts Suekt jaced
Ser Ile Tyr Lys Ile Lys Lys Ay Ile Leu Qu Pro ' \EII Jll l l]
40 45 . 10 Leu Ser Au @dn A@n | :
Ala Lys Ay Tyr @y Cys Lys 50 - 55

60 15 Gy Ay Trp Gu Phe Argagya Phe Au Phe Ile Ile Ser Asn Lys
Ay 65 70 75 80

85

10

15

20

25

30

35

40

Val Ala Ser Gy Ala lle Tyr Pro Tyr Lys Ala Ala Lys Ay Thr Cys 20
90 ' 95 :

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT:
" (A) NAME: CORTECS LIMITED
(B) STREET: THE OLD BLUE SCHOOL, LOWER SQUARE
(C) CITY: ISLEWORTH
(D) STATE: MIDDLESEX .
(E) COUNTRY: GB
(F) POSTAL CODE (ZIP): TW7 6RL

(ii) TITLE OF INVENTION: MEDICAL USE OF ENZYMES
(iii) NUMBER OF SEQUENCES: 1
(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible -
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)
(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 213 amino acids

{B) TYPE: amino acid

(ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

Ala Val Pro Gln Ser Ile Asp Trp Arg Asp Tyr Gly Ala Val Thr Sexr
1 5 10 : 15



Lys Thr Asp Ay Val Pro Asn Ser Ala Tyr Ile Thr Gy Tyr.AlIﬂis@l;egtHasBeenR_eplaced

100 105 110 25 Vgl _
Asn G u Ser Ser Met Met Tyr Ala Val Ser Lys G n _ jlll m LE
120 125 30 Pro Ile Thr Val Al a

Asn Ala Asn Phe G n Tyr Tyr 130 135
140 35 Lys Ser Gy Val Phe Asn4§5Iy Pro Cys Ay Thr Ser Leu Asn
Hs A a 145 150" ' 155
160 Val Thr Ala Ile Ay Tyr Gy A@n Asp Ser Ile Ile Tyr Pro Lys
Lys 165 170 _ 175 40
Val Lys Asn Gln Asn Pro Cys Gly Ala Cys Trp Ala Phe Ala Ala Ile
20 _ 25 30
S Ala Thr Val Glu Ser Ile Tyr Lys Ile Lys Lys Gly Ile Leu Glu Pro
' - 35 40 45

Leu Ser Glu Gln Gla Val Leu Asp Cys Ala Lys Gly Tyr Gly Cys Lys
10 50 58 60

Gly Gly Trp Glu Phe Arg Ala Phe Glu Phe Ile Ile Ser Asn Lys Gly

: 65 70 75 80
15
Val Ala Ser Gly Ala Ile Tyr Pro Tyr Lys Ala Ala Lys Gly Thr Cys
85 . 80 95
20 : .
Lys Thr Asp Gly Val Pro Asn Ser Ala Tyr Ile Thr Gly Tyr Ala Arg
100 105 110
25 Val Pro Arg Asn Asn Glu Ser Ser Met Met Tyr Ala Val Ser Lys Gln
' 115 , 120 125
Pro Ile Thr Val Ala Val Ala Asp Ala Asn Ala Asn Phe Gln Tyr Tyr
30 130 135 . 140
Lys Ser Gly Val Phe Asn Gly Pro Cys Gly Thr Ser Leu Asn His Ala
145 : 150 155 160
35 '

Val Thr Ala Ile Gly Tyr Gly Gln Asp Ser Ile Ile Tyr Pro Lys Lys
165 - 170 175

40




33 TrpGyAIaLysTrpGyGuAIaGyT_y__~LgMj_ALL
Arg Asp 180 185

Val Ser Ser Ser Ser Ay Ile Cys Ay Ile Ala Ile Asp Pro SB‘"’“R“'PI*‘C"‘l
o o l ik
210

49

Trp Gly Ala Lys Trp Gly Glu Ala Gly Tyr Ile Arg Met Ala Arg Asp
180 185 o 190

5 Val Ser Ser Ser Ser Gly Ile Cys Gly Ile Ala Ile Asp Pro Leu Tyr
195 200 205

Pro Thr Leu Glu_ Glu
10 210 '



f .
medi cament for the prevention, managen®his Skeet Has Beep Replaceds  of ﬂ "Hﬂmm’
di arr hoea. 2. The use as clained i ein th ﬁrn"ﬂ
is a cysteine protease. 10 3 The u | nclaimil, wherdins *
t he protease I's bromelain, trypsin or papaln. 4. The use of stem
bronel ai n protease having the am no aci d sequence of SEQID. NO 1 or a
sequence substantially is honol ogous thePeto, in the manufacture of a
medi canment for the prevention, managenent or treatnent of non-
I nfecti ous di arrhoea. 5. The use as clainmed in any one of clains 1

to 4 20 mherg' h e nmedi canent is enterically protected. - 6. The use
as clained in‘ggé—gne of claims 1 to S, wherein the -protease is the

sol e active ingredient.
1. The use of an enzyme in the manufacture of a
medicament for the prevention, management or treatment of

CLAI M5 1. The use of a protease in the manufacture d“lﬁ‘__“““‘—“——~———

5 diarrhoea in humans.

2. The use of an enzyme in the manufacture of a
medicament for the inhibition of fluid secretion in the
gastrointestinal tract.

10 |
3. The use of an enzyme in the manufacture of a
medicament for promoting absorption of fluid and
nutrients from the gastrointestinal tract. '

15 4. The use as claimed in any one of claims 1 to 3,
wherein the enzyme is a lytic enzyme. '

5. The use as claimed in claim 4, wherein the enzyme is
a proteolytic enzyme.

20
6. The use as claimed in claim 5, wherein the enzyme is

a cysteine protease.

7. The use of bromelain in the manufacture of a
25 medicament for the prevention, management or treatment of
diarrhoea in humans.

8. The use of stem bromelain protease having the amino
acid sequence of SEQ ID NO 1 or a sequence substantially

30 homologous thereto in the manufacture of a medicament for
the treatment of diarrhoea in humans.

9. The use as claimed in any one of claims 1 to 8
wherein the dia:rhoea is infectious diarrhoea.




25 7. Theuseasclalrredlnanyoneof clalmslto6 nHm" i
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51

10. The use as claimed in claim 9, wherein the diarrhoeé.
15 caused by heat labile toxins.

11. The use as claimed in claim 9, wherein the diarrhoea
5 is caused by heat stable toxins.

12. The use as claimed in claim 9, wherein the diarrhoea

is caused by enterotoxigenic E. coli.

10 13. The use as claimed in claim 9, wherein the diarrhoea
is caused by Vibrio cholerae. '

14. The use as claimed in any one of claims 1 to 13,
wherein the enzyme is enteric-protected.
15 '



