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ANTIMICROBIAL COMPOSITION The present invention relates to
antimicrobial compositions, and to uses of such compositions as

i s, and in methods of treating microbial infections. The
invention extends to methods of preventing microbial infectidtfsTdrBaH|&eaeT43
5 and surfaces coated with the compositions. The growth in viral infections
along with the emergence of antimicrobial drug resistance in human
bacterial pathogens is an increasing problem worldwide. As a
consequence, effectlvetreatment and control of such micro-organisms is
10 becoming a greatgE ct el AEMIBE B il resistance has

Tnawﬁmﬁ%m@y@r@@@@ﬁm&@aw%ﬁé%@i&oﬂé&'%&{ch

codnll croblals tge em enc of resistance has become increasingly
6’. ar‘cflcu? W"ﬁ@ﬁ#p iR RS RN e et EaTRSRERa
Th%we@m pgﬂ@ba@t@rmﬁm@m@mmm spprobidi Stephylecncelsearp. 15
an@g{g{é@@lg@é@g@@ﬁﬁgg@ﬁ(ﬁ&;%ﬂéhe antimicrobial properties of

traditional plant-based medicines has increased. These studies have |

screened numerous plants for antimicrobial properties. For example,
Thegrieghgravicatinfetti(Punioagede) hwhicleigdefersedioinknglishas
res%@éﬂ@@reﬁ'?ﬁ%ag%&%ﬁgi ghlighredd of these 0 studies as having

antimicrobial activity aga?ﬁllst aarahn Olg %ﬂg%éaéswr Oil e ar@lm’% As

2 CW%{@@%&W@@E&%@ caifetaf susbisdcraveceoiranitated on
bectamsagtmgca@hﬁkﬁﬁ@&j@ﬁﬁ@fv@%ﬂﬁﬁﬁ@ﬁ&?%ﬁﬁé@@%'%pBQEr&EQ‘HP of
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agalnst a range of sIx bacterla inclu aureu ﬁmonlae

SMBRRMGE resSiime %@mwfeaﬁa%mmam@@edyanu\nty
lmmwahwlﬁé%wﬁefﬁé@m)ﬂwmmﬁ slemenstsyesibal Rgpiegranate
EnferaflNag A% c?%k any% a{ghe growth of S.aureus, but also the

production of enterot Heria have advanced protective

mechanisms to detoxify heavy metal 30ions. However, despite this, a wide
0vasang~enaﬁtlﬁecauaermrﬁ1mm@ﬁhﬁcelﬂy§i%@ﬂk@%ﬁ@é@dﬁ&% HRds
bas@ﬁﬂ%ﬁl&'ﬂgpﬂ@!% any low malecularmass me Icompoukpga

exhibit bactenm% %A\fébgﬁ%sﬁosét |c;'!f:?(/€|’tf‘ime?ﬂec‘)%? Srants

for §B§%ﬂ8!ﬁlu@§°@?@%@%%é&!ﬁ%ﬁ#ﬁ@&ﬁfmﬂm’n@{Pumcaceaej which

is referred to in English as pomegranate, has been highlighted in many of these

studies as having antimicroblal activity against a range of both Gram-positive and
Gram-negative bacteria. Recently, several studies have concentrated on the
antimicrobial properties of pomegranates, For example, one group of researchers
used different extraction methods using pomegranates against a ranga of six
bacteria, including S.aureus, E.coli, K pneumoniae, P.vulgaris, B.subtilis and
S.typhi, and demonstrated good activity against all isolates tested. Another group
demonstrated that pomegranate extract was able to inhibit not only the growth of
S.aureus, but also the production of enterotoxin.

Many bactetia have advanced protective mechanisms to detoxify heavy metal
lons. However, desplte this, a wide range of literature eﬁcists describing the
development of metal compourds as antimicrobial agents. Many low
molecutarmass metai compounds exhibit bactericidal and/or bacteriostatic
activitles. In one study, the susceptibliities of Staphylococcus strains to solutions
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2 of metal salts (in the range of 50 pmol to 80 mmol) were determined.

The frequencies of resistance for Staphylococcus strains varied widely
between different metal salts. Accordingly, despite the growing need for

YR ditintobial therapies, the mechanism of action of marRf FE&A007/656743

binding antibiotics is not 5 understood. The enhancement of antimicrobial

activities of various plant extracts by the addition of metal salts has been

previously investigated For exampke, EP 0,744,896B1 discloses

Of:ant mlsga(I gbl §§sm§)p§ which are based on a 10 combination of
fiReL 2 an% IR HEH 2 BRAATERRAVEE SEiREG It FRd,

fregusingiemdblrsistande dveSiar/idwwers testtEavasyiod miaple teavesn The
difR Gt eraaf; f%@“%&@&@%&%@@%%@%\)ﬁ@ AQURYLI0 %‘N %n%ct:p %ea!

i anti- wraéﬁand anti-fungal activities of the’composition. 1
Lo i E}%ﬁ?éﬁﬁwf fifdise %ﬁ%@%ﬁ@b@'pﬁm @ﬁt%t%d%@@smons is
untigatttively lack stability, and therefore retain their antimicrobial activity for
only very short periods, ie up to a maximum of 30 minutes. Accordingly,
these compositions are of limited use. Another problem with these

The SiEtisaser antinh Y Blirelin getiniisstvaninun elpnadractlisctieured
addiion d0ranalicationstoraanpiediolisviestapresiated dnat-arlimjsrobial

0 ﬁgr%gggqlg%%g@g ecome d| coloure are faE% ‘Eﬁg&% eﬁ%&ﬁ%ﬁ?ﬂw of

ic OSHID
ications, In par Cuigll‘ lI.PiOS(i‘ or topica l.f

Cﬂ?ﬁgfﬁ‘#ﬁ@ﬂéﬁéﬁﬁi@uﬁs@t% et aniffaces plorstohmisubiadrdeationrin,
v;mmwsl cﬁdmte@%saam@,g e gﬁ@g@ﬁ@@@ 6@%9@@%%9%%1%'9&@@:1 of
| is.tha re active at low p
feﬂ?}ea %ér)%%gdg H%x))? tCJ?n){‘bgos|t?ﬂc{)”“'nssfm QI{] %/Q%ﬂ?gél aé%wéaf)ﬁﬂfilﬁrg%ldlc
funggheriviiené s aavmesitious in the majority of applications, particularly
when treating patients Furthermore, such compositions are particularly

uIt ta fo It is.therefore an object of the present invention to
H':')%é-(/la’tea SEm m| |g (r)%%e% o %@r&g??ﬂ@ﬂﬁ%ﬁ&ﬂ%egﬂﬁgpﬁ’@?ﬁh whether

compastiineg ifchahtorelacnsiepiitamidshseie iatprovedt antimicrdibial
actmmam%@wm BE68E Ieses indneipesHiasrsaatingaycrobial

Ac;éorgmg? ,%hese compositions are of limited use. Another problem with these
iron-based antimicrobial compositions is that they become digcoloured upon
application fo a subject. [t will be appréciated that antimicrobial compositions that.
become discoloured are far from ideal in the majority of applications, in particular
those for fopicai use on pafients, and also in non-therapeutic uses, such as on
surfaces prone to microbial infection in hospitais. A fuither disadvantage with the
iron-based compositions disclosed in EP 0,744,886B1 is that they are optimally
active at low pH (ie circa pH 4.0). Compositions which are optimally active only in
acidic conditions are disadvantageous in the majority of applications, particularly
when treating patients. Furthermore, such compositions are particularly difficult to

formulate.

ltis therefore an object of the present invention to obviate or mitigate one or mare
of the problems of the prior art, whether identified herein or elsewhere, and to
provide improved antimicrobial compositions, which may be used in methods for

treating microbial infections,



2a Summary In a first aspect, there is provided an antimicrobial
composition comprising (i) a copper salt and/or a cobalt salt and/or a
nickel salt; and (ii) an extract of Punica granatum. In a second aspect,
there is provided an antimicrobial compaosition comprising (i) a copper salt
and/or an iron salt and/or a nickel salt &&d/or a cobalt salt; (H) an extract
of Punica granatum; and (iii) a reducing agent. In a third aspect, there is
provided a composition as defined above for use as a medicament. In a
Sdourénaspect, there is provided a composition as defined above for use in
treating, ameliorating or preventing a microbial infection. In a fifth aspect,
there is provided a solid or liquid concentrate, which ,%)n dilution with water
In GrBuhEE A Lo PGS IGrOAS R AT UBEVE T SRR TRERIS () 2 Cobper salt
arprovialedtiie udesofifocamipbsitiait; s d éiinsd ateve éh thve/nsagrafadture of
a medicament for the treatment, amelioration or prevention of a microbial
infection. In a seventh there is provided the use of a composition as,
In gt hBsReCchs T astRFRIBBHPAGEHI ML TR AR CaREEiag (1) a copper
saprevidedsa use sstording toreiie s Hteasitr aspectiorseierdh aspadtof Punica
r\évh(;r%i?n égg gﬁp]rgp%%i&i&g isausr(?td to treat, ameliorate or prevent a bacterial
ISR AR aspe%t,%gier'e is provided a use as defined above,
wherein the composition is used for the treatment of microbial keratitis;
InGPRiNtyitis; HaRchonulrRa v dnieetinns. derrrampidoreesmesias a
urinary tract infections, for example, cystitis, pyelonephritis; ear, nose, and
MG %E?Xﬁﬁéctions, for example, otitis media, sinusitis, laryngitis, diphtheria;
skin infections including cellulitis, impetigo, wound infections, botulism,

in %%9“#%@Béc%,Q_f?@@tig%ﬁmEBéB%oém HRdenaLHEel 2889 WS use in treating,

Campylobacter infections Proteus mirabilis infections; meningitis;
arpRieRNR KL 6y LAIRDAEERLIFh B f6HM-aspect, there is provided the

use of a therapeutically effective amount of a composition as defined

inZRAHR ILhe AL RE of e AEA S QL EBIAAEIELbn dilution
ameliorating’d microbial infection or contamihation. Inan eleventh aspect,
withenexisp ovidiet oz aojegicsitedasithedrcamposition as defined above.

In a sixth aspect, there is provided the use of a composition as defined above in the
manufacture of a medicament for the treatment, amelioration or prevention of a microbial

infection.

In a seventh there is provided the use of a composition as defined above as an

antimicrobial agent.

In an eighth aspect, there is provided a use according to either the sixth aspect or seventh
aspect, wherein the composition is used to treat, ameliorate or prevent a bacterial

infection.

In a ninth aspect, there is provided a use as defined above, wherein the composition is
used for the treatment of microbial keratitis; conjunctivitis; bronchopulmonary infections,
for example, pneumonia; urinary tract infections, for example, cystitis, pyelonephritis; ear,
nose, and throat infections, for example, otitis media, sinusitis, laryngitis, diphtheria; skin

infections including cellulitis, impetigo, wound infections, botulism, gonorrhoea;



In a twelfth aspect, there is provided a method of preventing and/or
treating a microbial infection or contamination, the method comprising
applying to an object or a surface, a composition as defined above, or an
object according to the eleventh aspect, wherein the object is a medical
device. 3 Detailed Description The invintor based his research on the
anti-viral and anti-fungal compositions reported in EP 0,744,89661 in an
attempt to solve the problems inherent with these compositions. In order
sdptiadeirgssiteseamod blaesnshel ievegretriiv €stigadais sidrdtiestionsot Tofeus
m)’r"&ft‘it@;‘?ﬁ@@ﬁ@ﬂ_@,, %%H%%;@é’cé@!‘ﬁ%‘ﬁtik?% g@t&&ﬁ@%mtal i?”S to fqrm an
antimicrobial composition, which exhibited improved properties, ie did not
turn black, had antimicrobial activity for more than 30 minutes, and was
Inactbrerassoeoqrd e englaleided , tsaclsasireiitsad it iThier eféretj e mombet of a
ohSaRLMSIAIdARSMBIS, oSl aiL i SIRbinaLon Wil AR AREHE IR OBl venting
or example, pomegranate 10 rind extract (PRE) as a model for other plant
orefialiALpEXed Etb‘?ﬁ%d%ﬁﬂi%fﬁ@%‘?fééﬁ%@a‘ﬁ%@&ample 2, the metal ions
that were tested for their abilities to enhance the activity of the PRE

included copper (1), copper (1), zinc (I1), and manganese (1. lron (1) salts ..
RGeS Rt s A B BRI R g e
aleysected, the iron (1) compositions exhibited antimicrobial activity,

thereby confirming the work disclosed in EP 0,744,89661. However, the

inventor noticed that zinc and manganese jfon-bas d composijtions . :
NG BIHELERBSHIARET B RIN SR ﬁeéﬂ?%’sﬂ%’/%”i 'gig(pEp reating a microbial
infeatidre omowetzsuinatsinglye thethighestacsivigyayalyisghibiedbipa(ly) saface, a
Ionadditonda RRE,Gives habging 20.8ndpaneanerehiarel Rlantuherein the

extract combinations are ineffective, but copper-based compositions are
objesiis ameeRiGRIfiBYR&s suggested that there is some, as ' yet unknown,

mechanism of action for these metal ion-based antimicrobial compounds.

25From a consideration of the Periodic Table, the inventor has noticed a

pattern emerge concerning which metal ions are active and which are

inactive when combined with plant extracts. Given that manganese- and

zinc-based compositions are inactive, and given that iron- and

copper-based compositions are active, the inventor believes that salts of

the two metals that are between iron and 30copper in period 4 of the

transition elements, ie cobalt and nickel, may also be used to prepare

active antimicrobial compositions.
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4 The inventor believes that he is the first to prepare antimicrobial
compositions based on a combination of a copper salt, or a nickel salt, or
a cobalt salt, combined with a suitable plant extract, for example,
pomegranate plant extract or tea leaves. 5 Therefore, according to a first
aspect of the invention, there is provided an antimicrobial composition
comprising (i) a copper salt and/or a cobalt salt and/or a nickel salt; and
(ii) an extract of Pun/ca granatum. O The inventor has found that
Denitydlitiong@aorording to the first aspect, which comprise an extract of
Pun/ca granatum (ie pomegranate combined with salts of copper, nickel
Theniarsh s sexhibitasaqabing e Hetite smihdotobiadalctivitppsitionin
ro SO FREPSATEAROIEAGHER thalkhowadrPasesEomPAsKienswIfis
activity could not have been predicted as the mechanism of action is
G R R ol SEIIC AR (183 Y e (RS HEPIGRueaasfed
wigthebased éovapgsitisihl: dweiiattive e darbis stodiesthanideasetal ions to
oS IPRSHAIS RS AGUIRIESHHI: MAHIBENAR fOVRAIRALFRRPRY S8Rt

appear to be the most active, Therefore, preferat‘){lf/ the composition
turg kBNt ol dsitp msue HRnGattifese SReetPatidivori?
mareppatetiicnid, anelfechivateantentiatiefood anrexdtiget Gidtwr/ertal ions

iqnificant adv 0 - ositions .is

A e B B AR P B S R Na1S
ringt Gytnss dafeehasosmiense! i plant sliastdiasss cAvPRRiens-be bound

by any hypothesis, he believes that known iron-based antimicrobial
AsGRIDROsitions become discoloyred begatise ar Qe%;}%%ﬁcrotﬁ‘e‘?%} Hes ip

CORtaIned Within the cdmposﬁlon are polymerizedin Fe presence of the
enfigicfolns abvibveltwRitiinglydehsopseatthgeppeniiibudncdblyanstisation
ma@@éﬁé&@!m.CW&EG%QﬁW%%QQWEQ%B@%d ﬁofatt@grmmd ﬁ;\@ﬁi@on

“accarding 30to the first aspect does,not become disc red. This is a
o R A e el e SR B L R RS el it

acthiowWihsrshysdircpmbesiolisiselesaddily hrat B bd Hiewsaay hwre
invaRRIGRIRES, dlieha e Wi inea!l Rassidleddimiseatasatnibited no

- antivie 0%%5'82&@“&" aﬁ.‘c’atsg %!%?A!X %%%%tgg gts Furthérmore, surprisingly, the

highest activity was exhibited by Cu(ll) salts upon addition to PRE. Given that zinc
and manganese-based plant exiract combinations are ineffective, but copper-
based composilions are actlive, the invenior has suggested that there {s some, as
yet unknown, ‘mechanism of action for these metal ion-based antimicrobial

compounds.

From a consideration of the Periodic Table, the inventof has noticed a pattern
emerge concerning which metal ions are active and which are inactive when
combined with plant extracts. Given that manganese- and zinc-based
compositions are inactive, and given that iron- and copper-based compositions are
active, the inventor believes that salls of the two metals that are between iron and
copper in period 4 of the transition elements, ie cobalt and nickel, may also be

used to prepare active antimicrobial compositions.
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5 By the term "antimicrobial composition”, we mean a substance or agent,
which kills, inhibits or slows the growth of a micro-organism. Examples of
microorganisms, which the compositién according to the invention may
combat include bacteria, viruses, fungi, or protozoa, and other pathogens
Thednugricadielis ves Arebibie dsdbefithblpresparm eaviois whistcempiigigons
bas S%R@'BB&Q?%%BWEY Qiths,aplmicropial, amp §H,'C5fsaa@885%%g|‘9 the
Irst aspect of the invention, and also known iron-based antimicrobia
comduntsbuitibris sTiabERlsrisbsctibed SxExaaplomegsanaéapohaidtact or
ctroscopic metal ion binding studies to investigate the mechanism
of action of the iron-based composition disclosed in EP 15 0,744,89681.
Interestingly, the results of the metal binding study indicate that the
ati for hindic activitv fie. addit LS (00S
T R o e e e T o ey e T
antiregyketioregRitioxidaitarsiing (Altheoppahedhandsido st aadnegad/or a
nickl® %{H%B%iﬂrﬁ’nhé(ﬁ?gb?%?%E%”&Vé?’am%.the significant loss of activity
of the iron-based 20 antimicrobial composition, which is withessed after 30
minutes, may be directly attributable to this oxidation process. This
TheSHRIRDOHSIZaHANSE B ivanndo ivestionts the silscis ol addingp
reducing agent to the active mixture in an attenipt to re-generate the Fe(ll)
compyins asuastieatcTitherdkiaigsPE(T) (6reois pefiafe ateWTiiaey with salts of
copBERVIREKED ARSIAYBYRRIERAIBIBE SR chessivdtamimfc@baragHeiNg and

_agent (reductant) to see if it had the effect of extending the activity life of ™
in SHEIRKASES Bk BRE PPEr hatéaeumpositiieBooRerrsitaped Fhipactivity

coul@RGIPIETe DR BHENISRAASLIRG WIAREN s AIdNaER FHOMIGRLRTERH G0t
considerably extendmg the activity of both iron- and copper-based plant

predigtridedmiieen ot B, ABYaBERS cRiHgiBeThBRSH AR ERASEONS are
inactRRANEe8 Raglede Rl AL (AgaINShEHAREIOH RRA)AEHHITAMN B \HAOMfbr

C was included in both copper- and iron-based compositions. Therefore,

has fpafaralhgitRariah salitieRRRebIaIREG theraassestiact comprises a
5reducing agent. The inventor believes that this stabilizing or activating
effect of the reducing agent on the compasitions according to the

Thepgiariorf HAAMMPIORAYBBBELIST AreRVEIRtiBRAS RTSEPSRFCASPMRR BES an
effeEAPEYoRRERATH AR S RAANRARIEARS P URISAO LoR¥ENiFaRNdNPSEEN extract

compositions. The inventor also believes that the benefit of adding a

of FGeiGARHEould be used in relation to 10cobalt- and nickel-based
compositions. Therefore, according to a second aspect of the invention,
there is provided an antimicrobial composition comprising (if a copper salt

A sigpiijer ArEgge M AV ok REssY srTeostirsais (halinsxars fiss
likelf Ybipa ShARABISRORNGEH) id use, than known iron-based compositions. While

the inventor does not wish {o be bound by any hypothesis, he believes that known
iron-based antimicrobial compositions become discoloured because aromatic
compounds contained within the composition are polymerized in the presence of
the iron ions. However, surprisingly, and advantageously, such polymerisation
does not occur in the presence of copper ions, and so the composition according

to the first aspect does not become discoloured. This is a significant advantage of
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15reducing agent. While the inventor does not wish to be bound by any

hypothesis, he believes that the reducing agent has the effect of
wihaipiaiaing the iron in the Fe(ll) active state and the coppegiprthe faby 743

active state. Examples 3, 4 and 7 demonstrate how 20effective the

addition of a reducing agent is to the activity of these compositions. The

inventor was surprised that the dugation of the activity of iron-based and

copper-based compositions, particularly when formulated as ointments,

usar@o&:lﬁﬂé@ Hé%%@ﬁ&%ﬁﬁa?@ Mﬁ?@kﬁa‘iﬁﬁ iﬂm@g@eﬁ%@r&gﬁ@ﬁg agent to

as much as 3 months in the presence of a red ucm%& gent. This was totally

becHRs, @tgl?yéﬁ%l‘%ﬁw%‘s'ﬁ‘%%wﬁé“g588@%‘%&(1‘{@3? BRTEHTERYY BYithe

possire Weduoidgrage ntwesitean any: agdntiosizompatindithat donates
electrons to the metal ion, ie copper or iron or cobalt or nickel, in the

composition. 30The skilled technician will appreciate the various types of

By thedgem gaﬁﬁé‘fﬁ" iRk AR At ﬁ“fﬁWb"@’&@rﬁBﬁ’ﬁE@ﬁ? fHeesRhp¥ERion. For
kills cixibipdeyrtbewe due ing athesit amaly hesaystzine &mlnmwhmmewl-daewever, a

orga%@?ﬁér%ﬁaf&%@ 8Agkoh 88589&!?#&%0\%8%%&:&?& tagelmiigh 1s

shown to be surprisihgly active’in thé Examples. ve and twenty
baciggaivaletfe %Wia‘?ﬁﬁf@ﬁﬁ%@@&ﬁ%é’@tm%%%dtﬁ@"ﬁ?ét?ﬁ 5ion which

in the Examples was normally fixed at about 4.8 millimoles. Where a

An J%QHM%%%’EH%&EP% %’s%!t&%bi?%%f%'}ﬂ!’%%?@aer%t S The

out 1mM and about 2 reducmg agent, more etween
ant‘@%ﬁ?‘é‘rﬁwafmwmﬂ %HE?CT‘W é‘g‘%?ﬁt VbR m‘fﬁ%ﬁBFb@}%@i‘g?Q
knobeiweesabouhmibicaig ahrepbdidOmMteseling agdetcabebmoBkampie

1, A RIGIARY RRINE S0 DA ANHARoM MRYaMAEdvS iR-20a50L,
the mechanism of action of the iron-based composition disclosed in EP
0,744,83681. Interestingly, the results of the metal binding study indicate that the
activation step for enhanced antibiotic activity (ie addition of ferrous ions fo the
PRE component) resufts in the oxidation of the metal jon from the Fe(ll) to the
Fe(lil) oxidation state. Although the inventor does not wish to be bound by any
hypothesis, he believes that the significant loss of activity of the iron-based
antimicrobial composition, which is witnessed after 30 minutes, may be directly

atiributable to this oxidation process.

This surprising realization led the inventor to investigate the effects of adding a
reducing agent to the active mixiure in an atiempt to re-generate the Fe(ii) by
reduction of the oxidised Fe(lll) ions to rejuvenate efficacy, and activity. To test’
his hypothesis, the inventor chose Vitamin C as a reducing agent {reductant) to
see if it had the effect of extending the activity life of iron-based and aiso copper-

based compositions.

As described in the Examples, {o his surprise, adding Vitamin C did have a
significant effect of considerably extending the agtivity of both iron- and copper-
based plant extract ointment compositions. The results clearly demonstrate that
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Figure 2 demonstrates that the effect of the reducing agent increases with
increasing concentration of Vitamin C. Hence, it is preferred that excess
concentrations of reducing agent are @sed compared to the metal ion. 15
Therefore, suitable effective concentrations of the reducing agent in

enhesrapddivorsyiastalditly ty (agdissiaRidiseopind smpectafstheizvafitioniarg was
gnc|%g&ﬁ%@&g@%ﬁeapﬁgng_%ggg@tct{%nﬁ% é}%etglslon of at least 1:1, more
suitably at 1, itably

east and even more su at least 5:1. Preferred weight
ratios of reducing agent to metal ion 20are at least 10:1, more preferably

TdibisRs! Ak AR MRSLBIRIaR-ALIRRNRY 1 T AATROslioNsoldhtes -
Irst and secon spect exni It surprisingly gﬁ antmicro %?ac%vmgs.

redipgograoey; thednvestiobbiidess thlichdhis tialfitiing disestieatrfystffect of the

rod AU G 416 COMPESIANS SOEONG I8 e M S SR B pportan

asmﬁrﬁﬁﬁgdm@%@pﬁ@ritammwgammﬂ@ saippatiorsedipkettalirant

cor B R e SIS M B afoo

beligvparihatttaetstmiiebagidngtanednd e iy aaridtring bgesedonusiatismto
CObg!gdém&geigoléggget{%%smgﬂgyentor believes that the compositions
nd secon

according to the first a aspects will have utility for treating
microbial infections. Therefore, in a fourth aspect there is provided a

The‘?@%@%@bﬁﬂ%@@%é@&é t%ﬁl{kﬂm{%r‘fi‘ti%?ab@%e%lﬁsaﬁ%g[c%d an

nickel salt; and an extract of Pun/ca granatum; or a composlition

antigyRiphinh §YNaIPpe Coanisiner Gnarepposlt aali/and/eobalirsaltsaticiod/or a
nickIElPLAMIo BORAliank of PUR'ER0LR0BIIEY ARE (D B BALEIND AR
for use In treating, ameliorating or preventing a microbial infection.
redugipgregaiiore, in a fifth aspect, there is provided use of a composition
comprising (i)
While the inventor does not wish to be bound by any hypothesis, he believes that
the reducing agent has the effect of maintaining the iron in the Fe(ll) active state
and the copper in the Cu (i) aclive state. Examples 3, 4 and 7 demonstrate how
effective the addition of a reducing agent is to the activity of these compositions.
The inventor was surprised that the duration of the activity of iron-based and
copper-based compositions, particularly when formulated as ointments, could be
increased from 30 minutes in the absence of a reducing agent to as much as 3
months in the presence of a reducing agent. This was totally unexpected, and

most advantageous in medical applications.

By the term “reducing agent”, we mean any agent or compound that donates

electrons to the metal ion, ie copper or iron or cobalt or nickel, in the composition.

The skilled technician will appreciate the various types of reducing agent or
reductant that may be combined in the composition. For example, the reducing

agent may be cysteine or glutathione. However, a preferred reducing agent
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a copper salt and/or a cobalt salt and/or a nickel salt; and (ii) an extract of

Punica granatum; or a composition comprising (i) a copper salt and/or an

iron salt and/or a cobalt salt and/or a rfickel salt; (ii) an extract of Punica

granatum; and (iii) a reducing agent; in the manufacture of a medicament
corfipridestiéaimant lbasseliobatio)) ahirevertewef @ micsepiridnigRliabtive in the
£ AccPrding to a sixth aspect, there is provided a method of treating,

Xaﬁp&%ﬁting or ameliorating a microbial infection, the method comprising

administering to a subject in need of such treatment a therapeutically

effective amount of a 20composition comprising (i) a copper salt and/or a
Ong 5t 4] BHCTY & HLYRIECER AR A o B P Por e A oo Brmetal
ion avbam poshiokcomplising:E) rooopiligrseait andipbandramsplt-anséordhere a

redCObalt salt and/or a nickel salt; (ii).an extract iPunica_ ranatym, and (iii)
UBG, SR SRS e SR O IRl SO AT B BB EPRGRt 1M
andoflpoedPPOsilid nechroprising:(), arcoppectatbbhidieracobalb sattantiaired about

nickel salt:.and (ii) an extract of Punjca granatum; or a composition
S 3 by T 8 S T <o MR A At Uk ikt
12 0ariickedi seltig(ifeamedrattafd? unidargtan diatwesnda(io ha relusing sgant;
1008530 za(tpdic‘mr%crgbiarl1i gent. The inventor has found that the compositions
accor mg"iogtheqﬁrs and second aspects comprising an effective
concentration of copper salt and/or iron salt and/or a cobalt salt and/or a
. nickel salt exhibit antimicrobial activity. A preferred effective .
Fio R PP b S 0 P BB oSN RreFREPHER o
incrabeindcbmbttdrabontcZ0dtaMimrd-janeterably betferemdaibaticRSrmd/
nd.about 100mM, even mare preferably between abgut 0.5mM and
con G R G B KR e P G e e e aomu,
and most preferably between about 2mM and about 10mM. 15 The nature

The&é{%%e%ﬁﬁ%ﬁ%t&?e%ﬁegecrc%%te@ni{i%%Sﬁg’oﬂ %ltrgggﬁéggé%%%%ﬁ%#é%sitions

e critical to'the antimicrébial activitiés 0
accaudiogliingte thsliarehtionohtbesver! ivishe eéferetichatrthenraatalighttratio of the

redﬁ&%ré%%%ﬁg]ﬁ%mgtgﬂgn of at least 1:1, more suitably at least 2:1, and even
more suitably at least 5:1. Preferred weight ratios of reducing agent to metal ion

are at ieast 10:1, more preferably at least 20:1, and most preferably at least 50:1.

The compositions of the first and second aspect exhibit surprisingly high
antimicrobial activities. Accordingly, the inventor believes that he is the first to
discover a first medical use for the compositions according to the first and second

aspects.

Hence, in a third aspect, there is provided a composition comprising (i) a copper
salt and/or a cobalt salt and/or a nickel salt; and (i) an extract of Punica granatum;
or a composition comprising (i) a copper salt and/or an iron salt and/or a cobalt
salt and/or a nickel salt; (i) an extract of Punica granatum; and (i) a reducing

agent, for use as a medicament.
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20 For example, the nature of the anion in a copper salt is not critical to
the efficacy of the antimicrobial composition. However, the results indicate
that copper (Il) sulphate may be more&ctive than copper (l) chloride.
Therefore, where the composition comprises a copper salt, preferably the
Furtiepperrsalttis aeepper {HlieEsalhi theuniopositMostauededalgytotiies first and
P& salt is rsu ferred ef ec |v ncentratlon of the
Sec‘Zj%%pegr sa?% |s\nﬁnﬁ)'ﬁ%%range gf% Sarl:)%é) ﬁ Ct!ec’about mﬂ\ﬁ more
preferably between about 0. 3mM to about 100mM, even more preferably
ena more referabl between
T R A e o e e e eSS R 2
cop@@i’aminamdmlve a@oﬁt’t@pthanééaramnkhbaaimene|{njraaoemﬂ@c&ﬁtrefca

graﬂé%ﬁ?pc?rcé %% 5%%?0%” m& %‘é@ﬁ%c&%geg% L%r@grpéﬁf$5%b%it and/or

pomegranate rmd extract efore composmon

a celerbeiffgtuithe &m:&ebeaﬁcﬁmﬁnmmmrmwmmwwm)
red 8&%%%§éﬁu%?%9é%ﬂ%%ﬁéﬁdaﬂgs %rr%l?l?(gz p%?r gﬁlééeée” crob; i mfec;i:ten

ition IS descri has copper 2S3h
considerable advantage over known iron-based compositions as it does

Furf ! e RRRIBCh g DR Biaskdanse 20 SORodER A eing ()

composmon comprises a reduc ng agent S
a cwemre@iﬁoaméfernaaeqﬂqueafémpﬁ&temmﬁwitaaiﬁnaem(@ rurtedrmdref Punica

graé‘%rt’ IBPaPBB‘rH 8 'i‘ﬁBﬁE%?ﬁr%'ﬁ%ﬁ@@ Bgras'%?{eghﬁ%p%%s?ﬁr%ér@ nd/for

e nature f'[ e anion | not critical to the efficacy o

a cohalhaghisrdmaleco ipipplsigdh (Hmﬁrmd“s’uma@mﬂﬁwmeahdt(mm
redél gﬁyﬁ@ iRy QFﬁﬁfaf‘cftn?r%t'B’f'%r 5@5‘5%%?93 éof?e(é! %WP”de

Acc r , 15 preferably the iron salt Is an iron alt, le a rrous ion.
amﬁh@mtﬁﬁéféfﬁ‘@vﬂﬁ@%@%&Iﬂt&@fﬂbl@éé@f%ﬁ@as sulphate. A preferred
effective concentration of the iron salt is in the range of about 0.1mM and

about 200mM, more preferably between about 0.3mM and about 100mM,
Accevdingniore prstfeasineplethes iabuaveist s raathap sutiBIHING, suierssréng or

am@FSFﬁfﬁ@%Qﬁ%%?Pﬁé&ﬂé‘Mi%‘%@?ﬁéﬂ N aRd mesimereig bl

between about 2mM and about 10m
subject in need of such treatment a therapeuticaliy effective amount of a

composition comprising (i) a copper salt and/or a cobalt salt and/or a nickel salt;
and (if) an extract of Punica granatum; or of a composition comprising (i} a copper
salt and/or an iron salt and/or a cobalt salt and/or a nickel salt; (ii) an extract of

Punica granatum, and (iil} a reducing agent.



10

15

20

25

30

The nature of the anion in a nickel or cobalt salt is also not critical to the
efficacy of the antimicrobial composition. However, where the composition
comprises a nickel salt or a cobalt salg preferably the nickel salt is a nickel
() salt, and 25preferably the cobalt salt is a cobalt (1) salt. Most
Acooreferpblya theveickehsplids, tickel sutpbatte dndansiss prafesabliidheomprising
.. _cobalt salt is cobalt sulphate. Preferred effective cqnpcentratjons of the
() 33305 TR RS A G Bl 157 AR Lk SSBRRCT
Purminer gqanederah|ybetwaapahivot @3mddising dbautdditsmihieved/omse iron salt
referably between about 0.5mM .about 50mM, still more 30
o Y Rt AT LB IS S et SORARH St ISP serRRdefy. and (i
a rebeiviegkadol) =2 anthabositi20aydnitll In one embodiment, the
composition according to the first aspect comprises (i) either a copper salt
or a cobalt salt or a nickel salt; and (ii) an extract of Pun/ca granatum.

TheHoweanver, fiz s fpraidrtedtehsbodintentitihres carop asitignoofrib ifgishaspestond
comprises at.least tvvﬁ mftal ions, and most freferabl% t least all three
ENi) 8

RSP IBRETH ST SON it 1He PTRHC BAFL8P R bAE erSuairieR gk and/or
a culoalipositindaccardiogdiostiie sdubithatipectcdnnlpriskéil) githerfarcappdiective
salt tor tan iron.salt or a cobalt saltigr a nickgﬁalt' g%)ﬁan xtract of P\unéca ;
ConGEARERAN, 3hd t-iP RTGUETg Lgat ToT9BRRVEN i X drsrdsfise o <00
J. 1 eibodirbent  26@rcbin pesiti gnaeiecabijng:torte sevond(a3pddt aaaimisises
at least two metal ions, and.more preferahl least three, a t ..
100 R R B RSI e BR B S A B AL st more
prefeosida pednatmabodtal retfuaing) algeuit S0ost peekd rablyt cogdpestEndaoveen

abo?j?lﬁsma}\rf?lnscfg%bd?q% %vt ! the plant extract. Accordingly, pr_eferred
compositions according to the first or second aspect comprise a copper

(I) salt and an iron (Il) salt combined with an extract of Pun/ca granatum.
The 1RRH PLEIPIHRTHSOMPOSIARS BEERILA% 1R dNe3RCRR APRER OB art) is
not believed fo be critical to the antimicrobial activities of the compositions
according to the invention. However, it is preferred that the metal salt comprises a

metal (I}) salt.

For example, the nature of the anion in a copper salt is not critical to the efficacy of
the anfimicrobial composition. However, the resuits indicate that copper (Ii)
sulphate may be more active than copper (I} chloride. Therefore, where the
composition comprises a copper salt, preferably the copper salt is a copper (Ii)
salt, ie a cupric ion. Most preferably, the copper salt is copper sulphate. A
preferred effective concentration of the copper salt is in the range of about 0.1mi
to about 200mM, more preferably between about 0.3mM to about 100mM, even
more preferably between about 0.5mM to about 50mM, still more preferably
between about 1mM to about 30mM, and most preferably between about 2mM to
about 10mM.
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20 copper sulphate and iron sulphate combined with an extract of Punica
granatum and a reducing agent. Preferably, the composition is formulated
as an ointment, which is described herginafter. The plant extract in the
composition according to the second aspect comprises an 25 extract of

Thé’plﬁna@‘@aeﬁﬁrmh@ﬂd)ﬂfﬁwﬁbky @@Eﬁﬁﬁf@&iQﬁ@ﬂr@wggbﬁ?Bﬁhprises dan
Pr fe the redu t in the composition according to the on
XA Bl A 0o AL A RS PR SRR L o B R
Them@mmmaﬁmmmtﬁma@mmmﬁt@ ﬂﬁ@ﬁiﬁ&lﬂd@mmc tises
tract.of Pun/c um, an PRE, and Vitamin
cO AR e SOCHBAC BLLh T RBT S B ST Preterably
PR@I@H‘&W Eéitiaroim 65 sTiis: ¢o npasiiien %@Wﬁ@ﬁ@@%ﬁ;uﬁphat@/PRE
t|m| robial activi nd extended shelf-life when formulated as an
o P SO CATTBETATE LBl UrELd (b R BT Re Samavsiins as i
dossf Roinicsfgranatpimb Brmibagtanaterlischefened tdaspemegdinatat Where the
ven{or has found that extracts from the V\(]hole gmeé%é nate m h
o R R R S B AR R Bl R e oAy st herein
as oogrdrosuiptostelreR fpkéterallydcompositions according to the invention
comprise an extract from the rind of Punica granatum, ie pomegranate

rind extract (PRE). In order to prepare suitable plant extracts for
Furfireparing, edrepesitoosrapcaitiog docththegivehtore thad beperintantisises an

first minuted fera solvent, which is then preferabl Fﬁoned A
ron R G D G b A el 6 MR R e b e
antwcmmmgmms‘[mfraunwaamrdtemtmstemwnmammvmabmoanchulphate

plant extracts ma rll e@ for ex tﬁg %avm .agrgf then
et B LR U e T SR e
preﬁamhht {regiron salt IS an iron (Ei) salt, ie a ferrous ion. Most preferably, the iron
salt comprises ferrous sulphate. A preferred effective concentration of the iron salt
is in the range of about 0.1mM and about 200mM, more preferably between about
0.3mM and about 100mM, even more preferably between about 0.5mM and about
50mM, still more preferably between about 1mM and about 30mM, and most

preferably between about 2mM and about 10mM.

The nature of the anion in a nickel or cobalt salt is also not critical to the efficacy of
the antimicrobial composition. However, where the composition comprises a
nickel salt or a cobalt salt, preferably the nickel salt is a nickel (1) salt, and
preferably the cobalt salt is a cobalt (II) salt. Most preferably, the nickel salt is
nickel sulphate, and most preferably the cobalt salt is cobalt sulphate. Preferred
effective concentrations of the nickel or cobalt salt are in the range of about 0.1mM
and about 200mM, more preferably between about 0.3mM and about 100miM,
even more preferably between about 0.5mM and about 50miM, still more
preferably between about 1mM and about 30mM, and most preferably between
about 2mM and about 10mM.
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pomegranate extract) to a molecular weight cut-off of below about
10,0000a may be carried out, for example, by membrane ultrafiltration
before storage. The plant extract mayt be used in a concentrated form.
Alternatively, the extract 10may be diluted as appropriate to its intended

In onsesfippidmtiynabibiat 4Oqpbsitiod plecurditgatt theyfivet aspedh adoprises (i)

... 150mlof water, This m ive.an effective concentration o .
et BB SO (/o) s ket Sl R e L ERATER P
graifedw) plalnvextractinamd refenegst eferabtirbenidbe aboud@sHioh 3O%HEWie)

lant extract. Effective compaositions according to i ]
s S SRt T e e Gl BT e et e
metal/i\graf theplaitinesractiiMinegtgrdsitibtasiaccording to the invention may
be in the form of a solid or liquid concentrate. Hence, in an eighth

aspect, there is provided a composition according to either the 20first or
in osecembadpeetin e domposlicolatootitjnglicoheestenedfasdiationwitises (i)

.. water. Due to their incr [ i i itions. i
et S B S e o AT S, AT et o
Purtive caseait/2bcomiposidoreiacotgdiggd. the second aspect a reducing
agent, are of utility as antimicrobial agents. Hence, the compositions
according to the first and second aspects of the invention may be used in

Howeedreatmanedgardeanyodicrebial infectioposition asecsaicieialihergpepnd
fungal i ion.. 14 itj '
sool S MRS SURETE AR08t e, and
moss m@f@r@éit_'welbio@%Wp@mﬁmmbﬁm@mmﬁﬁmm@%ﬁ@t of Punica
: . ; .
ors R SRR RI SRR MBS INFTUALa o
combined with the plant exiract.

Accordingly, preferred compositions according to the first or second aspect
comprise a copper (1) salt and an iron (Il) salt combined with an extract of Punica
granatum. Most preferred compositions according to the second aspect comprise
copper sulphate and iron sulphate combined with an extract of Punica granatum
and a reducing agent. Preferably, the composition is formulated as an cintment,

which is described hereinafter.

The plant extract in the composition according to the second aspect comprises an
extract of Punica granatum, and preferably pomegranate rind extract (PRE).
Preferably, the reducing agent in the composition according to the second aspect
is Vitamin C. Accordingly, most preferred compositions according to the second

aspect comprise copper sulphate, iron sulphate, and an extract of Punica
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5Clostridia, for example Clostridium botulinum. Further examples of
bacteria against which the compositions are effective may inblude
Bacillales, such as Bacillus subtills, agzlemonstrated in Example 5. The
compositions may be effective against Staphylococcus, for example, 10
graSﬂphylaadcpua‘mtﬂyS?RE cermovistnadiecIn Exemptefénrébannpnasilions

ta the invention cular ffect ns S
o R S R S R e S DL b Gpfemin C. This
ogmmmn@mmtamms@ammmmmwm@m@mw £RME)ife when
forrﬁu(fau%! CMRSAJI\ |solgtes (ie community acquired MRSA, which produce
Afton-valantHE 18GKkocidin). 15 Additional Bad/la/es with which the
compositions are effective include Streptococci, for example,

COHS}trgg%ecoccus gy(?geqesthoer i,S'[I‘G!;l){OCOCCUS pneumont

h
S e e PRl oA e et af e wrapatum.

the |nvent|on are effective may include Pseudomonadales, such as

d trated h E
Purl S R T 35 SRR TERORAAE s et
extm@@ﬁemdéagmoﬁ putiedragaksistan bl seiedinelyadsS sy as/ide

I ectru .13-lactamase Ps udomon s 25 inosa). Eurther
a“@é;em €s 0 mgqt‘oérf(a)%s ans @h%hotheec%}r\h%ni(%%n?g%%eﬁey {/%f%@?ﬁy
connmam@&ammphn@ﬁb&wenaemﬂmchmmmmeemm&bﬁnmgmpnd of

Proteus Pasteurellales, and
Pur&? %Hggﬁ&ié Té d‘i ng, )L&ra% (rﬁ@

Xample' 5, suitable Enterobacteriales
against which the composmons are effective include Escherichia sap.,

fPro us.a |nstwh|chthe com sitions are
I B D B R R A SR Botiing o

the E‘)@ﬂbm‘s @ﬁ@eh%&nlmamﬁeabmmmmdaqsem&ammmbient which
s es of Vi rlonal S
s tﬁﬁbg%\/?é @l Brﬁa}fgrae %?geﬂxaété%e%g f) erla aSath% AvhicR e

compositions according to the
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o invention are effective may include Betaproteobacteria, including
Neisseriales, for example, Neisseria gonorrhoeae. Further examples of
bacteria against which the compositiorgs are effective may include
Delta/epsilon subdivided Proteobacterfa, including Campylobacterales, for
fracticanigle, edfabatanpytoririfugiiene Xampiesotibhatierexagainstovitith an
the compositions are effective may include 10 Actinobacteria, for example
aCt'WESBXE? im tuberculosis and Nocardia asteroides. The compositions
and medicament according to the invention may be used for the treatment
of a variety of bacterijal infections,_ including:, microbial keratitis;
T e S A G EATHORGH IR foP B SIS o ARG aen aowed
to conharnteactddimferdens, fafetaoriesCystilis; py¢heneipintitsteat, hoge,
and throat infectigns, for example, otitis media, sinusitis, laryngitis,
PO T ST ORI B Rl R o R iLA8RD2 may
be tatididropgdoorhesaisepticaemiavpeptitrafitirdtiod drebrdcsi magtritis;
Campylobacter infections; Proteus mirabilis infections; meningitis;
osteomyelitis; and Salmonellosis. 20 The compositions according to the
Themientientraal beabtvirsdd dmp asitioast@ed fositofdtantbimedicahmeaidract
according to the invention may be used in the treatment of a n eraof , .
B RS LT Gy e LR O o A B i gpdtiod
plavirasr&tamplescotivedseshgaintivhich that@bcBnirp ositjogis @ snefféatives
COﬂlgé:ill !daﬁigr?.)(o\é‘l F)ue (\afvsee#ri'wda%/gﬁts ‘?Sarggg@g%ufﬁlsvii)(;éfa% LIRS é%’ur‘fterlitearbiy between
examples include a filovirus, arénavirus, bunyavirus, or a f oVirus:
abciet 2rence8fplesvingiae axperamgmdvinassop sfeyehynnetedersatiosit 5 and
50% W?ﬁ?e%}ﬁmaetx Fa“c%”@%fegc%\? nepadaains. Cletelritnie {lﬂé’ ooy
retrovirus.” The virus ' may be a’herpes virus or a lentivifus. The virls may
contyeride BB (i ohtdefickalcyallse (HIW cttamaacherieS%ihtpléxvirokthe
S 1 her mplex virus .
Pl Rt P SRS B o Bl { s be n the form of
solidaptétojshagesent@&@ompositions according to the invention may be
antifungal compositions. Compositions and medicaments according to the
invention may be used in the treatment of a number of fungal infections.
Herrasy, axam slig gt agalinthamdishptayicad gostivpesitiaccacdardegiithetiber the
first %%margsg@%ﬁw GEHB?gé{l%c&f%es%?d“é?@&ﬁ&ﬁ‘é%ﬁ‘é’é%%@“?& Astbn with
Ascomycete. Examples of fungi against which the compositions in
watgtcordance with the invention are effective may be selected from a group
of genera consisting of Aspergiflus; Biumeria; Candida; Cryptococcus;
Encephalitozoon; Fusarium; Leptosphaeria; Magnaporthe; Phyfophthora;
DuepladhripdrercRsedrsdpsies RgibitarepPposiiiane gosmds Rpizopeiand/or

iron and/or nickel and/or cobalt salts, a plant extract and, in the case of

compositions according 1o the second aspect a reducing agent, are of utility as
antimicrobial agents. Hence, the compositions according to the first and second
aspects of the invention may be used in the treatiment against any microbial

infection, such as a bacterial, viral or fungal infection.
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10 richophyton; and Usti/ago. Further examples of fungi may be selected
from a group of genera consisting of Aspergillus and Candida. The fungus

§1 f% !}ected from a group of species consisting of Aqu;&t}&&{égw%ms
Spergillus fumigatus; Aspergillus nidulans; 15 Aspergillus niger;

Aspergillus parasiticus; Aspergillus terreus; Blumeria graminis; Candida
aibicans; Candida cruzet ; Candidg, glabrata; Candida parapsilosis;
Candida tropicalis; Cryptococcus neoformans; Encephalitozoon cuniculi;

Pre@%ﬁ%&%@{ﬁé&ﬁﬁ@%ﬂ&@&ﬁ%@dﬁ@f&é}w ;d%m@&rﬂéﬁ@
ICI ora Intestans lasmopara vi ICOIa
conBE By Uk O UG R0 BB 10 FL A GPa e,
bacRywiouldris exgrade Matienn mawmlﬂ@mwtms in accordance
wath;mgﬁmmww%m@wﬁﬁhgghxtpwm@@%@u@eg&M%Wﬁ
urtnher exam SO un I INCIU eas Ccn as s>a CesS Spp, eg
T e B e e R Ao s e
agamstnaimst: mlthbermpremaﬁebthatm mm!npeﬁagaﬁsfa&wmrmsto the .
BadMVERNINMDaY BeMsd- iR Meninerapy (ie use of the compositions

according to the invention alone to prevent and/or treat a microbial
infection or contamination). Alternatively, the compositions according to
Thetherimesittion may eealiiectivasgaind jGiegtigpordousofbimatigiayith, known

SfaBH}!B?J&E&?éBAJFE@pJ@éuE%ﬁm%m %Hﬁﬂg@%ég PQQ&%‘COV |

combating bacterial infections include amikacin, amoxicillin, aztreonam,

accRetasdRNe AR eEtaTiivEr ¢ prBRB AR BRI SRS Ui m,
resinafdlBn, apipers cBS 4 malbiistiantibifdprististichredtvicitobrasisiet, &ind

au@?&%%ﬂ@'ﬁ%ﬁéﬁ{%'Ee&%ﬁmmyﬁ%h%%tw&@ﬂ%éﬂem@de

acyclovir, ovir, ribavirin, interferon, anti-HIV medicaments
camﬁwu@wmag %%\nwmswa%da%gﬁm%ga@a%l%"fbfr@ ‘reverse

transcriptase, protease inhibitors and fusion inhibitors. Hence,

Ada%‘?tfﬂg%ét&%?e@@ﬂtmﬁﬁf&ﬂﬂ@%WQH%%% theinventignyaay be used in

combination with such antibacterial and antiviral agents. 5Conventional
Stregi ARt el o4 SRR I HBO IR ASKHRTHBI PARR CE P ETSIARRGZ BT,

pnekatopiamazole, econazole, fluconazole, calcium or zinc undecylenate,
undecylenic acid, butenafine hydrochloride, ciclopirox olaimine,

miconazole nitrate, nystatin, sulconazole, and terblnaflnece/grochlorige;
Further examples of bactefia against which the compositions i accordance wit

the invention are effective may include Pseudomonadales, such as Pseudomonas
aeruginosa (as demonstrated in the Examples). As demonstrated in Example 7,
the compositions according to the invention are effective against multi-drug
resistant Pseudomonads (such as extended spectrum B-lactamase Pseudomonas

aeruginosa).

Further examples of bacteria against which the compositions are effective may
include Gammaproteobacteria, which may be selected from a group consisting of
Enterobacteriales, Proteus, Serratal, Pasteurellales, and Vibrionales. As
demonstrated in Example 5, suitable Enterobacteriales against which the
compositions are effective include Escherichia ssp., such as E.coli. Examples of
Proteus against which the compositions are effective include Proteus mirabilis as
described in the Examples. Examples of Serratal include Serratia marcescens.
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10 Compositions according to the invention may have a number of
different forms depending, in particular, on the manner in which the
V%%BQB ﬂ}%'s to be used. Thus, for example, the composmon maé be in
orm of a powder, tablet, capsule, liquid, ointment, gel, hy&ﬁfﬁ poOTASETA3
aerosol, spray, micellar solution, transderrnal patch, liposome suspension
or any other suitable form that may be 15administered to a person or
animal. It will be appreciated that the vehicle of the composmon of the
|nvent|o P %uld tﬁefone % is well olerat db the ect to Whom itis
® BonRpoSItoRs A MatiCamane S HIAHE % &% Bfant
Vf@m@@tﬁ‘ slideddibirgcao/emgent (for the second aspect) accordlng to the
invention may be used in a number of ways. For instance, oral
= r%(i:lmmlstra ion gljg be re uired in which case the metal ion, plant extract,
Yand W)ﬁaerg BR8LLTER G "d“‘a‘?&&’ﬁ‘fc @? R PR ARG ﬁ%m%osmon
mVﬁﬁmm@y $6ecampie ibduhy Estadrotetigsiriehe, ﬁnmudmﬁ@itbmmna@pswe or

exAtaH@ MISERAY VRN oAE SATRYFIHONSDAY RS mIRiSIRs 6l ARS X
*ectlon into the blood stream. In%#:tlons q{%/g?e mtravenous ﬁi%o,a us or

5 GV e GHEGIREMRISTI6MIRR SrirERrRiRy sv kbl bsterkartafalso
inclodiagl inigidodd digr b e dengiei edinasadiy). pdtel NBtikBf, examples

of ERRRGILORSAAFRIAD A0 sesg XEQ%%‘ fauhe adinaed by aerosol,

for example using an atomi e comp S|t|on may
Acligtant §f@»§8’ﬁ§§&?@/%wféoﬁ?€fﬁm§§ g el r’g?éﬁéﬂéfﬁ/ﬁtﬁ@f oides.
compositions may be topically applied, for example in the form of an

Th@mb%g&us;@mg@kgmﬂv& R%%eﬁ%ﬁqéfim In;%g%ég}ém

useful when a sudgect to be treat as a microbi

i*‘ﬁ%ﬁ&?&‘ﬁ.&éa VRt Y dretadrectiesg nei e mig A kialits may be

- corgppliedidpitheditpaneasrnisfodiaray i thermuatbrengenitalsdaary tract

infections, for example, cystitis, pyelonephritis; ear, nose, and throat infections, for
example, otitis media, sinusitls, laryngitis, diphtheria; skin infections including
cellulitis, impetigo, wound infections, botulism, gonorrhoea; septicasmia; peptic
and ducdenal ulcer; gastritis; Campylobacter Enfections; Profeus mirabllis
infections; meningitis; ostecmyelitis; and Salmonellosis.

The compositions according fo the invention may be antiviral compositions.
Compositions and medicaments according to the invention may be used in the
treatment of a number of viral infections. The virus may be any virus, and
parﬁcuiarly an enveloped virus. Examples of viruses against which the
compositions are effective include poxviruses, iridoviruses, togaviruses, or
toroviruses. Further examples include a filovirus, arenavirus, bunyavirus, ora
rhabdovirus. Further examples include a paramyxovirus or an orthormnyxovirus. i
is envisaged that virus may be a hepadnavirus, coronavirus, flavivirus, or a
retrovirus. The virus may be a herpes virus or a lentivirus. The virus may be
Human Immunodeficiency Virus (HIV), Human herpes simplex virus type 2
{(HSV2), or Human herpes simplex virus type 1 (HSV1). A;temative!y, viruses
which may be combated aiso include bacteriophages.
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treat specific viral infections. The composition may be applied
intravaginally (for example, if required to protect the subject from sexually

whidisinitted, diseases), or rectally. Intravaginaf administratiop g 286t o743
or treating sexually transmitted 5 diseases (including AIDS). Topical

application to the skin is particularly useful for treating viral infections of
the skin or as a means of transderrgal delivery to other tissues also.
Example 3 describes the inventorefforts to produce a preferred

v o y . 1o th
o o A BEERC
Comenlifetroanariaecrinetis Feminmty Tt tiess s bragethidpimise
tre RSN BRE eRbaNTEHighilie AivwN er ofdamm lRigNSuere MepaRd

cordiavestiated, The animicrobial aciyilesere scroened jor.a variety
: (R'(%OI’mU?a?IOHS ie‘cream, aqueous and oinfment ;e[g?oymu(fa IOI’]?. Hence,

filanrieomposiiorsethias B dstemysalpaieehelas ahiotal essirst shirjuesus
coﬁb@%&ﬁ?ﬁ%ﬁ?%%@-v?@ﬂ&ﬁéﬁme@ﬁm" t ée;%@?@w@ @égf%f@éf@@@ﬁgﬂ@@
re ations. Creams O e olli-inwater, e lnc e preparations
2 O oL B BT P B B T AR R B o e,
End@pialitezobh&wvateminieib (WiGjaypoiiechrdsderd Shgtamihomollient
PlaSHSS, 24 R4S Pormassatieaihlar eARS R Sraold apisions

___containing gus ensions or soiutions of active ingredients for external
richgR Aot BRI 381 % ver, to his surprise, the inventor found that even
though the cream and aqueous-based formulations exhibited useful

Furfdinicrabial aetvilies,dhey didbnRlds GaRln a8 RRIVSINaSIPRB A% e

ointment formulation._For reasons nat full ung rstood by the inventor, the
ASERERURG BRSHEAG e 1Yo HRSK BIFWER G TREFAT) BRI BLPB e
cortsistivas af Alspergdium favagubsnesdiim dleationiu30AseeTodiuis idsreferred that
AsSBRAOTNESIASSARL D BIIGAMERL AR BRANIS ARE, W TR ABvpRHiaRare

provided as an oinfment formuylation. 19 By the term "ointment ;
oA AR PRI P TR AR B b e =P orosi:

Candida fropicalis; Cryptococcus neoformans; Encephalitozoon cuniculi; Fusarium
solani; Leptosphaerianadorum; Magnaporthe gﬁséa; Phytophthora capsici;
Phyfophthora infestans; Plasmopara vificola; Pneumocystis jirovedi; Puccinia
coronata; Puccinia graminis; Pyricularia oryzae; Pythivm ultimum,; Rhizoctonia
solani; Trichophytoninterdigitale; Trichophyton rubrum; and Ustilago maydis.
Further examples. of fungi include yeast, such as Saccharomyceé spp, eg S.
ceravisiae, or Can&ida spp, and C.albicans, which is know to infect humans.

It will be appreciated that the compositions according fo the invention may be used
in a monotherapy (ie use of the compositions according to the invention alone fo
prevent and/or treat a microhial infection or contamination). Alternatively, the

- compositions according to the invention may be used as an adjunct to, orin

combination with, known antimicrobial therapies. For example, conventional
antibiotics for combating bacterial infections include amikacin, amoxicillin,
aztreonam, cefazolin, cefepime, ceftazidime, ciprofioxacin, gentamicin, imipenem,
inezolid, nafcillin, piperacillin, quinopristin-dalfoprisin, ticarcillin, tobramycin, and

vancomycin. For example, compounds used in antiviral therapy include acyciovir,
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suitable for topical use on a variety of body surfaces (eg the skin). It will
be appreciated that an ointment has an oil base containing a substantially
W) gzms%rggesntratlon of lipids, and therefore tends to be |mm|sc:|b|e in W%:[quﬁ
Sreas’a™s cream has a lower concentration of lipids, arid HEAGPR e
water soluble. Hence, ointments are more occlusive than creams, and
- form a protective film over the skin .,plntments are therefore generally

composed of single-phase hydrophoblc bases, for example of

gaRDEIACHBUCRIOT rﬂ%%%@ﬁ@ﬁt@ﬁ[@f%&ééﬁ@%@%é@éﬁ%?rQ.%r e&fga@/ax

Ointments are generally used for the application of insoluble of oil-
NUFSEBHTTE MREUIHESIHG LNPiRis @ YISy ACORATE N CRIRIIR RS
andfimsaistatébiing eheoveagngdopdiationofitie kenadimtdayenrding to the

m@r%ﬁ'ﬂ%'&@é&’ KH‘&J&J\%Q&J’M@ @&é!h%? ﬂ:%@é’s?%%téw{?\%t éBQﬁ'?s

Preferred ointments should be of such com&;)smon at they soften, but

Conuenins satifyraRlegpREG R dHoSFHRR fam?%!s%’ﬁ;@“&%z@@ucles for
kelhetepioa| applicatie fiofdhazativathiingrethenisdaodidnaie alsol dtpeiion

acfi R L%aa% 1 X%decﬁg}%e%% RS Wﬁgﬁ%‘%%}’e H‘t?a?é”%ﬁ?&% o

tion may comprise a s stantl concentration 0
SUISRARE ﬁf@éﬁﬁﬂ’ﬁ@m@&ﬁmﬁﬁ@ﬁ'%mpnses at least 0.1% (w/w) lipid,
more suitably at least 0.5% (w/w) lipid, even-more suitably at 20least 1%

S A AR R IR TR

depagsing i wvmﬁsldﬂwemme@nm RGSERSORBIFLM PR 8l

Thw%ﬁé&mﬂeatﬂ@@%h%%i@bﬂm)aymd i heSeReBEa HsAlRASIEsROiIgher
tha{é tho for grea u aé[’i S, 25 The c%mposm ol acpordlng to the

caRRvention m%‘ff > oh%ula Ed Wi g%r%?ﬁ Base. which 1s pr”eferably

trafgépanal nﬂ@ofm@ﬁeﬁe&%eﬁwe@ﬁwﬁhﬁ&mﬁamgﬁ@mmmﬂ Bich
adMiHiberkaaws fers elgiﬂamechmi@mne@agreeﬁam@m@ftwmble shgent

cos?aa%%t"" h'c?tﬂ"a%v%%t‘s’o%es LB LK or YA %ﬁ&&%{}@%@a@@%ﬁ%@%@%ﬁa%

cording t0 the TRVention 1 shown In le 1
WhQGD@I@GS@:@BPCT/GBZOO7/050743 20 Table 1 - Composition of hydrous
ointment base (for 60 orams) Component Amount

Compositions and medicaments comprising metal ions, plant exiract, and reducing
agent (for the second aspect) according io the invention may be used In a number
of ways. Forinstance, orai admin?stration may be required in which case the
metal ion, plant extract, and where used, a reducing agent, may be contained
within a composition that may, for exampie, be ingested orally in the form of a
tablet, capsule or liguid. Altematively, the composition may be administered
systemically by injection into the blood stream. injeclions may be intravenous
(bolus or infusion) or subcutaneous {(bolus or infusion). The compositions may
also be administered by inhalation {e.g. intranasaily}. Alternatively, compositions.
according to the invention may be administered by aerosol, for example using an
atomiser, by which the composition may be administered nasally or via the lungs.

However, preferably the compositions may be topically applied, for example in the
form of an ointment, cream or gel or aqueous solution. Topical administration Is
useful when a subject to be treated has a microbial skin infection. For instance,
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Wool alcohol ointment 30 g 0.6 g Phenoxyethanol Dried magnesium

sulphate 0.3 g Purified water, freshly boiled and cooled 29.1 g An

‘ointment formulation may be prepared as follows. The hydrous ointment
W@a@@%@yﬁﬁe prepared by mixing the wool alcohol ointment,F ¢ T/CB2007/056743

phenoxyethanol and 5 magnesium sulphate. The purified water shown in

the Table was used in the Examples as a control where no plant extract,

metal salt or Vitamin C was added.'fowever, in order to prepare an active

-l ulation accerding. to the invention, the plant extract (eg PRE)
Ojantgﬁr?etqﬁ%ggl% i fixed with Sfiﬁqé‘-o% ?hse‘?itagas%.{?ﬁg?eetgg BIHE JgerTgys to
Urapcredsiie Mretheesiament erasimratisitommaydmbodiekintsavheireldy (for
exe@auIeiNg-eganidIdisrded ﬁ@%%jéé’ﬁﬁaﬁﬂ@@i@lmm%égge\ég%mm
rec@ima?ﬁ@asvoa b%a?%%%%t%t}gte glnt n ,baie to prepare the active ointment

‘ ormulation Por eXampleT Z56UF 6FF Sy, sy d s Hiss g of
disgransifi G oL RaH e Bow e 29 idatjarf B R witiick isatheratjdedia fhe

tre@iiENaal RasedoniosmHbegetye OnineeRt for W%%é%&%ﬁﬁtg éﬁﬂgr
of PR

E)gearral%lgs 3 and 7 show a bactericidal assay of an ointment

tisstes e .
combined with various components, such as Iron or copper salts, and

Vitamin C. Figure 6 shows the same compositions, and their activity after

Exdm@elsudemhanid mEignes SARd & HeRciY SRR MANLHROR,
addition ,9f Vitamin C for either i i .
the compositions and medicaments according to the invention. The inventor set
out fo enhance the stability of the product formulation and conducted preliminary
toxicity tests. In order fo optimise activity and enhance stability, 2 number of
formulations were prepared and investigated. The antimicrobial aciivities were
screened for a variety of formulations (ie cream, agueous and ointment
formulation). Hence, the composition of the invention may take the form of a

cream or aqueous (water-based) solution.

The term "cream” refers to a soft cosmetic-type preparations. Creams of the oil-in-
water (O/W) type include preparations such as foundation creams, hand creams,
shaving creams, and the like. Creams of the water-in-oil (W/Q) type include cold
creams, emclient creams, and the like, Pharmaceutically, creams are solid
emulsions containing suspensions or solutions of active ingredients for extarnal

application.

However, o his surprise, the inventor found that even though the cream and
agueous-based formuiations exhibited useful antimicrobial activities, they did not
remain as active for as long as the ointment formulation. For reasons not fully
understaod by the inventor, the activity of the ointment formulation was
significantly prolonged compared to that of the cream or aqueous formuiation.

'Hence, it {s preferred that the compositions and medicaments in accordance with

the invention are provided as an ointment formulation.
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20Fe(II)/PRE or Cu(il)/Pre compositions is retained for three weeks with

no reduction in efficacy for the ointment formulation. Hence, the ointment
VJS%WJ hown in Table 1, combined with added Vitamin C exhibite

greatly en anced stability compared to the aqueous prepara%%d(fgg?g?{‘?o?743

shown) showing full retention of activity after 3 weeks. Surprisingly, these

findings are in contrast to the creamn) or 25 aqueous formulations, which in

the former case had poor activity and in the latter case lost activity after

| qun&@nrwpﬁéreﬂemfsnth@mggﬁ% agéaqgagwgme 5&?&&}‘

efficacy, and retained activity over long periods 6t time, 6
wﬁ%ﬁ é’ﬁlﬁgﬁﬁ%%d"?@rﬂ‘ﬂﬁa‘f%‘@fﬁ b 5 W%@%éﬁ?cﬁﬁ'@)té’it‘?@ Bfvention.

apWhiietthidlinvantontioast hat wishiitease bavathiby a@u&mmmssﬁgne
coREUaR e g dngGamep ?Q én?gsttlae?%'r@mﬁ )ﬁékv'uaa eers Weas
itamin ahng

protecting effect on the re cmg agent (i perhaps preven

CrepRdiARIRY Bxaancsd iR Bl ipidto Atithipndsdetkaty ornRelhiaaiRicand
omiwmew@mEa/éccmﬁghammmse&mdrmmwmqw&l%to the.

skiw\@ﬂmgr&g %}@r{ﬁ&%%%%gr%l{% W%J %glg%@) nigr;ﬁa ggmggg&g

sulphate/PRE/Vitamin C; or iron’su

a%%ﬁp%@#ﬁﬁwwﬁﬁa?@mwmﬁém%s Hrofhvern wionieacieeldine

‘ paﬁ@%@ﬁ;&ﬁlmmm@mﬂmbwlﬁaumm a‘@;ﬂe@aﬂ@%fbﬁgbmb@@mle 3.

~IRE A e el

observed with e ow was encoun ere

MolHEe FiH ﬁmtﬁa@mm@%@umm@%m HEsHoRrRERRhS
PrigapensiRieiadco Foione 4 AtheoninitinesacarintkitdbRoutd

e SRERbMAICRIER B Y ROrBIC R B 8RB Bl R SR,

evices may, 1or exém e, be mserte on OI’ U

thegidhé hautiven@atoGinelesferihe iﬂmf@f sopisatimrolthe gltiveextract and,
ingrddeneapplicableaitaaueciicing paratlivaahe ¢elsinsad RYeRAEeks or

even months. Such devices may be particularly advantageous when long

term 20 treatment with a composition according to the invention is
Acsaigiinedy Hirimmeniiauntisbam sy edupEseabiditantiniibigttion (eg at
corleast-siily dnjpction fa(tBilibenaprsentateshtTarinmammadniiseaapration

0.1 ATBI T RLIR SR DPLA Y0 BT SuahRe Bkl

ive componen hich 1n tUI’ én S on e mo

leagfiisrigfratitic: tﬁéqdﬁ%k%ﬁém @dﬁﬁ%éé«n{%‘ﬂaﬁfm@ Espierabivotie
ointeneptdyed.fatb OIS teC RO/ ) lﬁ@lﬂgﬁtﬁ@%@ﬁa@iﬁ&%@ﬂgw

(WI\%‘?f L’%encg? ig[ﬂ% }Eé%gyrﬁgu ;ﬁe%% cctk(g'gz g% mpl)grt;[(r:itlaﬁy %Ib&igﬂ e of

20%neshkpisi Bﬁ%ﬁ@%%ﬁ%@ﬂﬁ@@@? Hanifhese Bakjeatbeing treated.

forrdQ@ations.

The composition according to the invention may be formulated with an ointment
base, which is preferably hydrous. The cintment base may comprise “wool alcoho!
ointment” which will be known to the skilled technician. One example of a suitable
ointment base which may be used in the preparation of an cintment formulation

according to the invention is shown i Table 1.



Optimal dosages to be administered may be determined by those skilled

in the art, and will vary with the particular composition in use, the strength

of the preparation, the mode of administration, and the advancement of
R’ condition, ie the WO 2008/068533PCT/GB2007 /6577513850743

microbial infection or contamination. Additional factors depending on the
particular subject being treated will result in a need to adjust dosages,
inc1uding subject age, weight, gen@@r diet, and time of administration.

may be use@@meetws)ﬁsh specmc forn ulatlons of themnmmsmons
' JccordW@%ﬂGehﬁWﬂtmnd precise therapeutic regifies (such as daily
ia2; ik guency of admidigiration). 10
1 pg/kg of bodyvdeight and 0.5 g/kg
1|ng to.the in\m@@@hﬁnay.be,usedjg’
the preventlon and/or treatment of a microbial infection, depending upon
Anwliitheod posititomismagde. fviagreraf efe foltywthEhddilddesaiathrivesss
mag-0d Wﬁ%@f@mwtggm% agpotqgét@t%%gg g t%ht and, most
and’l

preferably, between approximately 1mg/kg a{T‘y doses
mdﬁt%ﬁ?*ﬂ@ GVBhaE: 4 Sighafisdnniet s @ghediegle ﬁéﬁ;}iﬁﬁ@@ﬁ@m
Exaltpieativelgptimioshape siti ol uisedramgyreriisainsimstia iR dwiceien.

HoMRUE: IMERIENSIIIIAR ARadhde g&m&%@%&@ggg@@%@w to

the invention may be administered as two (or more endi upon the

’“"%%V@ht%ﬂﬁ@%?f&ﬁ%ﬁ? 5 apdaecsplrall Sanises wituihe 9@“@@%@ (le
basstataahcd thedvateei ghtrefrdBkimAipatemireddving iigaiment may take

eméd‘éfﬂé?ﬂé%@r%”a%@éﬁ&%&%ﬂélﬁ@ qsascg%%tﬁﬁ§§ PG LB fon @

two-dose.regime) or at 3-or4 Interva erea ernaﬁvely,

ag%’%tsa/\(@?é‘%@e%@tﬁé'@m9w9§édq%@%mbﬁm| t@d%’é@%@é"‘ﬁatlent
activéthoutrive freed ttiad Ministempleatedidnees.(Garopssitionsagearding to -

5. 0% GYPHEm A FIAY LSRRI 1R TS IR g RIARIS SIS

the omtment base to form the active ointment formulation,

Figure 5 and Examples 3 anct 7 show a bactericidal assay of an ointment of PRE
combined with various components, such as lron or copper salts, and Vitamin ©.
Figure 6 shows the same compositions, and their activity after 3 weeks. As shown
in Figures 5 and 6, the activity enhancement upon addition of Vitamin C for either
Fe(ll)YPRE or Cu(ll)/Pre compasitions is retained for three weeks with no reduction
in efficacy for the ointment formuiation. Hence, the ointment formulation shown in
Table 1, combined with added Vitamin C exhtbited greatly enhanced stability
compared to the agueous preparation (data not shown) showing full retention of
aclivity after 3 weeks. S_urprisingty, these findings are in contrast to the cream or
aqueous formulations, which in the former case had poor activity and in the latter
case lost activity after only 30 minutes. Therefore, the inventor has clearly
demonstrated the surprising efficacy, and tetained activity over long periods of
time, of aintment-based formulations for compositions according to the invention,
White the inventor does not wish to be bound by any hypothesis, he believes that
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The invention also provides, in a ninth aspect, a process for making the
composition according to the first aspect, the process comprising
ini therapeutically effective amount of a copper salt ora
“@%%}agﬁ,as%%gnd/or a 23 nickel salt, with an extract of Pun/c:i) gc?{é)ﬁégaa&znmmw
and a pharmaceutically acceptable vehicle. The invention also provides, in -
a tenth aspect, a process for making the 5 composition according to the
second aspect, the process comprising combining a therapeutically

iheeétgfgé!ﬁeﬂ@%'f'%@E%ﬁg&ﬁ%%“%‘g&%@?%%ﬁ%t&Fb%%tnaﬂ%)p%&éﬂé

and/or a nickel salt, with an extract of Pun/ca granatum, and a reducin
0GdiR; AREE pHaRHECEGRIEG HEEhtRIIP TR QediEe, hrsphy umeamng .
iis affipgivenanouatal scanyndpunexvich, when administered to a subject,
provides prevention and/or treatment of a specific medical condition. A
"subject” may be a vertebrate, mammal, domestic animal or human being. -
Acqayingi eftAGCRIRIRHRY Seediptattelyshiauling trciiaioveidine raimpsismpn
oire@aiBator e kaowpeamRaupesdulshaRierEosRakiled ép itbe art to be
usefulin formulati harmaceutical. compositions ount.of the
s R B S B el e
Preferably, the amount of the composition is from about 0.01 mg to about

The G enermRIcdieiar alyahent S RlaedmahoniiZdQ:ang AueR |more
aeQisterably fom abour 0.1 mg (e ahoul 83 e And most Breferabl. from
about 0.1'mg to about 40 mg. The vehiCle may hcladé one or more

viaBigrstbmees atnervastdthRBuving duclhwesitugsremmtsrismusiisers,
treSisPeRMBIageNts flless @)idarts./CamIESSIOMBISRI PINGRER Rbs

tablet-(%is'r)(tegratinrg agents. The vehicle can also be an encapsulating
demoristra «:% g e NoITtoxic, . . - . I
material. In"powders, the vehicle- may be a finely divided solid that is in

admixture with the finely divided active metal salt, plant extract and for the
ThERBIRRNHRMOEHSBREPROIRS ARSI FABLE NGRS MedrbigtSvilg metal
sso%arlatr’ [péﬁa%%ter!ae%tég ngice. Such devices may, for example, be inserted on
or under the skin, and the active compounds (ie the iron or copper ion, the plant
exiract and, where applicable, the reducing agent) may be released over weeks or
even months. Such devices may be particulaﬁy advantageocus when long ferm
treatment with a compasition according to the invention is required and which

‘would normalily require frequent adminisiration {eg at least daily injection). -

It will be ap}::reciated that the amount of composition that is required is determined
by the biological activity and bicavailability of the aciive components, which in turn
depends on the mode of administration, the physicochemical properties of the
composition empioyed and w’heiher the composition is belng used as a
monotherapy or in a combined therapy. The frequency of administration will also "
be influenced by the above-mentioned factors and particularly the half-life of the

composifion and active agents thereof within the subject being treated.

Optimal dosages to be administered may be detferrined by those skilled in the art,
and will vary with the particular compaosition in use, the strength of the preparation,
the mode of administration, and the advancement of the disease condition, ie the
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30reducing agent may be mixed with a vehicle having the necessary
compression properties in suitable proportions and compacted in the
ize desired. 24 The powders and tablets preferably contain
“ﬁ%%@%%@%gf the active metal ion, plant extract and reducinnggfe% 200750743
Suitable solid vehicles include, for example calcium phosphate,
magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin,
cellulose, polyvinylpyrrolidine, low rﬁ%lting waxes and ion exchange
o ins., 5 Compositions according t y%é%uention may have the form of
e e e Ao o s e i
@éﬁiﬁﬁ@%mtvﬁm@wéeagﬁmwwmsﬁm\mﬁm suspendedinmg
sifjaEmageuisaly gaceptalle UauideRiciaApRl A yater, an organic
solvent, a mixture of both, or pharmaceutically 10acceptable oils or fats.
The liquid vehicle may contain other suitable pharmaceutical additives

© Ksgeh apsetiuiiissrshemiisifie spbudfeisairesenlalive Sysne plentseutical

indAYRYTEY AORMIDPRRRAIRE AORRIS: Rigkening ﬂ@gﬁg Lfs%lg li':gséstﬁbiis

viscfost regulators, stabilizers or osmo-regulators. Suitable exampleso
G @gme%f%w%wﬁg%@ea%ﬂﬁmﬁmﬁ e aaebprecise
therepeaiiinggideititesi Bsasitp dussegf cell closedstivatives talsrh@isncy of
adinglidding,monohydric alcohols and polyhydric alcohols, eg glycols) and

~ their derivatives, and oils (eg fractionated coconut oil and arachis oil). For

parenteral administration, the vehicle may be an oily ester such as ethyl
Getesadyandizigpiomy bivgtistate 0Stefipiincidsehicamasnd oef kg staigy
wiigHifem SERBRSILOnS dnioRBTREIRIA AUTIRIS A0, TRe Huld 0.,

vehicle for pressurized compositions can be a halogenated y&roc%'?ﬂ%’?l
af@?‘&ftﬁa?iﬁmﬁ%éﬁ*ﬁ&h@iaﬁ&eﬁ%@aﬁaemﬁmwmakwmmﬂmm
useom pasitiprgendtilyh inecdisinr iessoiiienteon SUSPERFIQNS 6aBDRENZEHDY,
2d9 W@@H?'So@t@@ﬁicéﬂﬁrﬁ&@@%@&%’eﬂ&%‘d&%%A”é%?@ﬂ%?&e!"".’~s kg

intravenous and particularly subcutaneous injection. Thé me Al ion
NG HIBimedith plant extract and reducing agent (for the composition of the

second aspect) may be prepared as a sterile solid composition that may
Dty BiRRed B yinracedabioedma Al AdmIaselon U3G SRR )

water, saline, or other appropriate sterile injectable medium. o
Alternatively, the composition used may require administration twice or more times
during a day. As an example, compaositions according to the invention may be
administered as two (or more, depending upon the severity of the condition) daily
doses of between 25 mg and 7000 mg (ie assuming a body weight of 70kg). A
patient receiving treatment may take a first dose upon waking and then a seéond
dose in the evening (if on a two-dose regime) or at 3- or 4-hourly intervals
thereatier. A!ternétively, a slow release device may be used to provide optimal

doses to a patient without the need to administer repeated doses,’

Compositions according to the invention generally comprise a pharmaceutically

acceptable vehicle.

The invention also provides, .En a ninth aspect, a process for making the
composition according to the first aspect, the process comprising combining a
therapeutically effective amount of a copper salt and/or a cobalt salt andfor a
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Compositions according to the invention can be administered orally in the

form of a sterile solution or suspension containing other solutes or

suspending agents (for example, enoZigh saline or glucose to make the

solution isotonic), bile salts, 25 acacia, gelatin, sorbitan monoleate,
nicksigatirth 80 @itaw ebféuwicbmiwinddrsiamiWditesecapobliviedzegptable
vehYEiI@ ethylene oxide) and the like. Compositions according to the invention

can also be administered orally either in liquid or solid composition form.

Compositions suitable for oral administration include solid 5 forms, such
The%%%kﬁi&ﬁ%%ﬂ?ro%@%g'%ﬁéa{% ’a%g‘é&o\ﬁ%‘f;b%e%%df&%%ﬂ{ guch

as solutions, syrups, eliXirs, and suspensions. Forms userful for parenteral
cormsppsitiztratontitio de e dlecsoldirrrs @nitisiprs;essdesus pepigrgmbining a

" : it
the%%%qﬁé%ﬂ?% or%(ij)\%cngigrlqg, r}%ﬁa‘?ﬁ“%“\%a%ﬁ‘ %@R&/B?ﬁﬁ%%ﬁ%%ﬁ%rﬁ%r a cobalt

stock, pets, and may be use
salicandiveteninkey spplivitions erireth s ifonisssgesatizienthanthe reducing agent;

and’@BRAFIORS AESHring dp dhadeption may be used as a medicament,
atcaurtgmay a%so e putto a %umber gﬁot er antimicrobial 15uses (whether in
a clinical context or otherwise). For instance, in addition to administering

A “tﬂ’@r&%@&@%ﬁﬁ&?@ﬁﬁ&% 'Pr%{ﬂﬁh%i%%ﬁ%%ﬁmgﬁ%%% Gl ed to a

may be usedfor the application to, or coating of, surfaces and objects to
subjseldrp \dasslibravs ot ereantierdisialinged v s rasibitammmeigicondition.
20Therefore, according to an eleventh aspect, there is provided a method
of preventing and/or treating a microbial infection or contamination, the
A “svibield BE hesthyeisiNaie tnameribdonadisfasienaitardnanacupe otia
composition that is effective for killing or preventing growth of
micro-organisms, wherein the composition comprises (i) a copper salt
A “nitriioeastibrellvacepiiepls vebitiesahs reigitedijahenaliads eny prinbination of

knoRHSIREHERRNE RRAMM GONBISUBGRIEY MR AAAYBE YRR ANGAT R

Camellia sinensis, and Acer spp.; or the composition comprises (i) a
phasajpsausinR ERIHIEHIPHE-salt and/or a cobalt salt and/or a nickel salt; (ii)
an extract of a plant selected from a group consisting of Punica granatum,

Viburnum plicatum, Camellia sinensis, and Acer spp.; and (iii) a reducing
Thesgeaunpof the composition used may be from about 0.01 mg to about 500 mg.

Preferably, the amount of the composition is from about 0.01 mg to about 500 mg,
more preferably about 0.01 mg to about 250 mg, even more preferably from about

0.1 mg to about 60 mg, and most preferably from about 0.1 mg to about 40 mg.

The vehicle may include one or more substances which act as flavouring agents,
iubricants, solubilisers, suspending agents, fillers, glidants, compression aids,
binders or tablet-disintegrating agents. The vehicle can also be an encapsuiating
material. In powders, the vehicle may be a finely divided solid that is in admixture
with the finely divided active metal salt, plant extract and for the composition of the
second aspect, a reducing agent. In tablets, the metal salt, plant extract, and
reducing ageni may be mixed with a vehicle having the necessary compression

properties in suitable proportions and compacted in the shape and size desired.
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26 1t will be appreciated that the compositions may be particularly useful
for application to, or coating of, surfaces or objects that are required to be

wWESSRE % @% iscussed above, the compositions according to P%J%}%/%n;/g%.m

have the advantage that they are antiviral and/or antibacteria

antifungal. Accordingly, the 5 compositions disclosed herein have a broad
antimicrobial effect. Furthermore, as discussed in more detail below, the
compositions may adhere to surfaéés and are thereby effective for longer

R LB SHTEalY Grrou P8, See e Bet T P 6o o
Dlabmgwélamdmimawuﬁﬁo&wam@@ i et elride, fanexampihich it
ca(@@ﬁ‘: RdSppRtaR f@n%@@e{m@a%mgs@' éub%%%&éémésmm%mmat

d to any infection in a patient. Examples of medical devices to
oe{ghichit j&‘?ﬁﬁ%s‘?ﬁ%?&@é@?&ﬁfﬁ%‘?ﬁe”ﬁ\}&%’ﬁf‘ﬁ?ﬁﬁéaﬁp%ﬁ@ﬁfiﬂ%l[ﬁféﬂs

lenses, contact lenses, catheters, stents, wound healing dressings,

ColmRRRIbASERINASng Wdical ADaRHS AR e acemanbidniRiohae

compositions are particularly useful for coating biomaterials and objects

Su%ﬁ“r’d‘ﬂ%‘r‘c@?ﬁ%@%@ﬁ’é‘ﬁﬁwﬁ bR PO &Y STHER thSURARKR on DS Bciive
agdntamaderial sicanibel padicylaniegriokdarhaticduecticsly theaplatdbéhotdy

velieR SHeR 5@%@{@' g&ﬁg%wﬁ fgrnﬂmmf%&m&% @(sgeaaﬂg@ens

and other biological mers be used to surface arti oints
acoRplaRia Ry d8itaj h%ﬁl%?‘@s" SIEERTEIY ebRipattch
phinomaierialsadheeosppsitantubinsehs asathieanatguriapessivatives,

st&‘é'E%Fg“ﬁéU&rfr{@ %%%rﬁ%qg{fse&eﬁéég ?g AR Qﬂ%kgr%ﬁ;%é%ﬂ%e s,

composmons usea in me nvironments composmons

vVistREIMIE ULaW T REBHIFRSE S AHEraRILBinTs THeYRRig arsles & lwish
velsivEdcesraf megealresisitineniitegieparaling:tables)dnbospiolgdaes,as

as gesvet'egb theatres asvsi.as %&%t@%@mﬁ@ ‘féﬁ%ﬁ%@'%@h&é@m

inventor believes the comgosmons will’be useful to improve sterility in 30

PoljariEia PRI AR St UtiREs SRS BEIEINAR SRR SR UAFiRTE PR entor
cohelievemthnabRBAINaY bepkikeddet thirtastpasitiahs oftheimetion) -

oiiy‘ ester such as ethyl cleate and isopropyt myristate.  Sterile liquid vehicles are
useful in sterile liguid-form compositions for parenteral administration. The figuid
vehicle for pressurized compositions can be & halegenated hydrocarbon or other

pharmaceutically acceptable propeliant.

Liquid pharmaceutical compositions which are sterile solutions or suspensions can
be utilized by, for example, intframuscular, intrathecal, epidural, intraperitoneal,
intravenous and particularly subcutanecus injection, The metal ion combined with
plant extract and reducing agent (for the composition of the second aspect} may
be prepareé as a sterile solid composition that may be dissolved or suspended at
the time of administration using sterlle water, saline, or other appropriate sterile

injectable medium.

Compositions according to the invention can be administered orally in the form of
a sterile solution or suspension containing other solutes or suspending agents (for

example, enough saline or glucose to make the solution isotonic), bile salts,
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27 Therefore, the method according to the eleventh aspect may comprise

applying the composition to a surface that is selected from: hospital ward
witld %&%Qeratlng theatre surfaces, kitchen surfaces and s&pﬁ&r 07/050743

surfaces. It will be appreciated that the above list of objects and surfaces

to which compositions 5according to the invention may be applied is not

exhaustive. Hence, the compositigns may be administered to any surface,

which is prone to a bacterial contdfination, for example kitchen and

acRANIERRSUElRGER AR AL S, SURRA%S Bllehsadl A dpe et 5%];06

e composmons may into solu tlons or cleaning
s 2y difrece By T sary iR thdRss Dot eh ansiEredies o SreBtrsisiignace
acciaypeimeersedichaningtence dheymay:ea! l@@tﬂﬁ@@@ Rk @ﬂ&@iid

‘Co gyj{e%gg&%era%%%%%n%so the obj%scqt%?gé%%acgp?ﬁ%? e%'{ I%é)rldS% (5': out by

forme pagihacatiiagtrRieniteso RIABHER &PESSapRicitieder priashdodihivemaure

suctPbih@camrosiopaeridingdaiRpdAYeRIoNHemal kLIS RRthavsHekal

ad n%%i il % Ti}%mp ec%onggurf?%g Jse n%s%g sto t?Q com osmon for sufficient
HMe to allow InTmobilisation of dbsorpstion bf & suitabre quantity of the

composition to the surface thereof or to kill the micro-organism. 20
The 8 HiRSIBRIRs H&&@m@%iﬁi@nﬁi@@ﬁ@ﬁdiw@etbgé@w%@ﬂdﬁ@mﬁawd to

for g)i{ianrinmlse Brevent orttr |crob I mfl_e?ctions Qr c%itamltnation by use as,
orin %ohjunc?oh W|ﬁ1 p?esérva ive.’Hence he composflong’lmay be

appliselpas a preservative in foodstuffs. In addition, the compositions may be
used to minimise or prevent microbial growth in cultures, for example in

T RO TS TR s OB RSOt e g Al ey be°
useém@mmmimmwam bl pitttveastepbef ahgimedrdidorgretess
use§qu@iié@i@iwammc%¢&m@mrmtmgey afdheabave ﬂﬁ@@&i&:iﬂt@ny

com Il’iatl%‘8 exce 0 comb |n tions ere a
/

st f
g AT S BTSN ah e U o BRI ot
ihewmefréeaumgqsftn@eamﬂi@nﬂ@rm tcared toatnewhewiersscdireiesisiithe

prevai MEbRicCa Hedi iR eHaciniainiss ee wiffaomirmade, by way of
example, to the accompanying diagrammatic drawings, in which:- Figure

1 is a JOB plot of Fe(lll)-PRE ratio against absorbance at 563nm. The
Theseige, according to an eleventh aspedt, there is provided a method of

praveniing and/or treating a microbial infection or contamination, the method
comprising applying to an object or a surface with an amount of a compaosition that
is effective for killing or preventing growth of micro-organisms, wherein the
composition comprises (i) a copper salt and/or a nickel saif andfor a cobalt salt;
and (iiy an extract of a plant selected from a group consisting of Punica granatum,
Viburnum plicaturn, Camellia sinensis, and Acer spp.; or the composition
comprises (I} a copper salt andfor an iron salt andfor a cobalt salt andfor a nickel
salf; (i} an extract of a plant selected from a group consisting of Punica granatum,
Viburum plicatum, Camellia sinensis, and Acer spp.; and (jii) a reducing agént.

in a twelfth aspect, there is provided an object coated with a composition

according to the first or second aspect.
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5plot shows that the isolated PRE active component binds to ferric ions in
the ratio of 1:2 (Fe : PRE); Figure 2 is a bar chart demonstrating
efficacy of the PRE-FE(Il) mixture on addition o %?
“&Se&r%\ﬁ%%r%m C (CPU refers to Colony Forming Units, all C mivale 7/0%743
are in logio); 10Figure 3 is a bar chart demonstrating the effects of various
metal ions with additions of PRE (all CFU/ml values are in logio); Figure 4
|s a bar chart showing bactericidal&ctivities for mixtures at 24 and 48

étw; ur; éne ggg d{ﬁ ctecr|C|da!‘5!m|x'gSur|;!ea ded Jre%%f me ers to
mxturé)prepare Seto (Pf)or Toras fotn SH 58 8ﬁ(all

apeliFalien|ivaiiawaliadnfl slolieds Pigiiedséatoae chavirstbwbagpaeptic. As

m@a@e&ng@@&&%&ﬁ@%&%@@&& @@@ﬂé%\@&%@ﬁ@@%@%@ﬁa@é

U/ml val 6| a bar,chart sho gabactenmdal
o Ul Y GGG RN AR ABEIE ST, AT G BB
covafadss aseilm!ogw) heGHigwe & |Braabavma®hevafﬁ@pré’hnmmﬂwtemﬁty
dass,sg@s@eagﬁ&w@ewe@mlleﬁe%amﬂa@mm%%%@% had oG e

infectious agent survival after 30 minutes exposure to fresh ointment
thergRy SHEGIXE 'GF {BRed RIS S eFigure 9 is a bar chart showing
infectious agent survival after 30 minutes exposure 25 to ointment

TheXERRERIRNG %éeﬁﬁ;agwiﬁém%&ﬁtmta@ggea%&%gﬁan&mmmr

Figure 10 is a bar chart showing the antimicrobial activities of PRE alone

CO%{WQ fif: o BINSEH ﬁﬁﬁ‘.ﬂﬁ@iﬁ%ﬁé’%‘%%ﬂ I RRiEALOHRGAR kg Emst
sufPsyae rogited aeRicmisalifis amibE it codiy beihgiceisntida freffentas raicobiabl;

mf&a@%gﬂmmnsﬁqﬁa%ﬁ%@m& mﬂm&&a@eﬁhﬂx{m otLRpRlose

d in 50comb |nat|on with metal ions after a 30 minute incubation against

' megllcamgwggﬁa ghic compositions according o the invention may be appiled

include lenses, contact ienses, catheters, stents, wound healing dressings,

‘contraceptives, surgical impiants and replacerhent joints.

The compositions are particularly useful for coating biomaterials and objects and |
devices made therefrom. Microbial contamination/infection of biomaterials can be
particularly problematic because the microbe may use such material as a
substrate for growth. Biomaterials {eg collagens and other biological polymers)
may be used to surface artificial joints. Alternatively, certaln implants may

substantially comprise such biomaterials,

The compositions may be used to coat surfaces in envirenments that are reguired
to be aseptic. For instance the compositions may be used in medical
environments. The composifions may be used to keep hospital wards clean.
They may be used to clean surfaces of medical equipmeni (eg operating tables)
in hospitals, such.as operating theatres as well as operating theatre 'wai!s and
floors. The inventor belisves the compositions will be useful to improve sterility in
general and also to address the spread of MRSA in particular (the inventor
believes that MRSA may be killed by the compositions of the invention),
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subtilis, using Lambda buffer as a control; 29 Figure 12 is a bar chart
showing the antimicrobial activities of PRE/metal ion combinations with
v@%%@ng%'} 550f Vitamin C after a 30 minute incubation against a,ll,!f (';qul&t'?ssom.
tested, using Lambda buffer as a control (all CFU/ml values are ' oglég
Figure 13 shows Box Whisker statistical analysis of the viable count data
achieved in relation to the antimicrohjial activities of PRE alone and in
combination with Cu(ll) ions after a”2 hour minute incubation against 10
[ %dﬁﬂg fi Box
T%ﬁ%ﬁ&%i@%S% quartlglh% %E@gﬁ%rgéeg&méﬁi n§ %&%ﬁb ése aépl%‘(%"rrﬁgars
e franssiiahine MERrefhahieeosriecsheBpnis Whe sukstamlues are
oirlagiohdakigugatés W&B%M@M%@HQE%M&@S Plihgeviable

a;‘}&%@%@%ﬁﬁm{gv&%% %%I[%%(ﬁl%%%&ghe r%tl |%reosbtlal %ct}yg§r% l?%;‘aggﬁE alone

Ination wi ns arter a our minute Inc

acreaiinRg trotheiiantion dney benensadsiryg eshebativeufianas. dheontrol.
cdRprsieRie seNl D2 2UnaneiRY e Ualties:bar Wﬁ%ﬁﬁéﬂ@%’@ﬁa%@@”m
Nt range, Me cfu ue sho b 15).(all CFU/ml values
Céjﬁéﬁ%@é&c 16 Iile)ﬁare Iv!(tao[;{ws oxk{ﬁﬁzul 1SRE} s’t"ata gl &3 WSt ﬁ‘i'
a Wﬁ%‘lé%tﬁ?ﬁtﬁﬁt@i&%hﬁ@éd in relation to the antimicrobial activities of PRE
alone and in combination with Cu(ll) ions after a 2 hour minute incubation

.clinical isolates ositive cMRSA usjn uffer as
e o ey R e S
S%ﬁ%@ﬁﬁrﬁam srreyipaideEpBsRHnrahigh. iveaRiss e rahpiv by.) (all
infafekkisal F@i%ﬁ@f@elr‘tﬁ&%‘@ﬂza?l@@@ré&rﬁ@@dﬁs‘tﬂﬁe?@ﬁﬁﬂﬁ?@@@gﬂﬁwmes of

PRE alone and |n combination with,F &11 or.C 5@ ions min C
SO A o O il Fa; Bt Chsting

of pliegbie At on aurtaer)neY de shigackenbn iatferiag an coneols2B KBior at an
af SRR R-PR% @ﬂﬁb@é‘?{g%ﬂimcmﬁésmms&érmﬁ?@Qr@%ﬂ@%%ﬁ

epres n.cfu value FU/m1 values
o e S o e P e A S GOS8 I8 oirtment
C%@ﬁﬂﬁt%ﬁ@ﬁﬂ@ﬂhtmm@nwmnbme@np@pmr(aqrptmmmmm
quariifiesrandonipdiatine wh ation frelnslcitice) iaplatasiefEShanism.

Pseudomonas aeruginosa using Lambda buffer 30 as a control. (Box

repreSents 25% and 75% quartiles, bar represents median and error bars

- Fughpeaar iangermesiicafanavaniodhoinveion @momrUeed talues are

miRARGEC i red@nt or treat microbial infections or contamination, by use as, or in
conjunction with, a preservative. Hence, the compositions may be used as a
preservative in foodsiuffs. In addition, the compositions may be used to minimise
or prevent microbial growth in cultures, for example in tissue culture work, either fo

supplement or to replace antibiotics.

All of Ihe features described herein (including any accompanying claims, abstract
and drawings), and/or all of the steps of any method or process so disclosed, may
te combined with any of the above aspects in any combination, except
combinations where at least some of such features and/for steps are mutually

exclusive.
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Figure 18 shows activities of black and green tea extracts alone or in
combination with metal salts additives against Staph. aureus using

‘EJEF(T@E er as a control. Legend: Black tea with iron (BT
wit c%%%bery%BTC) Green tea with iron (GTI), Green tea Wlt#%gﬁ 5}3%59743
(GTC). Error bars are SEM for each sample tested 5(all CFU/ml values
are in login); Figure 19 shows activities of black anti green tea extracts
alone or in combination with metal €&lts additives against Prot mirabilis

ffer ontrol (abbrevj S a |n F|
a%ggl.rte é‘%%%f%%eegc si?%ple tesgfaﬁ(a @%E mI ‘?gi g@%lg ﬂ?ﬁd
%mem@)/r@ezgaﬁﬂ@w@ta@ffﬁﬁhg@wmh@wd@r\m@a%ﬂmwammm
mqammﬂamWiﬂgr@@%%@%ﬁ%dﬂﬁWﬁ@@%mkﬁ?s aeruginosa using

L d b 18). E b
R R R R R T b e i o

piqtrbawreiertha dalates iFifalassipe rinTeprswn telamiinak ions in the ratio
Ofangl(b@ctemhage and antlfungal compositions disclosed in EP
89661. Thes§ antimicrobigl 20 compositions all include a

IR o ST QARG BT FlrreRaiesRREEEH b m
Iispiitegaatioine, ibwdunngligett Miteaves 02Fldwaiss tedlelangs, or

- FonABlgeResy @g@ﬁr@@n@e&@mé?% jnventor of the present invention

ons using pomegranate rind extract

- focused his %3 éjh on 25 com
SBIRE) 88 % SRR TR THEHERAS IR R DF AL WA PO B4 based
adpiReheohipoEitieih S Mvdtviieyslackistliglily, and therefore retain their

F@gm.g%ak eﬁaw%mm@c@eﬁ@a%mmgew %W@gmﬁ}%ey wrn

h %ro blem with these woné)ase antimicrobial composmons IS t
Dl BRI L HHRIREAL B FR AR RS P UOF G dR e
prepsyederirbsidneth & p ldsamnti roluliseritomsaniditae il DBy mhesfoesi srefithe
lodirgsent invention was to develop a stable antimicrobial formulation of the
unstable anti-viral and anti-fungal mixture reported in EP 0,744,89661.

Figii inds M ERAGRA S RIS 8 B alResAvEl RATRsaE RS PR Arch
weekinllesiiyataladdratal flFiver deleloprotitdogalive antimicrobial

Fsgﬁ%‘@@@ﬁ'ﬂ@?cﬂ-&% SRSRAISE baaRseRedsharlowing exemeEnt 3

weeés ai?er formutation (ali CFU/mi values are in logso);
Figure 7 is a bar chart showing preliminary toxiclty screening using Trypan blue

staining;

‘Figure 8 is a bar chart showing infectious agent survival after 30 minutes exposure

io fresh ointment preparations of test agents shown;
Figure B is a bar chart showing infectious agent survival after 30 minutes exposure
to ointment preparations of test agents shown after Storage'at 5°C for 3 months;

Figure 10 is & bar chart showing the antimicrobial activities of PRE alone and in

combination with metal jons after a 30 minute incubation against Ps. aeruginosa,
P, mirabifis and E. cofi, using Lambda buffer as a control;

Figure 11 is a bar chart showing the antimicrobial activities of PRE alone and in
combination with metal ions after a 30 minute incubation against S. aureus and 8.

subtilis, using Lambda buffer as a controf;
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5 The inventors initial objectives were to set up an in vitro model for
screening, isolating and characterizing the active compound(s) in

Pomegranate Rind Extract (PRE) in the antimicrobial composition
HEEE T EP 0,744,896B1. It was also an aim to investigate THeB2007/056743
currently unknown mechanism of action of these available compositions in

order to assist in the development of new formulations 10with longer term
stabilities. Materials and Methods 4®aterials and methods used for
|soIa ing the actjve ou RE, and for preparing the iron-based
F'%‘“ﬁt"?m%?%%é?ﬁh?‘g 537%% a&%@%@ 'R ePlieR FAAEIBEE Rhich is
etperegodthdneindsliiefeieditenpré pdeatioBlofijviant iextiadisn against all
ssd?&@&%é@é@tﬁsm&éﬁ@&é‘ A @!ﬁam%%mg% lﬁpm
25% d

and commercial tea leaves were blended in distilled water

Figgitet? o MU KRS RRICR AR Bb N e20Pb SR gt Atestr g
in S@meataims anéirel i avte @413 RIS ating, Aradie danicisitoachith-20C.

AiHeheLpsrifisation !?Mﬂ?eﬁ}?éﬂﬁ éﬁ%%ﬂé{r?&%% g&&a@&

ut-off of 10,000Da was achieved by membrane ultra tration and the

“Wﬁmﬁg?ﬁwﬂﬁg Bég%*@ﬁfﬁ%§ %310 3R Ji5Th gussiles! aarain
repvascRisauddiaTonas @esuginesaiassianderd. eMearimemniatianlie shown by

&F@@@WW g‘g%lrgrg?gé{ tjpns After optimization, the inventor

demonstrated activities fe ointment against 10 multidrug-resistant

FigiseddoinpiaSae iy iatstsdwnalendiisivsvishin srishdaganchieved
in petaticie ddoyne xdritnitsldion: 2 4blisiaé3 ¢4€ PRiEe m@f@ﬁ&ﬁ&iﬁﬁﬁ@%n with
cheﬁ%R@%%eM&o%% R e e S
cream, aqueous and ointment IS assay Invo ved'
a8 ReTei & waetad %%Wﬁﬁ%wté’%%aﬁa’os@%@ohar
ra;teatmngsﬁﬁbm wioléres ohhacipriabaetbaygepansioncia amtlirkilityeb@boy
&%ﬁl@;@m\%{% é}étﬁ% rigl cell suspension equal to 1.5 x 108) plus 100
of the

icrolitres omtme lution. After incubation in the dark at room
Flgg@ﬁérgﬁgw@@pg@‘!ﬁﬁl@r statistical analysis of the viable count data achieved

irn velation to the antimicrobial activities of PRE alone and in combination with

Cu(if) ions after a 2 hour minute incubation against 10 clinical isclates of PVL
positive cMRSA using Lambda buffer as a control. (Box represents 25% and 75% -
quartiles, bar represents median and error bars represen‘t range. Mean cfu mi
value shown by m) (all CFU/mi values are in loge);

Figure 16 shows the antimicrobial activities of PRE alone and in combination with

-Fe(il) or Cu(ll) ions and Vitamin C after a 30 minute incubation against 8 clinical

isoiates of ESBL Pseudomonas éerugfnqsa using Lambda buffer as a control,.
(Box represents 25% and 75% quartiles, bar represents median and error bérs
represent range. Mean cfu mi™ value shown by *) (all CFU/mi values are in logyo);
Figure 17 shows the antimicrobial activities of the cintment formulation of PRE in
combination with Fe(il) or Cu(ll) ions and Vitamin C after a 30 minute incubation

against 9 clinical isolates of ESBL Pseudomonas aeruginosa using Lambda buffer

‘as a control. (Box represents 25% and 75% quartiles, bar represents median and

error bars represent range. Meén cfu mi™ value shown by *) (all CFU/m values

are in iogo);
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5serial dilutions (from 10-1 to 10) were carried out on nutrient agar. Metal
binding studies were perforrned on the isolated component to inform on
{ es for the final formulation and for elucidation o
W%%%%aé{]%r%yof action. A JOB plot was conducted by tracklng; %2[2@%%0&7/830743
wavelength over the 10 mole ration.of O to 1 for Fe ions and PRE active
component. Resufts Referring to Ejgure 1, there is shown a JOB plot,
which captures the results of the FE?C'[I’OSCODIC metal ion binding studies.

| F;gJégeﬁﬁl%@gsg@ﬁ&@@%m&%ﬁ&% %&ﬁak{g%w%égm%ﬂmmg

to the active component of PRE givingac haracteristic

it TRl SRS 75 BRI AR 110 B8 O Re" 35 PariERls
Legens: (tadtond vito Mmpo(B kSt textheractivestRIBNEnt alsegvingan

f
i vaé%iﬂrgastate Kspbaeine nicale 'y daien o e 2gmsislianle

e Fe(l shows that the |solate active
<a“&ﬂ4ﬁ8 EHEBHS {6 Kb ions in the ratio of 1:2 (Fe:PRE). Interestingly,

Figtihe m%@mm%@ym&&m%&ﬁ@%@d@@kﬂ%&@@wﬁleﬂiﬁ@ﬁﬁﬂh%on :
witsaBcea ARtRIoNE Aciy (e Addion R IRTIauS 0050 e FRE,
o] e m e?l?) P ﬂﬁe

componen ) resu '[S IN“the oxi atlon € a IOﬂ rom the

(ablmgyinlioriatiohiears. ith 5Ggh aes ipfrenidY! dyceprbeaimadesedbiihd by
CF@WM bm@l@@@isnh@%ﬁms that the significant loss of activity of the

Figr e B O G oS B nation
gmII‘I es, may |rec eto?ﬁls OXIa |onn§(?process I?ﬁ

Wit%mﬁéﬂ@mémﬁamﬁm&mmm@%m@h@m@Mﬁ@t@@faaddmg a

canﬁ&ﬂ%ﬁ&@@%ﬁ@a@% Piiive mytlﬁﬁd%@asaé}a@wweeg@@%mg the Fe(ll)

tost 24, ML EONROaRRIT S 1552001050743

Examples ‘
The inventor based his initial experiments on the antiviral, anti-bacteriophage, and

antifungal compositions disclosed in EP (,744,896B1. These antimicrobial

- compositions all include a combination of ferrous safts and an extract from a plant

selected from pomegranate rind, Viburnum plicatum leaves or flowers, tea leaves,

or maple leaves.

As an example only, the inventor of the present invention focused his. research on
compositions using pomegranate rind exiract (PRE) as the active ingt;edient. A |
significant probler with iron sait-based PRE compaositions is that they lack
stability, and therefore fétain their antimicrobial aqtivity for up to a maximum of
only 30 minutes. Another problem with these iron-based antimicrabial
compositions is that they turn black because aromatics contained within the
composition are polymerized in the presence of the iron ions. Accordingly, the
focus of the present invention was to develop a stable antimicrobial formulation of
the unstable anti-viral and anti-fungal mixiure reported in EP 0,?44‘8'9681. Having

managed io achieve this goal, the inventor extended his research to invesiigate
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33 reduction of the oxidised Fe(lll) ions to rejuvenate efficacy, and activity.
To this end, the inventor's studies focussed on elucidation of the

W %Q@E&%&Q of action with a view to stabilising the combined extract
(Ferrous SAfts and PRE). To test his hypothesis, the inventof CHEER007/056743
Vitamin C as a reducing agent or reductant to 5see if it had the effect of '
extending the activity life of iron-based compositions. Preliminary results
demonstrated enhanced bactericid@activity (on Pseudomonas

agéurgﬁr%ogf%z/occu%on addition of an extra component Vitamin C (a
PRI Sy ST aEs T5 HRARIR Y R neerilieas ) Keirseamb)is
dSuripdsifytye thikowing @compement formulation (PRE + Fe(ll) + Vitamin C)
exhibited exemplary bactericidal activities under the conditions used , as
shown in Figure 2. Referring to Figure 2, there is shown the bactericidal
of the PRE-Fe(Il) mixture on addition of the reducing agent
Thatamint@ sAsitcaniecsiees iritheRguip shFihavaliveafiGalensiagming
dnits ( is, signifi A he PRE/Fe(ll) mixture, is
g B O B s s e e
(F5tepiar difoRr s Si anrie shiserircksabieleR dd4b s B bo i additbw of
analaminioddiage 30 Cuample diBanadeaibeisy mrfﬁ%j%fmm of f
Jnventor then set.out to inyestjgate the mechanism o
B o PSR e DR el e e,
widOpaseisraseagities: product formulation. The enhanced activity upon
addition of ferrous.ions is problematic as the mixture retains activity 25for

Mg}}g’g@ggg% ff,g’[? mins), and principally at low pH values, which is difficult

( . er to overcome these shortcomings, the inventor
Mgtedalspak aihedsaiss for Rakatiop BrshsiivecontrstitotePtRE fend i ions
pré@éﬁﬁ@fﬁé’;wﬁfb@ééﬂ(;amﬁﬁﬁéséﬁﬂéﬁ @%aﬁpa%@ﬁyr?l@%ﬂé&&é@@ﬁrﬂi@a' ions

r efare tested. In addition, based gn the positive results seen in
0’g@é%n%%l@vﬁ%hé%mﬁ%‘ﬁ%ﬁaaegeg J&‘Hg %&a'é?ﬁf%%ech as Vitamin C), the

inventor wanted to see if it was possible to prolong the activity of
Prapiiorobidliaarppesiions using other active metal ions by addition of a
F’orr%ggr%ggte?’r?nd, Viburnum plicatum leaves or flowers, maple leaves and

commercx’ai tea leaves were blended in distilled water (25% w/v), and boiled for

about 10 min. After centrifugation (20,000 x g, 4°C, 30 min)}, supernatants were
autoclaved {121°C, 15 min), cooled and stored at -20°C. A further purification of
the pomegranate extract fo a ma!ect;z[a?r weight cut-off of 10,000Da was achieved
by membrane ultrafiliration and the filirate stored as above. '

Bacleria, viruses, and fungi
The control strain was ‘Pseudomonas aeruginosa for standard experimentation, ie-

determining optimal preparations. After optimization, the inventor demonstrated
activities for the ointment agalnst 10 multidrug-resistant Pseudomonas

aeruginosa.

Growth conditions: on nutrient agar provided by Oxoid Ltd for 24hrs at 37°C.
The inventor established a functional /n vitro bactericidal assay to screen a variety

of formulations (cream, agueous and ointment). This assay involved adding 0.5 g
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agent. Finally, the inventor set out to optimize concentrations of the
various components in the various active antimicrobial compositions.

d Methods 5 It-had already been demonstrated
‘#&o%%ﬁé%?%omposmons combined with PRE exhibited antivi Q? ShguuTsTas

antifungal activities. ¢ Hence, a large range of other metal ions were
tested for their abilities to enhance the activity of the PRE, including:- -
Cu(ll), Fe(ll), Cu(l), Zn(ll) and Mn(l?)2 10 Results The test solutions of the

£l I II aled that the

? %{g%é:g? ;tétﬁ\}?tlggévgzemr{%( %%&%Mﬁ( %Pgo%% )ﬁ) speC| gnl?f)oonr:t aJd|t|on
usiPRENL AR ATiRAtigHR 69 SHePSNHPBdRARASTbIghe ROV MrEiglans3,
soaurmlsmgiym@d@measg@@i@w@amt@m(ﬂkamw@@%@@immt@ﬂrwl@f%@o |

en*?}@?e%ti\é&u@s %l |c attglffer nctg 3(;cg)@ntr Ie% FI?%I%J S for 3%%%0

emonstrates t e extent o bacterial grow fe488
sefstRiuage Brradacing “Hbéﬂfe‘(ﬁtﬁﬁfﬁﬁ@%ﬁ@ﬁ@h‘i@ﬂﬁe%lIowmg
compositions: PRE/FeS0O4, Whlle the inventor does not wish to be bound

thesis, he 20 believes that adding Vitamin C to PRE/FeCI3
i T R

stahdiity)ispvetdne i sding' ﬁﬁﬁt‘éﬁ%ﬂﬂ@%ﬂﬁigu@%n@@ﬁﬁwa meitiatisenievel
aa@&@aﬁtgw etﬁmcaame@a 39 mm@wmmmm charisms of
gt}g (5)(: erfe ge for usi %%?ions in the 25[reduced state led to
e mcorpora lon of ?dﬂnégsaﬂ% SRR EBise this oxidation
state, and prolong and enhance activity. Thus, the reductant Vitamin C

Ré@%added in-three different doses after pre-incubating the PRE/metal
Rei’f%n? res fo %O minutes, and the tgsults are shown in Figure 2. 30

@ﬁ#’&n 955 HaRGHE adbh PbIS LT e Sauks gfine
sppebpertipic foetshich bindiodeliadisng EbenbigsrtiodsnGudaidésZn504, Mn304,

PRE/CPEﬁQ&dﬁBEéZ %ﬁwc Ma@%& B0thaingi0e rc%t%t:%md&'t'on

immedi aratlon 0 mins 0 t refers to a emlx and 30

minute c?&fﬁgﬁi)'c %%a‘tﬁéﬁg JUP &P ARRIRE of the
PRE: mar@wgyrmwfégmmammgmm after

2. Ferrous ions (ie. iron(li} compounds) bind to the active component also
giving a characteristic peak at 583 nm indicative of oxidation of the
metal ion to the Fe(lll) state; and )

3. Figure 1 shows that the isolated PRE active component binds to ferric
ions in the ratio of 1:2 (Fe:PRE).

Interestingly, the metal binding study resuits indicate that the activation step for
enhanced antibiofic activity (ie addition of ferraus ions to the PRE component)
resuits in the oxidation of the metal ion from the Fa(ll) to the Fe(lll) oxidati_on state.
Although the inventor does not wish to be bound by any hypothesis, he believes
that the significant ioss of activily of the iron-based antimicrobial compositions, |
which is witnessed after 30 minutes, may be directly attributable to this oxidation

process,

This surprising realization led the inventor to Investigate the effects of adding a
reducing agent to the active mixture in an attempt to re-generate the Fe(ll) by
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a period of 24 and 48 hours, and the results are shown in Figure 4. Figure
4 shows bactericidal activities for mixtures at 24 and 48 hour, in which "in"

eguates 5 to bactericidal mixture added directly, and Pour refers to
Viigtltae8stepared and stored for 2401 48 hours prior to addfforCHHR7/050743

results shown are for one system only as an example. Figure 3 shows that
the activity of the' PRE1FeSO4 system is pronounced at the 10 zero time

point. However, even with addition 8% Cud to this system, after storage for
48 hrs, considerable bacterial growth was observed as shown in Figure 4.

"eEUFERIIRE Rifidtrddriidaionivifriv rastereliansunaaddintivitof Visdniin
er@atiallicandentrationss IaioamplesRictaercivibe ohihadmstadiection

. j iously. disclosed in EP 0,744,89651 v ft
T o o BB R S o crEdion

Mg RHibitRERIo thadruaeivaaeaoiliaresr Gty arsHurimergenbbtirmeuctant o
seBhenefateniodmudngr enEaimi B ERINE R resHIs-LL EXRMNELiile

inventor then 20 set out to enhance the stability of the product formulation
and conduct preliminary toxicity tests. In order to optimise activity and
Prefiniees seibiftgcmansiBaddtontethtiotienvitel préity ddrafistudomonas

aa'fnm ligf}@@buw@@@Hﬁﬁﬁ@@i@rﬁ&&%@ﬁ?ﬂ&ﬁ%ﬁﬁﬂﬁ@ﬁ%@?@éﬁ% Qbent
ulatians (i€ .cream, ague ang ointmen € potentla o_r
R e R e, SR SRS e
copreskstifaentiation EREexpritod. MaimiGasxtivieiyetestpivgre
bat@tiRiEsoNTBRDBakHL col GlireeRdn VilrosMateials and Methods

The key objective was to develop a formulation that retained activity to

produce an 300TC preparation for commercial uses. 36
Referring to Figure 2, there is shown the baciericidal efficacy of the PRE-Fe(ll)

mixiure on addition of the reducing agent Vitamin C. As can be seen in the Figure,
the value of Colony Forming Units (CFUYm! is significantly reduced when the |
PRE/F@(H) mixture is added Imnﬁediateiy upon preparation. However, after 30
minutes, this preparation has lost aclivity, which is completely restored upon
addition of Vitamin C (140pl). |

Exampie 2
Based on the surprising findings of Example 1, the inventor then set out fo

investigate the mechanism of action of the ron-based/PRE compositions at the

molecufar level with a view to enhancing the product formulation. The enhanced
activity upon addition of ferrous ions is problematic as the mixture retains activity
far short periods (<30 mins), and principally at low pH values, which is difficult to

formulata,

in order to overcome these shortcomings, the inventor investigated whether or not
it was possible to substitute the ferrous ions completely with other metal ions, and
a number of other metal ions were therefore tested. In addition, based on the
positive results seen in Example 1 with addition of a reducing agent (such as
Vitamin C), the inventor wanted to see if it was possible to prolong the activity of
antimicrobial compositions izsing other active metal ions by addition of a reducing
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having no actives, the magnesium sulphate (0.3g) and phenoxyethanol
(0.69g) were first dissolved in the purified water (29.1g) and warmed to
60C. The wool alcohol ointment was then melted on a separate water

AR H4E X0 temperatures were kept the same, and the wat&r SoRaPS0743
containing the 5 magnesium sulphate and phenoxyethanol was added in
small aliquots to the ointment solutjon, stirring constantly until a smooth
mix was formed, whilst maintainin(fﬁne temperature at 60C. When all the

agf@!ﬁt.eh\%’%?tﬂg?ﬁwé%%%%[ﬁ @8{9&%%& Siired, genty 3%%'&@&-%&?2““
ure.

ormulation was at room tempera 0 grams was pac edinan

- COBIRBMRTE fRrhRRICHRS Gt aatifnigrebis priceasiiichst 10allowed to freeze.

In order to prepare an ointment formulation having active ingredients, the
Mﬁg};g}geg&p% as prepared as above, except instead of using 29.1g of
“ﬁmwmer“‘%n, ; f a plant extract solution (eg PRE or tea etc) was used.
it e alispdvdrere desansiBigddnaitniim S edarerauidivts twsbinededbase
PRIS dReibitad ot paRaE Aherasie sivtise o alipge LR quUaaLs

formulation was simply a wates-based formulation in.whi {%t%? tive
w{?naé’rjgﬁ?e% gez%fgn C%(ra};??_raé?t',r r%%e‘@Fé ,ea‘n%”.%est%ﬁw%‘%&&ég?c X g%cg agent)
indlygrac2OdisBolTed in Pulfd dnltBramhbietilam formulation had the following
composition:- Aqueous cream (for 55 grams): Emulsifying
component16.5 g 25 Phenoxyethanol0.55 g Purified water, freshly boiled
Resi ‘ ) .
cooled37.95 g Aqueous cream is an emollient and can be used as a

Thpied feldiergsofhcinnsfatidh6lugipreedht @s{anZadtiheividdin(il)
re\RIEAsE Hative: ﬁdb@%ﬁ@éﬁ@l&%@&@@%ﬁ@%&r@@@}@@@uﬁi heREwdsITying
g ohné%eitw(g%é%%%heg and,mf,lted ogoa ter bath, Bot?fg ses were
PRepE el 60T 28 FIREN thIFH: ﬁéﬁp 2L AR A F I elted
FigsiethenepTibeghixadditamsfrerhiivad dlofn(theahed Mrdtipe8Ttéid dittle or no
acHAR G HABLAPIHSR Ml s EHiNgighed and packed in an ointment
jar. The preparation was stored in a cool place but not allowed to freeze.
Figure 2 demonsirates that the 'ex’rent of bacterial growth decreased in proportion
to the dose of reducing agent, Vitamin C, for each of the foliowing compasitions:
PRE/FeS0,. While the inventor does not wish to be bound by any hypothesis, he
believes that adding Vitamin C to PRE/FeCl, transformed the iron from the ferric
state (ie Fe IIf) to the ferrous state (ie Fe H), the latter being more active, and this
resulted in a much lower level of bacterial growth compared to the ferric state.

In terms of mechanisms of action, the preference for using metal ions in the
reduced state led to the incorporation of studies using reductants to stabilise this
oxidation state, and prolong and enhance activity.  Thus, the reductant Vitamin C
was added in three different doses after pre-incubating the PRE/metal ions
mixtures for 30 minutes, and the results are shown in Figure 2.

Figure 3 demonstrates that the extent of bacterial growth decreased in proportion
for each of the following compositions: CuS04, ZnSQ4, MnS04, PRE/CuSO,,
PRIZ/ZNSO,, PRE!MHSOq, (*30 mins in’ refers to addition immediately upon
preparation, '30 mins out’ refers 1o a premix and 30 minutes lapse before addition).



10

15

20

25

Results 5 Figure 5 shows a bactericidal assay of an ointment of PRE
combined with various components, such as iron or copper salts, and
WY)j i)aﬁ%sgigure 6 shows the same compositions, but their];%’cg} iﬁ\é&%%%%

weeks. As shown in Figure 8, the activity enhancement upon addition of

Vitamin C for either Fe(ll)/PRE or Cu(ll)/Pre compositions is retained for

three weeks with no reduction in efficacy for the 10 formulation. Hence,

the ointment formulation shown ifdFable 1, combined with added Vitamin

C exhibited greatly enhanced stability compared to the aqueous

preparation (data not shown) showing full retention of activity after 3
Thavkeales. Surpisiighy, dhtecHititimgsbselifs shanueanteastitodhisetedatior

a péiieaus fanmuations, whidhdndbeformencasahaga actiy,and in the
latter lost activity 15 after on}i{vﬂ%O minutes. Therefore, the inventor has

showfe SR errHEhatiidRs R SlivBremE efieaty St etaiaidmdivrgsies
to blanerpeiaddadofoiiteddibatedfal fautatisias This:cows ephaveshaen
storg@g%ﬁ%;rmgﬂ%?ﬁ& %Oégaﬁe%?“f’(ﬁ@r@sﬁég%%&nt %;?o%%é'éo&’é‘réher
results of toxicity studies that were 20 carried out using Trypan bfue
onlysEgiAThG*#IuMtFan breast cancer cells MCF7 were used to examine the
effect of pomegranate preparations on mammalian tissues. Trypan blue
) inj o.detec M I ear blue stain nder
P L A P o0 SR B SR e
Zer%ﬁme%l@ﬁ%ﬁ@@){%wﬁmﬁﬂmeg&@@g&fﬁiﬁa%ﬁ@d iR sioswtetal
for mﬁmefﬁaamraﬁélﬁa&hr?a@bmégﬂtmmm@@@ SHHANI mgglr@ta.[]nin
rowth medium) and incubated in.a 99% aj % atmosphere at
s S B DB 3 Bl lhert T e T R
conggipsiiaeRs. Confluent cells were detached with 2 ml of 0.15% trypsin
(Sigma) for 5 minutes, 8 ml MEM was added, and the cells were
Exacerférguged at 1000 rpm for 5 min. The supematant was discarded and 30
| pellet was resuspended in 10 ml MEM and counted using a
Therradiiy Sfttvmersiapie bualigliefeeaiously dirsiosed i ER SI4dsMIER cell
wasGeBeRNrRiQpRigGNA(204 mupetavathe RBNextday therasdinwas

removed the cells were washed with PBS twice, trypsin was added to
o e R T e 4L B e il 8 R PR 3 shown
Thegipiguidisringapdreo: fe 30omiaine sy of Framsiainchevimanpdhasiue
set $L0H|PHRrRY MRS ASIHEbINnE DGR RIsReRRIARNDESMIBUIRSIrRIERYead
o RIRAMIG0c0PE e Andcougred yiih 2 coEIBIRNEN Sxpiiged

under the microscope. Non-viable cells‘appear blue In'colour because
formuajicnaneeoxcpdedrndyeyestigated. The antimicrobial activities were

screened for a variely of formulations (ie cream, aqueous and ointment). The

potential for enhancing efficacy by altering the relative concentrations of active
constituents was also explored. Preliminary toxicity fests were conducted on

mammalian cell cultures in vitro.

Materials and Methods
The key objective was to develop a formulation that retained activity to produce an

OTC preparation for commercial uses.

For the ointment formulation, a hydrous ointment base was used, the components

“of which are shown in Table 1. In order to prepare a control cintment formulation
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The toxicity studies shown in Figure 7 revealed that the highest
percentage of 10 viable cells was observed with PRE while the lowest was
ted after treating the cells with PRE/FeS0O4/Cu50 0 8;7

wggﬁ] ma%c?r%jwhlch is still not very toxic. Example 4 15 Bas;%\&:n ﬁﬁge{}eé% ta®

of Example 3, the inventor focussed on enhancing the stability of the

product formulation. A wide range of combinations were tested to optimise

the efficacy of the active preparatlaf? Final products were identified which
e el s AEtuicanvene B B eI IR A e e

inventor carried out L?ther expe men inve | Al v% ion.of

WeERIEN SiRgrbe sperrwlicswalgrird a@ﬁ@@w@ﬁw@c&w&rﬁbw@fwhe
aldBREKrireembinationsrsing Mﬁtar@@@&a@wa@@er@pﬁﬁ@%@Q formulation

t erggé';’gt l?rn ‘%ueg%%%t i:I\éhaterlals ang Meth mvE%%'g r Cco {éﬂﬁeollna aslfat of \

vente pr para 1ons 'fOI’ eac ec OUS

MAGRFIIES w%é&%@ﬁwwﬁ@mﬁw@&@a speoall ﬁiiw featitams

_Olm&taowwdmwgmipgﬁm Eghmﬂﬁmm@%@%?”& a

mber of f rmulat| red ip¢ludin creams ueous
R e RIS kR r e e WRLRRE e mixture

(60mwes i%twtgdaieewﬁpmﬁmm ointnenifaheustswingaantisTocdeteratine. the

50@9&%1% SBKON IR LACMINMRYSESORE wiY Qored in a cool place b
300 /o R R M N A IR i Shorer Key oblecine of this®

algvs e??o develop a formulation that retained activity to produce an
over-the-counter (OTC) preparation for commercial uses. Referring to

in SHORHR BrdhBIE i, Wme%ﬂﬁ%ﬁ%éwﬁ&%%%&%%@évﬂea& Ffealht

minutes 5 exposure to fresh ointment arations of test agents shown.
B R et A R SRy A
of atantesapostingiqo EgtRRihoptepatalions widésSalgtiots showrabdtes
and'@ragsat Aferfondy Q&Btﬁ% am’tmﬁt%wq%?’ééhﬁ %@%%‘Mg %Hﬁ@éj

omgaﬁq%th as measures in colony 10 forming units by a factor of 104

IER4aRR control samples.

- The aqueous formutation was simply a water-based formuiation in which the active

ingredients (plant extract, metal salt, and in some cases, reducing agent) were

dissolved in pure water.

The cream formulation had the following composition:-
Aqueous cream (for 55 grams).

« Emulsifying component , ‘ 16.5¢
¢ Phenoxyethanol ‘ Q0559
e Purified water, freshly boiled and cooled 3795¢

Agueous cream is an emoliient and can be used as a base for drugs.
Phenoxyethanol is present as an antimicrobial preservative. It was dissolved in
water warmed to 60°C. The emulsifying ointment was weighed and melted on a
water bath. Both phases were kept close to 60°C, and then the aqueous phase
was added to the melted cintment. The mixiure was removed from the heat and
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As can be seen in Figures 8 and 9, the ointment formulation with added
Vitamin C exhibited a greatly enhanced activity/stability profile (compared

the aqueous preparation - results not shown) showing full r | é
8%lvﬁy gﬁﬁer 3 weeks, as 15 discussed in Example 3. In the rﬁé?é&}hon? 0743

study, as shown in Figure 9, considerable activities were afforded by the
three most active combinations (i.e. PRE/FeSO4A/itamin C;
PRE/CuSaWitamin C; and PRE Fe8$04/CuSa4Nitamin C). It should be
noted that activities without the addition.of Vitamin C were less active in
SHRELHSHErRP B RgEr ePATPaMF DrGIehsicndRadstniancmigmnt
jaExdepie:parblieraivasoftExamplecbovaiie deterninevhe artwaierobial
‘activities of combinations of pomegranate rind extracts (PRE) with metals
salts and Vitamin C against Staphylococcus aureus, Bacillus subtilis, E.
—@%—ﬁ’seudomonas aeruginosa and 25Proteus Materials and methods

F@m egramta madtmr@@ta(%aﬁfmwaﬂm F GREgIeNBIe:HNEEXEABLS -

S FRRRRTEAPLEIBHIPCAR oS ol I ks gy o

e crude extract muslln owe

55=Wﬁm?{fl§’”§ fittralitsi pelpdiy ﬁﬁ&rﬁjmﬁeaﬂ\m@@@fm ﬁsvm ﬁsmﬁlor to
acsiarpgenahcdtent deoRiskatifnIIPTIRRRACY SRR FRUIFEEl R I1y/Pre
Cg%raorgl% OSI'%I&_}/r_e gtragg%@maur%%seRS S%btlhsa the Gr m- ne§ éh

<UAn ?&S § asTugiiSsacana ml?ab(? [7e/g % SpEhtE
fﬂmﬁ@éﬂ@séﬂ@ﬂ@ﬁ G@(@iwmmﬁ ‘f)t)fma!ﬁmmi@q uwm@m 1o @BINteEatiind
addlea ¥R A A G MeNas SRS estMuglis rrﬂélﬁ&%&&@f
pr‘gpaatre ?'(gn éa’ta not shown} showing full retention of aclivity after 3 weeks.
Surprisingly, these findings are in sharp contrast to the cream or agueous
formulations, which in the former case had no activity and in the latter lost activity
after only 30 minutes. Therefore, the inventor has clearly demonstrated the
surprising efficacy, and retained aclivity over long periods, of ointment-based

formuiations. ‘This could not have been predicted frombrevinus work,

Referring to Figure 7, there are shown the resuits of toxicity studies that were
carried out using Trypan blue staining. Human breast cancer cells MCF7 were
used to examine the effect of pomegranate preparations on mammalian tissues.
Trypan blue staining was used to detect non-viable cells (appear blue stained
under the microscope). The MCF7 celis were grown o confluence in 75 mi éulture
flasks using Dulbeccos MEM (Gibca) supplemented with 10% fetal bovine serum
(FBS), 25 ug/mL gentamicin and 200 mM L-glutamin {(growth medium) and
incubated in a 95% air and 5% CO; atmosphere at 37°C. Cells were cultured for 5
days prior to treatment with the test substances. Confluent cells were detached
with 2 mi of 0.15% trypsin {Sigma) for 5 minutes, 8 mi MEM was added, and the
cells were centrifuged at 1000 rpm for § min. The supemaian{ was discarded and
the cell pellet was resuspended in 10 m! MEM and counted using a
haemocytometer. A 24 well plate was used to seed the cells using a cell

cencentration of 10%mi (200 ut per well).
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limited, U.K.). The extract (10 ML) was then spotted onto Whatman no 1
filter paper (5 mm diameter). Plates were incubated at 37C for 24 h, after
“;}giﬁﬁmgsggg diameter of the zone of inhibition was recorded
OAntimicrobial activity of PRE with the addition of metal sa
reagents were purchased from Sigma-Aldrich (Poole, Dorset) and distilled
water was used throughout. Overnight cultures on nutrient agar were then
suspended in Ringer's solution ( id, U.K.) to a tUrbldity equivalent to

EgTAﬁ 2067050743

) 0s CFU/mi). An aliquot of the. PF 330 p.1
e B e e L L R e R W

iryPRe RS alger ds defactuBO@imwRign ol e heshird siutioniams
sub@w@téﬁ%ﬁwﬁwmm@ﬁtﬁy\qa‘eﬁsﬁ% 1998 &gﬁﬂ%%ﬁ@?}bﬁ%@&f}%&%g}%he
approprigie pacierl lution, was prepar an ) D. aced In a sterile
) pﬁgﬁ%apgeﬁéo&’#ﬁi%%%cgﬁ rf'f%g]égdtu §6WI ﬁegﬁ f%pﬁpg\& ﬁéﬁﬂé‘é‘?ﬁ@&m salt
spregsi itidn aATisrasgeasutise Ribchaerediwitb e rsirdiccben ryemined under

the RiIBSEBRE e NbS-AetAlAE higbackICiHabRAR M MAR B QWTAlZGCh DY

‘ pgd%%n equal volume of 2% (v/v) Tween-80 (Sigma Chemical Co., UK)

SXOWE 44 buffer. Serial dilutions were prepared in Ringer's solution (105),
10 1JI of each dilution is spotted on nutrient 25 agar plate and incubated

Thel@@thousal sobm FAS @@%y&%aqnmﬂagﬁéepﬂgﬁé@m tigycrobial
Ctlvﬁ% ﬁi@% E with the addition of metal salts and Vitamin C The assay

viallg (& Ded BB $6U6dRiIRARY HARR SMSG R0 AT G tamin 30
treathyiis: agiie dvit (RBETEACGICEER0AEUSD4) sbivditmimnivediatsly rutior
verﬁ%wing with the PRE. Aliquots of Vitamin C were made to give final
metal ion:Vitamin C 41 ratios (and Vitamin C concentrations) of 1:1
(4.8mM), 1:5 (24nM), 1:20 (96mM) (metal salt:Vitamin C). 700 41 of this
Exaguallatibn was then added to PRE. Fractionated PRE assay 5PRE extracts

BasWiPle HaTLOnMeH BYAmpleaU AL WRHL IR MIl I BRIGHERAN R Waniity
of the product formulation. A wide range of combinations were tested fo optimise
the efficacy of the active preparation. Final products were identified which
retained considerable activities over a five month period. in addition, the inventor
carried out further experiments to investigate:- (i} the activation of PRE using
copper (I) salts, ii) the activation and enhancement of the PRE/Cu combinations
using Vitamin (_1: and i} the optimised formulation being an cintment.

Materials and Methods & _

The inventor compiied a set of seventeen test preparations for each infectious
agent tested, In all, aclivities were assessed against ten exiended spectrum Beta
Lactams (ESBL) Pseudomonas aeruginosa. For the most active preparations, a
number of formulations were prepared including creams, aqueous preparations
and ointments were prepared. These were tested immediately after preparation
and in the ensuing months to determine the optimum retention of aclivity over

time.



10

15

20

30

devices (nominal M. Wgt, cut-off = 5,000 a.m.u.) and the resulting extracts
were tested by the disc diffusion method outlined above. Results 10Disk

W8 gfo%g ion.assay Using the disk diffusion method antlmlcrob@&xla/fﬂﬁ%d%w,m
were examined against a panel of five microbes. Maximum activities for

PRE were observed against the S. aureus and B. subtilis. Moderate
effects (zone sizes) were seen against Ps. aeruginosa and P. mirabilis
and there was little activity agains¥¥E.coli. The 15 average zone diameters
werel7 mm, 14 mm, 9 mm and B mm for S. aureus, B. subtilis, Ps.
Reggpuginosa and P. mirabilis respectively. Antimicrobial activity of PRE with

Thé?&%ﬁﬁ’é@%&ﬁﬁfmﬁﬁ%@ﬁ& WERacatinrierobiahactititesiak RRE-edtaatitsty
along With the metal s ves 20 i
A e e i R
to Faffeets, Gierrtakinme ma@@msafﬁ@t%%rﬁswr%ﬁ?ﬁ&%lféﬁf%mm%
exp@gﬁ@ﬁgtﬂk%hmﬁmgn@ﬂ%ﬁ%?%ﬁ@ﬁ@ﬁ@ﬂﬂo @K@Sﬂb@nswmfhﬂwghmﬁlmmg
be due to the short incubatjon time o
o, e R BSCOREAFR A LD s e e
pregreaiast oéseHtsgénivereoseenfiay ainEE. &%&‘f@é@sﬁﬂﬁﬁtﬁﬁ Figure 10) with
Cu (l) ions reducing the cell survive population by a factor of 104 '

compared to the buffer. The most striki sult was see
WQ:@?%%W%%%W%&% RES I?S(%v‘(‘/%‘ére fo a elfg%% %/%Qé rQ wth was
forrapgrunittode eetecantohicYbiialmetdity WaseRed MMES-(11) ions and PRE

in combination against S. aureus that reduced the surviving 30'Deputation

by circa 103 compared to the buffer (as shown,i W

As 2@@9%?@5@?[@%%@5?%?@1{%8 ??m Ui%lar] f} S o}igaggnwnh

exHibgaddiientgfenesakad! tedvity/ Stshilitn el fmgmmié@ e rsuepid cted

pret?noarea%g ncr%éu%ar?f& é%%%k;?@% naR ek empinalomand featdcidate

mechanism of action sed upon awt%t%v%omdatl e daraage
eta

d'SWé%mﬁﬁaﬁffé?&dlﬁmg‘FﬁﬁWQmﬁ%’ RMhe'inventors

considerable activities were afforded by the three most active combinations (i.e.
PRE/FeSO4/Vitamin C; PRE/CuSO4/Vitamin C; and PRE FeSO./CuSO4/Vitamin
C). 1t should be noted that activiies without the addition of Vitamin C were less
active in the short term and longer term for any preparation and formulation.

Example $
The aim of Example 5 was to determine the antimicrobiat activities of combinations

of pomegranate rind extracts (PRE) with metals salis and Vitamin C against
Staphylococcus aureus, Bacillus subtifis, E. coli, Pssudomonas aeruginosa and

Proteus mirabifis.

Materigls and methods

Pomegranate rnd extract (PRE) preparation

Pomegranate rind extract was prepared by blending 15 grams of PR with 45 mis
distilled water for 10 min. The crude extract was filtered through muslin followed
by Whatman No. 1 filtration paper and autoctaved {121 °C for 15 mins) prior to

storage at -20 °C.
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5 assessed the antimicrobial efficacy upon addition of the reductant
Vitamin C. Owing to the high activity exhibited for the PRE/Cu(ll)

against all Gram-negative isolates, the inventor
ad |t|on l:'?glltamln C to the PRE/Fe(ll) combinations (as Shgﬁ#ﬁ%ﬁ@gms
12). For E. colt, a decrease in growth of 102 was seen with the addition of
a stoichiometric equivalent of Vitamin 10C (with respect to metal ion
concentration). Addition of 5 and 28 equivalents of Vitamin C resulted in a

Drsﬁ%%l% olt wth of 103 and no discernable growth respectively. For S.
“a“““ure_aé%ngwus

of Vitamin C to the PRE/Cu(ll) mixture had no significant
Ovesrisht sHBHEC AR rBIRCSMAKEHSHSct 2178 1 & 26ubiliny arshiasof
GravfitanymiC: (Seathetestahie, @@MBF@@@@&@H@@FWB@MQ;%@@%%W& In

in FONgErLANMESIRBIG e R4S Ll anidanBlasian GfRENER 5,

Jecte onétlon Rominal mofectiarf Welg
10° f?é‘“&(mi Vit éﬂ@orh|waswmb@m&wmmgwmda®mmﬁ%ated

imifBREaeseIRRLURg (15,29 Qé%ctﬁgﬂ%BﬂéH%B%ﬁ&rﬁgﬂ‘@(B ihylgole 2,

similar activities were exhibited he low molecular weight fraction in
PaPEhfRERSYATE ik RS piREe w&ﬁ?@‘tﬁd BiahetefosLthd. #fse isrtimetivon
diarobiimeridhemoteaf amitttightdmactenrdé®RE compared to whole PRE (t

SEM) against a panel of five bacteria. 43 Discussion In this study, metal

salts were applled tofurther enhance the propertles of pomegranate.
Antpiaiphipkactidy HEREWIh baridlisnabmelal 5915 assess antimicrobial
All magm;sammana:m %mm&ﬁ&@mm{d’m therEREmpdianest S5

watBE4E BOAINRIING BIRAOSIINE QIARRIHIS S BB A, St

Disc diffusion as essment r weight fraction o PRE

suseprskinRdngatimtersing Esmigoldhi & sfipRiityearvmenivieif<5000 Da
Moﬂmﬁmﬂ(ﬂfstheze&cawdﬂpwwar?mﬁbetﬁamw?e%ﬁo BEda&ned
ittle o no antimicrobial act of t cteria teste
o 7 B R Ao SRR A PP ST S AT On
Mn3factéri@)thé reofinbiralidive R Br@edtddemes Hgbtt{Setwas SV tDoR J.
AppfifteriaBiesgreniy@pserved with all three isolates after 30 mins. For S.
aureus the addition of Sand 20 equivalents of Vitamin C to the PRE:Cu(ll) .

15result in no detectable growth after 30mins. The addition of Vitamin C to
The appropriate bacterial dilution was prepared and 50 pl placed in a sterile

Eppendort micro-centrifuge tube with a 100 pi of the extract/metal salt solution.
After exposure of the bacieria for 30 minutes at room temperature, the activity of
the bactericidal agent was neutralized by adding an equal volume of 2% (viv)
Tween-80 (Sigma Chemical Co., UK) in Lambda buffer. Serial dilutions were
prepared in Ringer's solution (10°°), 10 ul of each diiution is spotted on nutrient
agar plate and incubated for 24 hours at 37 °C. Each assay was conducied in

trinlicate,

Antimicrobial activity of PRE with the addition of metal salts and Vitamin €

The assay was carried outf as described above with the'foiiowing addition: Vitamin
C was added to the metal ion (FeS0,, CuS0s) solution immediately prior to.mixing
with the PRE. Aliquots of Vitamin C were made to give final metal ion:Vitamin C




10

15

20

25

30

PRE:Fe(ll) also resulted in a reduction in growth for S. aureus of circa
10410g13. In conclusion, PRE in combination with Cu(ll) ions exhibit
“%Qm%gﬁé@erglstlc antimicrobial effects against E. coil, Pswmsems

aeruginosa and Proteus 20 mirabilis and moderate activity against S.
aureus. The active component(s) in the PRE are found in the low
molecular weight fraction. The addition of high quantities of Vitamin C
markedly enhanced the activities offfoth PRE/Fe(II) and PREICu(ll)
a%] x] 5 alnstgtt least S. iaur 323?5 le 6 The aim of this
(W28 IR QB%? étﬁl@o%h enfidAEmYithe
(Wlws\bmw’mubhﬁtbai sabltitesal Shaurettdibirprisolates were
tested which include 10 MRSA (methicillin resistant S. aureus), 10 MSSA

(multlple antlblotlc resistant methicillin resistant Staphylococcus aureus)
Frpslignated BREE8S8M entine Leukocidin (PVL) producing cMRSA isolates

PRE mﬁmm%mmmmwwm?@a@w%@% Derlemkesidin).

tr 3 C vities om nate
o e S I R SRR
tepig BolipviseriBsiorsetinddosdebss3PCT/GB2007/050743 44
MRSA and MSSA strains, exposure to copper (lII) ions for 2 hours had
Rg@gﬁgrate activities of between 102 to 103 logio reduction in growth, which
"“W&S“enhanced by the addition of PRE to 104 loglo reduction in growth
gl SR B8% of the isolates. However, the PVL positive cMRSA

U§H§ﬁh& wga&smﬂﬁslﬁ@bﬁm@ﬁlﬁﬁmvem@mé@émmamst a
rate act |eess ata)}grtn\’\é%n 0 1Io i0 l1“:,§jéjctlon in growth for 6 %q%é
i eatﬁ 5t6 PR eﬁracq%? on

e |so ates. Materials and orneqrana
aureus and B. sublilis. Moderate effects {zone sizes) were seen against Ps.

aeruginosa and . mirabilis and there was little activity against £.cofi, The-
average zone diameters were 17 mm, 14 mm, 9 mm and 8 mm for S. aureus, B,
subtilis, Ps. aeruginosa and P. mirabilis respectively.

Antimicrobial activity of PRE with the addition of metal salts
The antimicrobial activities of PRE extracts along with the metal salt additives -
were assessed using a modified version of the adopted by Stewart ef al. (1998)

for cbserving the additive effects of metal ions. PRE alone did not exhibit
antimicrobial activity against the majority of the bacteria tested; except B, subiifis,
which may be due fo the short incubation firne of 30 minutes. Against the Gram-
negative isolates the metal ions showed moderate activity, the greatest resulis
were seen against £. cofi (as shown in Figure 10) with Cu (If) ions reducing the
cell survive population by a factor éf 10* compared lo the buffer. The most striking
result was seen with the combination of the PRE with cupric salts where no
detectable growth was seen. Moderate antimicrobial activity wés seen with Cu (1i}
ions and PRE in combination against S. aureus that reduced the surviving
population by circa 10° compared to the buffer (as shown in Figure 11}
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10Pomegranate rind extract (PRE) was prepared firstly by cutting rind into
smaII squares (approximately 5mm2) which were dried at 55C for 24

% tored in an air tight container in the dark until fngQ;iE;E Z;Ggg.m
r at

Y rinc Was added to 150m1 distilled water and place ina s
80 rpm) at room temperature for 24 hours. The crude extract was passed
thought muslin and a Whatman filter,No.1 to 15remove the particulate
matter, prior to filter sterilising by passing through a 0.2um filter (Millipore),

Alioiasirtile-haitle of peeXiariNas SiRls ka2 Clar SUHNRLSS, ¢

FE cteral Isolates C{élC&T olates of methicillin resistant (n=10), méthicillin
LR A5 B 20 SRS &8@%@%%@%%%&@%
CoPaintetiov alehtingllaiie didinnprdeutngof MIRSA [Batd) wereisadiinthe
o:8dEVe E&%M@%@BH&M%%@H@%@@Q@&%@ %@méﬂ et?Beo?é%ﬁm s

Marsden Hospital (London, UK) and the cMRSA isolates were collecte

asf?gﬁﬁﬁ@Bgogﬁ'ﬁﬁ?@'@)@f@??yo%?ﬂgﬁ?”ﬁﬁé’ﬁ%éﬁf&%&?@%ﬁ!‘ﬁjFed over
Owightothabigie athdare(itdiel, factiob ARy BY & mbihiien 25&ezenin

ca%%@%ﬁ (BrosiaRyy) fls GAHIN £ a%@g%@ﬁﬁp%\%%%ﬁ/@”nkso'é?s e

ssa ed twice on nutrient agar Ica assays mﬁture

EBisrMBRBIPTRIRG Senmght Earks: oﬁ%ﬁrlé’;ﬁfia@ﬁ?ﬂﬁ%@ﬁﬁéﬁe then
grswﬁpeﬁﬁﬁdm&sRE&JBFJBFSWHﬁﬂzﬁBﬁQ:Labtdzdﬂlﬁm}ﬁ@tmth&wméﬁﬂ@ﬂWﬁﬂHO

o RMEEAIRIR L3 o108 Gl P adl SAARSIRISFeDial R, of ERE Wi

the addition of metal salts All reagents were purchase

Viggin&-mgtitas (pSIRAUSHRSED YR Bishiled =0 ke disrematieardhemical

reshle@ntiréagiouiviEne, radiitae usedanas ano %Mﬂgn afikhak had
roi Iture.s
T B B S e T A e
of \ikBitd iggieniaiicosn aﬁﬁaf }1.5 x 108 CFU/m1). An aliquot of
the PRE extract (330 pi) was added to 700 pi of the freshly prepared

FrSOMHHORS BRE T Pf |

in order to investigate the mode of antimicrobial action, the PRE was subjected to
fractionation on the basis of nominal molecular weights. The fraction with a
nominal MW below 5,000 was compared to the untreated PRE assessed using the
disc diffusion method. As shown in Table 2, similar activities were exhibited by the

iow melecular weight fraction in comparison to the whole PRE,

Table 2: Diameter of the zones of inhibition of the low molecular weight fraction of
PRE compared to whole PRE {+ SEM) against a panel of five bacteria.

Crganism Low Molecular Whole PRE fraction
Weight Fraction
<5000 Da

S aureus 11095 450,14

B. subtilis 13 +£0.08 . 15 £ 0.14

Ps. Aeruginosa 8 +0.09 ‘ 8+0.14

P. mirabilis 7 +0.00 |7 20.00

E. coli a 0
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5 metal salts (FeSO4, CuSO4; the final solution was protected from light
(Stewart et at 1998). The appropriate bacterial dilution was prepared and

i aced in a sterile Eppendorf micro-centrifuge tube wWithy 2,300 Phs%43
e extract/metal salt solution. 10 Following treatment of the- bacteria for 2

hours at room temperature, the activity of the bactericidal agent was
neutralized by adding an equal volume of 2% (v/v) Tween-80 (Sigma
Chemical Co., UK) in Lambda buffé?. Serial dilutions were prepared in
Did Rin ers solutlon (10-5), 10 pL of each dilution is spotted onto nutrient agar
‘pﬁaf%‘and incubated aerobically for 24 hours at 37 C. Each assay was
In H5eamiby wetahsaiflivere. sntied dedbiticicivignot PRErapdtisstel salts

powggrﬁeezed@F@MW@WM@&@@%&MM%% thhgantimicrobial

R B ot PG AR B TR e SOV T, B e

acivasiatidetibe themeiasibetordzmising (Conugetratiod Sofsufvéikain Tisvere
diﬁ@g%daQ%@Q&@%WEJ%W‘MBQé@%@%@&gﬁt(ﬁa%ﬂwa:bﬁé%s%

1§9E,SmM{?§metal salt: Vitamin C) was added to the metal solution, 700 pL of
AR SRR BRGNS SRR RN RIBRBIP R 8 e tration
exifhtiC }-istewaniiatiba eﬁ%r&nc&@aﬁ@ﬁb VR Badihdisroplatditivenao

anfVRRBERY WiHRle r%E'SHPP JRROb S0 fudaieh wasadded @tﬂ&g&lﬁm

water in a concen ratlon of 800mg/ml, The plates were prepared as
NCHARSIRR 61 of four-times strength Iso-Sensitest broth was added to the
first row of wells and 50p1 of double strength Iso-Sensitest broth was

ol AT BB Rl TR AR bl S0 Rheg PR

was ad rom row A was transferred to row B

and mixe |
oSl sRan, Qﬁrecﬁegeggowfsoe@ﬁméw%%wﬁe iSRG BBRA 9 BlRn
Fom@is aemey ¢ekfadditive bfSanmd disequdedeTthen Witerovalnig i BRESR (g re

YRRl RcE sOUOI HUBRLLAKAG AAMEERnd (1.5X108

cfu/m1). 50p1 of stuspension were added to w ration of
PREITE(R dlan resubebingietyeinsugiierd fan §a@%§ﬁéfr€<@aﬁﬁe’%m in

Triplicate. All plates were incubated at 37C for 24 hours. After |ncubat|on

in 8091%859@@ Ré‘%&ﬁzﬁlﬁ%%@@ter HeS QUM R ARPL A st

incubated at cubatlon the plates were xamlne

anipGEIBIRh R HroakPBrits biAh & PrELEmAIDT ABEEMasHRGRIWIE finimum
mishikitan carkesisaionitdeigsnnagionedtRRIHE aGvd conpainatios) Hee

PR%Z%%?%@\% R QRAS RGP ADEH oML RABA ST iR i HMities
of Vitamin C markedly enhanced the activities of both PRE/Fe(il} and PRE/Cu(l)
mixiures against at least S. aureus.

Example 6
The aim of this Example was to explore the potential role for metal ions in

enhancing the activities of PRE against clinical isolates of S aureus. Thirty
isolates were tested which include 10 MRSA (methiciliin resistant S. aureus), 10
MSSA (multiple antibiotic-resistant methicillin resistant Staphylococcus aureus)
and 10 Panton-Valentine L'euk.ocidin (PVL) producing cMRSA i_so[ates {community
acquired MRSA, which produce Panton-Valentine leukocidin), The example
demonstrates the antimicrobial activities of pomegranaie rind extracts (PRE)
against Staphylococcus aureus (MSSA), MRSA and PYL positive cMRSA. For
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10 were prepared as before but using four times concentration of half the
determined MIC (ie. If the MIC was 4mg/ml, half this would be 2mg/m1
wipshibgrgfore stock concentration would be 8mg/m1). Addltl E{TIR%%H%Q(% 43
was made to the PRE suspension instead of sterile water. 15Results anc
Discussion The suspension test method outlined by Stewart et al (1998)
J. Appl Microbial 84:777-783, was adapted to assess the antimicrobial
activities of PRE extracts along with the cupric salts. For the MRSA
isolates; t PRE on its own, had marg activi ainst all iso
MRS s R DA FYSGRAELS FRREER AL S e CO e T
actividetenateaeitios’ of mﬁmmr@@@t@ﬂ%gmwmmmﬁgmwmed by
me'aamfﬁ&f'ﬁs@%MW@;%P&&%%R%&&%@M@ SuERrEiagieexhibited

an enhanced aCtIVI{:‘Xé 4 logic reduction in growth which were observed

isolpiesook S BvE'idbRaled- RRifP LGRS WERD B ISER AGHEF IR (TS SA

seristilates coftendliéat effedtier thelPRE atdntiebuf hdditien H8ogth ions

redﬁgﬁ:fﬁ ﬁﬂﬂﬂr}g?g@p@t&fﬁg@&mgrobm activity for 80% of isolates by

rders as shown in Figure 14). For the PVL positive cMRSA
' |solates the PRE on its own, had marginal activity against all isolates

Magitigiegndmeantigst to the MSSA and MRSA, the PVL positive cMRSA

Pois lsolates @’?%%‘iﬁ% uh __'o %%lve to copper (Il) ions and had moderate 30
og reduction in growth for 60% of the isolates.

Powmyter@mmraﬁrﬁ%%|m%@%ﬂa BrncyiiRernAdtafEatss
sq@%l(té\abrdﬁrﬁét@lg mﬂmzmwewmmﬂmdmowe&mumhmgrmmm

40% in line wit 6 5).
i 4 & S O P S TR U ot BRI B
'fsmésﬁﬂi@m@mmmeawéﬁamwé@%ﬁ@.:ﬁ@mﬁfa?@@HSWHqWéﬁafe@%
nodrablend-dMininaum inlhdiess sen aenipationelPiE andhGntddioridand in

orSOmhination o ‘{%lnst Ein isalates %FQ{QJ:%%%% M§§ﬁt§@%ugh 2 0.2um

ton TAVE N pro ucing ¢ solatesNo. ofM
ﬂ!te(rn(]@;}&nprpplgtc a sterile botile. The extract was stored at -20°C for future use.

Bacterial isolates

Clinical isolates of methicillin resistant (n=10), methicillin sensitive (n=10)
Staphylococcus aireus (MRSA and MSSA) and Panton-Valentine Leukocidin
producing cMRSA (n=10) were used in the study. The MRSA and MS35A isolates
were collected from the Royal Marsden Hospital (London, UK) and the cMRSA
isolates were collected from the Devon and Exefer Hospital (UK). The isolates
were cultured err night on nutrient agar (Oxoid), aerobically at 37°C and then
frozen in cyrovials (Pro-iabs) at -80°C until reguired. Prior to use all isclates were
passaged twice on nutrient agar aerobically at 37°C. In all assays culture were
prepared by using overnight cultures on nutrlent agar that were then suspended in
Ringer's soluticn (Pro~Lab, U.K.} te a turbidity equivalent to 0.5 McFarland (1.5 x
108 cfu mi™).

Antimicrobial activity of PRE with the addition of metal salis
All reagents were purchased from Sigma-Aldrich (Poole, Dorset) and distilled
water was used as a chemical diluent throughout. The method used was an
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adaptation of that described by Stewart et al (1998) supra. Sn‘ef!y, ovarmight
cuitures on nutrient agar were then suspended in Ringer's solution {Oxoid, U.K.) to
a turbidity equivalent to 0.5 McFarfand (1.5 x 10° CFU/mI). An aliquot of the PRE
extract {330 ul) was added to 700 yi of the freshly prepared solutions (4.8 mM) of
metal salts (FeS0,, CuSQ0,); the final solution was protected from light {Stewart ef
al. 1908).

The approptiate bacterial dilution was prepared and 50 ul. placed in a sterile
Eppendorf micra-cantrifuge tube with a 100 ul. of the extract/metal salt sofution.
Following treatrment of the bacteria for 2 hours at room temperature, the activity of
ihe bactericidal agent was neutralized by adding an equal volume of 2% {viv)
Tween-80 (Sigma Chemical Co., UK} in Lambda buffer., Serial dilutions were
prepared in Ringer's solution (107%), 10 ub of each dilution is spotfed onto nutrient
agar plate and incubated aerobically for 24 hours at 37 °C. Each assay was

carried out in triplicate.

Antimicrobial activity of PRE and metal salts with the addition of different

concentrations of Vitamin C

The antimicrobial asséy was carried out as previously stated with the following
modification. Before adding the metal salts solution fo PRE, Vitamin C was added
to the metal salts. Varving concentrations of Vitamin C wers added comprising the
following ratios; 1:% (4.8mM}, 1:5 (24nM), 1:20 (96mM) (metal salt: Vitamin C) was
added to the metal solution, 700 uL of this solution was then added to PRE.

Minimum inhibition concentration (MIC) determination of PRE and CuSQ,
Micro-dilution plates were prepared with freeze dried PRE or CuSQ, which was
added té sterile water in a conceniration of 800mg/mi. The plates were prepared
as follows, 50w of four-times strength Iso-Sensitest broth was added to the first
row of wells and 50u! of double strength Iso-Sensitest broth was added fo alt

remaining wells. To the first row of wells 50 ul of the PRE was added and mixed,
SO ul of broth from row A was transferred to row B and mixed, this process was
continued to row . Finally, 504! of broth was removed from well F and discarded.
Then the overnight cultures were suspended in Ringers solution to a turbidly of 0.5
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McFarand (1.5410° cfu/mi). 50pt of suspension were added to well A {final
concentration of PRE in well A = 200mg/mi) ‘rhrough o G. All samples were
carried out in Triplicate. All plates were incubsted at 37°C for 24 hours, After
incubation 10ut of broth from each well was spolted onto nutrient agar and
incubated at 37°C for 24 hours. Afier incubation the plates were examined to
determine breakpoints by the presence or‘abse}née_nf arondh,

Minimum inhibition concentration determination of PRE: Cus0, combination

The assay was caried oul as above with the foiiowmg changes: PRE and CuSQy
were prepared as before but using four times concentration of half the determined
MIC (fe. i the MIC was 4mg/mi, half this would be 2mg/mi and therefore stock

‘concentration would be 8mg/mi). Addition the CuS(4 was made to the PRE

suspension instead of sterile water.

Results and Discussion .

The suspension test method outlined by Stewart et ai (1968) J. Appl Microbial
84:777-783, was adapted o assess the antirnicrobial activities of PRE extracts
along with the cupric salts. For the MRSA isolates, the PRE on its own, had
rmarginal activity against all isolates studied (as shown in Figure 13). In contrast,
the copper (i) ions had moderate activities of betwsen 10° o 10° log reduction n
growth. However, in combination the PRE/copper(ll) mixture surprisingly exhibited
an enhanced activity of 10% logso reduction in growth which were observed in 80%

of the isolates. Similar resuits were observed for the MSSA isolates, with no real
effect for the PRE alone, but addition of Cu{ ity ions affording enhancement of
antimicrobial activity for 80% of isclates by 10° log orders {as shown in Figure 14).

For the PVL positive cMRSA isolates, the PRE on its own, had marginal activity
against all isolates studied. In cdnirast o the MSSA and MRSA, the PVL positive
cMRSA isolates were aven more sensitive to copper (1) ions and had moderats
activities of between 10° log reduction in growth for 60 % of the isolates. Notably,
for 40% of the isolates less reduction in 'growth indicated less sensitivity to Cu{ll)
ions, however, addition of PRE reduced the growth in these 40% in line with the

copper-sensitive 60% (as shown in Figure 15).
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Determination of the MIC of PRE and Cus0y individually and in combination are

shown in Table 3.

B

Table 3 - Minimum inhibition conceniration of PRE and CuSQC, alone and in

combination against ten isolates each of MRSA, MSSA and Panton-Valentine

Leukocidin producim cMRSA,

lsolates  No. of MIC {mgfmi)
_ type isolates PRE CuSD4 PRE/cuS0C4

MRSA 1 1258 3125 6.26/1.563
1 25 1.563 8.25/0.781
2 25 3426 12.6/1.563
3 25 1.563 12.5/0.781
Z 125  1.583 6.25/0.781
1 125 1563 8.250.781
MSSA 4] 25 1.583 6.25/0.391
3 25 1.563 "12.5/0.781
ki 25 3.125 6.26/0.781
1 125  1.563 3.425/0.391
4 125 0.782 3.125/0.198
3 125 1.683 6.25/0.781
PYL 3 25 1.563 6.25/0.391
4 25 3.125 6.25/0.781
Z 25 0.781 8.25/0.195
4 25 1,863 12.5/0.781

. PRE had an MIC between 25-12.5mg/mi for all isolates tested. The combination

of PRE: Cu{ll} against all isolates of 8. aureus resulied in values which were half
or a quarter of the MIC of PRE or CuS04 alone. Thus, a considerable additive
effectis seen against S. aureus for the combination.

In conclusion, PRE in combination with Cu(il} ions exhibit sumprisingly synergistic
antimicrobial effects against three classes of 5. aureus. For MGSA, MRSA and

"PVL posifive cMRSA isolates, antimicrobial activities were exhi'bited by the

mixiure, The inventors believe that they are the first to report of the efficacy of
pomegranate against PVL positive cMRSA isolates. ‘



o

20

25

30

10 PRE had an MIC between 25-12.5mg/mlfor all isolates tested. The
combination of PRE: Cu(ll) against all isolates of S. aureus resulted in
whdkgswbich were half or a quarter of the MIC of PRE or Cy2Q4-ala€us0743
Thus, a considerable additive effect is seen against S. aureus for the
combination. 15In conclusion, PRE in combination with Cu(ll) ions exhibit
surprisingly synergistic antimicrobial effects against three classes of S.
aureus. For MSSA, MRSA and P\ positive cMRSA isolates,
antlml robial activities were exhibited by the mixture. The inventors
“‘%@%%e that they are the first to report of the efficacy of pomegranate
Exagainst faniopesitive EMRSinisokinacigiexahnsiaspexainpladrexiracts
(Pﬁﬁgwe&mﬁ%mmm@?@@ @&txg@%&ﬁ@meg{@a@@@ RekRIEFAGE

R sy DR
weaaeutngmea ol drkedyastivitie8 S Giepecobtioesovbictheete weesity PRE:Cu

enRERPASHPRTWAIFD RS SRRl SRAANCE BN %@Wi@ﬂ eééaﬁréssw @ﬁné
Vitamin C. An ointment preparation of the PRE: E@" :Vitamin ?ﬁﬁ%%

PREGBAHLS iEE st a0 iRk Rrrette ssiisly KoL

theCuftdsprepimgtion iovesptinee manth shperiodniiG\taterals and methods
Pomegranate rind extracts (PRE) were prepared by cutting the rind into
small cubes (approximately Smrn3) which were dried at 55C for 24 hours.
¢ FRE- N8 8Wred in air tight containers in the dark until further use.
Poﬁm‘am&ltfﬁagmmﬁaﬁ@cbw;&ddmgﬂ@gm thaditd IB0=hadistilled
cul LR %&%%Qaf BN@&J@@H&&%PQ@*@W&%&M%F@@TM

cru extractw S passe rou h muslin and a Whatman filter No.1 to

WaFeHRSGE m@lb%@h&r@ma@@fs a‘h% RarsHerliBath Bl M58 s sHRPihalYRE y e
praparédtey @ddimprepiotatey skedite i, ddiidaRBEstcrid sbistkiogsal&ferpm)

at %85?%%%%@%@%5%‘%@0 8%%@91&:-9&‘95@?@&@&@ B8y OB,

aeruginosa), were collected at the Roya arsden

aeruginosa
an@l%é’}?hﬁi"(@ﬁﬁgﬁr K. tpHEMSYRTbe pRstS! BRI SieflRAd M agar

" paSmgitkréligh arsl2hen frez eiiinpeyeprials ReaitabsttielK) Hor i sarke. 25

SDNI%r%a gpet%,{v(\)/ egﬁu%:;%ed from Sigma-Aldrich (Poole, Dorset) and
distified Water was used throughout. P. aeruginosa isolates were removed
from the freezer and first passaged on nutrient agar twice before use.

CiQvenRighlsuiures e isaphagasyrieniben suspendadHSRiMYer's

solution,(Oxoid fur rl (5 x 108
T G I S B T R
zsotawwww@w@@mmam@hm%%@a fHbsmiozsRdD4,).
cyrbbRiinakspiutioonyas-preiasted from light (Stewart et al. 1998). 49

All reagents were purchased from Sigma-Aldrich {Poole, Dorset) and distiiled
water was used throughout. P. aeruginosa isolates were removed from the
freezer and first passaged on nutrient agar twice before use. Overnight culiures
on nutrient agar were then suspended in Ringer's solution (Oxoid, UK. to a
turhidity equivalent ta 0.5 McFarland (1.5 x 108 CFU/mI). An aliquot of the PRE
extract (330 ul) was added to 700 pl of the freshly prepared solutions (4.8 mM} of
metal salts (FeS0,, CuS04,). The final solution was protected from light (Stewart
ef al. 1998). '
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The appropriate bacterial dilution was prepared and 50 p.l placed in a

sterile Eppendorf micro-centrifuge tube with a 100 p.I of the extract/metal
wisaolsion. After exposure of the bacteria for 30 minutes at, [2019 2007 050743

temperature, the activity of the bactericidal agent was neutralize

adding an equal volume of 2% (v/v) 5 Tween-80 (Sigma Chemical Co

UK) in Lambda buffer (Stewart etal. 1998). Serial dilutions were prepared

in Ringers solution (10-5), 10 pl of €4ch dilution is spotted on nutrient agar

lte and incubated for 24 h t 31C. Each ducted i
T ) e Y e Ho e MU .
Eprtﬁmﬂrﬁg:mwmmmammeﬁmas &mmedorctﬁbemtw@ms%wwim
AriPBISHRIRI PR B RXING With the B 8%%';@905 of %ﬂ&% -

made to give final metal ion: Vitamin C ratios (an
the %%@ﬁ?éﬁﬁﬁ%%a iRl d eeq@drﬁwﬁlegea(%m @fr%’faﬁéalt
Tweiadin BIne0CiptafdflicsoWKY i WasmbaebadsedeWRRE: 45 1506,
e B s e T et et S%g’@gg s

aqueous cream e composit rou
%aw%mrméeiﬁemwwﬁggmm@m Yintierit B6y
wapbenoxyethanakbiRa«ried magnesium sulphate, 29.1g purified water. The
components were mixed until they 20 formed a smooth ointment. The
composition of the aqueous cream base was 150g emulsifying ointment,
ThesgsshE MER ariasbbairb3esoriparifiboevearish Tadaomipg medtonevianiked

C whdibdaey fonmeharSIMAPiBIGHeA ThiTakibRID MErYeRS SailainingPRE,

R G R e

VitgmindikensasEateniation, mmaﬁma@wreawasmmmﬁme
VitdRHR @060 3N a6 8hi0 R4 ALK RN RENREE LI OepaM was first added to 10

ml of sterile water and vortex until dissolved in water. The appropriate
bacterial dilution (1.5*108CFU/m1) was 30 prepared and 50 pl was placed
Twﬁrffﬁmtéaﬂbrspwﬁdmﬁpmedmnémﬂfa@wthwmm&%{@rﬁféh%queous

crestMuiiRlionsRlaR. WME@W?@@M%?Q&%%%%??%%%%&Q&S foi?o

it %rmulat ons were stored in the dark at 5C and rior
(or 2D ATy (AR AR RS IR SOt R Pl it
mameemtamsci;mew |§elamfasmdnmmasmwgmﬂs&:mrmsa@r@ﬁtﬁeﬁw@

fonhbg desascly FIRE.Alony erdn samRinetien i mefellons, Elgure 16 aives

the re iég s &the suspension test m thod used to assess the antimicrobial

1508 GovIRoan PREY AR Ry %ﬁi‘?ﬂ@?ﬁ 3479 RyfHad wale: Bdiecontrol
congampitsyeREndlod etz dneg mignificastrefitic ttasorb atbribatH e GHeh):

[.onré?rﬁrt@?‘ﬁé rﬁ%@&&e'ﬁr@ﬂ@%ﬂ&ﬁm %QrJ%Q'%u?QQ%BSOe'“ %J%J’B?@

va uesé A minor reduction in growth logio) was observed upon
wasHssEReaR haeREE Sl BTrﬁaﬁiﬂ‘r sﬁ‘éséiﬁe‘éféﬁmir@aﬁﬁif@rﬁdmﬁ
o ire@salmeokdidted in a reduction in

The sssay was carried out as abéve with the foliowing changes. 0.5g of either
ointment or creamn was first added to 10 mi of sterile water and vortex until
dissolved in water. The appropriate bacterial dilution (1.5*10% CFU/m!) was
prepared and §0 ;ﬂ was placed in a sterile Eppendorf mierowcentrifuge tube with a
100 pt of the formulation solution, which was assayed ae described above.
Formulations were stored in the dark at 5°C and for 3 months, prior to re-testing to

determine loss in activity.
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10 growth of ca 102 logic. However, in contrast to the result with
PRE:Fe(ll) where marginal effect was seen, Vitamin C addition greatly
W@% £d the activities of the PRE:Cu(ll) combinations. Adqjm%E D& <0743
equivalent of Vitamin C enhanced the growth retardation of PRE:Cu(ll
from ca 105 to ca 103logia reductions. Five equivalents of Vitamin C
afforded a 104 logia reduction in growth and for 20 15 equivalents of
Vitamin C no detectable growth wa¥observed. The results of the
B esél@%ension test method used to assess the antimicrobial activities of
‘ ent formulations are given in Figure 17. The ointment PRE:Fe(ll)
Nige mbitrafion wihtaridddisatisnines gbfecadeductiorsamgionth wbt02 loglo
sullcRReanteaskdadbe poresponding Acsomadormuiationaviich exibied
. no significant gglivity (as shown in Figure 16). In the case of the ™
O S PR ST Ao ARk TR B ek e e A BT Eelon
aclivigeswiPrmesalvsen/aidin Mthwithrihermefartsfosdhe. dipreaus o smuladon
PrESEIRRITE LA, et sieragm xd f&ﬁd@@ﬁ@%e'éﬁ%&%%ﬁ%&é% L2

. similar pattern,of activity is retained for each 25 combination wi

n iﬂo%@%?gaﬂ/ﬁ? J7%a FIHTHYR PRIGUEB TS Y SRAERr PoTHNSB ReBivitiRsHS.

grafie reaf basedviormhiatiedspererfatmeriohs censEEBAY)ess active

) ; ) gnt i e with th
oBfhifss stabls, &?&Hﬁ?&%‘i}n&?@@g@%ﬁggﬁﬁ%%%&&@[—‘kew[}§tsw' ©

results obtained by Stewart et al. upra, the system had

I HBYRibe il en TR BRI R APBGHHP Wit ra s Wb BRR(liowsre
meggbwitietectwtingdenFatiinreatmenoalgnatifhetackaf Matpinnabiadt the -
PRECEYIN SANBIRA BN AR - comibialien e ariee g (g (el

Instabi ity o ferrous 1ons In aerated agueous splutions. However, 1

| QV%Ht@@K%@F@Em@%BW@Wé%Wg%ﬁﬁté@aéeéw Teudigiasrebivetion

equivanstest Witei ( CtesRinant aloheg Rretlowting Migdrauling frther
JRgstigatian I : amin C to explore if the

sa rhechanism %%ﬁ%ﬁ%ﬁ%q%%%%ﬁ%@ \égl Br?c')found effects
produced upon addition of Vitamin C indicated that reducing the metal ion

Thenaybe hﬁn@rméhmqb?btadm?inég@@magim@mmmﬂgimis
inly seen for the. PRE:Cu(ll) combinat) \

oo L R A SN L Gt PR g e
congDitatirbiy Huadiss ditemieduiave freedusitiimaewinesddtingtsisuggest
conhaﬁﬁtwrwmﬁi@aﬁmfamg%%ﬁe&w%gmmﬁa&a@&rﬂ@s@g@&%@ﬁﬁcm

timicrabi ent for freating multi-drua resistant,(eg ESOL) ..~ .
= e L T S e AR a R ebaniit o
Vztzﬁ]ppép,,tw%géngmgdammﬂm@geducﬁon in growth was observed in line with the

~ results for ihe aqueous formulation {as shown in Figure 16). Afier storage for

three months, it is notable that a similar pattern of activity is retained for each -
combination with a slight loss of activity of ca 10" logy, reduction in growth for both
combinations. The cream based formulations were found to be considerably less

active and less stahle.

Discussion

As shown in Figure 16, and in line with the resits obtained by Stewart et al.
(1998) supra, the PRE:Fe(ll) system had negligible effect on the bacterial growth
with a modest retardation of growth occurring for Fe(ll) treatment alone. The lack
of antimicrobial activity exhibited by the PRE:Fe(fi) combination may arise from the
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The key requirement for the development of a stable formulation arose as
the aqueous combinations were found to have a short active shelf life.

widliaksi@Rility and activity tests were conducted on aqueous, CFRa Ik o743
ointment formulations with the focus moving to the ointment as it had the

optimal properties. In addition 20to developing a stable and active
. ointment formulation of the PRE:Cu(ll)Vitamin C, the inactivity of the
‘aqueous preparation of the PRE:F& II):Vitamin C system is reversed and

m% me as:an ointment. In ¢ n&lusion, the cpmbinﬁtion of agueous
Soluttons o?%‘ﬁl’—fogﬁdﬂcal?(f%esa QUERuT é%ﬁhic%%{?ﬁd%\ﬁwgﬁ%{iﬁ@?
PREGUAD wrsnbidsivnishhifietiseseifdpee dodittiiad ditiopatV i GRiIT
tresitabie @pdActive ointment formulations have been developed for
combinations of both PRE:Cu(ll) and PRE:Fe(ll) systems with Vitamin C.
The inventors believe that they are the first to report of the activation of a
Folpawinafisogauttby ukdition shtioatoxraotivel médiico nfitengdvitiatite
VithBHH AR eRBIOMAMIN the b MRS Al BN Ol ot RBRIES WaR:10
zﬂsta Il?lﬁeeghe ogamum extraction method for Iggeen and black tea and
ProREPIFRE th BTBRIERS) B BLE A UG B s INEIGHRg IR cediecingréirs, -
meks dwdomobasamriginosh iandiBristéws mirabilippotbeprpsetioasing
enRaReRNRof MAA s MasIAn NS SonMinLRgIOAN Bk, AR

Culture conditions isclates of Sta‘gh. aureus, Prot. mirabilis and Ps.
eIYSAGMBLAER Wagi ARIRRELI OB T IAEA fiftiSBPRBFEEAONAE Lta),
equEvapom téiviparatule, Tintkde sethitP saydest that the combination of PRE:Cu

and Vitamin C may be a possible antimicrobial agent for treating rmulli-drug
resistant (eg ESBL) Pseudomonads that are becoming an increasingly resistant

organism to currently available antibiotics.

The key requirement for the development of a stable formuiation arose as the
agueous combinations were found to have a short active sheff life. Initial stability
and activity tests were conducted on aqueous, cream and ointrnent formulations
with the focus moving to the ointment as it had the optimal properties. In addition
to develo ping a stable and active cintment formulation of the PRE:Cu(llVitamin C,
the inactivity of the aqueous preparation of the PRE:Fa(ll)::Vitamin C system is |

reversed and stable as an olniment.

In conclusion, the combination of agueous solutions of PRE and Cu(l!) salts show
antimicrobial activity against Pseudomonads which is further enhanced with
addition of Vitamin C. Stable and active ointrnent fo#*m'u!atians have been
developed for combinations of both PRE:Cu{ll} and PRE:Fe(ll) systems with
Vitamin C. The inventors believe that they are the first to report of the activation of
a nafural product by addition of a redox-active metal ion along with the reductant

Vitamin C.
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use, the organisms were inoculated into 5SmL aliquots of Brain-heart
infusion broth (Oxoid Ltd) and incubated aerobically overnight at 37C.
whhRsgstaster cultures were used as inocula for the screening-agseys Ho743

Development of extraction method A preliminary screen (disc diffusion

method) against Staph. aureus was established to investigate the

optimum method of extraction. Teg.extracts are prepared from Sencha

green Chinese tea and Yorkshire bfack tea obtained from a commercial
Exé}Hg%taThe methods employed were hot and cold water extraction: 8 20 g

of Toose leaf green or black tea were infused with 100mL of sterilized

TR BGRARR B HOUC P AR AR B PO TBECTIRP e driervals

andipidolane heltdethdndarie Okernjghithestenabetltitem W Suspants
aumgﬁé%ﬁé’é}%ﬂﬁ%wecu ASSA‘&% %%E&fni'rg%?ng? and §X}sabbed

evenly in t s on - Mueller-Hinton agar atés xoid Limited).
abspReaPATES R éYBSthen spoiled Wlth 10 25pL of each test extract prior to

aerobic incubation at 37C for 24 h. Determination of optimum pH and
MahQRcentrar rhof tea extracts The method outlined above was used to

aienals.an M; ﬁ

. T ts of pH and extract concentration on antimicrobial

CHOPRAE BTG SRTHIWES determined using 30 8g of tea leaves
;sou@eésl&csmbﬁva&@mﬂslm f@f:rb@m@lan& lve. phbMatiesohunireatatiea on

Brai Xh%%?!%eé%}éns hﬁ?ra %tgl 9 5 O H umésrat-&pe? Si.? %rs:eeg dy 2 (fc{
using aqueous $olttd y caréfu op Wise addition
usaoth@mmmwwmwma@mé@/ﬁmleyimﬁ%owWr@hw@ inBisiembration

(O-Rhfects) %f%b@ékbgrﬁéﬁM%@&@ﬁr{W%@m PrRAUNEEHUP BgHiAeshot

water extractio rﬁ? % (é nfusion between 10 and 20 minutes) for 4, 6, 8
Werﬁn"é?%@fﬁ‘%@ F ERGETRIGS) %Sssé"é’? 5 Tea infusions were prepared as
previously with boiling sterilized distilled water. After 10 minutes, the

De@fy@g%%egﬁmgy&d,ﬁ%me beaker into sterilized universal tubes. The
of these extr neutrﬁéﬁ%usmgsa gtM NaOH solution. The

A pgﬂwggya?‘éf?gﬂ ngg(an ays anaD \’/\’lltﬁgr%%Wﬁer treatment.
estab:hf@wérmgme@uﬁat@ﬁﬁaquwwgnamqﬂ@sﬁ&mfeeﬁraﬂwsw’iﬂﬁ exireis)aand the

pre@@@fagg%vaﬁ@@@n(' Bﬁtn@@%@@ﬁ@b %ard@s@é @m%@gug@md frcI;m a
suspen e ers tion t roidit ulvalent to ra

o RS A G eI R et WA S e AR

g MM@&QMQ@Mmagewasfwmwt‘éaﬁﬂmb v slesiract 4B8egi) was
wai@gQ§W5 QP mekﬁ&éﬁeﬁé}m@w%&é@r%@aﬁt&%@gt@&@éiﬁw

sulphate solutjon (4.8 mmol metal salt; pH 6.3
in th c?arﬁ Overnight actenal cultures were uspencgecp in Eznngefs solution o a

cell concentration of 1 x 10° CFU/mL and swabbed evenly in three directions on -
Mueller-Hinton agar plates {Oxoid Limited). The plates were then spotted with 10
pL. of each test extract prior fo aerobic incubation at 37°Cfor 24 h.

Determination of optimum pH and concentration of tea exiracts

The method outlined above was used to examine the effects of pH and extract
concentration on antimicrobial activity. The optimum tea pH was determined using
8g of tea leaves per 100 mL water at 100°C for 10 min. The pH values of
untreated tea extracts were in the range of 4.5 to 5.0 pH units.. These were
adjusied using aqueous solution of NaQOH (1.0 molar} by careful drop wise addition
to reach the desired pH values (+/- 0.3) of 5, 8, 7, 8, 8. The concentration effects
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solution was protected from light. The appropriate bacterial dilution was
prepared and 50 p./ of that was placed in a sterile Eppendorf
W(grg%g)mg%gifuge tube with a 100 pi of the extract/metal saltROrapidtiomser43
Following 30 min incubation at room temperature, the activity of the
putative bactericidal agent was neutralized by adding an equal volume of
2% (v/v) Tween-80 (Sigma Chemlcal Co., UK) In Lambda buffer (Stewart
etal., 1998). Serial dilutions were Brepared in Ringer's solution, 10 pL

o LSRR s SR e s

Sted HeroBicy hours assay was conducted
metindrjplicsinn mbyars &ﬁ@f@i@&}@ﬁi@iﬁ%ﬁﬂ%@& #rd HhEHRUASRkaction
methodology for the black and green teas established the best method
was extraction at 100C for 10 minutes, Preliminary 30investigations
BaclgrLidgbassd¥%he mean zones of inhibition (in mm for triplicate runs) for

Tea g@emmawamemmmcpas sieoiekyoptintgiingiviasizad gistifsigter

Aftetid Wﬁiﬁ[lﬂé%aléﬁs%se%frél&s l])alge iéfngﬂedlﬁ‘gﬁﬁh@bé@ﬁé? i’hﬁ(ﬁé‘t@ﬂtﬁﬁu&ﬁ/ﬁ;@m& 9
respectively. Similar ack tea exhibited optim at

tubea 58 BN 56 PGS SO0 DTELaT s BA00 IO 7

extranin a*epﬁr@e@atéasweégpmmymww@a@ﬁgﬁmé@’&;ﬁ@@&%nd in
activity is evident in basic conditions. The investigations of the effects of

pH showed the value of pH7 o be o alnst SiJ) \ fureys, 5The
Ovedigih RyBHTR Eiii&%@%?ﬁ?ﬁéﬁ%ﬁﬁaé??e{g% s SHARETIRNS with The metal
negshltssactit\(es. agemghﬁ&a@n@ﬁ’r@‘us’mf@bdﬁé)vvﬁiﬁﬁpw& mRingeim
solufibRYS RARSAHficRRUINNA T HRAS G HeMe XU ack 0UdPUIR)Iranandalts

manganese salts
werza added to the optimum tea exiracts immediateiy before the assay was
conducted. The tea extract (330 pl) was added fo 700 ul of the freshly prepared

ferrous sulphate or cupric sulphate solution (4.8 mmol metal salt; pH 6.3); the final

solution was protected from light.

The appropriate bacterial dilution was prepared and 50 pl of that was placed ina
sterile Eppendorf micro-centrifuge tube with a 100 pl of the extract/metal salt
solution. Following 30 min incubation at room temperature, the activity of the

. putative bactericidal agent was neutralized by adding an equal volume of 2% (v/v)

Tween-80 (Sigma Chemical Co., UK) in Lambda buffer (Stewart ef al., 1998).
Serial dilutions were prepared in Ringer's solution, 10 yL aliquots of each dilution
were spotted onto nutrient agar plates and incubated aercbically for 24 hours at
37°C. Each assay was conducied in triplicate.

Results and Discussion '

Studies on the optimum extraction methodology for the black and green teas
established the best method was extraction at 100°C for 10 minutes. Preliminary
investigations ascertained the mean zones of inhibition {in mm for triplicate runs)
for green tea varied with pH, showing optimal activities at pH 7/8 with inhibition
values of 18, 18, 21, 21, 17 mm for the pH values of 5, 6, 7, 8, 9 respectively.
Simitarly, black tea exhibited optimal activity at pH 8/7 with values of 25, 27, 26,
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when tested independently. Upon addition of the cupric salt a bactericidal
efficacy (equating to a reduction in CFU/mL by 104) was observed. For

alel $ ) §1nd 10green tea extracts the addition of cupric iQRSIgNIY 150743
W ir&tl}’r??sage the effect compared to the cupric salt alone. On the additionh’of

manganese to black tea, a minimal reduction in viability was established
(reduction of 100 CFU/mL) which g s doubled in the presence of green
tea in contrast, there was an enhancement of inhibitory activity against

17 S8R Ay 18YS With t@%?@@ﬁ&%@iﬁfﬁ%&ﬁ%&%%,@ E’é’g&%@éf?@?&&aﬁs’ with
a reductioh in CFU/m of circa i for each, equivalént to he level seen on
aclydiioh BARIPrie foN Arpdiasiii P RtiRTsaHrssbe s¥Rste fetbrmined
shdektemexiastsfalprgavithdheariabsalii Sagditivesagainst Prof. mirabilis
and Ps. aeruginosa as shown in Figures 19 20 and 20. The data shows
poor efficacy for both types of tea extract when tested independently as

The aatiniene Srbpivdiineasbiek Al iR deR SURTES RS mbuthatmelat

salkagdenicisiakgilieaciesieouaing weasiriationdore )/ mheliafOshand 102
res ectivc?cl}pbya/%s obseé}/g-:gold gvxr&il%ttthe 4 dchtig,Qniré r_glae resence of

of efficac £5 nid 167 et Salts
PO rﬁa gariese was g?actor elow that'seen with cupric sa sgf%pon adé;‘ltlon-

whef fepieditisneigok 2 Siig e ridifanLUbersdRE iR dasjantd BIsdessad
(eq%amsgm@ar&é@@da»mﬁ ?WB@QW?@M;&M@&] Prat.oniraklis wﬁaﬁreas
there was n teworthy change in efficacy for. Ps. aeruginosa. In the
oo e BT R SR 2ot e M e eggt
conagaivdlerthefficaty teltaorerriDBineaiddiiony orsernegetalastideror

midPRAYBBESH SIS ORI HeawaiR et réaaiongatiuesB/mL ) which
mlcrj‘%%gim%msyvas fcou lrogeémanmi]al.oln sj[h% Rresence ;a?f both green
Waﬁﬁa tedHd ?8280%2 S efRited 1AM The inclusion of manganese
enliensengeihsf ipbduidanachuty seainit G¥apiH owevet vails ok eddigonistic
ferfiiRGLMES barIved agRIBSIRRAL (BUlRRMSIINGRe /AT REEYBTSEINGRS, 55

equivalent to the level seen on action of cupric jons alone.

Simnilar antimicrobial profiles were determined for tea extracis along with the metal
salts additives against Prof. mirabilis and Ps. aeruginosa as shown in Figures 18
and 20. The data shows poor efficacy for both types of tea extract when tested
independently as seen with Staph. aursus. For the ferric and cupric saits,
moderate bactericidal efficacies {(equating to a reduction in CFU/mL by 10° and
10? respectively) was observed, whilst the reduction in the presence of manganese
was a factor below that seen with cupric salts. Upon addition of ferric ions to black

~ tea extracts a decrease in efficacy was observed on comparison {0 the ferric salt

solution alone with Prot. mirabilis, whereas there was no noleworthy change in
efficacy for Ps. aeruginosa. in the case of the green tea extract when combined
with the ferric salt, an equivalent efficacy to the fez;ric salt alone was observed.
The action of maﬁganese salts on their own with both Gram-negative
microorganisms was found to be minimal. In the presence of boih green and |
black tea no response was elicited from the inclusion of manganese ions against
Pseudomonas aeruginosa. However, a slight antagonistic effect was observed

against Prof. mirabiiis in the same circumstances.
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These data demonstrate that significant enhancement of natural product
extracts as antimicrobial agents can be achieved by addition of redox
' | ions. It is notable that contrasting activity profil
W%%ﬂe}{r%‘r{]%%hg?’crobial strains 5with green tea extract combinedqv]'?/zlt?r{&%%%gg54’3
cupric/ferrous/manganese salts exhibiting least variation with the
Gram-positive. This example highlights the significance of natural extracts
and their enhanced efficacy again icroorganisms of medical
importance in the presence of redox active metal ions at a time when
alternative strategies for the control of microorganisms causing hospital
Thges dreadpreutisFREOlHARS) BreBangssagmrSimmhan) mrausiedirthas
as GeMABRInMes 8 the-Axanwiasibatineantivityatiien asedRREons. 1t

. C ositions may,be augmented and prolonged.upon combination with a
s R G B R e R St
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copper) PRE compositions also exhibit considerable antimicrobial activity. The
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mechanism of action of copper-based compositions is not fully undersiood.
However, it is believed that the mechanism for copper-based compositions is
different to that of iron-based compositions. A significant advantage of using
copper as opposed {o iron is that the composifion does not turn black. [ will be
appreciated that a composition which tumé black would be undesirable for topical

use.

In addition to the isolation and identification of new formulations with long term
activities, applications against hospital acquired infections have been
demonstrated opening up further markets for exploifation of the compositions in
accordance with the invention. The identification of new additives (Copper(ll) ions
and Vitamin C) along with exemplification of the optimum formulation for long term
éfﬁcacy present considerable commercial advantages over the known
compositions disclosed in EP 0,744,896B1. | |



1. An antimicrobial composition comprising (i) a copper salt and/or a

cobalt salt and/or a nickel salt; and (ii) an extract of Pun/ca granatum. 2.

A composition according to Claim 1, wherein the composition comprises

(i) a copper salt; and (ii) an extract of Pun/ca granatum. 3. A composition

according to either Claim 1 or Claim 2, wherein the composition comprises

a reducing agent. 4. An antimicroljalsgmgposition comprising (i) a copper

salt and/or an iron salt and/or a nickel salt and/or a cobalt salt; (ii) an

extract of Pun/ca granatum; and (iii) a reducing agent. 5. A composition
1. mwrdﬁr\gdbi@litﬁmﬁ@aﬁnmmwmit@r tisepas suinedicamental sAit and/or a

0S| rdi t; r Claim 4 for use in treating,

“*C*‘%?n%%or%ﬁ %%ﬁpré%%%%%%rﬁ%r %ﬂ ’%Ctlon 7. A composition

according to any one of Claims 3 to 6, Whereln the reducing agent
2. x@mﬁﬂﬁﬁﬁdﬁya@@@;r@u@mm@owwmiﬂa@c&a&ogﬂmM%MQ@w@mper
to arrR/Ione é)ftrci n% to 7 Whe ein the reducing agent comprises
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Salt\f"{' i %%%%&'Bmg to any one of Claims 3 to 8,
wherein the weight ratio of the reducing agent to the metal ion is at least

3. AdbmpbsiibreemBrsiiorAre AU HNg 10,2000 Ol ClaIMS3 gwgu%%m

the weight ratio of the reducing agent to the metal ion is at least
COMRIESH HSERMEH R8I to any preceding claim, wherein the

concentration of 5the copper, iron, nickel, or cobalt salt is in the range of

4. @}PQH&Q &%F‘E&RE&%@QP E?Mpnsjnzﬁt %%BB §!1'§’aﬁ‘t %ﬁ%ﬂmu@nyf andfor a

reced%g{clalm wherein the conce tlon of the copper, iron, ni or
nickeh alk Qs FeaRalsrde B abss o RINTB/eh B RISTAM, ()33 feducing

agefbmposition according to any preceding claim, wherein the composition
comprises a metal (Il) salt. 15 14. A composition according to any

preceding claim, wherein the composition comprises a copper (ll) salt.
5. A composition according to either Claim 1 or Claim 4 for use as a medicament.

6. A composition according to either Claim 1 or Claim 4 for use in treating, ameliorating

or preventing a microbial infection.

7. A composition according to any one of Claims 3 to 6, wherein the reducing agent

comprises cysteine, glutathione or Vitamin C.

8. A composition according to any one of Claims 3 to 7, wherein the reducing agent

comprises Vitamin C.

9. A composition according to any one of Claims 3 to 8, wherein the weight ratio of the

reducing agent {o the metal ion is at least 1:1.
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15. A composition according to any preceding claim, wherein the
composition comprises copper sulphate. 20 16. A composition according
wio By REeseding claim, wherein the composition comprises %E'}%@z@& 050743
salt. 17. A composition according to any preceding claim, wherein t
composition 25 comprises nickel sulphate. 18. A composition according
to any preceding claim, wherein the,composition comprises a cobalt (I1)
salt. 3019. A composition according to any preceding claim, wherein the

10. mm@%ﬁ@mﬁﬁw%@ éHﬁ’BP@a mE 28 4\ ATRRSHON. 2650 ding

; a%d;/' gne of Claims 4to 19, wherein the composition comprises-an iron
© tir‘(‘Ia’l)r £inS PIRRIR R TEHLIEEG AR F RS Y one of Claims 4 to 20,
wherein the composition comprises ferrous sulphate. 22. A composition

O el Nt B et

pomegranate rind extr Acom ion’accor ing
the epmpRT\IREr&liftRE eopabatitah e%a@ﬁbmmag»ﬁab@wmémmmn
200244 A solid or liquid concentrate, which on dilution with water, provides a
composition according to any one of Claims 1 to 23. 25. Use ofa
composition according to either Claim 1 or Claim 4 in the manufacture of a
12. medicanséitfactuediraptmant, rasseiomatiairorpreveintive ofraenicatbiabf
0 laim 4
e o ot 7 A o e b i
m% wherein the composition is used in the manufacture of a medicament
to treat, ameliorate or prevent a bacterial infection.

.13, A composition accarding to any preceding claim, wherein the composition

comprises a metal (1) salt.

74. A compesition according to any preceding claim, wherein the composition

comprises a copper (1} salt.

15. A compasition according to any preceding claim, wherein the compoéition
comprises copper sulphate.

16. A composition according to any preceding claim, wherein the composition

comprises a nickel (1) salt.

17. A compasition according to any preceding claim, wherein the composition

comprises nickel sulphate.

18. A composition according to any preceding claim, wherein the composition

comprises a cobalt (i) salf.

19. A composition according to any preceding claim, whefein the composition

comprises cobait sulphate.



28. A use according to Claim 27, wherein the infection is caused by a
Grame-positive bacterium. 59 29. A use according to Claim 27, wherein
the infection is caused by a Gram-negative bacterium. 30. A use
according to Claim 28, wherein bacteria against which the composition is
effective are Bacillus spp. 31. A use according to Claim 28, wherein
20. paeeshizpaijamaceoritrotieasurapesitiohrigefdetil® aresiaghgleeseaggion
comPPRes 4 PorsR)aGgording to Claim 28, wherein bacteria against which the
composition is effective are Staphylococcus aureus, MRSA
(methicillin-resistant S. aureus), MSSA (multiple antibiotic-resistant
21. rhethicfitiniresistantddicaigrens oor RaAtomY dlémtife vierrkecidmodMidsition
co &%lécfl%gyl Isglates (ie community acquired MRSA, which produce
anton- Valentlne leukocidin). 33. A use according to Claim 29, wherein
bacteria against which the composition is effective are Pseudomonadales
22. spporﬁébsﬁimemamﬁrtg toCladme2Bgwheneinbacteriacagainsiavbickdherises
%?étlr(? |g)gj tive are multi-drug resistant Pseudomonads. 35. A
e accor ng to alm 29, wherein bacteria against which the
composition is effective are extended spectrum f3-lactamase
23, A 28MHERARA. a86eritpLans0pMRadpEirim 29nwaeT e basissidaaislovided
" awrgl%h the % El|o ltlon is effective are Enterobacteriales spp. 37. A use
cco fAim 29, wherein bacteria against which the composition is
effectlve are Proteus spp. 38. A use according to any one of Claims 23 to

24. N sHHREIEHY HREEABMPASLON IS USSR MARWEHTS8)iasn g Heamsifion

for the treatment of microbial keratitis; conjunctivitis; bronchopulmonary
AR NG R AL B PL R ﬁ?]@amonla urinary tract infections, for

example, cystitis, pyelonephritis; ear, nose, and throat infections, for

25. Y¥aple c8m5091%ﬂ%c%%ﬁ45%'@%%9'&%%'H%‘P@i‘&nﬁé'ﬂw'W@%‘%ao’cure ofa

including cellulitis, impetigo, Wound infections, botulism, gonorrhoea,
me@%ﬁ@&éfﬂﬁhﬁgﬁﬁ@%ﬁ dﬁ%ﬂ@ﬁ%‘i’?ﬂé@rpij’é{%ﬁ%’ @a?ﬁ”ﬁﬁ&?ﬁt@fed‘o“
infections; Proteus mlrabllls mfectlons meningitis; osteomyelitis; or
Imopell I t|v m
25 e e e R S T b R o,
agefiedicament for treating, preventing or ameliorating a microbial infection or
contamination.

pom

27. A use according to either Claim 25 or Claim 26, wherein the composition is used in

the manufacture of a medicament to treat, ameliorate or prevent a bacterial infection.

28. A use according to Claim 27, wherein the infection is caused by a Gram-positive

bacterium.



40. An object coated with a composition according to any one of Claims 1
to 23. 41. A method of preventing and/or treating a microbial infection or
contamination, the method comprising@pplying to an object or a surface,
a composition according to either Claim 1 or Claim 4, or an object
according to Claim 40, wherein the object is a medical device. 42. A
29. methedorontijertaCtondihg iehetaimidd infentiteinstheusmtinad davicenisgative
hacteRgrEontact lens, catheter, stent, wound healing dressing, contraceptive,
surgical implant, or replacement joint. 43. A method or object according to
Claim 42, wherein the object is a hospital ward surface, operating theatre
30. sirfaeenckitetiag sulfiate B sandaly: sufiage. against which the composition is

effective are Bacillus spp.

31. A use according to Claim 28, wherein bacteria against which the composition is

effective are Staphylococcus spp.

32. A use according to Claim 28, wherein bacteria against which the composition is
effective are Staphylococcus aureus, MRSA (methiciflin-resistant S. aureus), MSSA
(multiple antibiotic-resistant methicillin-resistant S. aureus) or Panton-Valentine
Leukocidin (PVL) producing cMRSA isolates (ie community acquired MRSA, which
produce Panton-Valentine leukocidin).

33. A use according to Claim 29, wherein bacteria against which the composition is

effective are Pseudomonadales spp.

34. A use according to Claim 29, wherein bacteria against which the composition is

effective are muiti-drug resistant Pseudomonads.

35. A use according to Claim 28, wherein bacteria against which the composition is

effective are extended spectrum B-lactamase P.aeruginosa.

38. A use according to Claim 29, wherein bacteria against which the composition is

effective are Enferobacteriales spp.

37. A use according to Claim 29, wherein bacteria against which the composition is

effective are Profeus spp.

38. A use according to any one of Claims 23 to 37, wherein the composition is used in
the manufacture of a medicament for the treatment of microbial keratitis; conjunctivitis:

bronchopulmonary
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infections, for example, pneumonia; urinary tract infections, for example, cystitis,
pyelonephritis; ear, nose, and throat infections, for example, otitis media, sinusitis,
laryngitie, diphtheria; skin infections including cellulitis, impetigo, wound infections,
botulism, gonorrhcea; seplicasmia; peptic and duodenal uicer; gastritis; Campylobacter

infections; Profeus mirabilis infections; meningitis; osteomyelitis; or saimoneliosis.

39. The use of a therapeutically effective amount of a compasition according to either
Claim 1 or Claim 4 in the manufacture of a medicament for treating, preventing or

ameliorating a microbial infection or contamination.

40. Arn object coated with a composition according to any one of Claims 1 1o 23,

41. A method of preventing and/or treating a microbial infection or contamination, the
method comprising applying to an object or a surface, a composition according to either
Claim 1 or Claim 4, or an object according to Claim 40, wherein the object is a medical

device.

42. A method or object according to Claim 41, wherein the medical device is a lens,
contact lens, catheter, stent, wound healing dressing, contraceptive, surgical implant, or

replacement ioint.

43. A method or object according to Claim 42, wherein the object is a hospital ward

surface, operating theatre surface, kitchen surface of sanitary surface.



