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SILICTA FOR THE I NHI NI TION OF A PROTEASE FI ELD OF THE
| NVENTI ON The present invention relates to a silica
WO 910943d78s an i nhi bitor of a protease, silicaPCI/GB2009/001055
suspensi ons conprising said silica, pharnmaceuti cal
conpositions conprising said silica and silica
suspensi SHICIAF QRTHENEN H NI TIONRERARROTEASE
I NVENTI ON Aspartic proteases are a group of
proteol ytic enzynes that are active between pH
1.5-5.5. They are characterised by the presence of two

FIEISD [OF THE INVENJIONPS i n the enzyne active site which

function as general acid-base catalysts and are
essential for the cleavage of peptide bonds. One of
The éséﬁtrlﬁ\tr R iAEs S Qtsﬁﬁraﬁ‘ﬁr EQ({;%@ SRRSO of & oY@%e, silica
uman gas ric pepsin, here are sever su
suspgrnsieneompyisifgpsich smcaSpharﬁtacefoblcahcbrgped;ltlons camprising said

.. are theS| d in the gastric nucosa as an
S'I'C?ﬁggﬁnlv‘@ %l%'ls NLYsRstEeSfrogen, and fol | owi ng

stinmul ati on of gastri c chief cells are released into
the gastric |lunmen where they are activated by
BAGKGRQUNE TO BJEINVIENHON i ¢ juice. The prinmary
function of pepsin is to degrade dietary proteins and
peptides into amno acid fragnents suitable for

AspahrQiptdaues arbex grov E&ﬁﬂ proiedhietdngyinesihat achap@rsbétween pH
sub- %pe varies with respect to gastric pH the type

1.5-8. pl beyiate ghasastgtised bartbemeawcw& twg|aspartiggcid groups in
the %HQgﬁm%aéan&p Q& wlﬁlﬁﬁ'fﬁﬂctl(ﬂ tago F&Péée Qfa{télyﬁs and are
ac a wde range plrru pro IC ac

essérmahsﬁmlatﬁeycleaemgeabf po’ﬂdB( bondel yOnd &f tBne first aspartic proteases
to be characterised was human gastric pepsin, of which there are several sub-

types namely Pepsin 1, 3a, 3b, 3¢ and gastricsin.

Pepsins are synthesised in the gastric mucosa as an inactive precursor, termed a
zymogen, and following stimulation of gastric chief cells are released into the
gastric lumen where they are activated by hydrochloric acid in gastric juice. The
primary function of pepsin is to degrade dietary proteins and peptides into amino
acid fragments suitable for absorption. The proteolytic activity of each pepsin
sub-type varies with respect to gastric pH, the type of protein substrate,
temperature and solute and substrate concentration. Although pepsin is active
across a wide pH range, optimum proteolytic activity is usually seen at

approximately pH 2-3.

Pepsin does not specifically degrade dietary protein and will indiscriminately
cleave any suitable protein, peptide or glycoprotein. It will therefore degrade a
range of constitutive proteins, such as collagen and elastin, as well as functional
proteins, such as haemoglobin and albumin that are essential for normal
physiological function. Indiscriminate degradation of these proteins, sometimes

called autodigestion, is the underlying pathology of a number of disease states
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Pepsi n does not specifically degrade dietary protein
and will indiscrimnately cleave any suitable protein,
w@epebisia7or gl ycoprotein. It will therefore deRCHGB2@I/001055

range of constitutive proteins, such as collagen and

el astin, as well as functiohal proteins, such as
_haenogl obin and al bum n that are essential for nornmal
inclyshipg idysRepsial gasifits.i Weeralinaiasdrgastiogsepbagealdaflivodisease. In
thesg A3%adt ol nenBlEoe SRR o BsaaLaaL S Uarhdodd By the
protebigtie activityuofl pepsityspepsi a, gastritis, ulceration and

gast roesophageal reflux disease. In these di sease

states, the nucosa of the gastrointestinal tract is

Theqﬂﬂé&%ﬁ flcBec QIR0 Huntb st %éﬁ%?&fv&ﬁﬁ&ifﬂnctﬂ?‘%l I%oteins,

mucosal surface contains a nunmb constitutive a
e.g. fcotlagenrmalarge onaeadlar weight pudieiydhat belpamgaintaih dveiindegrity of

the BRI PEObekT, thE Sir B Rl hr el B YePfach, the
mudoisés_li’@- pr'dfeét@& ?Fﬁdhﬁfﬁﬁépsihh@e@hé‘d&@ni SbyOféPt ﬁ@ﬁﬂb@rf bP Nldefence

pepsi n ple?ra}datl on by a nunber of. deféence nmechani sns
medhapising mgludiag dbe secralionost a nmurlssgglelayeay dihe mugus gel layer

o515 L BABP 3 Al KRABBR el B e

undetiing ahuctisal sadags ptateins. The nucus | ayer can,
however, be degraded by pepsin and therefore a dynam c
bal ance exi sts between nucus secretion and

06 ! ol 9 0855k ) i R cpmaic

balamedeexigisnpebyedarhehucus aacretioh| anpk degeadatiomg If hhisi kalaace is

. .destruction and gastric injury. Simlarl L f sin i

distiBeR A a0 My e CORB AR Pees Pt dloseh i idertying

epitREIRMR BAE WDIla§Eh PESUINSY I BR JENRRA0A AMdAGEStFic AfuyNSimilarly,
oesophageal mnucosa does not ]

if pepsin is refluxed beyond the oesophageal sphincter into the oesophagus,

extensive tissue damage can occur as the oesophageal mucosa does not

possess the protective mechanisms present in the stomach.

To prevent damage to the gastrointestinal mucosa, agents that inhibit the

proteolytic activity of pepsin have been proposed.

US 3,740,319 and US 3,840,516 describe pepstatin, a compound extracted from
culture filtrates of a strain of Sfreptomyces. Pepstatin was shown to inhibit the
proteolytic activity of pepsin and suggested to have a preventative role in the

management of gastric ulceration.

WO 01/87282 describes the use of alginates, a polysaccharide extracted from
algae belonging to the order Phaeophyceae, for the inhibition of pepsin
proteolytic activity. It was shown that alginates with a molecular weight of less
than 400 kDa inhibited the proteolytic activity of pepsin and gastric juice activity
by up to 70% and 55% respectively.
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possess the protective nechanisns present in the

stomach. To prevent damage to the gastrointestina
WOorWeE30478gent s that inhibit the proteol ytic aRET/GB20P9/001055

of pepsin have been proposed. US 3,740,319 and US

3,840,516 descri be pepstatin, a conpound extracted

fromculture filtrates of a strain of Streptonyces.

Pepstatin was shown to inhibit the proteolytic

us a§t1'5?‘>'5{73§ %IaPeesD%n aﬂﬁpsalﬂ%f'tfgp ’J’\? {}gé{gg%wt og gastrointestinal

‘evenhtative fole I'n nanagene

dlstuﬂiaﬂcesl umilng 4“0 Qdﬂ&iﬁﬂ%ud@@m’mrb@ﬁ drhacids alofof chltosan reacted
i nat es, ysaccharide extracted from al ga

w:trbg GHE) ﬁbxrrpaa e H}Qj@aqiﬁg@gﬁﬁ%gggspewlop Heas shown to inhibit
the E%\%ﬁ'yitﬁ%&“ﬂf g dih B Q48P hdep, activity. It was

at a ates wth a nolecul ar weight of |ess
than 400 kDa inhibited the proteol ytlc act|V|ty of

cBP 4870256 RrTibess o, ieprasesifian forltd Wiasingnd, ot [Bspio ticers
compiing @ et adlll &P ang! sHIest 'IlgﬁbSlﬂff)ﬁéM&tE’éPGesLlQﬁbélﬂphonate

an aqueous suspension of an acid t of chitosan
was ghewe do igducesthei proteglviic aelidly dfirensémegeinshqueasein substrate

hown to |nh|b|t the proteolyitc
in aﬁt}ﬁ%?’tsiyegg epds;l nina 'rat nodel'. GB 1217256

describes a conposition for the treatment of pepti c

cers co ising the free aC|d and any salt of
in GciRse 4 PR B SEGMG STRb SHh BHYAR KO Ioveh Gaibit pepsin as

desbﬁs@&ﬁu ERa2B58 £t 52286bVIILY3 aégt n:e%rﬁ g@?ﬂ; N5Y 5ps5.

casein substrate in an in vitro'tes
addition, a range of organic small nol ecul es are known

i, 2 PR 550HE B 8 S8a R mdBymetacree

copolymer nanoparticles that reduced the activity of pepsin.

Mouecoucou et al (J Dairy Sci, (2003), 86, 3857-3865) reported that a range of
plant hydrocolloids reduced the ability of pepsin to degrade peptides. They
showed that xylan, gum arabic and low-methoxylated pectin inhibited the
breakdown of peptides ranging in molecular weight from 1-8 kDa in the presence
of pepsin. Other polysaccharides that have been shown to reduce the activity of
pepsin against a protein substrate include alginate (Strugala ef al, Int J Pharm,
(2005) 304, 40-50), agar (Gouda and Johdka, Can J Pharm Sci, (1977), 12, 4-7),
sulphated polysaccharides (Levey and Sheinfeld, Gastroenterology (1954), 27,
625-628) and oxidized starch sulphates (Namekata, Chem Pharm Bull (1962) 10,
171)

Pearson and Roberts (Clin Sci, (2001), 100, 411-417) have shown that ecabet
sodium inhibited pepsin activity in gastric juice. The extent of inhibition was

dependent on the pepsin sub-type.
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Qan et al (Eur PolymJ, (2006), 42, 1653-1661)
descri be net hyl net hacryl ate copol yner nanoparticl es

waQ pwp/130duced the activity of pepsin. MouecoucRal/€B2@p/001055
(J Dairy Sci, (2003), 86, 3857-3865) reported that a
range of plant hydrocolloids reduced the ability of

pepsin to degrade peptides. The\b/ showed t hat xyl an, _
Kra’r@aﬁead dsrokepr@chourahetRaplidest(2808k &1, R829di have syrihesised

a tri?fegﬁé%a%@%?iﬁlgfi%é;%g&)igggt:’?é@a&gérgcg Ebquﬁq&%gitlr Rhs W %mbi{orr)g’ Betion

agaipet pepsinhaniifies Thegisuggest et the ieyivalive regussye Sgplication in
activity of pepsin against_a protein substrate include

protgfiing Rertidesdrygsairamesnzymatiydegradalipmandomes \thersiore be used

ith0= and Johdka, Can J Pharm Sci,
fo '”ﬁ%a%‘?r@?{a)é%‘%?m phat ed pol ysacchari des (Levey and
Shei nfel d, Gastroenterol ogy (1954), 27, 625-628) and
Xi dj z tarch | phat e kat a em Pharm Bul |
FosBiogf {6 Sri) (BMNaBh 115 Fehr CEON 63 e bplygeryiate
CarB&Sbl 934 -Eh inHisl! pepSPVRydidhsis GHICthetedrd Rds" Bbiritiaf as a
pepsin activity in gastric juice. The extent of
mudoshl pictédivevegend @peivdent on the pepsin

sub-type. Krat zel and Ber nkop- Schnurch (Pepti des
(2000), 2 1, 289-293) have synthesised a tripeptide

Beil dstr aM@Phiav@aeblog g petods) N4 A aae-1a4p \Wave hidmonstid#ted aRat bismuth
inhibjtory action against pepsin in vitrao. They

subgitigtrinhikifsdp a pid dgpendant yanpgy thexaetivily Afinoseing pepsin in vitro.
) 0 i o dO0naslal
i aBEOR SR PERY i B SEL TR0 17 3746 Found tha
bisntuthaitaateadnd ranjtidifebisaruth tciteate (bdth inHioited p&i9dds 1, 873 and 5.
719-726) have shown that the polyacrylate Carbopol
934P can inhibit pepsin hydrolysis and therefore has

A nBRbePof dhveédtigators have identified pepsin inhibitors from natural sources
including Pacific oysters (Faisal et al, Comp Biochem and Physiol B, (1998), 121,
161-168), the roots of Anchusa strigosa (Abuereish, Phytochemistry, (1998), 48,
217-221), squash phloem exudates (Christeller et al, Eur J Biochem (1998), 254,
160), soft wheat bran (Galleschi et al, Sciences de Aliments, (1997), 17, 173-182)
and panax-ginseng (Sun ef al, Planta Medica, (1992), 58, 432-435).

WO 00/10527, WO 00/10528, WO 00/10529, and WO 00/10530 disclose
mucoadhesive compositions comprising colloidal particles selected from silica,
titania, clay and mixtures thereof. The mucoadhesive compositions of these
documents are resistant to peristalsis and are used to deliver active ingredients to
the gastrointestinal tract. However, there is no teachings whatsoever in these
documents concerning the ability of silicas to act as an active gastrointestinal

substance.

Despite the diverse range of materials that have been shown to have an inhibitory
effect on the proteolytic activity of pepsin, silicas have not been mentioned in the

prior art as being suitable for the inhibition of proteases.
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nmucosal protective agent in vivo. Beil et al
(Pharmacol ogy, (1993), 47, 141-144) have denonstrated

waQ e/ 1% Ut h subcitrate inhibits in a pH deped&aB2009/001055
manner the activity of porc%ge pepsin in vitro. In
addition Stables et al (Al inhent Pharmacol Ther,
(1993), 7, 237-246) found that bisnuth citrate and
ranitidine bisnmuth citrate both inhibited pepsins 1,

j stigators have identified

Bnggp@Wﬁ%Ybéfﬁﬁ&Xﬁmgﬁﬁal sour ces including

Pacific oysters (Faisal et al, Conp Bi ochem and

Physiol B, (1998), 121, 161-168), the_roots of Anchusa
In a firstiappest thasads Bravidedn pilisaianiise tq/inhjbita gyotease.

217-221), squash phl oem exudates (Christeller et al,

Eur J Biochem (1998), 254, 160), soft wheat bran
In a( Sa¢dreb a@spest thadre iSqprevided aesilida farntreatnierdoan preliéntion of a

docpiad) eRlioBoSRadhaientsl Heke Wb Bl e
gasPOhidLyag) trapd WO 00/10530 di scl ose mucoadhesi ve

conposi tions conprising colloidal particles selected
fromsilica, titania, clay and m xtures thereof. The

j c 1 £i.0ns..Qf th dogu I .

in a PGP BEHER Er BTRPIde L St REE Gl e RiTerflo of 2 disease
or gohditioni REsetiatsd Swith (dUvepRst pRItBONEE | degrddatioh. within the

However, there is no teachings whatsoever in these
gasigejptastinaktrastncer ning the ability of silicas to act as

an active gastrointestinal substance. Despite the

di verse range of materials that have been shown to
In ahémetharaspebt thdrer i pfdvided ansilibe for dtestimenit craptaventign of a

. of pepsin,. .silica ve not been nenti.oned in the. o
disefise i Soroiigh seferied Fomiihe FFORD CRBSISIRBoeT #\ipepeia, gastitis
pept Ale8&ionBrydstroe'siphbedFrefitx NSEENE! @tra-oesophageal reflux
disease, irritable bowel syndrome, rectal related inflammatory disease and

inflammatory bowel disease.

In a fifth aspect there is provided a silica for use to increase intra mucin

interaction.
In a sixth aspect there is provided a silica for use to increase mucus viscosity.

In a seventh aspect there is provided a silica for use to improve mucus gel

properties.

For ease of reference, these and further aspects of the present invention are now
discussed under appropriate section headings. However, the teachings under

each section are not necessarily limited to each particular section.
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In a first aspect there is provided a silica for use

to inhibit a protease. In a second aspect there is
WrH9ildd a silica for treatnent or preventi onP@G¥/ GB2009/001055

di sease or condition associgted with adverse protease

activity wwthin the gastrointestinal tract. In a third

aspect there is provided a silica for treatnent or
Mﬁﬂéﬁti on of a disease or condition associated with
adverse proteol ytic degradation within the

gastrointestinal tract. In a fourth aspect there is

Theppresentdaventidn hasiafrumbbéresftagRahtagfespr eventi on of a
di sease or condition selected fromthe group

consi sting of dyspepsia, gastritis, peptic ulceration,

Pep@ﬁft( SQHﬁlﬁgeﬁ‘r'oltéc??ﬂ ﬁr@yﬁ%\%;fp%ﬁégéaopm eEB‘lligin in the

['ux di sease rome
intestiriegt isdan rifvipaoTizmt caggrdssaraarnd asttbnghj Ilmplmatedylrbwﬁhjx disease

pattiiSihednbigiche PhAAS FTAERY i sty yr ot PaBSIGRY SHigag Can be an

effediived @iszaRBCHhrASY By ?edifcﬂ’oq 4o dansad lh%apét@htlé'ISSf e reflux or

i NnCrease mucus Vi SCoSi tg n a sevent aspect there is
lumipabgpaientsy shihe sdicagof fbe preseémipinvention@ie applable of inhibiting

oo SRS o B35 S TR 55 by

under appropriate section headi ngs. However, the

t eachi n%s under each section are not necessarll
Add!'fm?{'&é& e silisasnobifia ipEesent iBeRAtiath Shanaar ARy ‘Hhequench free

radiBAIE SHIEN 'Y GRrbQ8ed 37 iftiaRHHRES N, Hue Y Y BRR&nce of white blood

cells and bacteria. The ability to quench free radicals is a measure of a materials
free radical scavenging ability and thus the ability to reduce the damaging

capacity in inflammatory bowel disease.

Silicas of the present invention, particularly those of small particle size (10-50 nm)
are also capable of protecting epithelial cells by retarding the diffusion of pepsin
across the mucosal layer (which is indicative of reduction in the accessibility of
pepsin to the oesophageal mucosa which in turn will impact strongly to prevent
lesions and act beneficially upon the pathology of reflux disease and dyspepsia).
Since the amount of damage done to the oesophagus by pepsin is dose-
dependent, any reduction in the amount of aggressor reaching the oesophagus
will have a marked affect on patient symptomatology and reflux disease

pathology.

The silicas of the present invention are also shown to repair compromised mucus
gel and improve the gel characteristics. These findings have therapeutic potential
for the treatment of ulcerative colitis and peptic ulcer in which the mucus layer is

compromised and is unable to protect the underlying mucosa.
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Pepsin (and simlar proteolytic enzynes, perhaps of
bacterial origin in the intestine) is an inportant
Wpie¥ddr and strongly inplicated in reflux dRGEaB2009/001055
pat hol ogy. I nhibition of th:; proteolytic activity of
pepsin by silicas can be an effective disease therapy
by reducing the damagi ng potential of the reflux or
The|siligasapf dhenpresest inveation| areaalse fcapable ok pegnerntingeprpsim from

r f jnhibj tinag,: eolytic.actiyi su
degfGifing 2 Jufiel® el U S REAS Bty Ry rhbitesr afus. the
silicA$l & tthe présanttingerstion ean B prétectivee ire sltuativignvhere Sxevssive

an ability to quench free radicals which are increased
agoressPry (1-.enRapsibhareiRiesedt .t he presence of white bl ood
cells and bacteria. The ability to quench free
radicals is a neasure of a materials free radical
DETAIREENDESCRIPTIONy and thus the ability to reduce the
damagi ng capacity in inflamuatory bowel disease.
Silicas of the present invention, particularly those
Silicak smal | particle size (10-50 nm are al so capabl e of
— protecting epithelial cells by retarding the diffusion
of pepsin across the nmucosal l|ayer (which is

AochiiG B sl rabd ST dels Sl EWBRASH Toste, o ol Silka for
use $& [ritgit ¥ prsteps@vent | esi ons and act beneficially upon

t he pat hol ogy of reflux di sease and dyspepsia). Since
t he anbunt of danmage done to the oesophagus by pepsin

In thé &%%&&e&efh%eﬁkse%%&&ﬁw A iﬁﬁ]bﬁcf}eoﬁ'éog%teﬁée refers to a
aggressor reaching the oesophagus w1 "have a nmarke
substahee which jsatdpable of praventing ftlog achonl of afgroteadesmaasubstrate.

In ﬂﬁg &gglgrﬁigﬁﬁqwﬂ;g? %q?&%gﬁ%pt@%bga%?nngf mel %potggge binding
site by the inhibiting substance is not required in order to display an inhibitory
effect. It will also be understood that an inhibitor is not a simple barrier material
which prevent contacts between a protease and its substrate. Thus the present

invention provides a silica for use to inhibit action of a protease on a substrate.

In one embodiment, there is provided a silica suitable for use as an inhibitor of a
protease on a substrate wherein the silica occupies the binding site of the

protease.
Silica

Silica is the common name in the art for silicon dioxide. It may be present in a
number of forms such as fumed silica, precipitated silica, amorphous silica ,
colloidal silica, coacervated silica, amorphous silica gel, (aqua) silica sol,
hydrogel silica and xerogel silica. The silica may also be present in a liquid

(soluble silicate), suspension, powder, granule or tablet form.
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gel and inprove the gel characteristics. These
findi ngs have therapeutic potential for the treatnent
W@2009M¥d78at i ve colitis and peptic ul cer in whiRGEI/GR2009/001055
mucus | ayer is conprom sed $nd is unable to protect
t he underlyi ng nucosa. The stlicas of the present
invention are al so capable of preventing pepsin from
The giilipen @icagrding: tonfbe prgeentaimyentior dnayide selegad fromitie) group

i o the.silic o) h re t lnvention ..
confSiRER e IKS obRPLRl ST bl E IR, coBLENEI siica
and 2@Wrpheos silica gel, (ages) silicansel, posens . DETAI LED

DESCRI PTION Silicas According to a first aspect of the
present invention there is provided a silica for use
In a pPefefiBh Shodd et 3B Eincaof 18 frBpbRihvElicTS Fh6TARS siica.
It is $mbemaincthevdri diati amogpwuisesilida par\bentafaged le asceollmidaifsilica.
a protease,on a substrate. In this regard, it ywll b
Thug, {BETeRgsaits ARb RS ks BrigriasiBingies solbranslica.
site by the inhibiting substance is not required in
order to display an inhibitory effect. It will also be
The giligaraiitbe gresent inventionishiouls typicaflytbespresent as banopaticles.
mat eri al which prevent contacts between a protease and
its substrate. Thus the present invention provides a

Thus] in Ghd @mbisiment, | i Bilicaaef ithe PlesanpPlivietivh @ present as
substrate. In one enbodinment, there is provided a

nangpartiglgss uin aﬁp@hqaropn@ggirggnfaﬁhg fHiosi hag aBf a‘éﬁrﬁ%_ﬂéﬁ'_ﬂ@e size
(d50 71 sy’ [eé’dmeg egfighr%?%%' rhB8diRESH P8 Ssifi 2 nls 3R Mbrage
particle size (d50) of no greatei' than 18,000 nm.

In a preferred embodiment, the silica has an average particle size (d50) of less

than 10,000 nm. In a further preferred embodiment, the silica has an average
particle size (d50) of between about 1 nm and 5,000 nm. In a further preferred
embodiment, the silica has an average patrticle size (d50) of less than 4,300 nm.
In a further preferred embodiment, the silica has an average particle size (d50) of
less than 800. In a further preferred embodiment, the silica has an average
particle size (d50) of less than 180. In a still further preferred embodiment, the
silica has an average particle size (d50) of between 5 nm and 100 nm. In a
preferred embodiment, the silica has an average particle size (d50) of from 1 to
1,800. In a preferred embodiment, the silica has an average particle size (d50) of
from 10 to 80. In a further preferred embodiment, the silica has an average
particle size (d50) of less than 80. In a further preferred embodiment, the silica
has an average particle size (d50) of less than 20.Silica (such as silica sols) with
an average particle size (d50) in the 5 nm to about 100 nm range may remain for
prolonged periods of time without significantly settling or do not aggregate to a

significant extent.
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Silicais the common nane in the art for silicon

dioxide. It may be present in a nunber of fornms such
WQZ0P/U3deB sil i ca, precipitated silica, anorphoRESI/€BRG08/801055

, colloidal silica, coacervgted silica, anorphous

silica gel, (aqua) silica sol, hydrogel silica and

xer ogel S|I|ca The silica may al so be present in a
In g fugies p(@‘@rr@rdlezml@mqhnm dhe silicagwmsan ave;agmmclgreazm 1(d50) of

o 308 R o S A i, 36 grer

parﬁ&lé@ﬂzél(ﬂﬁo fwm@enlamheﬂ@sd)lnﬁa _arrorphous si lica,
coacervated silica and anorphous silica gel, (aqua)
silica sol, powders . In a preferred enbodi nent, the

n eyl SHERAERCERboER 1D 4k IS WP URed Brice sie
(d50pbab@d 20nms col | oi dal silica. Thus, references to

anor phous silica are understood to i ncl ude col | oi da
silica. The silica of the present invention should

Table/ ACahd pr&tdmast déﬁoﬂ@!ﬁ&l@%rﬂﬁf:b%ﬁhcampﬁamblé QE@ less than

enbodi ment, the silica of the present I nvention
43q9r@§eﬁtpref§rﬁe&ln ppefetahly tess than 800unmhepre pt&fdra’mantess than 180

Pl BeSRRe  B B  BlreTts Kah  7

has an average partl cle size (d50) of no greater than
18,000 nm In preferred enmbodi nent, the silica has
As ysed\Rereip B@ri?rm ea\ﬁraae(mtwleoﬂzreemean’saﬁ pertgiFo pepulation

e 8 456 LA eS8 THONGBE bl 4L 150 el ol
werg,roéasumed bynsarface aieer tifpatieineand: doafilpest by Mranéission Electron
M'cf’és'g'eé?n&aémﬁ”zﬁéﬁé?%aegSé%:%u‘élef siree AbPnBtEr Sl pes were
eS8 MoSBAST 108 B9 oty i Bckep's Wi (23 o
scatering gledegtion to size the particles. The machine has a nomlnal 1000ml
sample dispersion unit with optional ultrasonic capability. We use a single lens
configuration giving a size range of 0.05um to 880um with a 300RF lens and 42
element solid state detector array with two backscattering detectors. We load the
sample to 15 - 25% obscuration and the measurement parameters are 80%

pump speed, 80% stirrer speed , 50% ultrasonics and 3 minute residence time.

The silicas may have a surface areas ranging from 20 to 1200 m?/g, preferably
the silicas have a surface area from 20 to 750 m?/g , more preferably the silicas

have a surface area from 50 to 350 m?/g.

In a particularly preferred embodiment, the silica has an average particle size
(d50) of from 10 to 80 nm and a surface area of from 50 to 350 m?g. In this

aspect, the silica is preferably in the form of a sol.
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particle size (d50) of less than 180. In a stil
further preferred enbodi nent, the silica has an
Wep/add7arti cl e si ze (d50) of between 5 nm aldl/GBE09/001055
nm In a preferred enbodineqb, the silica has an
average particle size (d50) of from1l to 1,800. In a
referred enbodi nent, the silica has an average
_ﬂigﬁﬁﬁ cle size (d50) of from10 to 80. In a further
preferred enbodi nent, the silica has an average
particle size (d50) of less than 80. In a further
A proieheerisdare epagimeewhicht bendudis profeatysis) aMRIsAdE hydrolyses the

article size (d50) of. less than 20 Silica (such as i
Pﬁ’ﬁ?%&%&ﬁ# links ?W"Zﬂwa‘ég%?%gféh%ra'ﬂttheIP@héHePé'dFd%’@)n phproteins.

the 5 nmto about 100 nmrange may renmain for

prol onged periods of time wthout significantly
Proteasesimay be classified injgraeambet of grasipgni Typicaily, they are divided
. . exte In_a further preferred, enbodinent, the silica .
inte e Sofloy(ing Sj% ' Gafibp e ENde AIOKSSS . dhreoblne ProlRases cysteine
prof@ses Naspdrtic hoRlrproteistis! RbtAIBPP6IeEBES antfluhlit @RideDteases.

an average particle size (d50) of between 5 nm and 50

nm In a particularly preferred enbodi nent, the silica

ot : ; _
Al BRIGHEIEEER iaf GBBER patil A B8N abs thgre are
sevefal paibi-iypks off hamags gastisnpeRHn, namiely &y neda, 3b, 3c and
referably less than 800 nmnore preferably | ess than
9S8 ™"m even nore preferred | ess than 80 nm nost
preferred |l ess than 20 nm As used herein, the term
"average particle size' nmeans a particle popul ation
ThusaaceerdingiB0oné arnkodjment, thezerotsise afvtheaprespat irivehtion is an

l,ze d50 of the,silica sols re neasured by surface
s3SI Prlmsm 4R.6 RETRTo DR D BtBRSEPEcaTR to the
predéritimasieioy i peMbin. The average particle size of the
other silica types were
In a preferred embodiment, the protease according to the present invention is a

mammalian pepsin.

In a preferred embodiment, the protease according to the present invention is
selected from the group consisting of human pepsin, porcine pepsin, equine
pepsin, murine pepsin, ovine pepsin, canine pepsin, caprine pepsin and bovine

pepsin.

In a preferred embodiment, the protease of the present invention is a human

pepsin.

In a preferred embodiment, the protease of the present invention is human gastric
pepsin. Preferably, the protease according to the present invention is a sub-type
of human gastric pepsin. Even more preferably, the protease according to the
present invention is selected from the group consisting of pepsin 1, 3a, 3b, 3c

and gastricsin.



10

15

20

25

30

nmeasured by Mastersizer. W use a Malvern Mastersizer
S which uses |ight scattering detection to size the
WQ0PiIHEs. The machi ne has a nomi nal 1000m  SRGHIGB2009/001055

di spersion unit with optiongl ultrasonic capability.

W use a single lens configuration giving a size range

of 0.05mm to 880mm with a 300RF | ens and 42 el enent

solid state detector array with two backscattering

det ect or.s e,sa 25% obscur ati on

In &if eihBite. Snpoifieht crenBiutete i a ehie Praass: righyably

tryp§hl I &h afBRRMve PRB6dINcNMSABIpTStcaBd iSafiypdire resi dence
time. The silicas may have a surface areas ranging

from20 to 1200 nR/g, preferably the silicas have a

In a ﬁfefféﬁ‘gd aén?@oél %291& Br&ggs%c%o%ﬁ? :’58 g@%eé]%%gm ?’nrytegﬁon is

i CaS have a surface area
selegtad froml pepgsyn anéftgpsied enbodi nent, the silica has an
average particle size (d50) of from10 to 80 nmand a
surface area of from50 to 350 n2/g. In this aspect,
Subtsﬂgtes' licais preferably in the formof a sol.Protease
tease is an enzyme whi ch conducts proteolysis.
Thus, it hydrol yses the peptide bonds that |ink am no

ool SsbeeF e ebale ARt SR ST, raplalf) 8 protease

canE\éPbﬁQiﬂ\l}inbélhéb/dlﬁéﬁérﬂls\abgﬁgte‘sm0 the follow ng six
groups: serine proteases, threonine proteases,

cystei ne proteases, aspartic acid proteases,

; . . . .

ol iR MRl AR e AR TSR arf G4 nose

presEnt e origimatiag &16 gmetraint@ihat ;raets Tud) thasupsshiescaccording
R psi n, narrelr}/ psin 1, 3a, 3c and gastrlcsln

to the present Inve tlon are substrates typlcally found or originating in the

gastrointestinal tract. Thus, the substrates according to the present invention

include proteins found in the gastrointestinal tract.

Proteins found in the gastrointestinal tract typically include constitutive proteins,

glycoproteins and functional proteins.

A constitutive protein may be considered to form part of the gastrointestinal tract
and thus be considered to be inherently present in the gastrointestinal tract. A
functional protein may be considered to be present in the gastrointestinal tract,

but not necessarily part of the gastrointestinal tract itself.

Examples of constitutive proteins according to the present invention are collagen,
mucin and elastin. Collagen forms the basement membrane of the epithelial cells
lining the gut. Collagen can be degraded by a broad spectrum of proteases, such

as pepsin or even specific matrix metalloproteases.

Mucus is made up of mucin glycoproteins (mucin) which consist of carbohydrate

side chains on a protein backbone. Breakdown of mucin by proteases can lead



10

15

20

25

30

Thus, according to one enbodi nent, the protease of the
present invention is an aspartic acid protease. In a
Wphraep/iadded enbodi nent, the protease accordi ng RGI/GR2009/001055
present invention is pepsiq. In a preferred
enbodi nent, the protease acé%rding to the present
invention is a manmmal i an pepsin. In a preferred
to arbesli ofege| propertiest endecleavagdi ofy the glyeopioteinat resulting in
i.pvention is selected fromthe group consisting of
Sothﬁéﬂ&bepsin, por ci ne pepsin, equine pepsin, mnurine
pepsi n, ovine pepsin, canine pepsin, caprine pepsin
and bovi ne Pepsin. In a preferred _enbodi nent, the )
In opg gmhesiment, the spbesaiatofithe Presast invendiopdsarconsttitiye protein.
| . ol A
In & B b & e RE TSt O Brbtet B3 iy B B,
prot ease according to the present invention is a
sub-type of human gastric pepsin. Even npre
In o BrIARINGE e MBIcER 39,08 GBS SoUpTiG OFHB. pr esent
invention is selected fromthe group consisting of

pepsin 1, 3a, 3b, 3c and gastricsin.In an alternative
Examphesd iofdunctionak ppoteinsainelude pratemnisnpresent éndle gastrointestinal

r ef er.abpl [ in. | n alternative . .enbodinment. the
tracf iy &r3Bode Rg Bert St i el BiMEsnA] BB odiEnan SAmple of
a fuldtired pRotemgRoticied b thé achti®dftHe present in0enfién is albumin.

sel ected from pepsin and trypsin. Substrate The

prot eases nentioned above act on a substrate.

In orl Bhfitidihen? t7¢ Q8b&AES S fictional protein. In one embodiment, the

functional protein is albumin.

Silica Liguid Dose Forms

In a preferred aspect the silica provided for use in the present invention is in the
form of a silica liquid dose form such as a suspension or sol, more preferably as a
silica sol. Thus, in one embodiment, the silica of the present invention is present
as a suspension or a silica sol. The composition of the suspension or sol is not
particularly limited. However, in one embodiment, the suspension or sol
comprises an alkaline medium. In an alternative embodiment, the suspension or

sol comprises an acid medium.

Where the suspension or sol comprises an alkaline medium, the alkaline medium

preferably comprises water and ammonia and/or sodium hydroxide.

In one embodiment the silica suspension or sol of the present invention
comprises silica, water and a stabilizing alkali. In a further embodiment, the

stabilizing alkali is selected from ammonia and sodium hydroxide.
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can act on a nunber of different substrates. The
prot eases inhibited by the practice of the present

WO 2h98mItHdh are typically those present or ori gRGERIGB2Y9/001055
in the gastrointestinal tragy. Thus, the substrates
according to the present inVention are substrates
typically found or originating in the gastrointestinal

In aneaembotient, tthe silidas eyt ke mesentdimthe suspengioresergol of the

I nyent i i ncl ude t'sfun | M, the o
proshfikerifork Y Al itk & B, &bRE 18 hoyt20% based on the
weightsefr merguspbhmh it FrgRiraBly! the Sifica Sepreept in Hﬁ iavfount of

prot ei ns a@ycoprotel ns and functional proteins.

fronmbsvut {18% V" hBtBGTonkasask opdihe: weight qfothsoasuﬁq@@rsmrbpr sol.
Prefeiebidngie, Qi85 I3 Arddint ] Al Marolf SRR A% gty S0%

basédnomltbmh/vqnwgmt ef theegudpensivmsiotessld tln hepartieaknly preferred

t he testlnal tract, but not necessaril art
embadlipat gtb§t8ﬂ IS 1B ST EP9RH N thi GUSPREBIPP OF SOl W ABSAMBPUN of about

25% pSieks Wased Bh %' \Wélr??l@c\cﬁrﬂjlbn& r{sastl P ¢ m\n a_particularly

Il nvention are co age mMucl n an
prefEUedembedlbwﬁn’élet sﬂr&aﬂsrpmeenﬁf intthe seispehsibnadr snodeiri an amount

of 2ty 2B CE 1655 bt 08 1RE viRBCS L BRERASHmsi Ar $hE P A furtner

pref@ﬁbﬂl embBBdiptd pihet GRGER, pr%é#ﬁn'tﬁe@l@?eﬁﬁoﬁforw iMan amount
ycoproteins (rmucin) which consist of carbohydrate

of agputefr@ma1 i20% kasadereihe waighb oh the Slispangimornsolmuci n
by proteases can leadto a | oss of gel properties and
cl eavage of the glycoproteins resulting in

In asighlyi prefetedsmblodimet, eisiticadak, art beeragbgidrtitle sife (d50) of
esent invention.s a constitutive protein. In a

fm"bﬁetpefff%a% ABBJF MEpReNt im dhe SHEPERSION W& SO ¥t @nramgunt of about
front 9/t 2985 b38E4 oA thBWsdight of the suspension or sol.

The silica suspension or sol of the present invention may also comprise further
components such as preservatives which prevent and/or inhibit microbial growth

during storage.

In a particularly preferred embodiment the silica suspension or sol comprises
silica having an average particle size (d50) of about 20 nm in an amount of about

30 % based on the total weight of the suspension.

It will further be appreciated that the silica for use in the present invention may be
provided in the form of a pharmaceutical composition comprising a silica or a
silica suspension or a silica sol as described herein, and one or more
pharmaceutically acceptable carriers, excipients, adjuvants or diluents. Thus
according to a further aspect of the present invention, there is provided a
pharmaceutical composition for use as an inhibitor of a protease comprising a
silica and one or more pharmaceutically acceptable carriers, excipients,

adjuvants or diluents.
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In one enbodi nent, the nmucus is of gastric or colonic
origin. Exanples of functional proteins include
W)ra9P/@304% present in the gastrointestinal tracRCHGB2098D01055
those form ng part of the gﬁtroi ntestinal tract.
Thus, an exanple of a functi'onal protein protected by
the action of the present invention is albumn. In one
enbodi ment, the substrate is a functional protein. In
ment, the functional protein is albumn.
Appgﬂ&ﬁ‘ﬂg%ui d Dose Forns In a preferred aspect the
silica provided for use in the present invention isin
the formof a silica liquid dose formsuch as
As mghiiensd ohetgin,séie presentpivestian| is ault@blgufqrcﬁ]es@eatment of
0] t n
condilfls A, BReEEE sBeited iy IhoneBpRase BFoRPRIE egradation
W|th'th5he§: gaptreirtestinadfirddiesscts pendyspepsia, sgastiitis, np)éptlc ulceration,

particularly Limted. However, in one enbqdi
933"(%3% @ﬁklf@ﬂ”érd's?@?s%’or%?rﬁs‘&S%’HaS?ﬁber X a%%? frritable

t
bow@[‘ nﬁ?@g?a%ﬁgéﬁwaﬁ%%owﬁlsﬁéﬁge@h@ iPbnéAs Pect rhere is

Wher e suspension o
prowcdmb ai siica zinr a‘ehtmdamteonpcbwemtlon hof aldisdaseconmedindition selected

ferabl i.5eS wa and ammoni a, and/ or Odl u
fron, S0 tote, SEBIRiSE, oo melyePERSAnT et Jiee Ufgkration,
gas®6ésdphagesl prléﬂﬁﬁnalsbagsntex% aéﬁa%la%@él Sreﬂuﬁaduséaé@r irritable

and astab|I|2|n alkali. I'n furt enbodi nent , 't he

bowe} spndiome,gard Kaflammatey| kewelddisease. alinBriughen @speei there is
prodqé/éjt{ %Xélﬂga e %g\trﬁgﬁog} EF&#e’nphneofsé ldl§ SLB¥r laﬁn@ 'E|8r°i esﬂetlec’ted

suspensi on or So sen I nven

fronﬁn tla@mgrbupf Eomsistirgouiof 1Q9¢sbepabputga&ﬂ%§paqmbtm Uh;eratlon
ght of the suspension or sol Prefer?blg
gasfgq)eps;qulqggabr il disegse.angxira-oggophageal r ﬂux dlsease and

inflammatory bowel disease.

Further, the treatment of a disease or condition associated with increased ]evels
of free radicals present in the gastrointestinal tract is also contemplated. Thus in
one aspect there is provided a silica for treatment or prevention of a disease or
condition associated with increased levels of free radicals present in the

gastrointestinal tract.

The above may be achieved by, for example, i) protease inhibition against a
range of substrates, ii) free radical scavenging, and iii) mucus regeneration and

repair.

Without being bound by theory, it may be that silicas act by strengthening the
interactions between mucin molecules, perhaps by facilitating cross-linking and
structural organization of biomolecules such as mucopolysacharides and collagen.
An interaction between mucin and silica may therefore improve the
physiochemical properties of the mucus gel. This may allow greater protection to

the underlying mucosa.
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from about 15%to about 60% based on the weight of the
suspension or sol. Preferably, the silica is present

WO 09/30dffount of from about 20% to about 50% DRASEGBYN9/001055
t he wei ght of the suspensiof. or sol. In a particularly
preferred enbodi nent, the silica is present in the
suspensi on or sol in an anmount of about 25% or | ess
based on the wei ght of the suspension or sol. In a

witt Aicyf BLfieq pRlcE, e ey hERy Werd MfteBagsioh® Wih siisas such
that&ﬂ&(mr@grdaepmdmommet recue sgiitions wene vastyp fitseasedr Addition
sol. In_a further referred enbodi nent, the silicais

of %lle@l@htsﬂrCﬁStwe@es 18R om. J8ery ﬁr%fﬁraeh%dﬁrs dhamfinm in
G a8 B S o8 i 1) SRS ) o,

Theae rateeara‘gmspa'rth istlloassar:eehrgtiéf))haﬁ pfewomélytsreelﬁbehwemnmucus
resent in the nsion or sol in an_ anoyn
and 56 £eahe o 1059 BUEaR Bring reSianisgRn Wi ERtbopols.

suspension or sol. The silica suspension or sol of the

present invention may al so conprise further conponents
THERARYas preservatives which prevent and/or inhibit

m crobial growmh during storage. In a particularly

preferred enbodi nent the silica suspension or so

It wil bepappresiated thext tha\silin:g ismsad @rsﬂ@eramutlc@gerﬂs za.€.db fﬂ)erapy
30 % pased o
app?%ﬁtlansmi PEieME  HeraPL OpLREs Grae Giferiss alieieor grecs, and

@riaHRes that the silica for use in the present
|nvent|on may be provided in the formof a
phar maceuti cal conposition conprising a silica or a

The;thérag)&éﬁ%\? B%goﬁﬂieﬁ&ngﬁs%rsé'nlrrrlg%, Spelfer%%l)g R ra'nged herein,
PHARMACEUTICAL COMPOSITIONS

In one aspect, the present invention provides a pharmaceutical composition for
use in the present invention, which comprises a silica and optionally a
pharmaceutically acceptable carrier, diluent or excipient (including combinations
thereof).

The pharmaceutical compositions may be for human or animal usage in human
and veterinary medicine and will typically comprise any one or more of a
pharmaceutically acceptable diluent, carrier, or excipient. Acceptable carriers or
diluents for therapeutic use are well known in the pharmaceutical art, and are
described, for example, in Remington's Pharmaceutical Sciences, Mack
Publishing Co. (A. R. Gennaro edit. 1985). The choice of pharmaceutical carrier,
excipient or diluent can be selected with regard to the intended route of
administration and standard pharmaceutical practice. The pharmaceutical
compositions may comprise as - or in addition to - the carrier, excipient or diluent

any suitable binder(s), lubricant(s), suspending agent(s), coating ageni(s),
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pharmaceutically acceptable carriers, excipients,

adj uvants or diluents. Thus according to a further
W1egi048f t he present invention, there is proRGCTHEHB2MW9/001055

phar maceuti cal conposition {éﬂ use as an inhibitor of

a protease conprising a sillca and one or nore

phar maceutically acceptable carriers, excipients,
solubiljsingnageniés). di | uent s. APPLI CATI ONS As ment i oned

herein, the present invention is suitable for the

treatment of conditions and di seases associated with

PresérRaiver)rdtabigsers 0Hpes \HrdC evisit fladediiny) agehRl mdyhBe provided in
gastrointestinal tract, such as dyspepsia, gastritis,
the pharmacgutiealacomRosian: r Focomiag el Presarvativgss ingléde sodium

a- Yolo) S Lrcitabla b ;
benZakt RESELAGH Y ERler o, PEiRIPogkhzbk ke, Afddants and
suspending ageetsemiay beralso dedda silica for treatnment or

prevention of a disease or condition selected fromthe
group consi sting of dyspepsia, gastritis, peptic

Thete feaAbkOdiffe kit IdoRARAMBIIRMMUIRIdNUelireAfSfs dependent on the
extra- oesophageal reflux disease, irritable bowel

diffesgniddelinery systeims.| Synwayrof example dihcepharmaceuwicalicomppsition

spect there. . royided a siltica for. treatnent or .
of 1 Bftert deSyiof fimd BB imfialet it Be sfivbiEE LSR8 a liniapme or
by @maucosPeut iftdeRdm@ls edai Rasd) apray orsaerb€HIt fof inhalation or
. ulceration, gastroesophageal reflux disease,
ingesiaklg seU4OPRAISOENSIOBT | ux di sease, and infl ammatory
bowel disease. Further, the treatnent of a di sease or
condition associated with increased | evels of free
COMBINATIONPHARMACEUTIECAlastroi ntestinal tract is also
contenplated. Thus in one aspect there is provided a
silica for treatnment or prevention of a disease or

The compound of the present invention may be used in combination with one or
more other active agents, such as one or more other pharmaceutically active

agents.

By way of example, the compounds of the present invention may be used in
combination with other protease inhibitors. Examples of other protease inhibitors

may be found in the above references.
ADMINISTRATION

Typically, a physician will determine the actual dosage which will be most suitable
for an individual subject and it will vary with the age, weight and response of the
particular patient. The dosages below are exemplary of the average case. There
can, of course, be individual instances where higher or lower dosage ranges are

merited.

Depending upon the need, the agent may be administered at a dose of from 0.01

to 200 mg/kg body weight, such as from 0.1 to 150 mg/kg, more preferably from
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condition associated with increased |evels of free
radi cals present in the gastrointestinal tract. The
WH9/e30488/ be achi eved by, for exanple, i) proR@EEEB2009/001055

i nhi bition against a range 9f substrates, ii) free

radi cal scavenging, and iii) nucus regeneration and
repai r. Wthout being bound by theory, it may be that

0.1 t6i 10G¢ g /@ body weighéngt heni ng the interactions between

muci n nol ecul es, perhaps by facilitating cross-1Iinking
and structural organization of bi onol ecul es such as

By Wagopd! fisthehaekaltpled ntheC Glgeats nof fﬁblmfe@éﬁﬁtlh@éhtlon may be
between rmucin and silica may therefore inprove t

admylisterest e Aceardancepuith Zoteginenal ioud tigeps peh .d@ynayeferably
onccﬁb p;géjf | eg"rﬂé%‘e'cﬁ{& ddsd fé%evaﬂafff{]équ'éﬁ mglb?%éa&étfar any

micin gl'ycoprotel ns t
partlcntanrpaﬂ]erdnmay be safied sends weilh dépend hewnogi watiety of factors

inciffid B atvRaal fhe Abesiie somiun splaed die fostebelstabilty
an KDY GERER URKLARMOLE i BHATLS0y DB, BSRATEFHEAMN, sex,

resulted in very arge I nCreaseés | n st orag
diet,| mode( &g timel wfiadministration; eatacefi exeetipnhdeig comblrmtl@n the

sovdfl 3 ind PARCHFRPBHRY. ST FOUETRAGHS BT,

car bopol s. THERAPY It will be appreC| at ed that t he
lica is used as therapeutic agents -

The g {‘edminisierediacludes but enatdymitachia delbierh bynfarganle, an

mgeg%#ﬁgggmu | eviation effects, and prophylacylc
e therapy may be on humans or aninmals,

preferably humans.
Thus, for pharmaceutical administration, the silicas of the present invention can
be formulated in any suitable manner utilising conventional pharmaceutical
formulating techniques and pharmaceutical carriers, adjuvants, excipients,
diluents etc. and usually for parenteral administration. Approximate effective
dose rates may be in the range from 1 to 15000 mg/day, such as from 10 to
10000 mg/day or even from 100 to 5000 mg/day depending on the individual
activities of the silicas in question and for a patient of average (70Kg) bodyweight.
More usual dosage rates for the preferred and more active silicas will be in the
range 200 to 2000 mg/day, more preferably, 200 to 1000 mg/day, most preferably
from 200 to 500 mg/day. They may be given in single dose regimes, split dose
regimes and/or in multiple dose regimes lasting over several days. For oral
administration they may be formulated in tablets, capsules, solution or
suspension containing from 10 to 2000 mg of compound per unit dose. Such
effective daily doses will, however, vary depending on inherent activity of the
active ingredient and on the bodyweight of the patient, such variations being

within the skill and judgement of the physician.
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PHARMACEUTI CAL COMPOSI TI ONS I n one aspect, the present

i nvention provides a pharmaceutical conposition for
WQzWIily4tthe present invention, which conpri sesPGI/€BRG08/801055

and optionally a phar maceutjb#al |y acceptable carrier,

di  uent or excipient (including conbinations thereof).

The pharnmaceutical conpositions may be for human or
EXAMIPKES usage in hunman and veterinary medicine and will

typically conprise any one or nore of a

pharmaceutically acceptable diluent, carrier, or

Theepraseht ifvenfion apill atuve beadédceibed dh fditheeaemill 19y way of example
therapeutic use are well known in the pharmaceuti cal

onlyyjth referense tajbecacaesrpanyiig B8uRIN avhiehi- Reni ngt on' s
Phar maceuti cal Sciences, Mack Publishing Co. (A R
CGennaro edit. 1985). The choi ce of pharnmaceuti cal

Figurart sleows exgraphent or diluent can be selected with
regard to the intended route of adm nistration and
standard pharmaceuti cal practice. The pharnmaceuti cal

MaiefBRoSI tions may conprise as - or in addition to - the

carrier, excipient or diluent any suitable binder(s),
| ubricant(s), suspending agent(s), coating

a [ubi LLsin en ). Preservatives .
Thel 3k Frapfattchakd 6 EOCRUEMLystR | R durtERim,Sallids LLC,
Carterevilldl &IBA mndniN D8 Sifes ) tWangtoRAS! tOthBr rdagentd @8ed were
preservatives include sodi um benzoate, sorbic acid

of

obtgjRgd &ome stangarg labpdatexy supRlisrs: aci d. Anti oxi dants and
suspendi ng agents may be al so used. There may be
di fferent conposition/fornulation requirenents

Thedsifiesn ceaierials sineplididf inethenformhedf adiguid yostsoisverBydivdgd ahce in

. | e, h i cal it .
deloen)fger? w%tert Poeﬂ'Pe ?erqr{)?r%%uéén%%ntrgggp %SHd Isr?eﬂ(en thoroughly. From this
stock solution a volume (as specified for each test method hereafter) was taken
to provide the required final concentration in the test solution (i.e. of test solution

containing the pepsin and/or substrate).

The silica materials in the form of powders were dispersed in deionised water and
further diluted as.required and shaken thoroughly. From this stock solution a
volume (as specified for each test method hereafter) was taken to provide the
required final concentration in the test solution (i.e. of test solution containing the

pepsin and/or substrate).



of the present invention may be fornul ated to be
delivered using a mni-punp or by a nucosal route, for
wexupbi8 as a nasal spray or aerosol for inhabGE{-Br008H01055
i ngest abl e sol uti on/ suspend? on. COVBI NATI ON
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to prepare stock solution)
Sol
Sol
Sol
Sol
Sol
Sol
Sol
Sol
Sol
Sol
Sol
Powder

Particle size
d50 (nm)
80
80
50
10
50
50
20
10
80
20
20
18000
4300
3200
8600

Identity

Nanosol 5080S
Nanosol 3080D
Nanosol 50508
Nanosol 3010S
Nanosol 5050N
Nanosol 5050D
Nanosol 3020D
Nanosol 2010D
Lucilite
(Hydrogel)
Gasil 200DF
Gasil AB720
Gasil HP270

Nanosol 3080N
Nanosol 3020N
Nanosol 4020S

1
1
15

Table 1 Silica compounds

Example
1
2
3
4
5
6
7
8
9
10

2
13
14
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active ingredient and on the bodywei ght of the
patient, such variations being within the skill and

WQ ¢eidit of the physici an. EXAMPLES The pr eseET/GB2009/001055
invention will now be describped in further detail by
way of exanple only with reTerence to the acconpanyi ng
figure in which:- Figure 1 shows a graph. Materials
The silica materials used in this study were from

pH measusemantsol | oi ds LLC, Cartersville USA and | NECS

Silicas, Warrington UK O her reagents used were
obt ai ned from standard | aboratory suppliers. The

ThespHiof therelliea inshterialippaed imsbifermaidiedheasiredHstsifiplied.
sol re diluted once in deionised water to the.

The; Rig @ e stisa sesterialsi ivpiad ins pawear faiBr wethAstermingd from the

0 L Sus < g0l ution a volune (as specified for each
5A?Qgt§une?ﬁégaﬁher eafter) was taken to provide the

powders were di spersed in deionised water and further
diluted as required and shaken thoroughly. Fromthis
Equipoert veed feroenlipidal initiag(efsGapik tIRA760tof rmquiradparticle size was
thefafouﬁﬁj hereafter) was taken to provide the required
I'nal Concentration in the test solution (i.e. of test

SOlRigeOTogaRda hMiRgl Pbe pepsin and/ or substrate). Tabl e
1 Silica conmpoundsQpH neasurenments The pH of the

e sj |i82amlirceniumh Yeadppl i ed in sol formwere nmeasured as
supplied. The pH of the silica materials supplied in
powder formwere determ ned fromthe

The mill was assembled in accordance with the mill manufacturer's instructions

using 182ml of zirconium beads.

A Gasil HP270 slurry with a 12% w/v solid content was prepared (120 g in 100 ml
demineralised water) and stirred for 10 minutes using an overhead paddle stirrer.
The slurry was introduced to the mill and milled for 60 minutes at 4000 rpm. An
aliquot was taken every 10 minutes for particle size distribution (PSD) analysis

via Malvern Mastersizer to assess the progress of the milling.

Malvern Mastersizer method parameters were as follows:
. Pump, Stirrer and ultrasonics set at 50%

. 2.5 minute dispersion time

Example 22 - Calcined Aerosil

10g Aerosil placed in a 12cm dish and then calcined at 300°C in a furnace for 2

hours, before being removed to a dessicator to cool.
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5% w/ v suspensi on. Preparation of Exanple 18 and 19
-colloidal mlled silica: Equipnent used for coll oi dal

WOrRop/itdg7%f Gasil HP270 to required particl e sPGREGRW9/001055
the followng: Eiger Torrapce mnimll 250 182ni

Zi r coni um beads The m || assenbl ed i n accordance
Wth the mll manufacturer's instructions using 182ni
Pepgin Selutions um beads. A Gasil HP270 slurry with a 12%

w v solid content was prepared (120 g in 100 m

dem i wat.er ndswredfor 10 m nutes using
PepﬁW%?#e%%qS%I'E t%? qrpbp The slurry was introduced
A) Iid?cmeﬁpéﬁsir{ Aa(rs;ibrﬁblw-er@mpwltﬁ% %@élﬁ@éﬁloﬂ of9560-380D utits / mg

I quot was taken every m nut es %oartl cle size
protannst Pepsini was dissojvech i 94115M \HG! (bl \2e2)n ohasiomeshiration of 0 —

100?@?% ps the progress of the mlling. Mal vem Mastersizer
od paraneters were as follows: Punp, Stirrer and

B) Hunharagastricjuisetdilatedbin®®.0 2MEHCI (totecshaptragionreduivaent to 0 —
Exanpl e 22 - Cal cined Aerosil 10g Aerosil placed in a
100 i RICHYRIPERRIM- cal ci ned at 3000C in a furnace for

C) F%rfﬁ%H @%ﬁﬁ%ﬁﬂﬁglﬁe epS| n‘i/z E@I gu%%?h%?ﬁt?étldlpeq%walent to
0- ﬂ@@ ugbﬂtof/porém\ecp&pesirpepm n A (Sl gma P-7012) with a

D) I§cprce:i(r:1iefri>ecp%tlri1 3n( gmaﬁgc}o%%)WItH a spemfucr:]ghon of 2500-3500 units / mg
protein. Pepsin was dissolved in glycine/HCI buffer pH 2 to a concentration of 1
mg/ml.

E) Porcine pepsin A (Sigma P-7012) with a specification of 2500-3500 units / mg

protein. Pepsin was dissolved in 0.01 M HCI to a concentration of 3 mg/ml

METHODS

Test Method 1 - Pepsin inhibition by silica with collagen substrate

Pepsin activity was detected using an Azocoll assay based on the methods of
Moore (1969) Anal Biochem. 32:122-127; Chavira et al. (1984) Anal
Biochem.136:446-460 and Will ef al. (1984) Clin Chem. 30:707-711.  This
method assesses the inhibitory effect of a test substance on collagenolytic
activity. The collagenolytic activity of pepsin is determined using the Azocoll
digestion assay. Azocoll is a commercially available azo dye labelled collagen
Type | substrate derived from bovine hide. In the presence of pepsin the red azo
dye is liberated from the collagen and the resulting colour change can be

measured and correlated with collagenolytic activity.

The collagen substrate was the azo-dye labelled Type | collagen, Azocoll

(Calbiochem 194933) with a specification of >100 mesh. Azocoll was dissolved
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protein. Pepsin was dissolved in 0.01M HCI (pH 2.2) to
a concentration of 0 - 100 ng/m . B) Human gastric

WQ 2i08/@30d74 uted in 0.01M HClI (to a concentr ati ofCT/GB2009/001055
equi valent to 0 - 100 ng/m%:?f por ci ne pepsin). O
Purified human pepsin 3 dilTted in 0.01M HCl (to a
concentration equivalent to O - 100 ng/m of porcine

in ppead) glycinefHEbuiferdop soheemtratisinge0.25%0 2py aantinually agitated

. L ficati f .2500- 3500 uni / _nmg protein. Pepsin
usitEE Rt Egvaber RIS SR o2 o
concentration of 1 ng/m. E) Porcine pepsin A (Sigm
P-7012) with a specification of 2500-3500 units / ngy
Thegpensin inhitption by th@ siligayas theg maasured ag fallpwso a
concentration of 3 ng/mM METHODS Test Method 1 -
Pepsin inhibition by silica with coll agen substrate
ForRaohitestsubistarice (glica)l¢hrest miktuesnger@prépacad in ibes)consisting
ase n t t hods of Mpore (1969 | Bi ochem . )
eacB3t; 990 b of Tha et Subsanst (Slicanmeduith SOGCHU Pepsin solution
of eAR6r 8750 P 100N/ conBEnpatior, EO Ve i sefbaration of pepsin
0, 26f e ¢ig/ml). Hepsin salutiensiAc B and Colveregusesl.ytic activity.
The col | agenol ytic activity of pepsin is determ ned
usi ng the Azocoll digestion assay. Azocoll is a

10000 Axddllysctdn aRiscaddsd gy @akhltabé ethdCtidragstily Hiked. The
| substrate derived from bovine hide. In the presence

tubest weep d1qubatrd abd7eE dotgdaus witheshaldag (1200 rpe) and frequent
inve(f&lohqged?stafbdaﬁy %eﬁﬁr?&ht%&iglq_ T4 | é)su\rfve(r:c-;] e &b rrllfubgeed at 4000 rpm

for 20 min. After centrifugation, 200 yl of the supernatant was transferred to a
microplate and the optical density (OD) measured at 490 nm (using a microplate
reader). The (OD) determined at 490 nm is a measure of type | collagen

breakdown due to release of soluble azo-dye.

A 5 pg/ml solution of pepstatin A was prepared in 0.01M HCI and then diluted 1:2
with 50pg/ml pepsin standard solution to be used as the positive control. The
negative control was distilled water diluted 1:2 with 50ug/ml pepsin standard

solution.

The percentage inhibition of pepsin activity at 50 pug/ml pepsin was calculated

against a calibration (cal.) curve using Formula 1:
Formula 1
% pepsin inhibition = (ODca-ODyest) / (OD¢q X 100)

Where;
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measured and correlated with coll agenolytic activity.
The col |l agen substrate was the azo-dye | abelled Type |
WQeylop/aydi8 Azocol | (Cal bi ochem 194933) w th a PCT/GB2009/001055
specification of >100 mssh.zézocol | was dissol vedin pH
2.0 glycine/HCl buffer to a“toncentration of 0.25% and
continually agitated using a magnetic follower to
ODar = i vakiedietermiaed drom the cpliratian icohiebat ¢ancebjratioe 50
/sLI ica was then neasured as follows: For each test
H' bst ance (silica) three mxtures were prepared in
OD{ 4L DN SétehbirRadforifthd WstHandbledi@ohesitraisiss g
(silica) mxed with 200 ml of pepsin solution of
either 0, 50 or 100 ng/ M concentration (to give a

fi centrat i epsd: N 0, 25 . 50 ma/nl ). Pepsi
The botenGRe fSiE, 8 oRbaf BSt My nodn hoMBpBhlpsfa By the
silicao{exampies\els22)dded deteaaited ahd theddathoprsghtad i Teble 2,3 4
The tubes were incubated at 37C for 2 hours with
andskhking (1200 rpm) and frequent inversion to disturb
any sedi nentation. Tubes were then centrifuged at 4000
rpmfor 20 min. After centrifugation, 200 m of the
Test uviethodt 2nt Pepsint indnilsifien risd stlicas witic rayoicimlyt adindminrhas protein
suboﬁrtﬂ cal density (OD) neasured at 490 nm (using a
i pl ate reader). The (OD) determ ned at 490 nmis a
neasure of type | collagen breakdown due to rel ease of

sol ubl e azo-dye. A 5 ng/m solution of pepstatin A was
Pepsine gativty Wﬁscﬁ/eﬁqctmH@mgﬁhetm-éﬂrrmnahaé@ayl op Hutiom ef al (1986)
. / i Ry. i
Siocl A S PSR 14758008 thd B st Bt 68 B0b{ oy Phann.
304w-80. diThet dHehritnali s Nosiny pepsinnast thed pireteolytic enzyme
sol utjon. The percentage inhibition of pepsin activity .
(rel%\{argotor@yﬁpe%%s iapd,s4ceinyl- gibyngig as the protein substrate, is a

colorimetric method that detects newly formed N-terminals when a protein

substrate is digested.

Protein substrate was the succinyl albumin (not commercially available), which
was prepared as follows: Bovine serum albumin (fraction V) was dissolved in
phosphate buffergd saline pH 7.5 at a concentration of 0.2 mg/ml and constantly
mixed using a magnetic stirrer. Succinic anhydride (0.014 mg/ml) was added
very slowly while maintaini'ng pH at pH 7.5 with dropwise addition of 2M NaOH.
The mixture was exhaustively dialysed against deionised water and freeze dried.

Succinyl albumin was then dissolved in 0.01M HCI to a concentration of 10 mg/ml
and pH adjusted to pH 2.2 using dropwise addition of 1M HCI until the substrate

was in solution.

For each test substance (silica) three mixtures were prepared consisting each of
10 ul of the test substance (silica) mixed with either one of 10 ul of pepsin
solution of 0, 50 or 100 pyg/ml concentration, fo give a final concentration of

pepsin 0, 25, 50 ug/ml. Pepsin solutions A, B and C were used.
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agai nst a calibration (cal.) curve using Fornula 1:
Formula 1 % pepsin inhibition = (ODcai-ODtest) /
WQ BOe/a30438 100) Wiere: ODcai = OD val ue det er m ndI/GBYP/001055
the calibration curve at co%‘ientrati on 50 nmg/ M ODt est
= OD val ue deternmined fromThe test sanple of

concentratl on 50 ng/ M The percentage inhibition of
A tgsdplank weasi alsopra.anedswltla 1@ol.lll tegt subsiiaste axndy by which 10 pl of

100/l e R 53 S0ded 3Ref 805G NG Chdf $186F to account

for tHernfiidt Miteketdriee iRths absHPBy Téét'%ubﬁtéﬁcﬁw al bum n as
protein substrate Pepsin activity was detected using

the N-term nal assay of Hutton et a/ (1986) Bi ochem

50 PR %éwﬁ il Ve S0t R Remady 3£k, fbr s0 min

withusHaking® €600 b the proteolytic enzynme (relevant to
dyspepsi a) an ‘succi nyl albumn as the protein
substrate, is a colorinetric nethod that detects newy

Pengi BEfly VBoRIecetl B Adtich Drsd R NEHER:,, Gojour was

devélopedc bymadditish| wf 288G jillabf €)% \Mmmbbem&rw eqmdpmﬂmasamd with
foll ows: Bovi neaéerum I bum n (fraction

incubatiop) eV TofhdQ JAR: e Bﬁfﬁe@PB‘a“ NS ﬁ@q@ﬁdﬂs 2geitign of 50 i
10 80554 BheQ sBloree i 28 oM HOS: o' (0. O1a mgimi )

was added
The optical density (OD) at 405 nm was measured, the OD (405 nm) for the
relevant test blank was subtracted from OD (405 nm) of the test standard curve.
The OD (405 nm) of test substance with 0 pg/ml pepsin was normalised to an OD

of 0.000 at 405 nm.

The percentage inhibition of pepsin activity at 50 pg/ml pepsin was calculated

with Formula 1 and data presented in Table 13.

Test Method 3 — Recovery and protection of degraded mucus by silicas

measured by rheological parameters and size-exclusion chromatography.

A series of methods exist to determine mucolytic activity of a solution. These
include viscometry, rheology, gel filtration and polyacrylamide gel electrophoresis

to monitor mucin turnover.

Substrate was the native mucus gel scrapped from pig stomachs (obtained from
an abattoir). Mucus is made up of mucin glycoproteins (GP) which consist of
carbohydrate side chains on a protein backbone. Breakdown of mucus leads to
loss of gel properties and cleavage of the GP molecule resulting in its

solubilisation and a decrease in molecular weight.
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very slowy while maintaining pHat pH 7.5 with
dropwi se addition of 2M NaOH The m xture was
Wexyud78/el y di al ysed agai nst dei oni sed wat erPGFi€B2009/001055
freeze dried. Succinyl albuyygn was then dissolved in
0.01 MHC to a concentration of 10 ng/m and pH
adjusted to pH 2.2 using dropwi se addition of 1M HC
An imviiro miedek ob sligestionwefsmusus galitwas setop willsra twes containing
three m xtures

apo BTG g "Btk B obefiin oS bR ByBLEEREGEst solution and

malﬁt%idéocé‘t) 3790 §ctow s Brhikinees, Pﬁﬂ vis ddmpledht &£dptithe point with
solution of 0, 50 or 100 nmg/m concentration, to give

fresh téstralutioonesad icaneiptacedhepepd sampled25, 50 ng/ m .
Pepsin solutions A, B and C were used. A test bl ank was
al so prepared with 10 ml test substance only in which

Testléblatiorsd wégs ng/ n pepS| n was to be added after
addition of NaHCO3 in order to account for the

Pepgibrgalitian Pnt erf erence in the assay by test substance.

Pepgﬁ))ggb t?(;n Bu_pc%ﬁ;% faI bunmi n sol ution was added and

I'ncu or 30 mn with shaking (600 rpm.
Pepsin activity was quenched by additi on of 50 M 4%

) | d I db it f 50 m. of
1 m) 5 (o SIS e Al . o B a2 S Tl Fepiagament by
fresﬁqeg Eamnéﬂ The. ¢ ﬁhﬁtndrﬁ%@tth@nng@%age g\%‘gdaééés%@@ \hé&’é]ly and

10% sodi um dodecy!l 25 m
rhedb@calb{ apd|thel @neak@owromofde oﬁﬁ& &R sakibilisad was detelﬁmlned by

f or nt test Dbl ank wa ract ed
SizeSIHER (SO FRBIERETEY; UEh SRR ALeY S (A X 1 cm
colut95 1500l @dstisRpiple wsd I@ﬁﬁéd VeltfedOwitl /st 260 (012MBNaCl/0.02%
normalised to an OD of 0.000 at 405 nm
NaAzide) and 48 x 1 ml fractions collected. Mucus GP levels in each fraction
were measured by periodic acid-Schiff's (PAS) assay as described in Mantle &
Allen (1978) Biochem Soc Trans. 6:601-609. Gel properties were studied using

viscosity and rheological data.
Viscosity and Rheology data analysis:

Gel properties were measured using oscillatory rheology with a Bohlin CVO

controlled stress rheometer using Cone and Plate geometry (CP 4°/40 mm).

An amplitude sweep was performed to find the linear viscoelastic region (LVER)
of the test material and the amplitude at the midpoint was then applied for a
frequency sweep. Measurements were carried out at 37 °C over a range of 0.1 -

100 Hz frequency of oscillation.

The parameters obtained were:
G’ (G prime) - Elastic or Storage modulus and a measure of solid-like behaviour
(units = Pa);
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The percentage inhibition of pepsin activity at 50
nmg/ M pepsin was calculated with Fornula 1 and data
Weprgedded in Table 13. Test Method 3 - RecoveRGl/@Rzp09/001055
protecti on of degraded nucu% by silicas neasured by
rheol ogi cal paraneters and “si ze- excl usi on
chromat ography. A series of nethods exist to determne
G™ fGcdoyhle prisae) vi Yiscotis rsledss msdulughepd a ma¢agige of liquid-like
" LLY, eol ogy, gel filtration and
bty GOTRS P BL

gel electrophoresis to nonitor mnucin

O (dEHANOPRRse B 4Rd & MBastifeeof sHengiHe Tand®E G/ BPPH® < 45°

from pig stomachs (obtained froman abattoir). Micus
ther| ¢heraaateripl i agel Gyl daraipapt)eand thedpweni ible pbase sangle the

hydrate side chains on a protein backbone.

Shoé@%é@é@&% of mucus leads to | oss of gel properties and

cl eavage of the GP nolecule resulting inits

sol ubi | i sation and a decrease in nolecul ar wei ght. An
Test Methad 4 - Actian of siligagd presense obfteesragdigals\as set up

Wi th a tube containing approximtely 1g native pig

gastric mucus mxed with 5 nl of the test solution and
Thenfeee tradicaldgahe@ifi6g $ysiemt Was mydroger petoxilevascseraps,eBeSO,

and; EBTACe THR TE30108 Jhp kBaWh TS FipR: RaREORe ALY Pepees the
hydr%&}/Hfshﬁérind@Bﬁﬁ ras&ghgaté QAdiBals, A stdck é'olmorpﬁoﬁt%ﬁing 0.5 mM

soluti on was sanpl e t 0, 4, 8, and 24 hours w

ascorbpiea debren¥l FigB @y, 8FhmM £D Bhwasi prepardskusiog gihosphatst buffered
.t h wag. assessed visual Ly and, Theol ogi cally
salilg PERE (R Sk A e e ImmeHBiubplEt tPrps L ie0% H0z
(9.8NBWPAIThAGEH BY 20 ml of the stock solution to initiate free radical production
(the vessel is protected from light). A standard curve was prepared containing 0,

2.5, 5, 7.5 and 10mM H,0..

100 pl of 2-deoxy-D-ribose (30.8mM) in PBS was added to 1000 pl of free radical

reaction mixture (final concentration 2.8 mM).

The positive control for this assay was 100 pM Propyl Gallate (PG). A negative

control was Millipore water (or diluent of test substances).

1000 pl of standard/sample/control was added to a labelled test tube followed by
addition of 100 pl of 30.8 mM deoxyribose solution mix well. After incubation at
37 °C for 1 hour in a water bath with shaking, 1000 pl 1% thiobarbituric acid
solution and 1000 pl 2.8% trichloroacetic acid solution were added. Heat at
100°C for 15 minutes in a dry block heater, then cool the tubes. 2000 pl butan-1-
ol was added then centrifuged at 4000 g for 2 minutes, the organic upper layer
was decanted into a disposable cuvette and OD 532 nm read using a

spectrometer.
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TesiOfe
Test Mol

si ze-excl usi on col um chromat ography usi ng Sephar ose
CL-2B (40 x 1 cmcolum). 150 m test sanple was
WO yWeed47®%| uted with salt azide (0.2M NaCl/ 0. OA%/GB2009/001055
NaAzi de) and 48 x 1 m frarczéi ons col l ected. Micus GP
| evel s in each fraction we nmeasured by periodic
acid-Schiffs (PAS) assay as described in Mantle &
Al'l en (1978) Bi ochem Soc Trans. 6:601-609. GCel
Ca Iq%irl?g&ert_i es were studied using viscosity and
gi cal data. Viscosity and Rheol ogy data
% Irnfitsions SO oD oODeg ¥e0g neasured using
osci | | af(or%heol%gtg{/ cht§|h a Bohlin CVO controll ed
Wheger ess rheoneter using Cone and Plate geonetry (CP
. 0
0D e Pl BB e RIFABRERYIORITRE o B ol
ODandfrebaadiapl adtivitg datermfinedifrdpothy testisanbinabh nhMeHJIZOzor
a frequency sweep. Measurenents were carried out at 37
0C over a range of 0.1 - 100 Hz frequency of
L @ Tbroperifek Ui fnedlffﬁ;smhe'
i rage n ' asur e of
sol i d [ ke behaw our (units = Pa) G (G doubl e pr| ma)

The oy Giffusin it PerSa was) nitisufed WY § Blagz feft fodel® The

Fradﬁ@ﬁér@lﬁgéloﬁe&elﬁw QﬁgéﬁabTﬁﬁédj técHrique ® -evaludte <diffbsion and
then the material is a gel (G dom_nant) and the | ower

drug @\@llwgedavaﬁ devaleped byiyel. taazgdihe feanz o@dhipdwpylar in the
derrf‘?‘gltér‘i)@ tr% sﬁé%&laﬁelag 18" a&d1E cﬂﬁugl[)ﬁ eofrtﬁgic%?ldf‘ugs across skin

but is used for a wide range of applications including buccal and oral absorption.

The dimensions of the Franz cell used in this study were:
Donor chamber: 1.5 ml
Membrane: Millipore PTFE membrane soaked in octanol, 0.45 um pore
size
Receptor chamber: 5 ml
Aperture: 9 mm diameter

Area for diffusion: 63.6 mmf2

The Franz cell was maintained at 37°C using a thermostatically controlled heating

block with built in magnetic stirrer plate.

Detection of the compound of interest in the receptor chamber was by continual
closed system UV spectrometry using an HPLC pump (1 ml/min) and detector

with output to a chart recorder and response measured in mm.

The receptor chamber was filled with 0.01 M HCI and the membrane clamped in
place. 500 ul of pepsin solution E was applied to the donor chamber.

Appearance of pepsin in the receptor chamber was detected by absorbance at a
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The free radical generating systemwas hydrogen

peroxi de, ascorbate, FeSO4 and EDTA. This reaction is
WEHOMI30EE Fent on reacti on, and generates the hBEK/ERHY09/001055

super oxi de and ascorbate ragé cals. A stock solution

containing 0.5 mM ascorbate;”0.5 nmM FeSO4, 0.5 nM EDTA

was prepared usi hosphate buffered saline (PBS) (pH
WaVPIW)QtBSPfthﬁQ oy (ﬁ@%@? ovemgaimingtss. pFheinflugngeef silza tnm pepsin

35 o 0 0 5 9 Ty a1 8 e prr o

applieattan of thegpepshictiese.from [ i ght). A standard curve was
prepared containing 0, 2.5, 5, 7.5 and 10vM H2Q2. 100

m of 2-deoxy-D-ri bose (30.8mMV) in PBS was added to
Thel98%idHs &f tHe' Parf F’élq%eﬁncmeofbll vi\fo @%p?ﬂents of the

concentration ositive roI
gastrgmsumgeebreﬂw Iﬁnmﬂg}i Gal I ate (PG. A negative

| di | uent of _test
Gl Binber s irhaBea el wrsesmTinadshite vas
adqkstréslmbiaarrr>e3 B@@@bbl@%é@%&uémsfdéllhﬁéﬁ@ré}i/e addi tion of

100 of eoxyri bose solution mx well. After

i nﬁmt@mlﬁmw ®egpphageslicell ayteplasner bath with
shaki ng, 1000 m 1%t hi obarbituric acid solution and
1000 M 2.8% trichl oroacetic acid solution were added.

Perd:tembgetreﬂd}ﬂﬁﬁbﬁ of dﬁsi@ﬂ“&@%alcﬂlleﬁed o s hdwﬁlfe%bonse at 30
t hen cool bes. 2000 but an-1- ol was added

minpies Ugiag i ‘? 95 ‘at 4000 g for 2 nminutes, the organic

u I t d
LORBERME r e Rebied f o ESBORTE eI iy
I nhibition = (ODcai- OD test)/ OD caix 100
Test Method 6 — Trypsin Activity Assay

Trypsin activity was measured using a continuous rate spectrophotometric assay
using the substrate benzoyl-L-arginine ethyl ester (BAEE) at pH 7.6. Cleavage of
the arginine residue generates a new product which is detectable at 253 nm.
Absorbance at 253 nm was monitored over time at 30°C and the maximal rate of

hydrolysis calculated.

Trypsin (EC 3.4.21.4) was type | bovine pancreatic trypsin (Sigma T8003). A
solution of 500 U/ml trypsin diluted in 1mM HCI was used.

Substrate was Na-Benzoyl-L-arginine ethyl ester hydrochloride (BAEE) (Sigma
B4500). A solution of 0.25 mM in 67mM sodium phosphate buffer (pH 7.6) was

prepared.

Positive control was soybean trypsin inhibitor (Sigma 93618) at 500 U/ml diluted
in 67mM sodium phosphate buffer (pH 7.6).

3000ul of BAEE solution was pipetted into a cuvette and equilibrated to 30°C.



Where; ODcai = free radical activity determned from
calibration curve at 5 M H2O2 ODt est= free radi cal
WRZW0PA3KY8 det ermi ned fromthe test sanple at SPCEIABRIC2/001055
Test Method 5 - Barrier prgperti es of silicas against
pepsin diffusion The in vitro diffusion of pepsin was

measured using a Franz cell nodel. The Franz-type
Abserbanaeiai253aim was menieregbby $hégpeeltomietiyaunti sazl&u 208ul of

st AT B0 AU R 57 FRL” et 252
nm Wwagnreeerideal for isehtisutes. EieanyeeirdAbsobamieecdt 259 nfriper second
drugs across skin but is used for a wi de range of

(AAZagnm/sawasraleeteddi ng buccal and oral absorption. The
5 di mensi ons of the Franz cell used in this study were:
Donor chanber: 1.5 m Menbrane: MIIipore PTFE
Testrommiitions wersk €aD il irypsina(®O0 /)46 100upalreitherze Recept or

h : m erture: 9 mmdi aneter Area for
1§ifmm:%e@§'r€gmefhe Franz cell was nmintained at
ﬁ?gﬁy%éé}?%@pgihqﬁm%@(@%@/m control I ed heating bl ock
W ul

h In magnetic stirrer plate. Detection of the
3} obihioasdluiion nterest in the receptor chanber was by

10 sahRLE Vi 5 SRS R, il

(witHokgt ehggeqnd response neasured in mm

Calculation

% trypsin inhibition =

15 ((AA253nm/s trypsin - AA253nm/s test) + AA253nm/s trypsin) x 100
RESULTS
20 Table 2 — Porcine Pepsin inhibition by 0.4% silica (in assay reaction

mixture) with collagen substrate

Initial Silicas
type - . Test method 1
Example No (i.e. used to Ss':';a: S%az';ls:)e Mean pepsin
prepare stock inhibition (%)
solution)
Water 0
12 Powder 18000 16
13 Powder 4300 6
19 Suspension 1300 93
18 Suspension 800 87
17 Sol 180 30
2 Sol 80 42
1 Sol 80 47
3 Sol 50 56
10 Sol 20 72
7 Sol 20 79
21 Powder 12 97
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reaogg@?ﬁ?h{u\xgﬁsysﬁgn pgﬁﬁsﬁftlﬁhlﬁ at 253 nm Absorbance at

tore over tinme at 300C and the maxi mal
rate of hydrolysis calculated. Trypsin (EC 3. 4. 21. 4)

was t bav ncreagtic trypsin..(Si 8003)
Datd retaadon SoBRUZENewS Joe eiat b aIIER HAPOPZasan’ bepsin
inhiBi6&H against a collagen substrate, i.e. a silica of particle size less than 4300
nm is preferred, more preferably less than 80 nm. Preferably the silica is dosed

in the form of a sol. This is demonstrated graphically in Figure 1.

Table 3 — Porcine Pepsin inhibition as a function of % silica in assay

reaction mixture with collagen substrate using pepsin solution A

Example Silicas PSD Silicas Test Method 1
No d50 (nm) Concentration | Mean Pepsin inhibition
% Silica by (%)
weight
4 10 0.1 32
4 10 0.3 60
4 10 0.4 90
4 10 1 98
10 20 0.1 36
10 20 0.3 65
10 20 0.4 72
10 20 1 102
2 80 0.1 : 0
2 80 0.4 42
2 80 1.0 84
8 10 0.05 22
8 10 0.1 70
8 10 0.4 98
18 800 0.1 30
18 800 0.4 87
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0.4%SI lica in final
Table 3 shows that at high concentrations of silica, complete inhibition of pepsin

activity with a collagen substrate can be achieved. Preferably, the % silica
concentration is above 0.1%, more preferably above 0.4% but preferably less
5 than 2%. These values are final concentration of silica in the assay reaction
mixture, and not what is added and thus may not be relevant as a therapeutic

dose which may be higher.

Table 4 Human Pepsin inhibition by 0.4% silica with collagen substrate
10 (Test Method 1, pepsin solution A, B and C)

Example | Silicas particle | (A) Porcine (B) Human (C) Human
No Size (nm) Pepsin Gastric Juice Pepsin 3
Water - 0 0
19 1300 93 94 92
2 80 42 48 75
8 10 98 98 98
Pepstatin
(1.7 M) - 95 93 93

Table 4 shows that silicas are able to inhibit pepsins of human origin (human
gastric juice and isolated human pepsin 3). The extent of inhibition is similar as
that achieved against porcine pepsin (93%, 42% and 98% respectively).

15
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TabfO%e d@ﬁ’l%tl’é@é(%qﬁ@/g"eghﬁxtu@ fesﬂf URY ﬁ% :}chéus gives a

I'nht brtion silicawth colTagen s
prorol@std Nhtieade lin thepshievlsgical propeiie ofinthtile Jaditie pig mucus

. shows that siljcas are gble to inhjbit pepsins o
(noikangn B g & imiratas fatdhe Gel 8t tisnatbelauges finges upon
addi@?ﬁsbf‘ esﬁ?casTQ§ £xE@irgRlic! MERICHHRAN IThes imiixties aferhdinkd G’

i ev agal nst porcine pepsin (93% 42% and 98%

domirepeand theilsytjuergblse Fhe phiass! angle (D) irureased stigltly from 7° to
native pi tric [ d ab f
arp G5 AP YRR B L PER TN S8 AR S B prcus
muc%@cilnt]%?édti\’)ﬁs "B Sl ﬂ\%sraﬁ]gﬁré?@ﬁﬁféheﬂr bdRAFRICLS gelle
rheol ogi cal properties of native gastric pig nucus

(increases in G and G') indicating that the gel of
Typically, rhaalthy gastismileasdws apbase angle (0) of 7-10° whereas healthy

colonic mucus is within the range of 10-15°. If the phase angle () is above 20°
then this would indicate a mucus layer which is too liquid-like whereas mucus of
less than 7° would be considered to have too much elastic or solid-like behaviour
and thus lack flow capabilities. Degraded mucus obtained by either storing for 4
days at 37 °C (Table 6) or degradation by pepsin (Table 7) of a too high phase
angle (0) of respectively 29.93 and 55.7 were shown to be lowered in the

presence of silicas.

Table 6 - Rheological parameters of degraded native pig gastric mucus in

presence and absence of silicas

Sample G’ (Pa) G (Pa) |6(°)

Degraded Mucus 0.53 0.31 29.93
Degraded Mucus + 1% Example 10 2.29 0.63 15.43
Degraded Mucus + 5% Example 10 31.01 30.04 14.35
Degraded Mucus + 10% Example 10 97.52 23.05 13.67
Degraded Mucus + 15% Example 10 127.91 30.41 13.37

Degraded Mucus described in Table 6 was degraded first by storing it for 4 days

at 37°C. To the degraded mucus, silica was then added at different dose-levels
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layefiffep@mpraniged- f or mi ng capability is reduced and unabl e

to afford protection to the underlying nucosa. Table 6

shows that addition of silica dose lead to recovery of

h | d bri Lt withi f |
Tablg 7 s Rfispipdial ParamstonRal nalve i 958 miicls affep,
degPAd@tfort By o -iHcubbttich Wit pepsiho(pRpdine Béﬁgﬁn D) foF24 hours

other two rheol ogi cal paraneters assesse
in presence and absence of silicas

that the gel was not as

Silicas
Sample PSD "G (Pa) | G (Pa) 5(°)
d50 (nm)
Mucus + Pepsin pH 2 0.245 0.36 55.7
Mucus + pepsin pH 2 + 1.4% Example 8 10 5.44 6.00 39.5
Mucus + pepsin pH 2 + 1.4% Example 21 - | 12 17.47 6.44 20.3
Mucus + pepsin pH 2 + 1.4% Example 10 | 20 212 1.69 39.0
Mucus + Pepsin pH 2 +7.5% Example 10 | 20 10.50 6.97 33.6
Mucus + pepsin pH 2 + 10% Example 10 20 21.21 9.06 16.7
Mucus + Pepsin pH 2 + 15% Example 10 | 20 44.30 22.52 27.0
Mucus + pepsin pH 2 + 10% Example 2 80 9.67 4.74 26.1
Mucus + pepsin pH 2 + 10% Example 17 180 0.76 1.02 53.2
Mucus + pepsin pH 2 + 1.4% Example 19 | 1300 0.41 0.69 58.9

Silica (co-incubated with the pepsin and mucus) was able to dose dependently
protect mucus from degradation by pepsin (Example 10 in Table 7). In the
absence of silica, the mucus was completely degraded by pepsin and was no
longer a gel (0 > 45). Incubation of mucus with silica of preferred particle size
between 1 -180 nm when dosed at between 1-20 % was able prevent this loss of
gel properties by pepsin (Table 7). This was iterated by a reduction in

solubilisation of mucin glycoprotein measured in the incubation solution (Table 8).
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Sample Large Mwt | Small MWt | Total GP

GP (pg) GP (u9) (ng)

Mucus + Pepsin pH 2 129 94 223
Mucus + pepsin pH 2 + 1.4% Example 10 | 111 78 189
Mucus + pepsin pH 2 + 10% Example 10 | 0 13 13
Mucus + Pepsin pH 2 + 15% Example 10 | 2 104 106
Mucus + pepsin pH 2 + 10% Example 2 0 12 12
Mucus + pepsin pH 2 + 1.4% Example 8 | 4 69 73
Mucus + pepsin pH 2 + 10% Example 17 | 36 20 56
Mucus + pepsin pH 2 + 1.4% Example 19 | 79 79 158
Mucus + pepsin pH 2 + 1.4% Example 21 | 268 133 402

Table 9 - Effect of silicas on diffusion of pepsin across a membrane using

Test Method 5 and pepsin solution E

Silicas Particle Size d50

Inhibition of Pepsin

Sample (nm) diffusion (%)

Control 0
Example 4 (15%) 10 68
Example 7 (15%) 20 70
Example 10 (15%) 20 69
Example 11 (15%) 20 63
Example 3 (15%) 50 74
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be releyantist ¢aydrad ohdamaigeihalmayirasulhfipasinflamamatiorp. Tabl e
13 - Effect of silica on pepsin activity with
di fferent substrates

Table 11 Trypsin inhibition by silicas at 0.09% concentration

10

Silicas particle Mean Trypsin
Example No Size }()nm) Inhibiti(';)r,\p(%)
Water - 0
19 1300 13
2 80 9
8 10 60
SoyBean Trypsin
Inhibitor - 93

Table 12 Trypsin inhibition by Example 8 at 0.01% - 0.09%

. Mean Trypsin

Concentration Inhibitic?r’lp (%)
0.01% 21
0.02% 22
0.045% 28
0.09% 60

15 Silicas were able to inhibit the enzymatic activity of trypsin, which is a serine
protease, (end concentration 250U/ml). The activity was observed at pH 7.6
using test method 6 and displayed in Tables 11 and 12.
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in_protein the building blocks of cells and micus

the pyBibicasve §Hicashat |i t he| dast Matheds): iTest Method
Exér{@gé Stxface | Partichnst rMethoddat| silichs of particde
| frdxnehO [ 0o 8ixenm lanGbllageh a suPratednar ep ofMécusn
50 to| 3@A%gp/ 0 ampr |i % Inhibitionm 66 lmhibifionay eProtection
hest ovegedh! reggbbg. |IT thes surflace anga 1s ftoo | NDDe
 YREN pengEgar| orngdgy O [activg Site of pegsin and/ of ND
HB1T+BE‘ at 50} Eltg $ATE lmrim—fzayer Ty b97r esrlri CLSd i
chntabt L2t abe ba Hetwedd the biticgiandthe pebin
y b i%@iﬁq lat e’ 0 _enabl bepsi i nhfition Tahqu
13" and pdfcedj ng &bt a [dennfA rat es thaf2a sillica ofY
phrti ¢l eS8 ze| | es80 t han 430 nmis preNBrred, ND
3 ef er ablAp | eps t5Gn 800 nrbBrore pref eNBbly | ess t Néh
I80 nin syen horeipreflerredd ess fhan 80 nm npst Y
JreferTed Tess thgg 20 nm gyeferably gRe silfca 1§\
:,%bfclu'_ J Il\tile or lgbef 3 2|us;gel-nbi onjof- hég'r?gei (T eND
LI LY y LILA % B~ CT A1 LI I =
—%H—L—GMU' (i} —e. Gasi = type); é\vc?: D:;P ;;Hﬂ’uéb'sf ggialmpc
ncppmsi Y (ile At milll pd’lg4 si ) p\/pg‘om;)rn ref Q_N_%glr
29 a 200 12 97 17 N
22 12 94 ND ND

Y (protects mucus -phase angle (8) < 45 and reduction in the appearance of large
molecular weight according to Table 8), N (does not protect mucus), ND (not

determined)
Test method 1 & 2 uses pepsin solution A, Test method 3 uses pepsin solution D.

Data presented in Table 13 demonstrated the highest overall performance i.e.
whether silica can inhibit the action of the gastric enzyme pepsin against three
clinically relevant substrates: Collagen, a component of the basement membrane
and skin, protein, the building blocks of cells, and mucus the protective gel that

lines the gastrointestinal tract.

Table 13 demonstrates that silicas of particle size from 10 to 80 nm and/or of a
surface area of from 50 to 350 m?/g and/or in the form of a sol gave the best
overall results. If the surface area is too large then penetration into active site of

pepsin and/or penetration into the mucus layer may be restricted if on the other
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suspensi on of colloidal silica (Kaolin, Aerosil) nost
preferred in the formof a sol (i.e. Nanosol). The
WH9/@30474 | ca-types may al so be dosed in a povRiEr/GBIOHN01055
Vari ous nodifications and r| ations of the described
aspects of the invention WI be apparent to those
skilled in the art w thout departl ng fromthe scope
handitite spiface avéatisidoo sueilt then. contadtosigfacehardanbefnsennthe silica

een des n nnect,ion W th cific
and (i peneiBanange nansr Bte B SSaERersi MhBEA& ood « nat
the invention as clainmed should not be unduly limted
to such specific enbodi ments. |ndeed, various

Tablgoth and aareeedingfdata @eawatnatﬁ-ﬁjth?é@egﬂl@a of Partigle §izeuess than

430@ Hﬁ‘n sﬁr%?éaljﬁ%@,f#)‘é eg'gbg:lgsslo i dno O%ﬁ%r?@r%lﬁ%éﬁhan 180

nm, S@@@ﬁn&frehb%fé@édi desghah 8802rmn€| mbla’s pleffehesll léssathbaar 20 nm.
use to Inhibit a protease A silica eat men
Prefgrably Higepica is dos i Bed0in o A PENSON StvelpGeIdge: Lucilte),

morégr g ?fe?gﬂlﬁré%ﬁgﬁhgﬁﬁeo@%ddrﬁ \'9!' élﬁ & (L& Basil-type), even more

rof ntestinal tract |ca or treatnent
prefﬂrab\la;eras ansosép@mbwe(aee obrmttledthansd)q amcmranee@reﬁetrhd as a

susignsiars phPaliaLa e gacing RS mbst s in thsforgy of a sol
(i.e. N=R62BN| PRe @boe %ﬁl&@a@se@fnam% bebsedl ina pewiisoisrinhe
group consisting of dyspepsia, gastritis, peptic

ul ceration, gastroesophageal reflux disease,
extra- oesophageal reflux disease, irritable bowel
syndrone, rectal related inflanmatory di sease and

Varibé hﬁimma:clrdj\ﬁmanaﬁthme&ﬁlthé dedcrbéd aapaﬁsmfdhm gmmion will
any one of the preceadl ng clalns rein_t he ot eas
be apgacallideribase ekilee i the aﬂamm&agawgﬁfoa‘ $Gape and spirit

of thY fiveRTEiBn. AlthBUERThASNRERIcP2ASs been described in connection with
specific preferred embodiments, it should be understood that the invention as
claimed should not be unduly limited to such specific embodiments. Indeed,
various modifications of the described modes of carrying out the invention which
are obvious to those skilled in the relevant fields are intended to be within the

scope of the following claims.
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a cysteine protease, an aspartic acid protease, a
net al | oprotease and a glutam c acid protease. 6. A
WGR0pig34Eccor ding to any one of the precedi ng RCEHGA2009/001055
wherein the protease is sehgfted fromthe group
consi sting of a serine protéase and . an aspartic acid
protease. 7. A silica according to claimb5 wherein the
Claimst ease is an aspartic acid protease. 8. Asilica
according to claim?7 wherein the aspartic acid
protease is pepsin. 9. Asilica according to claim8
1. wWhargidha foreispapshiibit & ete2gked from the group
consi sting of human pepsin, porcine pepsin, equine
pepsin, murine pepsin, ovine pepsin, and bovine
2. peﬁséiﬂce}QO%ﬁeﬁ’chrléﬁlaoF‘EFéUf%'tiB% 51‘9? il 482 oVMABh6itiBn { d%ociated
pepsin is human pepsi n. . silica according to
withcddversel pidtease activily widps itie gastiointestigpabtractc pepsi n.
12. A silica according to claim211l wherein the human
gastric pepsin selected fromany one of pepsin 1,

3. PepskificaFor BRBEFHENBEr pRARMIIBN3SF 8 fsdsd bl €dhAitioh3adsociated
silica according to claim5 wherein the protease is a

withssivierse pradeelytie degrdationiwithin the gastivintestioaktragtm 13
wherein the serine protease is trypsin. 15. A silica
according to any one of the preceding clains wherein

4. tha siidd ot trsatiRing of peevigrtiohidiex gisede @ptdnditiongseicted from
fumed silica, Fre0|p|tated silica,  anprphous silica,
the gEaupeEoRSisiNG of dyspeRrsiar gawlits spepticaulseration, gagjroesophageal

e 6856 e Bl I AR Ui yrdomé: reca
relatedoinfimnsateny disease and inflammatory bowel disease.

5. A silica according to any one of the preceding claims wherein the protease
is selected from the group consisting of a serine protease, a threonine protease,
a cysteine protease, an aspartic acid protease, a metalloprotease and a glutamic

acid protease.

6. A silica according to any one of the preceding claims wherein the protease
is selected from the group consisting of a serine protease and an aspartic acid

protease.

7. A silica according to claim 5 wherein the protease is an aspartic acid

protease.
8. A silica according to claim 7 wherein the aspartic acid protease is pepsin.
9. A silica according to claim 8 wherein the pepsin is selected from the group

consisting of human pepsin, porcine pepsin, equine pepsin, murine pepsin, ovine

pepsin, and bovine pepsin.
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17. A silica according to any one of the preceding
clains wherein the silica is present as nanoparti cl es.
wWaZ0I/A474 i ca according to claim1l7 wherein t hRCEGBRWH001055
has an average particle si (d50) of |ess than 20,000
nm 19. A silica according to claim18 wherein the
silica has an average particle size (d50) of |less than
10. 10A&dicarancopding Ao sldimcawhetsin dhe gepsinds AUmaropewiifei n
the silica has an average particle size (d50) of
bet ween about 1 nmand 5,000 nm 2 1. Asilica
11. ack %ﬂﬁ:b%do@diﬁ?db 220 Whveligteih theeepsin ahiraan gastric pepsin.
average particle size (d50) of between 5 nm and 100
nm 22. A silica according to claim2 1 wherein the
Si hiGa.h - AV réi j :
12. o oG Q8 A Wheldh e unfEiPlaltic KEHGRF Epkoted
fromErgcenk: bfpepsinms pepsineda) peipsirsBi,i mepsimm Sc amdayestaesin.
particle size (d50) of from 10 to 80 nmand a surface
area of fromb50 to 350 n2/g. 24. A silica according to
13 fin)(.sﬂﬁﬁbégcotr&ﬁﬁgh;% AR BWheteth TRe PRGtE8sE i A8cRhepréRase.
is inhibited 1h respect of activity against a
substrate selected fromconstitutive proteins found in

14,8 SRBAGPRR B e B PR

the gastrointestinal tract and conbi nations thereof.
25. A silica according to claim?24 wherein the .
15. subsiliaa aceerdingyioyampPBe af dhe Rieeeding claims wherein the silica is

sele%ﬁti&h%gsg{r.bﬂﬁlcoh%@fiﬁg U finEQ"SHIdat PréMpitEa ich, bittBhous
' the gasttorntestina
silica, coacervated silica, amorphous silica gel, (aqua) silica sol, hydrogel silica

and xerogel silica.
16. A silica according to claim 15 wherein the silica is amorphous silica.

17. A silica according to any one of the preceding claims wherein the silica is

present as nanoparticles.

18. A silica according to claim 17 wherein the silica has an average particle
size (d50) of less than 20,000 nm.

19. A silica according to claim 18 wherein the silica has an average particle
size (d50) of less than 10,000 nm.

20. A silica according to claim 19 wherein the silica has an average particle
size (d50) of between about 1 nm and 5,000 nm.

21. A silica according to claim 20 wherein the silica has an average particle
size (d50) of between 5 nm and 100 nm.
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tract. 26. A silica according to claim24 wherein the
substrate is a constitutive protein found in the
WQZWPM¥MHTR esti nal tract. 27. A silica accordi nRRCE6B2009/001055
claim 26 wherein the subst nate is selected from
col l agen and nucins. 28. A'silica according to claim
24 wherein the substrate is a functional protein found
22. i nAtsilicayascerding & claiml 21 whareinpthe gilisa Ihasaam@ysFage garticle

e 450 8BRS SLE) BBHLCL crl pretern Lo bum

clainms wherein the silicais in the formof a silica
suspension. 3 1. A silica according to claim 30 i

23. whArsdica agrordingje @ey one & e piereding slaims ydhareBhthgsilica has

; .

an a3l RaiER #8400 G b BOTHTaRd o SuTaPER Offom 50

to 330mW¥rd.a or sodi um hydroxi de. 33. A silica suspension
according to any one of clainms 30 to 32 wherein the
silica is present in the suspension in an anount of

24. 1 ANiRRPHECHEHY!B ARBHe 8PHeTeBUBIG! cIfimd Wherein the protease

~_suspension. 34” A silica suspension-according to any
is inbitdtedf inc respect 30 achivitd againsti an subeiraia selgctes froes eanstitutive

T T T A S R
gastroiARVARBP iradE CRhdiidial titowding Toddd Whahei gastisntestinglatrast and

B_r esent in the suspension in an anobunt of |ess than
comaingiionsdbenepf.nei ght of the suspensi on.

25. A silica according to claim 24 wherein the substrate is a glycoprotein found
in the gastrointestinal tract or a constitutive protein found in the gastrointestinal

tract.

26. A silica according to claim 24 wherein the substrate is a constitutive

protein found in the gastrointestinal tract.

27. A silica according to claim 26 wherein the substrate is selected from

collagen and mucins.

28. A silica according to claim 24 wherein the substrate is a functional protein

found in the gastrointestinal tract.
29. A silica according to claim 28 wherein the functional protein is albumin.

30. A silica according to any one of the preceding claims wherein the silica is

in the form of a silica suspension.

31. A silica according to claim 30 wherein the suspension is an alkaline

suspension.
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36. A silica suspension according to any one of clains

24 to 29 further conprising a preservative. 37. A
WGR0pig34Eccor ding to any one of the precedi ng RCEHGA2009/001055

for use to increase intra gEcin interaction. 38. A

silica according to any one of the preceding clains

for use to increase nucus viscosity. 39. Asilica

according to any one of the preceding clains for use

s2. 90 TR AP Y S1Up50n 8 e obhipmprnes vt

and a0 lafieiliometitini selec@@srérncarniioinia opsodinm hydrogides
col onic nmucus or gastric nucus. 4 1. Asilica as
substantially defined herein with reference to the

0. SRS deril] HSIUHEREER) St SHIRLSD LS ansrn e
silicaisepresentinstharduspehyioddhiameamioant bhfraint abowf 1% rio @bovt 50%

t he e | es. 44. A pharmaceutical conposition as
bnglﬁgpgﬂﬂr?ﬁy?g}e@@q'ned herein with reference to the
exanpl es.

34. A silica suspension according to any one of claims 30 to 33 wherein the
silica is present in the suspension in an amount of from about 15% to about 45%

by weight of the suspension.

35. A silica suspension according to claim 34 wherein the silica is present in

the suspension in an amount of less than about 25% by weight of the suspension.

36. A silica suspension according to any one of claims 24 to 29 further

comprising a preservative.

37. A silica according to any one of the preceding claims for use to increase

intra mucin interaction.

38. A silica according to any one of the preceding claims for use to increase

mucus viscosity.

39. A silica according to any one of the preceding claims for use to improve

mucus gel properties.

40. A silica according to claim 37, 38 or 39 wherein the mucin is colonic mucin

or gastric mucin, or the mucus is colonic mucus or gastric mucus.

41. A silica as substantially defined herein with reference to the examples.
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42. A silica suspension as substantially defined herein with reference to the

examples.

43. A use as substantially defined herein with reference to the examples.

44. A pharmaceutical composition as substantially defined herein with

reference to the examples.



