MEDI CAL USE OF STEM BROMELAI N PROTEASE The present invention

relates to the use of oOne of the conponents of . the enzyne,

.m xture bronelain. in the 5 treatment of various conditions which
are dependent on cyclic nucleotide and other intracellular

and/ or extracel | ul ar pat hways. Wor k has atreatdy—been
carried out on the use of 10 proteol ytic enzynes i Whif$)ge: nt of

i nfecti ous and non-infectious diarrhoea in hunan hg?%mlelm”d
descri bed in our co-pending UK applications hbs gﬂ%ﬁ]flﬂgn ,H
9308164. 4 from whi ch WO- A- 9400147 clains priority. L I
appl i cations, various experinents were described 15 mnjéh ldenonstrate
that proteolytic enzynes and, in particular, bronelain, are
capable of inhibiting sMEDEEAL) {JSE OFTENZYMES| i cati ons al so

di scl osed that bronel ain can reduce toxin binding activity and can
I nhibit the secretory effect of toxins such as heat 20 | abil e toxin

(LT) and chol er ¥heohesent) invension welases to theswse &F mna off difie

toxin (ST). Thi $dmpondntBi t 8£0f thbe enzyme f:ﬁsstu%at b§3m9§§1ﬁ1 VELY the
different node of action fron1L 25 and ST -are

both proddced byr&REBRBEoGfgeRmiaus gq{gdltlons which %’@l %@FE’@Q‘Z Bhe

ETEC strains al egcpieductudiiddtide andadbesiers GaldreteaqhQasatdpiydmct or
anti gens onote attachment of ETEC strains to the

: Th dhesi
smal | iﬁ%%%??ﬁﬁFlﬁgéﬁgﬁégﬁﬂgé%by facilitating col onisation and 30

delivery of enterotoxin. Di arrhoeal disease is ultimately
dependent on pr&ggﬁtiﬁgsanglfggafiegge(kﬂcag% %d  out 8n egﬁerotOX|n
10 proteolytic enzymes in the treatment of infectious and
non-infectious diarrhoea in humans and this is described
in our co-pending UK applications Nos. 9213862.7 and
9308164.4 from which WO-A-9400147 claims priority. 1In
those applications, various experiments were described
15 which demonstrate that proteolytic enzymes and, in
particular, bromelain, are capable of inhibiting
secretion. The applications also disclosed that
bromelain can reduce toxin binding activity and can
inhibit the secretory effect of toxins such as heat

20 labile toxin (LT) and cholera toxin (CT) and also toxins
such as heat stable toxin (ST). This is in spite of the
fact that ST has a very different mode of action from LT
and CT.

25 LT and ST are both produced by enterotoxigenic strains
of E. coli (ETEC). Some ETEC strains alsoc produce pilus
adhesins called colonisation factor antigens. These

adhesins promote attachment of ETEC strains to the small
intestinal mucosa, thereby facilitating colonisation and
30 delivery of enterotoxin. Diarrhoeal disease is
ultimately dependent on production and efficient delivery

of enterotoxin.



2 The enterotoxins stinulate secretion by cells by

activation of signal pathways. Internal signals within cells are
carried by "second nessengers”. At |least three si gnal pat hways are
known to be inportant for secretion. 5 One pat hway enpl oys t he second
messenger cyclic adenosi ne nmonophosphate (cyclic AWP). Another

enpl oys the second nmessenger cyclic guanosi ne nonophosphate (cyclic
GWP) . These two nessengers are referred to as cyclic

nucl eoti des. The third signal pathway (Ca[err]-dependent 10 pat hway)
requires Ca[err] as the second nessenger. The node of action of LT
is virtually identical to that of cholera toxin (CT), which has been
wel | docunent ed. Briefly, the B pronoter binds to a ganglioside

receptor 15 Tl entefgadmirt®syst Nealste/| gedautisan ngy - (dekhket yby

neur am nyl ) gal S cosy| ted r rder
menbr ane. F@cen%ééﬁg%ﬁ%é?'ﬁggégéié%QSEQFAﬁ%L Iﬁ@e&ﬂ?éos%gnalg Hi@hPR

st rgct ural ly retallsl sgteycapraedi byt'tsecond messengereT. d’deé.eals(at thneﬁd.
Binding is fo t ogcAt 2616, ugh the
menbr ane and éiwﬁ%ﬁé 5t Fiie kg‘P%JP ggrr%ér)\{h%?to t tAf%%P%ES{mE?&B )

prot eol ytS ¢ actOnetpagihwayrgupyoys ety degondanessengey §YC11C adenpainat ed

fol l ow ng cat al ySidithd &%&q&@m ycl aggth teyBl eke S&céndesul t,
adenyl at e cycl ase C|51§1Ié£1ked i nto ann acti vgrf g'rnr%t rou ﬁ [ nﬁl | tion

of an inherent MeI\YLRNIEr cYc%ﬁ%ng§§%$Eﬁ%r9°ﬂ%R#Eﬁﬂ¥ﬁﬁ%WnEﬁc
i nvol ves the Thesehygﬁ@|YQé§seﬁ er&TPark0 r@BBrradd udhosapdat eycli®i).

| nacti vati on of ere ator su nit Ieads to | creas ?E éevels of
t he second npsé&ﬁgéF’ e ( thway, {84 dePen %ﬂEyne
called prptein gfau}m)Az\da;uﬁJr,esl Ta®* as théusecomm@émxygates proteins.

The phosphoryl ati on of proteins (that is, the addition of a
phosphat e group) results in the opening of chloride channels and
t herefore The mode of action of LT is virtually identical to that

of cholera toxin (CT), which has been well documented.
Briefly, the B promoter binds to a ganglioside receptor
15 GM1 [galactosyl-N-acetylgalactosaminyl- (N-acetyl-
neuraminyl)galactosylglucosylceramide] located on the
brush border membrane. Recent studies have shown that LT
also binds to a structurally related glycoprotein to
which CT does not bind. Binding is followed by
20 translocation of the A subunit through the membrane and
release of the Al fragment into the cytosol after
proteolytic activation. Adenylate cyclase activity is
stimulated following catalysing the NAD-dependent cyclase
complex. As a result, adenylate cyclase is locked into
25 an active form through inhibition of an inherent feed-
back regulatory mechanism which normally involves the
hydrolysis of GTP to GDP and phosphate (Pi).
Inactivation of the regulatory subunit leads to increased
levels of the second messenger, cyclic AMP (cAMP). CAMP
30 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 chloride channels and therefore



3 secretion. Increased |evels of cAW are also known to
i nhibit the absorption of Nad. The node of action of ST is |less
wel | understood than 5 that of LT. STs produced by ETEC are a
het er ogeneous group of nol ecul es having a nol ecul ar wei ght of from
about 2000 to 5000 Da and which are non-antigenic in their native
state. An exanple of a common ST is ST | whi ch can be either an 18
or a 19 amno acid peptide. In 10 contBast to LT, which activates
adenyl at e cycl ase of intestinal cells, ST 1 stinulates only the
particul ate - formof intestinal guanylate cyclase. The action of ST
| is al nost instantaneous. The initial step in the . bi ol ogi cal
action of ST is its interaction with nmenbrane- 15 bound guanyl at e
cycl ase in the &&Cr&tiopeadilfigregsgd levels pofic cd¥fe dne tHed rnawreltaul ar
concentration ofineM®itCcEPabsorptid®!dOWREbiby activation of cyclic
GVP- dependent protein ki nase (protein kinase Q. This cul m nates
in the inhibition of NaJ[err] absorption and stinulation of CJ[err]
Zg | _SEC(Fj eti grr_he niobel lrtmmwtidmg@lf sger Qbit Q@s'tsstvfeqllﬁtdd@ﬁétoog Ithand but
short-liv an s, readi reyersed, .in contras o the el aye u
sustainedgand in@&eP '&Fg ef¥§%t§r8#uf oRY BTEC arged|hetexgmenesitsangd
fluid secreti ongrdup ioft esvleahled having b rrﬁﬂﬂﬁnﬂaﬂﬁaﬁew 6Bo@trcm0 have
uanyl cycl ase | Yit 5 haugh. of her. protei ns _or copr ot ei_ns may
gl soyhav)é a a%mréolzé()% €o 561M’I ?\5 es I}éna‘?h%‘généﬁsl F’hfﬂnéf‘%&%% pti dft and
secretion of theirehativel gtatei s dhn\exenpld f Na[cammionK[say i ATPdse

punp, | ocated SGnich &b M AHEOGK! 80254 afseaﬁl&ngeabiagr&g%%uagﬁte&nf'm
passively with electrolytes In response to osnotic ent’s, “and
Nalerr] Afd CL[EPRFTARE (ke JFcduMiABnadtdvates ademuimtedovalase of

absorption and $geestiRdl OfeYBE LT STTRE stimulates only the particulate .
form of intestinal guanylate cyclase. The action of ST

I is almost instantaneous. The initial step in the
biological action of ST is its interaction with membrane-
15 bound guanylate cyclase in the cells, leading to an

increase in the intracellular concentration of cyclic GMP
followed by activation of cyclic GMP-dependent protein
kinase (protein kinase G). This culminates in the
inhibition of Na* absorption and stimulation of Cl1-

20 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 cyclase and fluid secretion. The intestinal ST
I receptor has been shown to have guanyl cyclase activity

25 although other proteins or glycoproteins may also have a
role.

Intestinal transcellular absorption and secretion of
electrolytes is driven by the Na'/K* ATPase pump, located
30 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



4 absorptive and secretory processes in the small intestine
are separated. In general, electrolytes and water are secreted from
crypt enterocytes, and reabsorption takes pl ace through villus
enterocytes. Normally, secretion 5 and absorption are bal anced to
prevent dehydration. The di arrhoeal response caused by LT and CT
results from stinulation of a cAMP-nedi ated active secretory
mechani sm (i.e. the cAMP pat hway). 4The di arrhoeal response caused
by ST is fromstinulation of the cGW pat hway. cAVP and 10 cGW exert
an anti-absorptive effect on villus cells by I nhi biting uptake of
NaCl, and in addition stinulates active chloride secretion by crypt
cells (by opening of the chl oride channels). When the |evel of
secreti 03 I absm@aﬁglnldeygquetmquetsﬁeéf intche simad 1t 4nEeabiBeb 15
wat er and el ect from,t I r a
results that ca éf% %%Qggaere ﬁsaéﬁﬁi éﬂé@@féiﬁt%ﬁ %ﬁ%n?ﬁ%?#yg?ﬁ
extrene cases, $E£K¢ted from CrYHtsﬁnﬁﬁﬁgﬂytéﬁe éﬁéqﬁ&ﬁbﬁ?rP§h9ﬂrE§%%safter
infection, by g&:b ace EHroldl ho{rlﬁuseéﬁﬁéi’@égrt%b of iBemani§st sBakeFUERSA

shows acterral Tnvasion, _no infiltration of | eukogcytes, and
no capill%ry dm@eabmw @xe GrirRSed (@ REVend, dehydrationeg, TRE ont

\r/]\noth te Qe ?Orgaldi@fﬂméézgyreép@@é@t c¥fised by mogﬁasm f essullly | £pbm do
seemto be inpaired nt s 0. the ma

this invention St chmud §h6W%W$ﬁé9§§eaﬁFn§?\ q—\5’(3""5'} QBSW‘nlSHg

i ntestinal (i. éJfﬁhsadﬁMWebatth§$lngﬂmhaﬁtmrnhoaaﬂamebponeEacauaad

et of LT ST Bhinfat sty O hd Walg Battvay. RS BA |

conpl et @@/ i nhiddNRdexdrt rext anti-absmxpgivel effect CohevillusndebbackYt he
secretagogue eff Qe Qfiny uprad@XbBS Nateh ahd TANdabde P04 8tiubdtes The

pr oposed
active chloride secretion by crypt cells (by opening of
the chloride channels). When the level of secretion
increases beyond the ability of the colon to reabsorb
15 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

20 CT, LT or ST, examination of the intestinal mucosa shows
no bacterial invasion, no infiltration of leukocytes, and
no capillary damage, even at the ultrastructural level.
Consistent with the normal morphology, absorptive
processes for nutrients do not seem to be impaired.

25
Experiments which led to the making of this invention
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

30 secretory effect of LT, CT and also ST; more
specifically, bromelain completely inhibited the net
anion flux of Cl°, and hence the secretagogue effect of
toxins such as LT and CT and also ST. The proposed



5 mechani sm of action of bronelain is that it prevents

attachnment of toxin by nodification of the toxin receptors | ocated
on the brush border nmenbrane. It is al so hypot hesi sed t hat

bromel ain has an additional 5 . mechani smfor inhibiting fluid secretion
since it appears to inhibit secretion induced by prostaglandin E2
and by ot her secretagogues that do not interact with cellular
receptors, nanely theophylline, 8-Br-cGwW,e 8-Br-cAMP and

Ca-i onophore. 10 The work descri bed denonstrates that bronelain
appears to have an effect on cyclic nucleotide pathways and it is
for this reason that it is successful in treating and preventi ng

di arrhoea which is caused by either the LT or 15 the ST type nechani sm

It ]Ehler ef orﬁ f ohbengni st ofr i yPubdomksaine ilsi ketat it pretenbs
useful in the treatnent or ophyl axi § of diseases. ot her than

di arrhoea whi chaEFégﬁléﬂ?%t e‘g£ byt%’?é?i ?’1?0 moéleﬁ\fa%é&ni a&E. ttté)?an%f’ég'nof
such di seases i petegeogantétated on thef beusht bondébr membrame hasIbeés found
to have non- steroidal, anji-infla act,i on)

tory. ..at her I sis
and bact B+FQI PYRUATHHREL | Shaks ﬁ8W8i%}ndi?ﬁﬁhé¥}a3§ﬁ§%g°g£?
pertussiss 25 mechanBsmniimiinhibitahgefllyideecresdnd stnge itseppears t he
treatment of so 1 ngLt. u ’R?f& : i goal e
suggested for tﬁg 3%@?8%§ g%étgggo%oiﬂﬁggﬂf'gﬁsg r<§%§%§ﬁ$ ﬁgséggegyput.
It woul d seem t beher heegretagomtesgothat hdensphi AnsaTagt| Wwéthucedsilas

pat hways coul d pgou)geran ly theRbhyatiag, f ot leome d& \uy-laMe ahd
di seases and re ;bcondit?%ﬂﬁs¥lﬂ whlcﬁqbronelain has al ready been found to
be useful . Ca-ionophore.

10

The work described demonstrates that bromelain appears to

have an effect on cyclic nucleotide pathways and it is

for this reason that it is successful in treating and

preventing diarrhoea which is caused by either the LT or
15 the ST type mechanism.

It therefore follows that bromelain would alsc be likely
to be useful in the treatment or prophylaxis of diseases
other than diarrhoea which are mediated by cyclic

20 nucleotides. Examples of such diseases include cancer,
inflammation (bromelain has been found to have non-
steroidal anti-inflammatory action), atherosclerosis and
bacterial infections such as cholera, diphtheria and
pertussis.

25
Bromelain has already been found to be useful in the
treatment of some such conditions but there has been no
rationale suggested for the variety of uses to which
bromelain has been put. It would seem that the action of

30 bromelain on cyclic nucleotide pathways could provide an
explanation for the wide variety of diseases and
conditions in which bromelain has already been found to

be useful.



6 Bronelain is the collective name for the proteolytic

enzynes found in the tissues of the plant Broneliaceae. Bronelain is
a mxture of various noieties derived from the stem of the pineapple
(Ananas conposus). It contains 5 at |east two proteolytic enzynes but
al so non-proteol ytic enzynmes, including an acid phosphatase and a
per oxi dase; it may al so contain anylase and cellulase activity. In
addi tion, various other conponents are al sp present. 10 There are
vari ous problens associated with the use a m xture of conponents
as a pharmaceutical agent and these I nclude the fact that one or

ot her of the conponents may produce unwant ed side effects w thout

gi ving benefit to the patient. This problemcould be solved if a

single 15 cg QLE él{éebcgif &t fve CBHan &"r Eﬂé‘”?:ro\@’[%bi?tabs

responsi bl e for the act|V| ronelarn on
pat hways. |n adeREY®es fou siilhg‘ﬂée d@rﬁmwf the pl@@m Bromefl daqaact he

anount of drug §f$ﬁ%fﬁ¥ﬁ3f§”ﬁrﬁfﬁfﬂf§jo varidu® %oH@Eh@Qtdﬁ?ﬂbgdbfréﬁduced

since it would be possible 2 to adm nister only the active portion of
the bronelain the sten PtquE? pineapple TiAnamass eamoBugbnt ols Aantahdy

di scover esl thatat hRast two SPOREFBiOTenziRielr BRI A &bhtgss.—swew&appear s
to be 25 responsi bl e fqr j.ts action_on c C|IC nucleotlde pat hways

is an enzyne kn%‘gﬁ(“é"ss'st’&ﬁ 5] QPnaﬁi"Gt&%@%P atagg and a Per@ﬁ%‘}ﬁ% has
been previ ousl yiglessy i dlesb betntnin senlaseband cellulaascécb.edlt? itzn 30
SLem D1 OMEl 21 REkease, IASNGR (URRET LRRSoReR L Aty pregepe (O
out below (SEQ ID NO 1):

10 There are various problems associated with the use of a
mixture of components as a pharmaceutical agent and these
include the fact that one or other of the components may
produce unwanted side effects without giving benefit to
the patient. This problem could be solved if a single

15 component of the mixture could be found which is
responsible for the activity of bromelain on cyclic
nucleotide pathways. In addition, if a single component
could be found, the amount of drug substance administered
to a patient could be reduced since it would be possible

20 to administer only the active portion of the bromelain

mixture.

The present inventors have now discovered that the
component of the bromelain mixture which appears to be

25 responsible for its action on cyclic nucleotide pathways
is an enzyme known as stem bromelain protease. This
enzyme has been previously described but no use has been
ascribed to it.

30 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):



7 Ala Val Pro Gn Ser Ile Asp Trp Arg Asp Tyr Ay Ala
Val Thr Ser 1 5 10

15 5 Val Lys Asn G n Asn Pro Cys Ay Ala Cys Trp Ala Phe Al a
Ala lle 20 25
30 - Ala Thr Val Gu Ser Ile Tyr Lys Ile Lys Lys Ay Ile Leu
Au Pro 10 35 40 45
Leu Ser Gu Gn dn Val Leu Asp Cys Ala Lys Ay Tyr @y Cys Lys
50 55 60 15 Gy Ay Trp
Gu Phe Arg Ala Phe Qu Phe Ile I1e Ser Asn Lys Gy 65
70 75 80 20 Val Al a
Ser Ay Ala lle Tyr Pro Tyr Lys Ala Ala Lys Gy Thr Cys
85 Al9Oal Pro Gln Ser Ile Asp T §bArg ASH Tyr Gly Ala VallThs Sé¢mw Asp
Gy Val Pro Asn SeriAla Tyr Ile ¥hr Ay Tyr Al a Anpg 15
100 105 110 - Val Pro Arg
Asn Asn Qu Ser Ser Met Met Tyr Ala Val Ser Lys dn 30
115 120 125

5 Val Lys Asn Gln Asn Pro Cys Gly Ala Cys Trp Ala Phe Ala Ala Ile

20 25 30

Ala Thr Val Glu Ser Ile Tyr Lys Ile Lys Lys Gly Ile Leu Glu Pro
10 35 40 45

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

S0 55 60
15
Gly Gly Trp Glu Phe Arg Ala Phe Glu Phe Ile Ile Ser Asn Lys Gly
65 70 75 80
20
val Ala Ser Gly Ala Ile Tyr Pro Tyr Lys Ala Ala Lys Gly Thr Cys
85 90 95
25 Lys Thr Asp Gly Val Pro Asn Ser Ala Tyr Ile Thr Gly Tyr Ala Arg
100 105 110
Val Pro Arg Asn Asn Glu Ser Ser Met Met Tyr Ala Val Ser Lys Gla
30 115 120 125
Pro Ile Thr Val Ala Val Ala Asp Ala Asn Ala Asn Phe Gln Tyr Tyr
130 135 140
35

Lys Ser Gly Val Phe Asn Gly Pro Cys Gly Thr Ser Leu Asn His Ala
145 150 155 160

40



Pro Ile Thr Val Ala Val Ala Asp Ala Asn Ala Asn Phe @ n Tyr Tyr

130 135 140 35 Lys Ser
Gy Val Phe Asn Ay Pro Cys Ay Thr Ser Leu Asn His Al a 145
150 155 160 40
8 Val Thr Ala lle Ay Tyr Ay Gn Asp Ser Ile Ile Tyr Pro
Lys Lys 165 170 175
5 Trp Ay Ala Lys Trp Ay Au Ala Ay Tyr Ile Arg Met Ala Arg
Asp 180 8185 190 10
Val Ser Ser Ser Ser Ay Ile Cys Gy Ile Ala lle Asp Pro Leu Tyr
195 200 205 Pro Thr Leu AQu du 15
210 Therefore in a first aspect of the invention, there is

Val Thr Ala Ile Gly Tyr Gly Gln Asp Ser Ile Ile Tyr Pro Lys Lys

165 170 175
5
Trp Gly Ala Lys Trp Gly Glu Ala Gly Tyr Ile Arg Met Ala Arg Asp
180 185 190
10 Val Ser Ser Ser Ser Gly Ile Cys Gly Ile Ala Ile Asp Pro Leu Tyf
195 200 205

Pro Thr Leu Glu Glu
15 210

Therefore in a first aspect of the invention, there is
provided isolated and purified stem bromelain protease
having the sequence of SEQ ID NO 1 or a sequence

20 substantially homologous thereto for use in medicine
except for the treatment of diarrhoea.

The term "substantially homologous" would be well
understood by one skilled in the art who would easily be
25 able to determine whether or not two sequences were
substantially homologous. However, in general, amino
acid sequences can be described as substantially
homologous when they have at least 40% homology although,
for the purpose of the present invention, it |is

30 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,
35 one of the sequences may have various inserted or deleted



provi ded isolated and purified stem bronel ain protease havi ng t he

sequence of SEQ ID NO 1 or a sequence 20 substanti al |l y honol ogous
thereto for use in nedicine except for the treatnment of diarrhoea.
The term "substantially honol ogous”™ woul d be well under st ood by one
skilled in the art who would easily be 25 able to determ ne whether or
not two sequences were substanti ally honol ogous. However, in
general, amno aci d sequences can be described as substantially
honol ogous when they have at |east 40% honmBl ogy al t hough, for the
pur pose of the present invention, it is 30 preferable for a sequence to
have at | east 50% 60% 70% 80% 90% or 95% honol ogy to the am no
aci d sequence of SEQ ID NO 1. In addition, the residues which

are conpay. need.pot_be in _exactly the sane positions ip t
sequences V\/nich%énﬁglosugg%gnﬁeaﬁﬁ “FonBF ofTFEHF: YAt err,es§’§C% Q‘Bn\égbef t he
sequences may haesueardeows thnekitkdiorisetampeded.

9 am no acid residues or regions with respect to the

sequence with which it is conpared. The use of stem bronel ain
prot ease in the Thecatseernf oftens bromediadmr eyt easediisc |thee d taat@ns- 0147

and the disscl OSlari%rrholera]. éga&iéﬁ%mﬁg{l&)%iéé’%ﬁ%ﬁrzﬁﬁ Eﬂgoﬁ%sret he

appl i cation. I'scovering t stem bronelarn pr €
active cHFFo B/t SaRepPHHRF A datre 3f ddenPreAeBht aPBlhaskiomde 10
possi bl e the adm nistration of the active conponent of bronelain to

pati ents who nay hgye adverse reactions to , ot her conponents of the
m xture. In adé:Flt 86ﬁ?°¥ﬁﬁ?’¥%rthat stemobromelain RROLLagEHB SRS AFLY® be

used while stillcomponent of bromelain, the present inventors have made
10 possible the administration of the active component of
bromelain to patients who may have adverse reactions to
other components of the mixture. In addition, smaller
quantities of a composition can be used while still
ensuring that a patient receives an effective dose of the

15 active compound.

In addition to its action on cyclic nucleotide pathways,
data indicate that stem bromelain protease can also
inhibit secretion by factors which do not require cyclic
20 nucleotides. For example, it seems possible that it may
also inhibit secretion by operating on the calcium
dependent pathways. It is therefore possible that stem
bromelain protease may act, not on the different cyclic
nucleotide pathways themselves but at the final step of
25 the pathways which may be at the cell surface.

In addition, there is also some evidence that stem
bromelain protease may enhance absorption of secreted
fluid and nutrients as well as inhibiting secretion.

30 ,
In another experimental model, the effect of bromelain
treatment on other physioclogically important receptors
was tested. ' The influx of the amino acids, glutamic



ensuring that a patient receives an effective dose of the 15 active

conpound. In addition to its action on cyclic nucl eotide pat hways,
data indicate that stem bronel ain protease can al so i nhi bit
secretion by factors which do not require cyclic 20 nucl eoti des. For
exanple, it seens possible that it may al so inhibit secretion by
operating on the cal cium dependent pathways. It is therefore
possi bl e that stem bronel ai n protease may act, not on the different
cyclic nucl eoti de pathways themsel W¥s but at the final step of 25

t he pat hways which may be at the cell surface. In addition, there
I's al so sone evidence that stem bronel ai n protease nay enhance
absorption of secreted fluid and nutrients as well as inhibiting

secretion. 30 . n_anot her, experiment al el,.the effect .of .bronel ain
treat nent on otﬁngph;¥F6F8gF83Iﬁ?g?hﬁ%r?%.t° e€&$HQﬁ%?ptldé' 3k¥§l%§§ted.
The influx of tpheaylabantnesyaglinwestcdgated.

10 acid, lysine and | eucine and of the dipeptide, glycine-
phenyl al ani ne was i nvesti gated. ' Results fromthe influx studies
reveal ed that tResvlta@sfrem theninflwerstudine xdvarlgdiddes, thereowasi d and
dipeptides . nol TndiresdRBArLiRA LhAL-BEOMRANY BR%qNandlbRptadkeCt

on receptors inmportant for nutrient dptake. I'n fact, ronmel ai n
appeared to i nciBEIEX; hBUBBRBERT orhafi hrpmelain has pg Favgrse gffect

One theory whi chnmMpscRppbin impdréahtVifor Glutsti®mt uptakddr OmMehaifAacer, ot ease
's that it may ggggefggg g;;ggéegntghgncrease the absorption of these
nutrients.
10
One theory which may explain the activity of stem
bromelain protease is that it 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
15 would account for the action of stem bromelain protease
on cyclic nucleotide pathways but it should be stressed
that the 'efficacy of stem bromelain protease in the
treatment of diseases and conditions mediated by cyclic
nucleotides is not dependent on the accuracy of this
20 proposal. If stem bromelain protease does, indeed, block
chloride or other channels, then this would indicate that
the effect is not intracellular.

However, the significant point about these observations
25 is that stem bromelain protease will affect any disease
or condition mediated by cyclic nucleotides.

Isolated and purified stem bromelain protease may
therefore be of use in a method for the treatment or
30 prophylaxis of diseases or conditions mediated by cyclic
nucleotide pathways, the method comprising administering
to a patient an effective amount of stem bromelain

protease.



chl oride or other channels either to prevent the channels from
opening or to block them Either of these actions 15 woul d account for
the action of stem bronel ain protease on cyclic nucl eotide pat hways
but it should be stressed " that the efficacy of stem bronelain
protease in the treatment” of diseases and conditions nediated by
cyclic nucl eotides is not dependent on the accuracy of this 20
proposal. If stem bronel ain protease does, indeed, block chloride
or other channels, then this would indi cat¥ t hat the effect is not
I ntracel lul ar. However, the significant point about these
observations 25 is that stembronelain protease will affect any disease
or condition nediated by cyclic nucleotides. | sol at ed ﬁng Purlfhed
stembrorrelaln ote refore be of use in a nmetho or the
treat nent or &rn & %ragﬁﬂglaﬁﬁ%c%fo ?Esaﬁﬁgerﬂ)’f 1FbAdETEoRS RERY 4R
cyclic nulxslee@tﬁ deciatkdapad phellﬁEEHOdte@nbfdnﬁeMrﬁctmdﬁeﬁs@ i17g

a patient an.gffe t stem_bro ase
in s B CPRRSAERH & HHETPHET, S0P eting net FEAERGHE | g o

In a second aspect o e |nvent|on t
i sol ated and puPrPPEIlském of ofbsedsepran e:gmdlltmons mediatdwd Wy epyarldid on of

an agent for thgugqg@'gﬂggg Qfher than & axi s of diseases or conditions
nmedi ated by cyclic nucl eotldas ot her tehan di arr hoea. ~ The
i nvention may be effectlve i n addressing di seases or condi tions

caused by organmaslhbaht.eém%éy Pd *FFREEVRY in addreé’é’fﬂ‘q g da ] i de

channel s or ot her 8anne Mor eover, stem broneldl n protease vvoul d

s.
be expected to 1ons e‘F?“é?ﬁq WY SFgandemgnihabepl it iy TesRensoBY o

non- openlng of <chloride channels or other channels.
10 Moreover, stem bromelain protease would be expected to be
effective against any agent being infectious or non-
infectious that mediates secretion by activating signal
pathways, ie by either the cAMP, cGMP or calcium-
dependent pathway. Examples of diseases or conditions
15 which may be treatable include cancer, inflammation
(bromelain has been found to have non-steroidal anti-
inflammatory action), atherosclerosis and bacterial

infections such as cholera, diphtheria and pertussis.

20 Stem bromelain protease may be administered by a variety
of routes including enteral, for example oral, nasal,
buccal, or anal administration or parenteral
administration for example by intravenous or
intramuscular injection. The oral route is, however,

25 preferred.

Therefore, in a third aspect of the invention there is

provided a pharmaceutical composition comprising isolated

stem bromelain protease together with a pharmaceutically
30 acceptable excipient or carrier.

To assist survival of the stem bromelain protease through
the stomach when administered orally, it may be desirable



I nfectious that nedi ates secretion by activating signal pat hways, ie
by either the cAMP, cGW or cal cium dependent pat hway. Exanpl es of
di seases or conditions 15 which my be treatable include cancer,

i nfl amrmati on (bromel ain has been found to have non-steroidal anti-

i nfl anmatory action), atherosclerosis and bacteri al I nfections such
as chol era, diphtheria and pertussis. 20 Stem bronel ai n protease may
be adm nistered by a variety . of rouytes including enteral, for
exanpl e oral, nasal, buccal , or 1Zanal adm ni stration or

par ent er al adm ni stration for exanpl e by I nt ravenous or

I ntramuscul ar injection. The oral route is, however, 25 preferred.
Therefore, in a third aspect of the invention there is provi ded a

har maceut i cal P O L Lod oy Si ng., L at g em bronel ai n
Brotease togethg? mﬁ?ﬁhgﬁgﬁ%rgggg%tig%f?@QSOEH aﬁbcéﬂﬁ%ﬁﬁé:§§gﬁﬁF§ﬁg or
carrier. pPreparassert suPthieml ovhlipe asimimilstoablai fqrmutlegdenshr ough
t he stomach whe 1BI ﬁﬁ%M iVs kit b Si | e .

12 tgna?gzri?rulssgat e t'he%hgﬁgﬁé %d gﬁqaen @?i cs-opfrtot getagin
preparation. CFREFULES! | Whkdihinakalas bef entariaciooated. i ncl ude
syrups, esixirs, and hard and soft gelatin capsul es, which nmay al so
be enteric-coat ronelain activity is stable over a wi de pH

d. . ,._.B .
range (pH 2- Eromefaﬁ:} AGHN oS, StaPlRagVabta yeldr Rk Fanger dpEnReri c-
protect (or ent®)ic-cDmédefdie St &8 hi=gehet nbarlgieamﬁry to ehgeﬁcf-he
acid conditio ' t he_st ommach. , owever, e
necessary tolg%ﬁﬁégﬁ Q?ﬁeedg%fﬁﬁécoﬁkgdgﬁé StaﬂiBEQWgﬁﬁﬁ%yPEEFﬁaSE
prot eases in thErgut thet eavbdonmraditions in the stomach. It may,
10 however, be necessary to protect the enzyme from

digestion by acid proteases in the gqut. Stem bromelain
protease may therefore, be administered with a buffering
agent, for example bicarbonate.

15 The preferred delivery system would be controlled release
of the enzyme, to ensure complete removal of receptor
sites along the intestine and/or exposure of all
enterocytes to the protease. It would be desirable to
have a combination of protection (to prevent digestion

20 and absorption) and release all the way to the ileum.

Dosage of bromelain is conventionally measured in Rorer
units, FIP units, BTU (bromelain tyrosine units), CDU
(casein digestion units), GDU (gelatin digestion units)
25 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
per minute at 280nm. One FIP unit of bromelain activity
30 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
peptide, not precipitated by a sgpecified protein
35 precipitation reagent, which gives the same absorbence as



protease may therefore, be admnistered with a buffering agent, for

exanpl e bi carbonate. 15 The preferred delivery system woul d be
controll ed rel ease of the enzyme, to ensure conplete renoval of
receptor sites along the intestine and/or exposure of al
enterocytes to the protease. It would be desirable to have a

conbi nation of protection (to prevent digestion 20 and absorption) and
rel ease all the way to the il eum Dosage of bronelain is
conventional ly neasured in Rorer ukBts, FIP units, BTU (bronelain
tyrosine units), CDU (casein digestion units), GDU (gelatin

di gestion units) 25 or MCU (m Ik clotting units). One Rorer unit of
pr ot ease activity is defined as that anount of enzynme which

hydrol yses a standardi sation el strat t p an rr]C.
SO0 as to cause ;HgP%cPgaéggPﬁ§§§58gb22§8mof g?@ﬁOO?D%S’ gDUBe?nﬂiﬁgpg at
280nm One FI P amet asf defined aim tH iMitterallre, assfobldws ned in that
anount of a standard preparation, whi ch hydrol yses a suitable
preparation of casein (FIP controll ed) under the standard conditions

at an initial BFHte such that there is |liberated per m nute an anount

of ~  gpeptide, n@ﬁe%ﬂ{}]ﬂéﬁf eJrBYife | iR DE OLfbih 3™ enzyme
preci pi tati on reagent ) | C, EI ves t he sane a_sor ence as )
13 1[err] whichf wilfodiherate 2onanpicpamele cofis tyrpesnanBeRCUs

are as defined in thgihhtéer ainde® 8a8ef dd¥ions of the addhy Ffor

One bronel ain tyrosine uni%'ylrs .41%[ pgj}-glérs]%igg eggyrgeﬁ micé‘-duné&PaFﬁmEégh w | |

| i berat e one ni cr omofE2TR
conditions of the ash@smédldbin substrate axapHl &, amdt3yoch gestion of an

acid denﬁbured

CDu
That amount of enzyme which will liberate one
microgram of tyrosine after one minute digestion at
37°C from a standard casein substrate at pH 7.0.

15
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

20 pH 4.5.

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

While the precise dosage will be under the control of the
25 physician or 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, for example twice,
three times or four times a day.
30
The invention will now be described by the following
examples. The examples refer to the accompanying

drawings, in which:

35



haenogl obi n substrate at pH 5 and 30[err]C). 10 CDU

That anmount of enzynme which will |iberate one m cr ogr am of
tyrosine after one mnute digestion at 37[err]C froma standard
casein substrate at pH 7.0. 15 GDbU The enzyne
activity which liberates one mlligram (10[err]g) of am no
nitrogen froma standard gel atin solution after 20 m nutes
digestion at 45[err]C and at 20 pH 4. 5. - 1100 BTU g =
750 CDU/ ng = 1200 GDU g. Whi l e the® preci se dosage will be under
the control of the 25 physician or clinician, it may be found that
daily dosages of from50 to 4000 GDU day is appropriate, for

exanple from 100 to 1000 GDU day. The daily dose nay be _ glve? in one
or nore aliquots per gyre 9r RO e L t o ur
times a day.q 30 P Thg ?nggﬁtion&wﬁ\ﬁﬁggwogep%esg‘ﬁ %gd%ggf'%eﬂf?oﬁ_ oW ng
exanpl es. The exdnspl eSYMPSLsr represene the meapanailugs at eaildrMmgs,

i n which: 35 oint for 4 3 . .

FIGURE 1 shows the effect O anipats &ﬁt‘%l%&g/ml) o PBé-(lﬁﬁ%%r].

.gf pure LT on rab . ) -
Synbol s represent th&a%edfded tR<he mugomali hathing solution pbjpimé dr. 4

animals. 5T (2.5 [ embkghafrbwoinBBSatds[ int 1at which SmM thd¥shyaddgd to

[ ' . The arrow ndi cat es
:Pﬁengfoaﬁ!Cﬁaggkpghiggﬁ%hﬁgﬂggotéQEBégl ggthing solution.

FIGURE 2 shows the effect of bromelain on ileal I.
Columns represent the mean values $0-100 min after

10 LT (2.5ug/ml)} addition, and Smin after theophylline
(5mM) addition. TIleal tissue from 4 animals were
pre-treated with bromelain (brom) for 30 minutes
prior to toxin addition. Control chambers were pre-
treated with bromelain plus antibody (B/Anti-B),

15 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
ug/ml) was added to the mucosal bathing solution at
20 time 0. Number of animals tested was 9. Symbols
with bars represent the mean +SE for 9 animals at
selected time points. The arrow indicates the time
at which 5 mM theophylline was added to the serosal
bathing solution after Iy, values reached a plateau.
25
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
solution at time 0. Number of animals tested was 6.
30 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
solution after I . values reached a plateau.

35 FIGURE 5 shows the effect of pre-treatment of ileal



was added to serosal bathing solution. FI GURE 2 shows the
effect of bronelain onileal I[err]. Col umms represent the
mean val ues 90-100 mn after 10 LT (2.5[err]g/m) addition, and
5m n after theophylline (5MVM) addition. Ileal tissue from4
animal s were pre-treated with bronelain (bronm) for 30 m nutes
prior to toxin addition. Control chanbers were pre- treated
with bronmelain plus anti body (B/ Anti-B), 15 anti body (Anti-B) or
PBS al one. FI GURE 3 shows fhe effect of pre-treatnent of

i | eal tissue wwth PBS or bronelain (15 ug/m) on I[err]. CT (1
ug/ M) was added to the mucosal bathing solution at 20 time O.
Nunber of aninmals tested was 9. Synbols wi th bars represent
the mean SE for 9 animls at . sel ected tinme points. The_arrow
indicates the time tissue with; EBSch 3E6 ¢ 1 ﬁ@rﬁé§a§8de8ngo t he

ser osal
25

babhégin obwt TQN anllt @D Idhangksv @ausedr dyclietbramplat eau.

FI GURE, 4_shows the effect of pre-treatnent of il eal

tissue with PBS or bFOMBtain (15 ug/m) on I[err]. ST (300
units) was added to the mucosal bathing solution at tinme O

Number of jani mal s t e5tefe@s Showl) cne efrect UBOOLS. Ul JeeRigagnt the
I e polnts.

mean +SE 3t sel ected

at which
solution after

tDsguenV @itk onFBEGVEIRER Rreameledn hOresegssl Baeh
I[err%rHﬂéP§§nr&ﬁCfedaﬁdpb?t%%Hnges3éaused by sEbedhb-5

shows the effect of pre-treatnent Of ilea
tissue with PBS, ste@@¥Ponel ain protease and
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FIGURE 7 shows the effect of pre-treatment of ileal
tissue with PBS or bromelain on I changes caused by
theophlline and PE2.

FIGURE 8 shows the effect of pre-treatment of ileal
tissue with PBS or bromelain on Ig changes caused by

the calcium-ionophore A23187.

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
bromelain to stimulate absorption.

EXAMPLE 1: Investigation of Pre-treatment of Mucocsal
Tissue with Protease on LT Action in Ussing Chambers

The use of rabbit intestinal tissue mounted in Ussing
chambers (Ussing and Zerahn Acta. Phys. Scandinav. 23
110-127 (1951)) is a classical technique for studying the
process 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.
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

arrow I ndicates the tine

i ng



bronelain on I[err] and PD changes caused by 8-brono- CAMP.

5 FIGQURE 6 shows the effect of pre-treatnent of il eal

tissue with PBS, stem bronel ain protease and bronel ai n on
I[err] and PD changes caused by 8- brono- cQWP. 10

FIGURE 7 shows the effect of pre-treatnent of il eal tissue with
PBS or bronelain on I[err] changes caused by t heophi I i ne and
PE2. FI GURE 8 shows the eff gt of pre-treatnent of ileal 15
tissue with PBS or bronelain on I[err] changes caused by t he
cal ci umi onophore A23187. FI GURE 9 shows the effect of
pre-treatnment of il eal tissue with PBS or bronelain on I[err]
changes caused by 20 endogenous nedi ators of secretion and the
ability of br | ai ab MPLE
1: Investlgatloﬁng e%$% t?ggtnéﬁﬁh%ﬁiakﬂghg%f éigéﬁ%{gaha\MPOte Fégggée on

LT Action in UsSifferaagdefBPmnd shortripdingyd tocuraebrt (Iad eofi Adrali ssue

mounted in Ussiffcosa b cé@mﬁra%lbﬁsswgaa%tz%m Agbare ¥y £2GRNdI nav.
23 110-127 (1951? I's,a classical technique faor studying the

process of tranSpdft raehbse imtlehe | fRrosals Stide qmaggswore PEPLERAVE ex

vivo nodet has akirpreved tiyalwwdtLl fdildd.he The net Fausty off nkbative
mechani sns of acélon of eq;eroto ontalnlnngT or

when added to tHB*hET o °F m°n££?§§g S%eﬁﬁﬁﬂggﬂ“ Yo EERE s@ﬁretory
response from electrteidls sppblratuso tdmlpmtmagvednat¢llte¢>erﬁre§emenoé CT or

% 35 N raBPile bdEUN ddhd Mua VY Hdh Andeditnde’ PRkt 1bReflr.

10 Because of the usefulness of the Ussing chamber model in
monitoring toxin action, the effectiveness of many anti-
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

15 inhibiting LT toxin secretory activity. Concurrently,
the effect on the glucose-Na*' active co-transport function
is monitored as an indicator of tissue viability.

Experiments were performed according to Field et al, (Am.
20 J. Physiol. 220 1388-1396 (1971)) with modifications
described by Fasano et al, (Proc. Natl. Acad. Sci. USA 88
5242-5246 (1991)). Adult male New Zealand White rabbits
(2-3kg) were anaesthetised by methoxyflurane inhalation
and then sacrificed by air embolism. A 15cm segment of
25 distal ileum was quickly excised and cut open along the
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
30 be better maintained in stripped as opposed to unstripped
ileum (Field et al, 1971 loc cit). The resulting
preparation consisted of epithelium, lamina propria and
muscularis mucosae. Four sections of mucocsa were
prepared as such from the one animal, and mounted in
35 Lucite Ussing chambers of aperture 1.12cm®. Each surface



increase in transepithelial el ectrical pot enti al di fference

(PD) and short circuit current (l[err]) of ileal nmucosa by
stinmulation of a net anion secretory fl ux. This results in the
serosal side becomng nore positive 5 relative to the | unenal side.
The net flux of negative charge can be nonitored el ectrochemcally
by means of an el ectrical apparatus conprising matched reference
el ectrodes connected to a high i npedance potentloneter 10 Because of
the useful ness of the Ussing chanber nodel7in nmoni toring toxin
action, the effectiveness of many anti - di arrhoeal drugs in
reversing the secretory action of toxins have been tested. Thi s
exanple relates to experinments designed to observe the use of

protease 10 15 cr ChCLLIA0LLT LOKERSRE S QNE! M qar CRABMCLS |V

the effect on t cose-Na[ err] tTanspor

moni t ored as aninndfresblyofprémanas viRimgersy. buffer coﬁbqﬂnmnganN@Cﬂere
per formed accor di 0 Kl d al , ls 1396
(1971)) with nngs?ﬁgztlgﬁﬂ' (S es%r4be§0 smE Sa E%¥§%QE} %%% %ﬁﬁﬁﬂbtl
Acad. Sci. USA ¥8.HPO, (1.52aM)524%H,R001)9: Bm&u tCagle NevdSmRl,arftoChi t e
rabbits g (2~ 3t8) “Rie RaMEs! heddmpd Dy TRl Mix&%3981h9{‘&53%9n

and then sacrificed by air embol ism A 15cm segnent of distal ileum
was qui ckly exclesptanpedut @bperd’dond'itle water-jackeresdy | FSFERYOLTS The

il eumwas then ebnfedtededd Hfconstant-tembazhtGeat eNicubarhisg pumpe dnaf

muscul ar and serosal means of blunt dissection. The
active t93ﬁ§58r?15?d%%€§§£§6fBﬁhe mucosa have been reported to 30
be better naintained |n stripped as opposed to unstripped il eum

(Freld epal . d8fizn! A bkeeralle LEVUIAR ponsurell SRR blboggss! ot o
sections of natdsaveweus the sergmalpmicik af thehtfisewel handnésarlthal , and
mounted in 35  anobiEi be YWeshgChRLRRES «f APErisY & He 186/ Pyer&athenur face

measured as previously described (Field et al, 1971 loc

cit). A positive PD indicated that the serosal potential

15 was higher than the luminal potential, that is the net

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 I, =PD/R, so that results between

individual animals could be compared. Prior to mounting

20 the tissue, the fluid resistance (R;) was determined and

incorporated into the calculations. Once the tissue was

mounted and prior to experimentation, the Ig, was

determined at approximately 10 min. intervals until the

tissue reached a steady state. Four sections of tissue

25 from the same animal were mounted simultaneously and used

for each experiment. To test 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

30 to experimentation.

Once the tissue reached equilibrium (time 0), the test
material (0-100uxl) was added to the mucosal side. The
same volume of sample was added to the serosal side to
35 preserve osmotic balance. Variations in I, PD and R



17 of the tissue was continually bathed (I 0m per surface)

in freshly prepared R ngers buffer containing Nad (53mv), KO
(5mMVM), Na[err]SOerr] (30.5nmV), mannitol (30.5mMV), Na2HPO4 (1. 69nV),
NaH2PO4 (0.3mM), CaCl[err] (1.25mM, MgC[err] 5 (1.1mM and

NaHCO err] (25mV). The bat hi ng sol uti on was mai nt ai ned at
37[err]C with water-jacketed reservoirs connected to a
constant-tenperature circul ati ng punp and gassed with 95% J err]/ 5%
CJerr]. 10 The PD (the difference il® vol tage nmeasured on the nucosal
side versus the serosal side of the tissue) and I[err] (the anount
of current needed to nullify the PD) were then nmeasur ed as

previ ously described (Field et al, 1971 loc cit). A positive PD

i ndi cated that the serosal n |aI 15 i gher than the | um nal
potential, that "e&e I"'r‘i:*‘eﬁe?e orded §V&EY f3difh t“'ﬁ&srruc%at}%%e‘% e RYEXY( S)

was positive. Tte&penmentl;l s:m@I esifst@mMe gRucbee eatd addedl &S tdleSO

cal cul at ed g] g% mher%ppk rr] =PD/,R, t hat, resul t betmeen
i ndi vi dual ani rr§’1u§°t?6‘ §H& @ 6% -t o Frd @fnttli’r?&ezdzlssue?hé? Cssue,
the fluid re5| sishnwed( Ran waacﬂeasemmd BRd in respcm'zdr parcat educeise t he
cal cul at i su unted n

experlnen atlon gg?%ggtﬁké ?1¥§ﬁé v1ab1#¥§ % %nadﬁg%ilﬁﬁierelo

mn. interval s analysihe The incresse aaadb@dlpwnstgampsgt additkounr is
sections of tisg E % ﬁnhéﬁeéﬂléﬁ'@ Ei’mi\laa”'al@o 4 Sn e £ %t apgously

and used each experinent. To test I eaki ness o stem
owi ng to perfor&ﬂ-?@ﬁé‘ogﬁn%ﬁ@qu};@@d trapater ZIﬁ)Pér Mithogloceas)into t

sol ution of gluggse.and mannitol diluted in Ri ngers was added to t he
serosal and nucosal side respectively prior 30 to experinentation.

once t helfissue reached equi librium (tinme 0), the test mat eri al

(0-100[err]l) waseadded dfo tfubﬁﬂmosﬁie@hdeexpab@d to §aﬁﬁaﬂ§éUﬁBf0f

sample vas: addedofo Lbe 2o00ar 21d5el 235 0-1odY,G7A1Y° £88 " . PBeBA"C

examined by light microscopy and electron microscopy.
‘ Tissue exposed to PBS alone was used for comparison.
15
For 1light 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

20 buffer (pH 7.4) and then stored at 4°C until required.

la Light Microscopy

At examination of the tissues, particular attention was
25 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

respond to glucose addition at the end of the treatment
30 period, indicating that the tissue was no longer viable.

Light microscopic examination of these samples revealed

pronounced marked vacuolar degeneration. The villus

structure was absent and there was coagulation necrosis

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



were then recorded every 5-10 mins. At the end of every experi nment,

200[err]l of 0.5M glucose was added to the mucosal side of each
chanber. Only those tissues that showed an increase in I[err] in
response to glucose 5 (indicating tissue viability) were included
in the analysis. The increase in I[err] upon glucose addition is
due to enhancenent of Na[err] absorption nediated by the

el ectrogeni c coupl ed transfer of Na[err] \M§I1 gl ucose into the cell.
10 Pieces of rabbit ileum exposéd to a range of :
concentrations of bronelain (0-1000[err]Jg/m) for 30 mn were

exam ned by light mcroscopy and el ectron m croscopy. - Tissue exposed
to PBS al one was used for conparison. 15 For |ight m croscopy,

ti ssue was fi xedhen meéhla|tlssue thﬁﬁfeﬁﬁﬂ fivdElddn %@gh5t5@ﬁ§3 M 1JE
haenatoxylln/eo%ln ae gran1sta|n Tissues for ectron
i croscopy wer e °rome a1p1y%%-w%§ @ 87 Fugesardeiydene. howevry urkhe

cacodyl ate 20 Iﬂzhuﬁbenséphbg ﬁétemukﬂMaan ib@&%ﬁtihg4£émé]ﬂéd¥3§13 of
required. M _crosc am nation of the

I gnt
ti ssues, partlcuPar g??%%tl gﬂﬁsmégr°éngﬁrQQﬂﬁ%imF§ FE%% RRKFVESHLOBnd
structurab chanybgrehybaaMples exhubetedte&men@oaguﬂhtlaﬂdnbbeobiusbbefder

i ning. 1 e p g0 0 [ f br onel.ai n did
not respon hﬁéy %@os t%%ﬁ at Fég %é%%ﬂ? eﬁgﬁﬁ
peri od, |nd|catFﬁélﬁﬁé%ngrQ?QdS@mébW@s nslﬂengeThelviﬂkus archltebmghe

M croscopi ¢ exagEnghesd @Eséﬁﬁﬁﬁ%éﬁﬂﬂgﬂ?énsevﬁekgger, rema %t a%% mar ked

vacuol ar degenerati on. The vi'l structure was a there
was coagul ati on necrosis of i ndi vi dual epithelial ceIIs l'ining the

remant s1of ther8Ssue t¥ehté§ with 10ug/ml of bromelain had an intact
mucosa with villi lined by tall columnar epithelium. 1In
general the tissue appeared normal, yet occasional cells
showed some coagulation necrosis. There was a large
response to glucose addition after 30 minutes of
15 bromelain treatment, indicating healthy, viable tissue.
The occasional cells that may have been affected by
bromelain treatment, therefore did not appear adversely
to affect the absorptive capacity of the tissue.

20 1b Electron Microscopy

Examination of tissue treated with 10 pug/ml of bromelain

by transmission electron microscopy revealed no

morphological changes to the microvilli. The glycocalyx
25 or mucus overlay was seen to be intact.

lc Effect of LT on I, Across Ileal Mucosa

The changes in Iy produced by addition of 25ug of pure LT
30 (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
35 min after CT addition there is a gradual progression to



The ileal tissue that was treated with 50[err]g/m of bronel ai n was
vi abl e after glucose addition; however, the I[err] response was not
maxi mal , indicating sone necrosis of the tissue. Light mcroscopy
confirmed this observation, 5 wher eby sanpl es exhi bited sone
coagul ati on necrosis of | um nal epithelial cells and vacuol ar
degener ati on, I ndi cating dead or dying cells. The villus
architecture of these tissue preparations, however, renained

I ntact. 10 Tissue treated with | eRP]lg/m of bronelain had an intact
mucosa with villi lined by tall columar epithelium In general the
ti ssue appeared normal, yet occasional cells showed sone coagul ati on
necr osi s. f There was a | arge response to glucose addition after 30
m nutes of 15 bronel aip_treatnent, indicatin alth VJ e tlssue
The occasi onal BePRXiPAhLteHESFh e PBeORCHEFE t%ﬁgﬁy next ngp

treatnent, therebateéndatioRtofPpiets @ffiditsaddturred despitkf eemoivhd of
absorptlve capa

t t El M
Exani nati on of ghiy5€eFrE§¥éésaff#Fﬁﬁ)%hﬁ?]qﬁé% Bt & %% e%0g¥l°5

transm ssi on ebeekposurentor ghgeopyssuechadl ad effiect. 1In mﬂﬂnhdbnglcal

changes tp the crovilli he g o] 5 us. I seen
fo ba inthct.  CoxiR”ehpbsed EoltBR peYtarraics gE FHEVFLOMRE B B8
The changes in effect pnoducéddbgatiedtthat eizreanly ecoyared afger

(final concentrg&hﬁgaﬁastg 5£§éééégfg) féﬁeyr | ¥ N3heSi $eugh  bordert he

Il eal mucosa are s Figure 1. the began to | ncr ease
40-50 nin aftermagbranen of toxin. In chanbers where tissue was
exposed to PBS only, there was a
10 Theophylline, a methylxanthine, was added to the serosal
side of the tissue to observe the change in I, due to
CAMP. Theophylline  inhibits cyclic nucleotide
phosphodiesterases and thus elevates cAMP by inhibiting
the conversion of AMP to 5'-AMP. The effects of
15 theophylline, cAMP alone and saturable amounts of CT on
Na and €l fluxes are the same. The effects of

theophylline on flux, however, occur after only a few

minutes.

20 Addition of theophylline {final concentration 5mM) to the
serosal side of the toxin-treated tissue resulted in a
further increase in Ig. The increase in Ig due to
theophylline on PBS treated mucosa was equivalent to the
final I, due to the combined toxin and theophylline

25 treatment. This indicates that the change in Ig due to
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

30 toxin was required to occupy all receptors in order to
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
35 further increase in I¢ indicating that the tissue was



negligible change in I[err]. Studies have shown that 40-60 35 mn after
CT addition there is a gradual progression to

20 a maxi mal effect which occurred over the next few hours.
Continuation of this effect occurred despite renoval of all free
toxin. Toxin that had been heat treated prior to exposure to the
tissue had no effect. In addition, 5 toxin exposed to the serosal
side of the tissue had no effect opgl[err] indicating that action
only occurred after binding to receptors |ocated on the brush border
menbr ane. 10 Theophyl | i ne, a met hyl xant hi ne, was added to the serosal
side of the tissue to observe the change in I[err] due to CAMP.
Theophylline inhibits cyclic nucl eoti de phosphodi est er ases and
t hus el evates c/dEbby. i nhibiting the conversion of AMP to 5'-AW.
The effects of 15 t heophyl | i ne, cAMP al one and saturabl e ambunts of
CT on Na and Cl fluxes are the sane. The effects of

t heophyl Il ine on flux, however, occur after only a few n1nutes 20

Addi ti on of thepph i ne (fknal entrati posal
side of the tox?ﬁ- ﬁégﬁcgd ?’fsgﬁgﬁ?@%ﬂpt 8§ Isoé}:% OEéébfct% |ncrea ein
I[err]. S5The iHscheskchiv |feli |haatelabile ToxinhébPhyl | ine on PBS treated
mucosa was equivalent to the final I[err] due to the conbined toxin
and t heophylline 25 treatment. This indicates that the chang p
I[err] due to Bromelainadéilutes wasPBSe (Esnshe cOBEERtARELISA éﬂ”ﬂzﬂﬁ and

not by apys Ohaeredrf%eh@atﬁmthe ThcwTe a:ﬁmr@éa:dgal [®idd @f sehe
showed that the amount of toxin and hence itg a Ln this

1 2
experi ment was BbESWRX| FARLTPhaFhambers,wersyinc u@%? "ﬁl"w‘/ﬁ?yr ?ﬁﬁ‘“f‘ &Po
occupy aly recepi@bpg)/1o@r)dewasofirst pre-incubated (30 min at 37°C)

with an equal volume of an anti-bromelain antibody (IgG)
(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
15 sufficient bromelain pre-treatment of the mucosal tissue.
Prior to addition of toxin the chambers were completely
emptied of Ringers (see above) and rinsed twice to ensure
complete removal of antibody and bromelain. The chambers
were then re-filled with fresh Ringers and the tissue
20 allowed to stabilise. LT (2.5ug/ml) was then added to
the mucosal side and the experiment completed as

described above.

Figure 2 shows the change in I produced by pre-treatment

25 of tissue with bromelain or control substance prior to
addition of LT. In all control chambers, the I; 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 antibedy had no effect

30 on the LT action. It also shows that changing the
Ringers buffer had no effect on the tissue.

In chambers that were pre-treated with bromelain, there
was no change in Iy, after 60min, indicating that the
35 bromelain had completely inhibited the secretory effect



exhibit maximal | evels of cAMP and hence I[err]. At the conpletion

of the experinent, glucose was added to the lunenal side of the
chanber . This resulted in a 35 further increase in I[err] indicating
that the tissue was

vi abl e. 1d Effect of Bronelain on Secretory Effect caused by 5
Escherichia coli heat-labile Toxin (LT) Bronelain diluted in PBS
(final concentration IO[err]g/m) was added to both the nucosal and
serosal side of the ti ssue. Control22Zhanbers were included whereby
bronel ain 10 (100[err]g/10[err]l) was first pre-incubated (30 mn at
37[err] O with an equal volune of an anti-bronelain antibody (IgQ
(0.5mg/ M) prior to addition to the chanber. Q her chanbers

contai ned anti bo or PBS al.one. ALl chanbers, were then allowed to
i ncubate for SOO%rPTO eﬁg‘%llél% of @L‘?P%ﬁﬁf‘ebrt&é:l%tﬁor H}Wﬁrﬁént of
the lmlfolsal t1 ssiRwed _adfu]?tth tinceddisei dn of .t @f Mohetohdtiers iere
conpl etely enpt.ied o j.ngers e abﬁq‘@ and rinsed tw ce.tq_ensure
conpl ete re_rmvaIc°<‘3‘ﬁ’aé'ﬁ'FPf}0d)F‘Q’rtJ}q'ﬁFlono(eqS aﬁ‘l‘."o ]c’f%errbé s%(Ee broqﬁ&agm[ hen
rL_(Ia_- 12 |2I I Fd Wi th furesited ohamisernrchlyhehbwadus fLimilar dhkveedetin SabiThese.
.5[err] g/ m), s t.hen added to al .si t ;
experi ment'5 conplf)éfl\évg’ e%gn %! é%c??%eghaﬁ%gg?ér%% ko Bﬁ% Er_@gsz sa'lgvvs t he
change in |[errthatochf ethdycpneinedaeffect 26f LT ghd: itheephyldAngr difel ai n
or control subs ri ddi ti . |1 tr
chanber s, t he l%‘g?xﬁ:?ogegg%a%n%ers. 18ddi L1 Qrtunlel tRaB! | st Idther
mechanism of action of bromelain in inhibiting fluid
secretion may be present. Bromelain has been reported to
10 inhibit the synthesis of prostaglandins, which are known
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
15 fluid secretion induced by bacterial toxins (Gots et al,

1974; Finch and Katz, 1972; Peterson et al, 1988).

These data indicate that the bromelain had completely
inhibited the net anion flux of Cl- and hence secretagogue
20 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 in bromelain-treated tissue combined with
25 prostaglandin (see Example 2b) or theophylline failed to
reach the same levels as control tissues, supports this

hypothesis.

Addition of glucose at the end of the experiment showed
30 a further increase in Iy, therefore indicating that
glucose-Na* transport was unaffected. Because the
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

35 result in extensive physiological damage to the mucosa.



increase 40-50 mn after addition of toxin as observed above. This
result indicates that the anti-bronelain 1gG and bronel ai n
pre-incubated with anti body had no effect 30 on the LT action. I t

al so shows that changing the : Ri ngers buffer had no effect on the
tissue. In chanbers that were pre-treated with bronelain, there
was no change in I[err] after 60mn, indicating that the 35 bronel ai n
had conpletely inhibited the secretory effect

22 of LT. Addition of theophyl@3ine to control chanbers,

showed a further increase in I[err] of 40%to 50% In conparison
addition of theophylline to the bronelain treated chanber only
showed a simlar increase in I[err] The 5 final change in I[err] was
therefore 40% ¢t 50@6Ies§ égb of tf conbjned effec;%ﬁg LT and
t heophyl line in ﬁt%8|c08ﬁéﬁB% Y the P HRAEPY, Ysome

ot her rrecrle&em-edoftcacabwe oanbrcwelmmlum sadmtbestl dgséribed in
secretion may b 3 Bronel ai n has been reported to 10 inhibit the
synt hesi s of pr Pn whi ch are known to inhibit cAWP
producti on (Tau55|g and Batkln, 1988). O her nol ecul es t hat

inhibit gsthe g&ﬂh‘ﬁ%ﬁ' §ﬁ :OLLsttig$t:Pér955| %9'%%-'#%&16&%”2;99' %&Bﬁ%‘ln

i ndonet haci n an _ ) )

intestinal 15 ZIispugi withcProteass oniCTIASEIORCLD singChambarg s et al
1974; Finch and Katz, 1972; Peterson et al, 1988) These data

i ndi cate that the bronelaln had conpl etely |nh|b%ted the net ani on

flux of O[err]28nd B85E6LsRE £ZREBLAZN20N SECFLLREY & : X al so
i ndi cate that bromel ghB1B28 roxin .addi tional nechanlsntfor |nh|b|t|ng
fluid secretion, ot her than 1ts ability to inhibit binding of toxin
to 10intestinal receptors. The observation that total I[err]

In a similar experiment to that described in Example 14,

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

15 alone. Chambers were allowed to incubate for 30 minutes
and rinsed as described above. CT (10 ug) was then added
to the mucosal side and the experiment completed as

before.

20 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 Ig and PD and therefore
the secretory effect caused by CT. The reduction in Ig
and PD values induced by bromelain was 60% (p=0.001) and

25 70% (p=0.002) respectively. See Table 1 of Ussing
chamber data.



levels in bronmelain-treated tissue conbined wth 25 prostagl andi n

(see Exanple 2b) or theophylline failed to reach the sane | evels as
control tissues, supports this hypot hesi s. Addi ti on of
gl ucose at the end of the experinent showed 30 a further increase in
I[err], therefore indicating that gl ucose-Na[err] transport was
unaf f ect ed. Because the enhancenent of Na absorption did not
appear to be eSSty et oot eIy P e T T O gl ment of tissue with
protease, the inplicafjion is that bronelain does not 3b result in
ext ensi ve physi ol ogi cpl danmage|to the nucosa.
23 This repult is confirmed by the |ight migroscopy study,
referred to above and|| by influx studies described in Exanpl e 7b.
5 EXAMPLE 2: | nvestigation|oé Prne-Breat mept of Micpsal Ti ssue
with Protease on CT Aftion pn Ps3ing CRanfere S < 2a  Effect of
bronel ain on secretorfy effect ¢avused bp © o © ©<Schplera toxin (CT). 10
In a simlar experinmght to thal described in Exanple 1§, br onel ai n
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nucosal and serosal sfde pf ®hea ™ oj]dal cisguesd fControl tissues were
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20 Figure 3 shows the change in I[err] produced by pre-treatnent

of tissue with PBS or bronel ain. The data shows that br onel ai n

reduced the change in I[err] and PD and therefore the secretory

ef fect caused by CT. The reduction in I[err] and PD val ues i nduced

by bronelain was 60% (p=0.001) and 25 70% (p=0.002) respectively.

gge Tabl e 1 of Ussing chanber dat a. [err]
25

Theophylline was added to the serosal side of the tissue
when I, and PD values reached a plateau, indicating
maximal effect of the toxin. Addition of theophylline at
the end of the 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 I, 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 Effect of Prostaglandin E2 (PE2) on I, in bromelain

treated tissue,

To observe whether the reduction in total Iy 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 Ig 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.



Theophyl | i ne was added to the serosal side of the tissue when I[err]

and PD val ues reached a plateau, indicating maxi mal effect of the
toxin. Addition of theophylline at the end of the experinent showed
simlar increases in I[err] 5 and PD in both the bronelain-treated and
PBS-treated ti ssue, as observed previously in LT experinments

descri bed in Exanple 1. This resulted in a final reduction in
total I[err] and PD of 44% (conbi ned effegg of toxin and

t heophylline) in tissues treated with bronelain 10 as conpared to
control tissues (Table 1). Thi s observation suggests t hat
anot her nechanism for inhibiting fluid secretion exists. 15

2b Ef fect of Prostaglandin E2 (PE2) on I[err] in bronelain
treated tissue. EXAMPLE 3: ToEfbset vef Wedneelarheory e;kmtafm effetal dukerr]

| evel s in 20 e of reduced
i ntracel | ul ar | efers=6r=tA . mmommm s el ] = prostagl andi n
| evel s, exogenous prostaglandln was added to the serosal side of the

chanber when | [ e h E2oL1 X
10[err] M was E érfﬂgﬂf Hggg %ondu?t?ﬁegghﬁ I|ne é%ﬁ?%.dgegented I n
Table 1 of Ussmkpse usinharifer @Fxamplendidht eandatCy he‘rFétaH!Plﬁl RR) a

reduction of Bmmefma@ﬁ@éeérﬁ?p@gé'mﬁal 'd%rfd&?xt&%ﬁ:@bn' hgr m_:;/aw PD in

bronelain and CT treated ti ssue, npared wi_th d effect
of CT and PE2 i¥Wagoagdsf @pséq%ézkw)mwsal %nw?%sal S S Th88e data

suggetst the add.’ttl%gnalnglgaaalm SObRyrybi &E!lssuesdwgli‘éomﬂe&t@d esd:(leﬂQEPlﬁBUI d

secretion cannot_be conpl ete xpl ai ne its reported.ability to

Thhi bi t the. 35 along, i GhaRkens wersaliphRdi he incubate fIr 30 hifidtes

26 10 and rinsed as described above. ST (300 units) was then
added to the mucosal side and the experiment completed as

before.

Figure 4 shows the change in Ig 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 Is. and PD in both the bromelain-treated and
PBS-treated tissue were noted as a result of cGMP
addition, with the final total Iy 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.



EXAMPLE 3: Effect of Bronelain on secretory effect due to
Escherichia coli heat stable toxin (ST). Experinents were
conducted in a simlar nmanner as for 5 those wusing LT (Exanple 1d)
and CT (Exanple 2a). Bronelain diluted in PBS (fina

concentration 15 [err]g/m) was added to both the nucosal and
serosal side of the Il eal tissue. Control tissues were treated

w th PBS al one. Chanbers were allowged to incubate for 30 m nutes 10
and rinsed as described above. ST (300 units) was then added to the
mucosal side and the experinent conpleted as bef ore. Fi gure
4 shows the change in I[err] produced by pre-treatnent 15 of tissue

wi th PBS or bronel ain. The data show t hat bromel ai n reduced the
change in I[errSignd fppannd namicsfions in totahePBe@nst ofy whilues @@&$sed by
ST. The reducti gy er P u b I was
34% ( p=0. 0313) angew(EEI £%3&67 peaxa@grr%pect I ve PP:{%darglJﬁ %lh?lgp%ésu%hg}vﬁ I n
Table 1. 20 treageg, gibauarerekain prioy te\the @dditdephefpfater LI i nal
concentration Oge¥inaan pdlifgde IOf aq'@\@d“\%’!%etso of contr®@1MyidsheeCGVP

productlon was added to the serosaf. s of the tissue when PD and

| [err] valSues h&d¥epEgeh¥dth EP§#§a§°é§°W3d byeadide 197 o e arivyEdd@eof
ST) . Simlar @cidlptazqnaﬁas 51gn1fh.8§ﬁ§§\§eﬁlglﬁeﬂ' [efdr] whet RIF ivrdmeilainhe

bronel ai n-treated an PBS-treated tissue were noted as a result of
cGWP addPFFoﬁreﬁFFﬁ EL8S¥®%al total I[err] and PD val ues in
bronel ain-treated tissues being significantly less than 30 t hat of
control tissues Thi s ,i.s Wn al.so 1.
> S50 6 cAvboriRtieedn Y ChtoRebainbag opfy diiiaERL
10 mechanism for inhibiting £fluid secretion, other than
inhibiting the ability of toxin to bind to intestinal
receptors. If bromelain were only to prevent the

attachment of toxin to the intestinal cells, all
intracellular biochemical pathways would remain
15 unaffected. The observation that total I, and PD levels
in bromelain-treated tissue fail to reach the same levels
as DPBS-treated tissue after addition of a second
messenger (ie 8-Br-cGMP, PE2 or theophylline), implies
that bromelain does affect an internal signals within
20 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
25 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
30 has been shown to be clinically safe.

All of the experiments described above indicate that
bromelain is effective in inhibiting secretion induced by



observed as in earlier experinments when tissue was treated with

bronmelain prior to the addition of CT or LT. The final conbined
I[err] and PD val ues of control tissues 5 treated with toxin fol |l oned
by addition of theophylline or PE2, was significantly higher than
that of bronelain pre-treated tissues. It is hypothesised
t hat bronelain has an additional 10 mechani smfor inhibiting fluid
secretion, other than inhibiting the ability of toxin to bind to

i nt esti nal receptors. | f bronel ai?® were only to prevent the
attachnment of toxin to the intestinal cells, all i ntracel | ul ar

bi ochem cal pat hways woul d remain 15 unaffected. The observation
that total I[err] and PD |l evels in bronmelain-treated tissue fail to
reach the sane Lev LS. as. _PBS-tre tg@ tissue ..after additi.on of
a second 3FESE ARG FRFRPECRORIIS I dY ¢ R Secr®ples

t hat bronel ai n dodscefif ety anbacterisl stoxais weohbinéd withel lotherThe
ability of bronglai c e total llerr] . PD) changes
i nduced by 8_Bf?gékEF5§ﬁ%§?%S?§§§égéE;%%Senb%rs gPFe%nﬁﬁgﬁg% et i"de

gener ati on. O her nol ecul es _ af f ect intracel | ul ar processes,
for exgnpl e he nexthl é&méf”%xé{ﬂglégd%%faé%”u; h@d‘egﬁérgéfgs‘?g
nol ecul es 25 appear to be active onfy agai nst~ subnmaxi na es o

toxin (ST). FuPeReribeethenabiliby cefillero ihagid fsh@fy bromelaipotpe

unsui table for ghhibeel thS§erGRILtATH ThAiEdWeY, second MESFIRfey aupdasi rable
si de effects. Br onel contrast, is effective again

ain, in. . t
maxi mal doses oM EBREH Eﬂﬂ agdition of RastaH@n %5 ke cﬁﬁﬁm&%PFyaiaPe.
Al of the expedemehssraes ctharebrthelainngdbfaighibit secretidy QBueed i s

ggfect|v§0|n 'ng§béﬁagge§g§£e%ééi%éé¥%“§é §§@retion (i.e. that induced
by hormones or neurotransmitters or nutrients).

EXAMPIE: 4 Effect of Crude Bromelain and Pure St

15 Bromelain Protease on Secretion Induced by Cyeclic

Nucleotides

Experiments were conducted in a similar manner as for
those described in Examples 1 to 3, with the exception

20 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
alone. Chambers were allowed to incubate for 30 minutes

25 and rinsed as described above. Analogues of cAMP and
CcGMP (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
cyclic nucleotides.

30
Figure 5 and Figure 6 show the change in Iy and PD
produced by pre-treatment of tissue with either PBS,
bromelain or stem bromelain. The data show that



bacterial enterotoxins and also by inhibiting secretion I nduced by

bacterial toxins conbined with other secr et agogues (second
nmessengers for internal signals). 5 The next series of exanples
(Exanple 4 to Exanple 7) describe the ability of bronelain and stem
bronelain to inhibit the secretion induced by second nessengers

al one, w t hout the addition of bacterial toxin. Exanples al so
denmonstrate that bronelain can inhibit segpetion i nduced 10 by
endogenous nedi ators of secretion (i.e. that induced by hornones or
neurotransmtters or nutrients). EXAMPLE: 4 Effect of Crude
Bronel ain and Pure Stem 15 Bronelain Protease on Secretion |nduced
by Cyclic Nucl eot i des Experiments were conducted in a

simlar manner hsomelain and shemebﬁemelabedWEnequnpléy effecBivei th t he
exception 20 e to e | gent s.
Bromel ain or st emg I al n%? %h?edgc %%Eg@?%?o!éﬁ Qeé%éikgrgﬁgg’éﬁ%g“ n 15
ug/m) were addbdthoatﬁm¢anQﬁﬂf(ﬂhd:ﬁeBromO cGMPeal tissue. Cont r ol

tissues were treated with PBS al one. Chanbers were allowed to
I ncubat e for 30 mnutes 25 and rinsed as described above. Anal ogues of
cAWP and 5 Thenpatrs- preasrEafrdananst BregotRapbromelain) angdr 8tgfded

to the serosal siéfeDiin Rad es&uetweTﬂeiexhamlteﬁgeéecrenon ld&dl@ea by

ool ot het) SobARELLgl Attt B e ) and
PD . produc'em@yfmndzﬁgeauggatstef thiags st e threamélwim PBfotease is
ggonelaln or %éé%gnég(ﬁnﬂfir ‘the an i- glarrhEQQWQcé{Bn of bromelain.

10 .
EXAMPIE S5: Effect of Bromelain on Secretion caused b

theophvlline and Prostaglandin E2

Experiments were conducted in a similar manner as for
15 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. Theophylline (9
20 mg) or prostaglandin E2 (1 x 10°M) was added to the
serosal side of the tissue. These molecules stimulate

gsecretion by action on the cAMP pathway.

Figure 7 shows the change in Ii . produced by pre-treatment
25 of tissue with either PBS or bromelain. The data show
that bromelain is effective in reducing the Iy and
therefore secretion caused by theophylline and

prostaglandins.

30



bronel ain and stem bronelain were equally effective in reduci ng the

PD and I[err] and therefore secretion induced by bot h 8- Br onb- cAMP
and 8- Br ono- cGWP. 5 The data presented denonstrate that bronel ain
and stem bronel ain are effective in inhibiting secretion caused by
I ncreased intracellular |evels of cyclic nucleotides. This finding
suggests that stem bronelain protease is responsi ble for the
anti-diarrhoea action of bromelain. 10 30 EXAMPLE 5: Effect of

Bronel ain on Secretion caused by t heophyl | i ne and Prostagl andin E2
Experinments were conducted in a simlar manner as for 15 t hose
described in Exanple 4. Bronelain diluted in PBS (final

concentration 15 u-/n1 mere added to both si des
ti ssue. Control #4881 : : 2 5@ FECh i wer e
allowed to |nCLm@g§tf4m ﬁ%bendent pgtﬁuggs and rlnsed as descri bed above
Theophyl line (9 ny prostaglandin E2 (1 x 10[err]M was added to
t he serosal side of the tissue. These nolecules stinmulate

seclr [et i O]rl by gctm'?feb&metﬂt@t (e¥ VN p@éﬁﬂ\@é’ted m a siligdie m%.rﬁ{é(ril-w%stpgfsbﬁ hange
in err roduc re-t.re ssu [ r

br onel ai n. i The %hqsaé/ r:.be ﬁ?&‘FmBI]'Srrél ai h@‘&iﬁ%ﬁ%ﬁ ng
the I[err] and (finaltdunuanMnatlsacastugwml)caesedadd@d totheﬂmhyidésua

of the il eal

ggd prOStéfﬂéHE“fféal é%%sue. Control tissues were treated with
PBS alone. Chambers were allowed to incubate for 30

minutes and rinsed as described above. A calcium

10 ionophore (A23187) (final concentration 5 x 10°'M) was

added to the serosal side of the tissue. Ca ionophore

causes the release of calcium from stores in the

endoplasmic reticulum. Increased levels of Ca* in the

cell stimulates secretion by action on a Ca?*'-dependent
15 pathway.

Figure 8 shows the change in Iy produced by pre-treatment

of tissue with either PBS or bromelain. The data show

that bromelain is effective in reducing the Ig . and
20 therefore secretion caused by a Ca-dependent pathway.

EXAMPLE 7: Effect of Crude Bromelain on Normally Function

of the Intestine

25
7a Increase in absorption of fluid.

Experiments were conducted in a similar manner as for
those described in Example 4. Bromelain diluted in PBS
30 (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



EXAMPLE 6: Effect of Bronelain on Secretion caused by a Cal ci um

Dependent Pat hway Experiments were conducted in a simlar manner
as for 5 t hose described in Exanple 4. Bronelain diluted in PBS
(final concentration 15 ug/m) were added to both sides of the
ileal tissue. Control tissues were treated with PBS al one.
Chanbers were allowed to incubate for 30 mnutes and rinsed as
descri bed above. A calcium 10 ioggphore (A23187) (final
concentration 5 x 10[err] M was addeéd to the serosal side of the
tissue. Ca i onophore causes the release of calciumfromstores in
t he endoplasm c reticulum Increased |evels of Ca[ferr] in the
cell stinulates secretion by action on a Ca[err]-dependent 15 pat hway.

Figure 8 shows bBgtehaauey ddi¥d ] iAr OURE € RV eRF @ L EEBLEEHA for 900
tissue wwth either PBS or” bronel ain. The data Show that bronelain is

effective in reBuBrRESt he THeershangs Do Isc dugdpgr dihe s r BinvReeaWadsd by a

Ca- dependent pamB#@Yored to obseréAWReEcfrebtsest ddFdrtusPeasEabpson
Nor mal | y Functlgg_ of the Intesfine 25 7a Increase in
i

absorption of fPhigecretion (fog, sxam IHOPESe oRTHER PRSI ta LS REA
manner assfor nutriehtwse digbcwheedern fheantlieste Bwaselsbgvrbingt edri n PBS

30 (final c Qgggtrgtion 15 ug/ M) were added to both sides of
the ileal tissué: ﬁ% D! tissues were treated with PBS al one.
Chanbers were allowed to i ncubate for 30 mnutes and rinsed as

giscri bed abov?igurg i9s§sll’1%v)éa§he change in Iy produced by pre-treatment
of tissue with either PBS or bromelain. The data show
10 that bromelain treatment of tissue was effective iﬁ
reducing the Iy induced by endogencus mediators of
secretion and alsc was effective in stimulating
absorption. The data demonstrate that bromelain is also
effective against non-infectious diarrhcea. The fact
15 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.

20 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

25 lead to the discovery that bromelain could also enhancé
the absorption of nutrients.

Influx Experiments. We tested glucose influx (initial
rate of unidirectional flux of glucose from the
30 incubation medium into the epithelium) in the presence
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).



continually bathed in the Ringer's solution for 90 m nutes. The
change in I[err] during the 90 m nutes was noni tored to observe the
ef fects of endogenous nedi at ors of secretion (for exanple hornones,
neurotransmtters and 5 nutrients) and whether the tissue was
absor bing or secreting. Figure 9 shows the change in I[err]
produced by pre-treatnent of tissue with either PBS or bronelain.
The data show 10 that bronelain treatmnt of tissue was effective in
reducing the I[err] induced by endogenous nedi ators of secretion and
al so was effective in stinulating absorption. The data denonstrate
that bronelain is also ef fecti ve agai nst non-infectious diarrhoea.
The fact 15 that bronmelain can inhibit secretion and enhance
absorption is aledlaxrefethabiming scddar yglutamia acid, lysineerewsing es

that bromel ai n \eon'd' ggeef &fr%éaeia@ b%tlgrc:Lne heh{/€8i &Rgn&nd va{sevgrlfsbng

di arr hoea. I ncrease 1 n a pt|o of “nutrients. hese
experiments mer@tééﬁééeted to denonstrate the ef fect of bronela|n on
ot her physiologically inportant receptors required for nutrient

upt ake. These studl

|, ead to t he di scovery .that bronel ain coul d
al so enhafice ?éf%owwl t6n TAPRRRS | WRFE. %‘uleraa by, Tﬁlﬂ? torm

Experi ments. V‘&nh@.&hedoﬁL ucome 2snfémix segheht alof J.leumf atvasofexcised,

unidirectional flux qf gluco fromthe 30 ncu t he
oni therium i EREisfladene® Yhe "Rlaciierd, norddk 8 PInHES PRLETRE 1hC o
Fasano, A Al bi bintestinal Fedftretes andch G@oldcBinger’ 8 Sel@idns, Tvo 10

§galtelli, FF cm segngEQGBQZiﬁte@%fﬁghwgfghrﬁif&%?ﬁgodﬁaéd.%% l%@@t§71)'
10 influx chambers, where four adjacent portions of the
mucosal side (surface area of 0.28 cm?) were exposed to
the preincubation solution for 30 minutes at 37°C and
gassed with 95% of 0,/5% of CO,. The pre-incubation
solutions contained bromelain at 1 mg/ml for studies
15 observing glucose influx, and 15 pg/ml for amino acid and
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 H’-
20 Inulin as a marker of extracellular space. Incubation in
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,
25 homogenised in 10% trichlorocacetic acid and centrifuged
to sediment particulate matter. Aliquots of the
supernatants were assayed for radiocactivity with Hpb
Beckman scintillation f£luid, in a Beckman LS 7500 Beta-
counter. Calculations were conducted as previously
30 described (Rubino, A Field, M & Schwachmann, H (1971), J.
Biol. Chem, 246, 3542-3548).



Influx of the am no acids, glutamc acid, |ysine, |eucine and the

di - peptide, glycine-phenyl al ani.ne, was al so st udi ed. 5 New
Zeal and White rabbits were killed by chloroform i nhal ation. A 25
cm segnment of ileum was excised, opened al ong the nesenteric border
and rinsed free of intestinal contents with cold Ringer's sol ution.
Two 10 cm segnents of intestine were rapidly nounted in lucite 10

i nflux chanbers, where four adjacent portions of the nmucosal side
(surface area of 0.28 cnierr]) were exposéd to t he preincubation
solution for 30 mnutes at 37[err] C and gassed with 95% of O[err]/5%
of CJerr]. The pre-incubation. sol utions contained bronelain at 1
ng/mM for studies 15 observing glucose influx, and 15 [err]g/m for

am no acid and di peptide influx. Contrql tissues were incubated

Wi th R ngérie 3 %‘?@NS sthedréSech e REaiRdR PReBE SR BRELYY -

sol ution was reghacadeii show Ottt Aieref i5aHB CAFPOSéFérdb with gluldkew th
t he presence ofégherr.-labe

| l.ed 1?ﬁtrient and ,I—rllerrol-qzo Inulin as a
marker of extra@Bf GMARCspEEe. 1nfftthatidiFating no aqugrses SELEC5S GBs for
45-50 seconds abdhe@sréteppsrt bimportant dorckhyrien®viphlde Ioleudneas

I ni | abel d di ld 0.3.M A tol,.. Each .pi f
con 2L 18,1 e0ehy80%eysa i EHERLSS e ALIBRILAS! 1 G0 RESREaBE, .
to

25 honogeni s§bd ahsdfption odf onuadenits.aci d and centrifuged

sedinment particulate matter. Aliquots of the super nat ant s
were assayed for radioactivity with Hpb Beckman scintillation fluid,
in a Beckman LS 7500 Bet a- counter. Cal cul ations were conducted
as previously 30 descri bed (Rubino, A Field, M& Schwachmann, H (1971),
J Bi ol . Chem 246, 3542-3548).
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The data al so revea

t he absorption of nutrients.

that there is no interference with glucose and am no acid i nfl ux,
35

Tabl e 2 shows the effect of bronelain on nutrient
i ndi cating no adverse effects on other

upt ake.
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SEQUENCE LI STI NG (1) GENERAL | NFORMATI ON: (i)

APPLI| CANT: (A) NAME: CORTECS LIM TED
(B) STREET: THE OLD BLUE SCHOOL, LOWNER SQUARE (O aTy:
| SLEWORTH 10 (D). STATE: M DDLESEX (E)
COUNTRY: GB (F) POSTAL CODE (ZIP): TW 6RL
(ii) TITLE OF I NVENTI ON: MEDI CAL USE OF ENZYMES 15 (iii) NUMBER
OF SEQUENCES: 1 (1v) COMPUTER READABLE FORM
(A) MEDI UM TYPE: Fl oppy di sk 20 (B) COWUTER: | BM PC
conpati bl e (C) OPERATI NG SYSTEM PC- DOS/ Ms- DOS
(D) SOFTWARE: Patentln Rel ease #1.0, Version #1.25 (EPO 25 (2)
| NFORVATI ON FOR SEQ I D NGO 1: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 213 amino acids SEQUENCE LIisTI¥&B) TYPE: amino acid 30
(ii) MOLECULE TYPE: protein 35 (xi) SEQUENCE DESCRI PTI ON
SEQ ID NGO 1: Ala Val Pro An Ser Ile Asp Trp Arg Asp Tyr
Gy Ala Val Thr Ser I 5 10
15 (1) GENERAL INFORMATION:

5

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

(ii) TITLE OF INVENTION: MEDICAL USE OF ENZYMES

15
{iii) NUMBER OF SEQUENCES: 1

{iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
20 {B) COMPUTER: IBM PC compatible
{C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

25 (2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 213 amino acids
(B) TYPE: amino acid
30
(ii) MOLECULE TYPE: protein

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

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

40



40
Val Lys
20
A u Ser
35
G@n dn
55
G u Phe
75
Tyr Lys
90

36

Asn G n Asn Pro Cys Ay Ala Cys Trp Ala Phe Ala Ala lle

25 30 5 Ala Thr Val
Ile Tyr Lys Ile Lys Lys Ay Ile Leu Gu Pro

40 45 Leu Ser Qu
Val Leu As s Ala Lys Ay Tyr dy Cys Lys 10 50

pq,GO _ %y Gy Trp Gu Phe Arg Al a Phe

Ile Ile Ser Asn Lys Gy 70

80 15 VaIAIaSerGIyAIaIIeTyr Pro
Ala Ala Lys dy Thr Cys 85

95 20 Lys Thr Asp Gy Val Pro Asn Ser

Ala Tyr Ile Thr Gy \Ta\ir Lﬂ Bsrf\6¥h Asn pro Cys Gly Ala Cys Trp Ala Phe gga Ala Ile

105

10

15

20

25

30

35

40

20 25 30

Ala Thr Val Glu Ser Ile Tyr Lys Ile Lys Lys Gly Ile Leu Glu Pro
35 40 45

Leu Ser Glu Gln Gln Val Leu Asp Cys Ala Lys Gly Tyr Gly Cys Lys
50 55 60

Gly Gly Trp Glu Phe Arg Ala Phe Glu Phe Ile Ile Ser Asn Lys Gly
65 70 75 80

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 Axrg
100 105 110

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
130 135 140

Lys Ser Gly Val Phe Asn Gly Pro Cys Gly Thr Ser Leu Asn His Ala
145 150 155 160

Val Thr Ala Ile Gly Tyr Gly Gln Asp Ser Ile Ile Tyr Pro Lys Lys
165 176 175



25 Val Pro Arg Asn Asn Qu Ser Ser Met Met Tyr Ala Val Ser Lys

Adn 115 120 125
Pro Ile Thr Val Ala Val Ala Asp-Ala Asn Ala Asn Phe @ n Tyr Tyr 30
130 135 140 Lys Ser Gy
Val Phe Asn Ay Pro Cys Ay Thr Ser Leu Asn H's Al a 145
150 155 160 35 Val Thr Ala.
Ile Ay Tyr Ay Gn Asp Ser Ile Ile Tyr PB® Lys Lys
165 170 175 40
37 Trp Ay Ala Lys Trp Ay Au Ala Gy Tyr Ile Arg Met
Ala Arg Asp 180 185
190 5 Val Ser Ser Ser Ser Ay Ile Cys Ay Ile Ala Ile Asp
Pro Leu Tyr Trp Gly Ala Lys Trp @}y Glu Ala Gly Tyr Ile Ar®Mgt Ala Arg Asp
205 Pro Thr 1seu Gu G u 10 185 2190

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



38 CLAI M5 1

| sol ated and purified stem bronelain protease of SEQID NO 1 for use in
medi ci ne, except in the treatnent of diarrhoea. 5 2.

| sol ated and purified stem bronelain protease of SEQID NO 1 for use in the

treatnment of diseases or conditions other than dlarrhoea whi ch are nedi at ed
by cyclic nucl eot i de pat hways. 10 . The use of isaol ated
and purified stem bronel ain protease of SEQ ID NO

preparation of an agent for the treatnment 3 proph |!§ﬂ|gi‘ﬁ!l[ m;HH s or
condi tions, other t han di arrhoea, which are yscy
nucl eot i de pat hways. 4, The use as clainmed in claiml, mherein

t he di seases or conditions are cancer, 15 i nfl anmati on, atherosclerosis
or bacterial infections such as dlphtherla or pertussis. 5. A

pharmaceutical conposition conprising i HAMSY and purified stem bronelain
protease having the amno acid sequence of SEQ ID NO 1, together mnth a

har maceutically acc bl e .exci pi ent_.or rri
Bhar maceut i cal ogrpsf’ra"&ﬁ edsa ‘% Auradied Egﬁ?‘rh%o‘?ﬁﬁ'la&ﬁ P?F%‘?‘ﬁ%lkﬁvé'dlgf or
oral, buctcha ,annasal acbhakequenpes eof alSEQf AD eNGanpl erxi it rsaprence or

i ntranmuscul ar, adn1n| eutjc sition
as claimed in cl® é’lbﬁtgr\tﬁi tCLP'i39 mologr 2 %krlﬁ%elts?A pl on E'h % %%ch i's
enterical ly proescept. in the tre@tment of glimmnboeati cal conposi t ion as

claimed in claim6 or claim7 which is a del ayed rel ease

conposi tion. o ‘ .
2. Isolated and purified stem bromelain protease having

the amino acid sequence of SEQ ID NO 1 or a sequence
10 substantially homologous thereto for use in the treatment
of diseases or conditions other than diarrhoea which are

mediated by cyclic nucleotide pathways.

3. The use of isolated and purified stem bromelain

15 protease having the amino acid sequence of SEQ ID NO 1 or
a sequence substantially homologous thereto in the
preparation of an agent for the treatment or prophylaxis
of diseases and conditions mediated by cyclic nucleotide
pathways other than diarrhoea.

20
4. The use as claimed in claim 4 wherein the diseases
or conditions are cancer, inflammation, atherosclerosis
or bacterial infections such as cholera, diphtheria or
pertussis.

25
5. A pharmaceutical composition comprising isoclated and
purified stem bromelain protease having the amino acid
sequence of SEQ ID NO 1 or a sequence substantially
homologous thereto together with a pharmaceutically

30 acceptable excipient or carrier.

6. A pharmaceutical composition as claimed in claim 5
which is formulated for oral, buccal, nasal, anal or
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parenteral, for exanple intravenous or intranuscul ar

adm ni stration. 7. A pharnmaceutical conposition as clained in
claim6 5 which is for oral adm nistration and which is enterically
pr ot ect ed. 8. A pharnmaceutical conposition as clainmed in claim®6

or claim7 which is a delayed rel ease conposition. 10

parenteral, for example intravenous or intramuscular,
administration.

7. A pharmaceutical composition as claimed in claim 6
5 which is for oral administration and which is enterically
protected.

8. A pharmaceutical composition as claimed in claim 6
or claim 7 which is a delayed release composition.
10



