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WD 2008/ 068533 PCT/ GB2007/ 050743 1 ANTI M CROBI AL
COWPOSI TI ON The present invention relates to
wa@nasbssBobi al conpositions, and to uses of SUuBOT/GB2007/050743
conmpositions as nedi canents, and in nethods of _
treating mcrobial infections. The invention extends
to nethods of preventing mcrobial infections on
objects 5 and surfaces cohted with the conpositions.
The growmth in viral infections along with the
energence of aMNTIMICROBEL COMPOSIFIDNt ance in human

bact et i al pat ho bl
The BB RhHEn TS Aot by b CaTPeirbesrd BLisRs A Sy

comPOsitiod a®meditahnenits; ahd i BrRHoE®f tréaﬂr% r‘ﬁ%ﬁl"iﬂfe@tlons
greater chall enge. However, bacterial resistance ha

The aw@a% gxtepds tcem@ﬂ}pdﬁﬁf Breventipgsmisrobiglinfeetianscon @Jﬂ@é
andfshﬁaéékténdggétﬁvhﬁ%é)éorﬁwéutmn@fOb' als, the energence of

resista becone i ncreasingly evident,
particularly in inportant pathogens such as E.coli

e SELTRIE LS o SO TS 52 o I ALASREHR PP

resustamndhumart badtérial @athogens xstanahcrpa-pg ptobdem eforidwide. As

d d
a coph el Bradhld Boamidti B 2R ob SEer A et s
bec@mingrd greatsr ghalwrgee Howasver, battegdlrepistncehas @apeﬁrad adrum

everyghal dist 8 S HEIO o S B IMTHRUEEN o Sntyeraekn el 2o

emeb§eHbeast résistanye RGs B&ddnia mcRlakn |yasmdeht tnartaﬁmmh a

f bot ive a m ne
impGsBATT DPIMg0SRE S P £ Ol SR o IR R CATHROBRA Rl at oo
Enté?Bcé&t@s sﬁﬁbh&&éﬂ@l@oo&f@% ties of. pomegranates. For
exanpl e, one group of researchers wused different .

extraction nethods using ponegranates agai nst a range

OvePfhesl'a\§t dkaat erre%éarch b el &Qtnﬁcr@BfaFHfbpeﬁre%QJf 'tradmonal plant-
K. pneunoni ae, §Qﬂ%arls subtilis and 25 S typhi

bas%me@laﬁﬂséwasaﬂ@ea deae@@usmgﬁ bays me@mn%&mf plants
for a{nﬁﬁ{lﬁ'gblam%b@ﬁfesgrﬁ%@xarﬁ @Pﬁl&@b&ﬁahﬁﬂ PQI‘SFE&% ?tvﬂ'nch

extract was abet0|n| It not O rowt
is refeerad dain English aspomageanate dastiesn h@'*aﬁs@mmv of thesay

stud?sc cast e#\ﬁnd;é‘r‘(tﬁni@%\b"i’él %@f?\/étgra%%%f 4 }f@\%"dg BatH &Pin! ﬁ)Bsmve and

eavy net al rons despi his,
Graan- mnge bacteriaf Repe@tiyaseweea@kw@e%hmncbnwed l9o the

antuglg:é&% M%r}t}g% gﬂﬁérﬂ%ﬁ;ré@g@g? ﬁgig mg:flgtdr{@ O#BQQ bﬂesearchers
used diifebérit extraction roethatls asidg pomiegranatascagairtst a range of six
bacteria, including S.aureus, E.coli, K.pneumonias, 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 bacteria have .advanced protective mechanisms to detoxify heavy metal
ions. However, despite this, a wide range of literature ekists describing the
development of metal compounds as antimicrobial agents. Many low
molecularmass metal compounds exhibit bactericidal and/or bacteriostatic
activities. In one study, the susceptibilities of Staphylococcus strains to solutions
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activities. In one study, the susceptibilities of
St aphyl ococcus strains to solutions WO 2008/ 068533

wEROIBeBAe07/ 050743 2 of nmetal salts (in the re€meBed07/050743

50 prmol to 80 nmol) were determ ned. The frequencies
of resistance for Staphyl ococcus strains varied w dely
between different netal salts. Accordingly, despite

t he growi ng need for new ahti m crobi al therapi es, the

chapi sm of acti of ny et bi n antipjotics
of e bl U5 15, 0, 30 HmelED B FHE bR COIP AR o BS o al
freq%éﬁd:néa‘é bf reSisincudsi SaphpIbedticus ¥lrsing txénem/wtdbg: bedlgeh i on

netal salts has been previously investigated, For

d'ffeési@rmt@' saifs. Acoudinglysisspits the 5w A fprcieyprpalimicrobial
the BBRBARL heUhBnisHbCdbtBh 3f RARG tetd) rﬁnd@? SRIBIbHLRLS ABL O

ferrous salts and an extract froma plant such as
undgestangk anat e rind, Vi burnum plicatum | eaves or

flowers, tea Ieaves, or maple | eaves. The addition of

ferrous salts to the plant extract was found to
Theeamhancameriteof antimiorobial activilemof varioua m)mit e@tcddty by thes  of

t.h b
aceliBfi? A ZoNS s oaeh PRYBLSN i dshb R, ERFBkalRBREeT o
0,7445836At disdiesed mimnsmaiall tormyositiord, whizhadre basedbman

n@gﬁtiga 9?F Ingu% I%%F% agd ﬁa}%xhavglzgfénfl g&lé)ﬂrt] lﬁﬁ?f\égé %or%gggatnate rind,
vlbw@a@rpww@}rWeaVé@@mmm qsa 1da088, @riaé ldaves.t FHe uaaition of

Anot her Frobl emwith t i ron-based antim crobi al

hiAisite thenrlantextiagt W?ﬁ “Hé%S nfedbs epthvisal aflsantbo

fungegq)g};ﬁ\g&tsldmhé SorfpSsitidreCt - . It will be appreciated that
anti m crobi al conposn ti ons that. becone di scol oured

are far fromideal in the mgjority of applications, in
HovRAkH, |Gl ficarit E%ﬂﬁeﬁ\%thttﬁaéé:%n SALbAkAREMRAtEet and

al SO I N non-therapeuti c uses such as on surfaces
comppsitiens s thatdhew|ask stabflidy ang rth$"ﬁfq{6§‘flﬁl"éh§'f aptimigratyiar

actl\ﬂ{ysfé %@gg |gn h‘ggtﬁbr@ gl '§ %?.al S tﬁ]gf‘pt hey gire optl mal | y
Accgsiingty, thaseagommnsitions greotiimited yse. Amtherapblen withhese
ironHs68 aRfRicORiS TBIMAbsREhS KAnalinky bBoorS 'd@cs\oafwuadnons
are di sadvant ageous 1 n e majority of applications
application éah subjgct. viheill ber mremgtepathateantmicrgma ¢rmpasnitions that.

beofi$ M ARRRALY e rdhiaBt i b8 ndbti febblictiohs, if paricute

thoserfeetopicahuseom pafierts, amd aisct mg'mnetherae)echc usese Sucﬁ as he
robl ens,of .the prior. her ar |

our ST SR TS P B

irondia¥R sbinposidonsiscibsetin EEEOMcBQGBmEtHaDﬂwyfave 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.

It is therefore an object of the present invention to obviate or mitigate one or more
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.
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treating mcrobial infections. WO 2008/ 068533
PCT/ GB2007/ 050743 3 The inventor based his research

woroosiessant i - viral and anti-fungal conpositi onBCT/GB2007/050743

reported in EP 0, 744,89661 in an attenpt to solve the
probl ens i nherent with these conpositions. In order
to address these problens, ,the inventor investigated 5
whet her or not it was poss?bl e to substitute the
ferrous ions with other netal ions to form an

antim crobial conposition, which exhibited i nproved

Theliho@aot based Hi€ rébiedrdh®n the whikvithPsd aﬁtafdmgaitdom;fdsﬁueh@'
nore than 30 m nutes, and was active at a

t f
rep&%@%‘a@% ﬁg%@%m g g RttgEPhioRalvg theiprobipms diharent with
thetfé‘&@?ﬁﬁos‘?ﬁor%t he brdmaﬂbdareséme@@ pfodignt ewl? meﬁMJéeﬁda

an active plant extract or exanpl e, ponegranat
whemerrqrrng)t émasazgss@qjg)suggtntgteﬁbq &@rraysrions wéh ofileametal ions to

t I
o Xy SR OSEA PR LRS oIS B DET R
turneriaacin dad anbminrobial aofivibf for mereR@ENi 3ﬂ:mmﬂms aoﬂmas a(ctn)e at a

morfHptapis ot s utsun o IneBRAECR RERESL i in® Rliehio

weré Jested i ctcsnlbmatForg\MltlearZ acthe dartaxtradt, fdrhﬂampm pbﬂ:\bl;ranate

rind R e 13 FROHE oratnabp e eet Besed Gorpgositns.
0, 744, 89681 However, the inventor noticed that zinc

anese i qn- based conposi tions exhibited no
s B s o S e e EOTR s Bty Pioshites o

I 4PBGi C S
e ey A e e O G L

mangeess (IRc Irondiihsaltsarg e BEasm SN, A% shaw in the
resdﬂ%rm FRfdrd ONSs Bkt tHeeirdr Qﬁﬁ co%bsiﬁ@@@@imﬂ%%hmlcmblal

ositions are act Ive, € i nventor has sug%est ed

actlw heretey eonfismingibe wagk dlyeipsetmr%"mﬁ 744:E98BA; SHawswver, the
mveﬁf&r'n%ﬂcéd’fhai Qrﬂé @nd%haHgaheds f&ﬁ%ea%h{ﬂo%@ﬁé 8khib Crted no

oun S. From a COI’]SI deration Perio

~~'antlrnm§<pl@al aqﬁlwty ﬁWhﬂélShh‘aB imbigues3 Euismrmrﬁ sugprisingdy, the

ant extracts
and mhengamaserbasert planhektrachcorhbipatipnsoarg dreffeictives but eopper-

bas%&‘o ﬁ%rtgb%fﬁtlor?snéjregdc\{s@ tf\g ﬁ\‘/ehtgjg Has 9&@%@%&’@1@ {P@?’eeg so e as

rons are dctive |eves
yet wadniosvng nechanismof metiad for these raetel betbased anhmm:rqimi 30
(0] r in period 4 of the transition elenents, ie
Com@8§§$§' and nickel, may also be used to prepare active
anti m crobi al conposi tions. WO 2008/ 068533
PCT/ GB2007/ 0

From a conaderatlonsqz he Periodic Table, the mventor 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

copper in period 4 of the transition elements, ie cobalt and nickel, may also be

hlgh%gf‘&?rvﬁg Q&ﬁ‘@}hfbﬂeﬁg{ @u&l‘l )Qﬁﬁﬁ @Bﬁn aakiivh t@ﬁﬂE‘M@é%h fHafzinc

used to prepare active antimicrobial compositions.
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4 The inventor believes that he is the first to
prepare antim crobial conpositions based on a

w@ oivbiosssBs on of a copper salt, or a nickel salPCT/GB2@7/050743

cobalt salt, conbined with a suitable plant extract,
for exanple, ponegranate plant extract or tea |eaves.
5 Therefore, according to a first aspect of the
i nventi on, there is providéd an antim crobi al
nposition conprising (i) a copper_salt and/or a
ThQ:'Gb%ﬂ‘tPf kefieves Kt oe fSafherﬁr%tlz% Pr@aﬁ antawaro(orql poraﬁogs@m%ct
bas@l of é)&@ﬁﬁmﬁmrﬁ@ﬂaeéba AR oBaHidker 010 bﬁélcesanpéani’umdca

ranatum Vi burnum pli cat um Canellia sinensis, an
con?iv@ed witlp a suifabtp @lanﬁeétmcéffom)sam@ampmw@natem exiragtor
tea?é‘at‘?/ geding to the first aspect, which conprise an
ract of a plant, such as Punica granatum (ie
ponegranate), Vi bur num plicatum Canellia sinensis

ey ECorp R dp S SPBer T OB Irded BBy

antiefi¢rebial sempodition wnqtﬂsaig (@t coppey salf dnditda cobaitsalt Ak

ctiv ron.based co
ik St a8 (PN st HERY Foiod SR EBR ol Chasebig Ppunica
grah@o N ssmeh ﬁa@atumncamewiaksnm:s addAceodpppr edi ct abl e
in view of t fact that manganese- and zi nc-based
conpositions are inactive. Fromhis studies, and as

Thectﬁ{mﬂért Had Bdnd fhatt BSmpEXifdTY &%ordlﬁg?td tAY @Rt agpéasuﬁ.eH nd
t at copper salts appear to be th nost acti ve.

comm@e@n@r ackfer @a%pwh %P%!ﬁ%%ﬁ’ﬁf% (la@@mearaf@ke)o t he
Viblnfi pIRSRES tCaﬁﬁéVPé bﬁ@ﬁs,gge 1)l 5d Avs ns@rﬂs.h@a wan salts
a copper sal and an ef ctive concentration
of ceszmeraorpkel@nd@r sPbalt exhibibeurpdsingly @ﬁacfgfe@mmﬁ@akwtwgy.
|
and(th s5HB|8ed A bH ol th KiniRontiistlieo fpBlons This,
actigityctouibppidiavb deed predigied iasitihy mechanismtof aption iausknexs,

| and: Hrog EL‘%%&S%%!Q G GER oq{tﬁ%fr%lsc.f’ﬂ‘\aﬁﬁagbgﬁ]@e and DAR-HSREYN

COMmposi e rnventor goes not
conyiastiots ateeinbctived Bromahig stydies. landias, demenstratedum thet hat

exag{ﬂ) wn hel géc}'ltgra!iaesd\‘ogll'?cgJl {)[%)ér 8lt§8 é?a?'tg) bg Yo plggpggélve

aus ounds ~cont
Mﬁthln the conposi tion are polynerized in the presence

of, the.r ons. I [ LSingl d .
Theforen PRG0S SRR oY srerTLGRE b 1S depelltomorises an
effective concentration of a copper salt and an effective concentration of an extract

of a plant selected from a group consisting of Punica granatum, Viburnum

plicatum, Camellia sinensis, and Acer spp.

A significant advantage of such copper-based compasitions is that they are less

_ likely to become discoloured, in use, than known iron-based compositions. While

the inventor does not wish to be bound by any hypothesis, he believes that known
iron-based antimicrobial compositions become discoloured because aromatic
compounds contained within the'compos'ition are polymerized in the presence of
the iron ions. However, surprisingly, and advantageously, such polymerisation
does not occur in the preéence 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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does not occur in the presence of copper ions, and so
the conposition according to the first aspect does
wWoei08loessedre di scol oured. This is a significantPCI/GB2007/050743
advant age of WD 2008/ 068533 PCT/ GB2007/ 050743 5 usi ng
copper - based conpositions over the known iron-based
conpositions because the)L(_? may be used in nmany nore
appl i cations, which are currently not . possi bI e wth
. i.ron-bhased conB tions, .such as to |ca
using o PRt oS SETBOREOT A i FranT b bas Sitopsn”
becale s may by bﬁé@ﬁﬂ%aﬁ? nREE Bpplicatib®d) whli@H arg, cul‘r@ﬁt‘lypr'\dts
or slows the 8rovvt a mcro-organi sm Exanpl es of

poswﬁ'%wah irgppased RRMPREITIRNS. SHeh ad iariElly pBRatiedtsr di ng t o
t he |nvent| on may conbat include bacteria, viruses,
fungi, protozoa, and ot her pathogens and parasites.

By thegtepn” @H}@@@btﬁécmn@ﬁ@mr we angan aygebatanne cmgenb which

kills, ?’ﬁfﬁ@{sldr%?o\ﬁ‘fle@r r&évﬂﬁ:r@@@a\ﬁls@ nﬁﬁarﬁ@l micro-

antim crob conpositions a gto t |rs
orgaispiscwhish theneomnpasitian asrording tmthgonvdmomaymmmumﬂamde

bact%iga vfﬂn&fs fliln%t 8PER8§da[, aﬂH%theT%%ﬁﬁng%b&gB@?%%ﬁ& | bed in

nventor carrie roscopi c
netal ion binding studies to investigate the:-

R Bt G AR TS iy e

antmme@blal somboslhmsrmical'dum foctha gr&t tasplgct ioh thedaventibhaand 4lso

o Sesed i PR BLod RGNS, eI, oS dBSirbit Ekaripie
1, the esvehfos camiet! hﬂt spedi@capic nfetdlen biatiap stuatled todnvdstigate

to t dat t At h h th
the methanept Stashan AEPE oA AN Bistiaset ThEBor hen s,
0 7441696&1 | &werssﬁdw, thid@saitgof thecrethl binding sfudgaidissdté yhamihe

actuv%tqqqggg Sggeé@tﬁ)ll a0 ﬁvn n@'agé%gﬁpggr%c@s lonvg}o%he

PRE @bh’rplohmﬁtélkés@lt& fh mb@ad@noﬂl af themetabioagom thai Fe(ll) to the
r|S|n Ilza%lon |l e e lnventor to I nv Stl%@te

Fe(If geldation sdte 18P inveRtot et BOEHSR o bebp

hypofﬁ@élsuhé belevas tRdtitees ntr@amteogﬁwmw bfitRe frohbasedy 25
lons to rejuvena

: ion of the oxidised Fe(
antma?rpﬁ@;amp%@namw 'W"tn%sqde%fler 3QireinHiesomaY reg'rets

attributitRoQhisdxRfaBolYpfcbdss, C as a reduci ng agent
(reductant) to see if it had the effect of extending

the activity life of iron-based and al so copper- based

This SQFRGRL Féé??2§t|or3@d/fﬁe fHehfor R?ﬁlvéﬁlgrat@thms%? adBﬂg'&' S

surpri se, add ng Vitam n have a fican

reduging éaentde t'@aaréwq ENixibIre ineslt @ﬁtﬁm*gmtrﬁ@eae&aﬁ%we@ﬂ) Dot h
reduétfoﬂrbf tﬁé‘&ﬁl@@@%@lﬁ@ﬁ@ﬁ l%klﬁiéha@%fr &y, MIEERRY. To fest

osi ti1ons resu l'ear|ly denonstrate that
his hypo esis, the inventor chose Vltamm C as a reducing agent (reductant) to
see if it had the effect of extending the activity life of iron-based and also copper-

based compositions.

As described in the Examples, to his surprise, adding Vitamin C did have a
significant effect of considerably extending the activity of both iron- and copper-
based plant extract ointment compositions. The results clearly demonstrate that
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WD 2008/ 068533 PCT/ GB2007/ 050743 6 enhanced
bactericidal activity (agai nst P.aerugi nosa) occurs

wob@s/os8sBani n C was i ncluded in both copper- BPETGB2007/050743

i ron-based conpositions. Therefore, preferably the

conposition according to the first aspect conprises a

5 reduci ng agent. The inventor believes that this

stabilizing or activating etfect of the reducing

ent, .on. the si.tion ccording to th nt|

enffiat oBfingeah FEVE (asetned A arao Pl e e Vi € wes
incRIdlkey iR pSthi @ppee andpRPtbdsad edmpbsilibne Xt r act

conpositions, but also to known iron-based

conpositions. The inventor also believes that the

ThORRHE] ;srefa‘raagi theo brﬁ?dﬁlﬂih%d&&cﬁﬁlf@tthé Qk&t%sb&:tléé%né@s ;

relatlonto ni ckel - based rrp03|t|ons
redpgivgerasnt TI@@: EWP%‘Ph geliayes thad i gtahiisiagor @f:twail@g effect of the

redu@n_g eﬂf‘on tﬂeeécﬁnbéltﬂfngﬁcg&@tr@% tﬁé‘ﬁ'\klghtﬂnqg gi\ |mportant

I't1on conprising opper sal
aspaodaf thglinvemtian @s itnot nntympheetq comer—basea! fdamamragtal t:

corthudth, B4t 4261o B R 8ke LGRS el o
belgxee that thesberesiit oEaddingl aﬁc@cmgsmﬁrtf cawld beiuseyl imrelation to

co aqtdgga%kgggg%ypo RitbAE 1 nventor does not wish to be

ound~ by an esl's, he believes that the
reduci ng agent has the effect of maintaining the iron
n.the F 1), a e
Thedtiore 3ecBicing 1578 bagehe skt e BUEnId 1IBRH ok 4R,
antimierobldl eotnlp\'bsntubht eompdsihg ¢ina @bp;aerrsalttandmg angentsaltsantifor a
C f thes vent r was
ricke] 35t Bl eieBalt Bl 41 PRfReh bt F REins e Peiep JofT 4 Sfoud
consnstingb&?ﬁdlcargtanatompMbubameﬂlmatmpo@amwlbsmenms and Acer
ﬁ?artctéﬂ arlij when formul ated as ointnents, could be.
SPR-nehb@L &feAPERI 88 nut es i n' t he absence of a reduci ng
- agent to as much as 3 25 nonths in the presence of a

cln . This ot a cted, nost
WG 3 B 8085 et B Do SRy B BRESE S beiny et Hhat
the're@aisg Qgerftgﬁ?,tthe effSctioe ?ffbuﬁﬁi}fllrfgg_ﬁaﬁroﬂ_ﬁn thermsglysktivb atate
nat es ctr to the al io e
andhecispaes nghe A pote piitne EXamRI 344 7 8mppgrate hoW
eff&dtivé kiedad@ednora adaiuunblaganatse@tm; @cttvh;eoﬂtae*s@u yms
of reduci ng agent or reduct t %@ % be co

The IVveRter weRsYETSed thatitae desa&%e the apbvity utanrgase
copSHiaY bBSed ¥ShBoSifory, Eahtéheh WPBA fornaNetye las oﬂwtﬁéﬁfsebétﬂ@ be

reduci ng agent 08/ 068533 PCT/ GB2007/ 050743
increased from 3 mlnutes 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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7 conprises Vitamn C (ie ascorbate), which is shown
to be surprisingly active in the Exanples. One, five

w@resessas y equi val ents of Vitanmin C have beenPCB6®$2007/050743

relative to the netal 5 ion which in the Exanpl es was

normal Iy fixed at about 4 8 mllinoles. Were a

reduci ng agent is used, nﬁ/l conposition preferably

conpri ses between about 1 and about 200mM reduci ng

nor e_pr ef er gbl about, 2mM and abo

corHGAMVHBRIL s 2De e B ToPat e Py il A in the
Examdied. 3nmM and about 120nM reduci ng ‘agent, and nost

preferably between about 4mM and about 10 100mM

reduci ng agent. Figure 2 denonstrates that the effect

~ on&ffivk BAd WQM?'e@;ﬂwﬁ%fg of \m“ahﬁﬁ%\)é“ Heﬁn ds@& 'i’éléﬂeﬂﬁ the metal

concentration of tamn C. Hence, preferred

on PR T MeloR K OTA b AXegiAl EEaWA Bniligeles. AVberggtd
red@c‘?ﬁﬁé%%&ﬂ id Qsdd endBEAboditidh ;%réﬁzrgﬁlﬁ E&hBi&s t?ét'\héé%ﬁout 1mM

i ve concentrations he Teduci ng agent I n

andahepb20@mireduciog agenthgorepreferably bstweendatmat 3miv aspabout

Y an f
150 PRk WoRifork el i) pBo artiipng about
12091M tminlcmgaagdneaand rAost prefechbiyetwean abowdinMising adout

ferred weight ratios of reducing agent
100 %1 g,n]g (gf]éngo are at least 10:1, nore preferably at

Ieast 20:1, and nost preferably at |east 50:1. The

FioGR Aol 18 i L el MR Ebse b

lncréasmg dmmt@lnyratnodn of VitaraintCGar Hewrds, emsaprdfdmtd thet exceshe
er a first madl t he

contifiEiaht pbirstEBbceant gekee FEMPERY BIfe IR 25

. aspects. Hence, in a third aspect, there is provided a

gl sulatit frab concatiatind ofiRB S poep i calteditions

accédir®y tolthétirss ahé ebeshd dgpest ¢f tiie invenitkanaresih avepight rlinoliae
ranat um Vi burn

rod ki g to iy elaL Gt of BBt Lo SAGY(AtJeoRt Ao SVen

mor@aslu'ita@? af RasEs 1. lﬁr@f@rrédlvsielgm déﬂvs of remtmigt ageaat to mathl n

are Bt Ga reinsbierda AboBH 20 et bR A o -

plicatum Carrel lia sinensis, and Acer spp.; and (iii)
a redum ng a ent; for use,as a

Thexsgmostions of W@ gg%ectgghlb? surpnsmglwalgh

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 a plant selected

from a group consisting of Punica granatum, Viburnum plicatum, Camellia

sinensis, and Acer spp.; or 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 a plant selected
from a group consisting of Punica granatum, Viburnum plicatum, Camellia
sinensis, and Acer spp.; and (iii) a reducing agent; for use as a medicament.
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Furthernore, the inventor believes that the

conpositions according to the first and second
wW@aso6ss3m | | have utility for treating m crobP@l/GB2007/050743

infections. 5 Therefore, in a fourth aspect there is

provi ded a conposition conprising (i) a copper salt

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

extract of a plant select®ed froma group consisting

of Puni ca granatum Viburnun1p|icatun1 Canel lia

sinensi s, and Acer spp.; or a conposition conpri sing
Furﬁb}m&e‘?ﬁﬁﬂﬁ&erﬁé}' Behe@é’éﬂh‘éf th@rbohfp%ntléﬁé Be@§ihgto €h

salt and/or a nickel (ii) an extract of a
secqud ggnasts wii feve milty é‘?"d[ﬁ?t'ag ﬁﬁ‘l’@?ﬁah@f‘iﬂ'mﬁ ni ca

granatum Vi burnum plicatum Canellia sinensis, and

Acer spp.; and (iii) a reducing agent; for use in
Therefere; imay fourf@ra@peotrtbeweng pmlqadea/ecvmpmlcm gonepristigHl) a

copB&f &iittdrd od girbr aF &Hb%ﬁes H%h,glgg I%strhltccl)(%l %%%E? ?ﬁ%&c%cltr’aapcifrg %Iér?% ‘
seletctqntfmm saagmu;anmﬁsnsung of Hvalica geandturan Wbomtm plicgterh, saI t

Carflii baptsif s er ke bt & <BBRb T BomRAsTnG i B et s8H

and(aarasalmolnasaalamenmascoban éalﬂaad/osp puc:kebsalta(m) amwerattl afa plant

C i sin i) a.copper, salt niro
seleghl i 2 Qo borisiB S oy e arar ol o Bl
Carpedlid sinensi$, amdpAdenispp. Sah@ (Jﬁ)eadrefduomaaggm@tm usens treatinygy

f Puni ca apat um, aﬁj [icatum 20 Canellia
am lpf?élﬁg,ﬂgpregl %@r’"'?fﬁb EI ii) a reducing agent;

in the manufacture of a rredl canent for the treatnent,

melioratigon or prevention of a m ?I‘Obl al jnfectian
Furtheeaerg g #th asreicl iherg dperovided hise © P§°B}¥’8§'i“8'é8°‘§9”5'"9 )

a coppen&sit ld/br £adbdiOsaltirRR R NiEl@| 8Alt; aMali) £ ektidedoPa plant
m crobial infection, the pethod conprisin

selegtad fmrataeqrpwgcw'synw Sypicagranaiume @Pumu"ge@?w
Carﬁé/%&:ﬁ@l'%ls andhsUeRr BB bEA bbr}‘tp@&f & bd)MSns’iﬁ@(i)”% c@épe? salt

r‘r‘pOSI tion conpri si ng li er sal
andé,% Balifonsaitiandien agobalt sa R@qi/og«mckel At (i an)exgﬁctéa&arpé%tt

sele®feddrdth %'Hrm!\i‘}?}:@rféiﬁﬂ aldk @Wh%a%éﬁé?w%om%bﬁﬁdnﬂ‘ﬁhc@turﬁ’um ca

granat um bur num pl i cat um mel Iia sinensi s, and

Cann!lé? sigeypsis, apd Asier spp. oﬁb‘é)@i')ta @HUC'EE AgENt ihie manugacture of ‘.
a m&&@ EntSret ﬁeQF%ytrgéntaBEﬁeﬁ&?n&%rt prRRVENtRIN oF a"rﬁ*&?&ﬂual%’ffbétion.

and or a nick 0 sa an extract of a plant
sel ected froma group consisting of Punica granatum

Accyr'dﬁjrﬁ(tglﬂ%l%'a% J:’t”ihe%l rb%ée%‘ﬁ%iﬁb of F&inGCHeveMihg or

uti ng adent 2008/ 068533
amelomtice200iTrasy mfgction, mcmeth\pdgomnamg@alenmlhteas@&a

sus i S e BN Oty PR g9, ()

sa or a
compakition acmip(ising (ina ce;aperaealt anfi/on a goibaltsalt ahdfot aducﬂwbsalta

and glll)oa@g?ﬁﬁC?Ofs L) n selectun{‘rgr% a%r%ﬂﬁtc%msls%&w PiHka granatum,
Viburnum plicatum, Camellla sinensis, and Acer spp.; 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 a plant selected from a group cansisting of Punica granatum,
Viburnum plicatum, Camellia sinensis, and Acer spp., and (i) a reducing agent.
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Canel lia sinensis, and Acer spp.; or a conposition
conprising (i) a copper salt 5 and/or an iron salt

W@r@Bo68533 cobalt salt and/or a nickel salt; (iPQT/aGB2007/050743

extract of a plant selected froma group consisting
of Punica granatum Viburnumplicatum Canellia
sinensi s, and Acer spp. Bd (iii) a reducing agent;
as an antim crobi al agent 10 The inventor has found
that the conpositions accordi to the first and

Accoptiontp a geysuth asReshPersiis afomegftfssaf A\ReMPeSRIgRCPmPrisHg
(i) aoéopf;)@pgﬁf aifdibi a a&%nogam afn@lVbr?a%&ké#BﬁM ‘Hnd (ﬁt) &P8@tdct 8P4 t A

a nickel salt exhibit antlnlcro i al act|V|ty
plargrsefestaddlfora fergrewn oensistingoé Mupigaigsanasem: Hibubuisp plicatum,

R e T s U

andioram\irarshitansior algbaiiGaiviandieea ninkebsalt; &f) @naa:dtwb@‘ta/wm

selghRe ot KB iy of PN ot it B '%fr’é bt abl y

Caxbdﬂavemens:a,tnmiAéHprnn dndkiola reteivig dapjeeat; raatamrantmfmmblal
tal salt (ie copper salt, iron salt, cobalt salt or
‘ckel salt) is 20 not believed to be critical to the
antimcrobial activities of the coh‘posi tions

Thel i forad et e Eitsiiions Bhcorminap thd FrePal) Secopd,

asp@&?@h@{lshb%n{b’ﬁe@ﬂ\% éﬁfr}cbhﬁatﬁm dﬂtopbertesalt@ﬂﬁ‘fr il §altlaﬁﬂdlor
no Critica e e 1.cCacC Cro

& QSR AR 2 Nigkbaalh SxhinfCaTEagropial Aol ArElRREd &N s e

conéérh}auoﬁle:lf M"eaécﬁ)paayrohenﬁpél Coragobiakt €alkt kAR tﬁ‘@ﬁi@@é dof Bbout

chloride. Therefore, where the co 05|t| n conprlses
0.1MdgRbekt 204M, mogs @%P?‘Ytbﬁéﬂ tQé’I“@ i28d 20eYhper

100Hl\h )eveﬁ%ére dr@fe?aWBéﬂN@eh QBeut"@\f:ﬁ\MJérﬁi SR 5PmNM, il more
per salt is cop phat e. preferred effective

pref@maemtwgﬁn @h%ﬂmﬁl@r@oﬁm@% 3emM. ang m%t preferahiyhetygen

abo@P?MM ShdlattVt38nivp about 200mM . nore preferably
bet ween about 0.3mM to about 100mM even nore

preferably between about 0.5mMto about 50nmM still

agep)

The’ﬂ%&@re%ﬂi o aE%I léaléggkﬁ\ﬁ‘ﬁé? sﬁﬁ%ﬁn dal{Tbb 4t mtnra@%l%@d

nost fween about 2nmM'to about
not Qemed@sss 3ntkzantm@mmgm8actweﬁpétr@r@mqpsmoné

accﬁd?@ttojﬁ% !er@tghtldr{‘ }tlme\ﬂe? PR refeRRd Qﬁ&%%h%ltsglt b prises a

rises an extract uni ca gran tum
metain(dl) palef er abl y porregranate rind extract (PRE).
Therefore, preferably the conposition according to the

first aspect
For example, the nature of the anion in a copper sait is not critical to the efficacy of

the antimicrobial composition. However, the resuits indicate that copper (i1)
sulphate may be more active than copper (1) chloride. Therefore, where the
composition comprises a copper salt, preferably the copper' salt is a copper (il)
salt, ie a cupric ion. Most preferably, theAcopper salt is copper sulphate. A
preferred effective concentration of the copper salt is in the range of about 0.1mM
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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5 conprises copper sul phate, conmbined with an extract
of Punica granatum and preferably PRE. This
w@r@BO685e3l conposition is described herein as POPP8R007/050743
sul phat e/ PRE, and has shown consi derabl e advant age
over known iron-based conpositions as it does not
suffer the problemthat i} turns black in use. In an
enbodi mrent where the conpOSition conprises a reducing
agent, such as Vitamn 10 C, it is referred to herein
as copper sul phate/PRENtam n C. Furthernore, where
PreférE‘@y CRERRS ek @At e (%ﬁ]ﬂ)ét@ntdéeoﬂﬁ@a%é‘ﬁféﬁ 88pect
- conprises an _iron salt, the nature of the anion in
comnrwes ian@atragl af Rupicrograpatum, aad preferakly M‘?Qf%%ﬁe ind epriract
n
(PREgetngE}sét?rafb BWP’?%E&TP? ,t,(l,',lp gcglg 55 ex l‘Hs éCt
comrg-lseatcepp@rrﬂulnha&e @bnmmeat:wﬂh/am 9xtrem§ of Puiaa granfyum and
I |s an
prefelZH1P PRES, THS BRAGH AP mpodid BT 8babdMerdin 3B Bgbor |

rrous I on. NMbst

 sulphat@RREs ahd hes shows esnsﬁnéerablw@ah@lgamer lmqwrerrm-bMd

ef f ctl ntrati i L Jds jing.t
comitshBRs aF T SRR S Rin R Rl T s ek st ot
embcﬁt&rhmlewh?’eahé coﬁpasiﬁ%mndnpbsnsta fda!ilniwg agest) sucir as Vitamin
. prefer et ween about .0 about 20 50mMM
c. t Birfiefrefdo bethin ns Fante) Hahasle e B ana-about
30m\/l and nost preferably between about 2rrM and about
OmM The nature of .the anion | E cobal t
FuRrERpTe, WIS B prRAsIoN Esro s RahE s R R EsnBrt coifises an

iron s'aut tHa fet@rel cElthe ANBA St thedFbn SAMEVET critishiad ehd Bfficacy of the
osition conprises a, 25 n

antimigrpbial cRTEPEN AN |HOWeVaR, ok zpoubifmdRiia t[aﬁtérm(@??mphate

exhv%'&eatéﬁ@htlrﬁ&%ﬁ abfivitythen repally cfﬂ@ﬂsde Iﬁcoarditﬁ&l | t (11)
salt. NMbst preferabl t he n| ckel sal

prefecahipina Eon salds ADIERGHLRI o7 TS b MoB! REISRIE the iron
salt &ﬁ%ﬂsbs ?é#dlﬁ%fuﬁ)haf’é eA Préfefted éffé@tﬁ/bldbﬁcémmeﬁ fof Bl ifgssalt

the nickel or cobalt salt are in th? aﬁg e of a%&l;{t
is in meiam o%ah%@dm'\ﬂmerﬁao%%“ BYOL? RIS ‘ifaB Diiize
0. Sm&em%lﬁ 1@@% eVQQ'mére préfePatANbéeen Bb@utEU &hi\/t’and about

tween about O.5nmM and about 50nM stil

-50mMr etfllgnaisl Br 9@@@% éﬁt\"@%lﬁboﬂt oVhARd M@Og%fﬂnddﬂ%ﬁtnost

oref B P £ B P AR P AT TP one enbod ment

the conposition according to the first aspect

The ﬁé%{Ii%r 6f§ﬁ§ f\?o)\ in ?'n‘ic!k%f oracdigéﬂ%%ft iSakb n8{ CTﬁlCSHBQfLIé eFF ghdy of

an extract
the aeednmhaal donmnsalogr cklg@vezy@ns'vfwe the @Jmnnlﬁftmfla:ommsﬁ am

i/ RLGEA AR G0 HRro B iG] 808 s5yq B e
preferably the cobalt salt is'a cobalt (Il) 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 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.
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5 conposition of the first aspect conprises at | east
two netal ions, and nost preferably at |east all

W0 booseosses al i ons in conbination with the planeCT/GB2007/050743

extract. In one enbodi nent, the conposition according
to the second aspect conprises (i) either a copper
salt or an iron salt or a1c10balt salt or a nickel
salt;, (ii) an extract of a ' 10 plant selected froma
r consi sting of Punica granatu Vi bur num .
In 03@ AFietalie FompasitopREeerding g the st agh5Ct comerisesi(l)

eithdr b RE S rtaItdE abobalt@WR BES nidkBl saitPasd G éﬁ@x@é@%@' TPt
t he conposition according to the second

seleckblreraesarayp cBSiBlind @f FrHaNca orpBRfym. Xibyrivse p Bl igatémer abl y
Caﬁ&m& 8AShsik MIREACE . %wm# ik %Féféﬁ@& ¥mBbdindent! rthé’f

he metal ions, in conbinati'on wth an extract
corrpﬂOérhrpn %&%fasb@snepbmrapr@e@@ legashisiosmetabions, amtmcst
I nd
PreRE et iR Rl e B ReTR M R R Ryt
copper and iron salts are conbi ned vvlth t he pI ant

 In oR& LM %himgrgbtﬁ (’rﬂio%gilf)x ’athSr‘a n rté%je §e03388 % é%(%%gmgnges (i)

accor or "sec aspec
eitheop peppe(rlsla)t os ahtiroarsditan aicobalt 6alt 9r :saickelcsah‘dnmml exfradb of a

X t of a plant ,. selected fr
plarf St GrorBum B R PRES i B PP iy it
Carfiglfiee bineasis,i aneindées, sppndndiy a sqrucinyagientr ef erred
conpositions according to the second aspect .conprise
copper sul phate-and iron sul phate conbined with an 25
HoveaveF, a6 b phéfefrel Ie&iﬂod&ﬁémcmectohfp@mnan gbcuramgwmeséedagd of
uni ca granat um \/burnumdf i catum
asD%?‘rF@ﬁ&%fges ghigagitep replg! iogsAng 'P%@LR!F*}‘FC%A@QHWS‘ three, and

mostipRireraabl Al foliP6F the PRERAISHAY, A corbihatidRANE 86l eRFaclBf a plant
oi nt'ms ﬁtg\m' ch is descrlbed hereln fter ref erably,

selecird fFAM AgreYR FORYISHING Of ka/nica H5BRA FiMo HIDHERISR BHGRH o t he

_ Carﬁ&ﬁé’@tﬂeﬁﬁ@%ﬂd ASbreppPrbhé asedlicityagat! Mist pléfdraBly, copper

gr anat um ‘and preferably pomegranate rind extract
and(mqqgalts PF%FQJF'@BP? withte P@Gh@ﬂh’ﬁ’ -agent in the _ |
conmposition according to the second " aspect is Vitanmn
C. Accordingly, nost preferred conpositions according
Accorlingly prefeded gomppaitienstiaording taihgdiest os seeangiaspert on
comBhP 835 Bpo/ti 5805 56,76 (O s A AP ERRERSER plan
selested frare argreuocongistingf Busicaararaluio quburrmm plscatum
Cazﬁj F§%/h?f‘?§%géﬁ%&r§ D C%$E#Sre?é’r“é§‘@6n%ds§tf&ﬂs accorging to the

i t am conposi tion ex
seccsrm @spest ognpiEe erippeobilphataanidionysulpati eomkinedwith an

extrSAD a diadt SR rd R B EhASind b PullcBYMhnatim, Viburnum

plicatum, Camelfia sinensis, and Acer spp. and a reducing agent. Preferably, the
composition is formulated as an ointment, which is described hereinafter.

Preferably, 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
éecond aspect comprise copper sulphate, iron sulphate, and an extract of Punica
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Conpositions according to the invention conprise an
extract of a plant selected from Punica granatum

w/ndmsnossas pl i cat um Canel lia sinensis, or AcerPSppBB2007/050743

Puni ca granatumis referred to as ponmegranate. The

i nventor has found that 10 extracts fromthe whol e

ponmegranate nay be effectively used to provide

anti m crobi al conposi t/i ons 14ccor di ng to the invention.
05|t| ons .according to the

bl
gr "T"ffi?@\é? é%g@g?@er'gf g‘-:a ﬁaﬁbrﬂ G r Biis preferradnepranositionris c a
deSEMA HERRiIn! R &?B&%Lﬂ‘ﬁl?a‘t&lrbh Eﬁﬁpﬁé‘tﬁfmiﬁ%/v{tgrﬁﬁ c. ¥his
ave an actlve

Vi bur num pl i catum has been shown
CoppRpidnR ﬁﬁhlbﬁ‘r syrprising gntimictbial activitynandiextendedshelislife men
e|n§e an extract from |l eaves or flowers

forh}l}l B4 48%n
%%urnump Icatum Canellia sinensis is the
taxonom ¢ nane given to comopn tea. Any parts of the

S T e e A

froar Bupica Qaanaadn \wahemmﬂamcamgmamngmm ortdzer spp.
black tea. As denonstrated in Exanple 8, the
i nventors have found that a conmbination of green tea
Puaivd gn&zfamkmtu@ ecfomed ®f dscpdrmegranatel IMheriodEntdr Hasdednd thad

oGt PRt bR v TRy affear e Bhabs sesaRElSFEA T pividey oad
anmmmfcombmch)ﬁé atdordify & Bledalentiono Howvet, @Péfe?ably
aCcCQ n to .t nentlon CO rrse an xtract ro
oGS bR PuhB I VRBKS SRS G e PR HORLIBE MEHGR! o
PuhRielgigitatdmcie goreadianitatingd estradtfPRrREgr) or Canadi an

maple plant. 30 In order to prepare suitable plant
extracts for preparing conpositions according to the

ViBurNER pliSatum iR HeRASaBwR |té1ﬂ§vé §n BEtive conBHeRt! L Bidferably,
preferably in a sol vent is then preferably

compp$itiens accprdingiortag '@'GPU%PO'T‘EN%@%PX"&‘CT BmUSaYaRar floweprs
of PRuMRMBRZ1WAE8533 PCT/ GB2007/ 050743 13 fracti onat ed,
preferably by centrifugation. The fractionated
extracts contain an active conpound. Exanple 8

Ca%w&bémmstm@fax&mﬁn’errﬁﬁfé %%’n %drﬁf%h 8, m%ﬁﬂ%é‘ &the

green and black 5 tea was ling at about 100C"
teafniantanay be ysedtorpirapan ﬁ@pmppﬁlélpﬁii amqrd!ag to thesipventioni n,

it t B ferditeSs t

a Igo‘r(@peﬁg&fa ! Eﬁﬁeéerg?ré‘fi{ggé Prefchd Ml beYrlerdRalor black
tea. As demonstrated in Example 8, the inventors have found that a comblnatlon
of green tea and black tea has effective antlmlcrob|al properties agalnst
Staphylococcus aureus, Pseudomonas aeruginosa and Proteus mirabilis.

Acer spp. refers to a broad genus of maple plant. Preferably, compositions
according to the invention comprise an extract from leaves or flowers of Acer spp.
Preferred Acer species include Acer pseudoplatanus (UK acer) or Canadian maple

plant.

In order to prepare suitable plant extracts for preparing composiﬁons according to

the invention, the chosen plant is first comminuted, preferably in a solvent, which
is then preferably boiled. A preferred solvent is water.. The extract may be
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The plant extracts may be sterilized, for exanple by
autocl aving, and then allowed to cool and stored at

WO 208068535 urt her purification of the plant extPerGBR0@DYS0743

10 ponegranate extract) to a nol ecul ar wei ght cut-off
of bel ow about 10,000Da nmay be carried out, for
exanpl e, by nenbrane ultrafiltrati on before storage.
The plant extract may be U8ed in a concentrated form
Al ternatively, the extract be diluted as

fractmﬂt@ﬁb rArgfiesaliiy by centrifwgatiare deE%éaCthteﬁlaﬁMtl’?,CfSa@Otﬁin ang

dw\g)% gtj 4. 15 plant extract may be used in about 150nid
of wat er 'Thi s may give an effective concentration of
bet ween about 1 and 99% (w w) plant. extract,

el 8 BB 1R 01 PR ITARA Lo v,

tea Was by bplliagtat akoutakd0”C Edrfat tdast 2 ndo/pos pnefmablgatmadu fg
min Qe Taae RSG5 2 o (S 7Poat @9l S TagStsg min.

pI ant extract. The conpositions according to the

n rra e formo a .sqlid or |jqui
The At el &b sleniaef. ton Seamgrier raaadving arhdt afowed
to ¥l Avt Gested o€ XUOCS| Amfhea?gﬁﬁcﬁuag of mequérkte;xtrtabte( edirst
or second aspect in the olid

POMegrRN&tR PXIF2Ct) 10 malecuir wrioht s-o P8° GQQQ(EI%’@PY

be daRfdcERRedr Bk@h Rl BRmeAtrang LlrafiGatMPBEforOaBraRRNP! | Si ng
copper and/-or iron and/or nickel and/or cobalt salts,
a plant extract and, in the case of conpositions

Them resiiraa rFIQy b@ 93@@&%&@%@&& Forn€ ANREMEIRAE Me eltFdt
[ty antimcrobial agents. Hence, the

may&m@b@d k) ﬁ@pr@@taéﬁedo ity intendeseusi: r Spicain %@@bﬁ% of dried
plart SRR f?‘nag/‘ bé (ed AR { fd \A}%?erUfFﬁﬁ nlusy éibe a@) lefratiRnt

ag al nst m crobl a ctlon such 'as a bacteria
conmrwtraltloro pf b@tmg&n abaplet amd)ﬂg"/o\)(\u/\zl)mgv’m@@sg preferably between

abol % é&iﬁé@% Mf@éﬁt exttacf LRl %’}Q'pvefe %g,csaweeﬁ Lbb@Hand

accord e I nvention are ant terial
50%c(wvivwd stant exteact. TREetlivetcomipanitiony agrordingita theppyentione or

comgn% a@gﬂm) offhe Pr%?ah Shit Q@M@&mﬁm& W‘Bance qu?ﬁf the

h 't he npositrons 1 n accor
plan amteantu dhe a;pmpesmens awrdrag ta thel inrntih mayche ghe fgrmeef a

or 5 Clostridia, for exanple
SOH@OS({?J g@rfdelnLro Puli num Furt her exanpl es of bacteria
agai nst which the conpositions are effective my :
ncl ude i.llale such ' ' '.
Hengl b At aspRt el Bhoter £8ainpatiion Hching o Biher the
first of fesind\wspagiintisé fosinagslaydotid oc audd cbmerﬂmﬁanﬁd:ra:hlutlon with

water.

Due to their increased biological activity, compositions comprising copper and/or
iron and/or nickel and/or cobalt salts, a plant extract and, in the case of
compositions according to 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 treatment against any microbial

infection, such as a bacterial, viral or fungal infection.
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10 St aphyl ococcus aureus. As denonstrated in Exanple
6, the conpositions according to the invention are

w@arosioessBar |y effective agai nst MRSA (net hi ci | PETYGB2007/050743

resistant S. aureus), MSSA (nultiple
antibiotic-resistant nethicillin-resistant S. aureus)
and Panton-Val enti ne Leukqgi din (PVL) produci ng cMRSA
isolates (le community acquired MRSA, which produce
=V, ine | ; i L illales
ProleREl s QR SUERFE e kendital MiBalh
comgpsitignso cburhacterym ey @ Granrpositive oc s Brapyoegatiss or

bacBHe 25 S55HPle, PACHIEL b st iUt LB PR i desPlance

withiiheé mvention ane\effectivenmay énchfdedtitricetespwhicmadayde Bacilli or

Pseudononadal such as Pseu nas _ aerugi.nosa. (as
Closifig, ¢ PRSAe ¥ TR SEinlE) T RS RrRgTtLes LB
agaibxammtiethg, comditfsgtw efféavs mcintlldﬂ@ @gbmakb,&uch as

jnventjon are effectjve_ against nmulti-drug resistant
Bacyluy,§ Wﬁr%ﬁu%e’{‘%'ﬂﬁ%'ﬁ‘? '”@iag?ﬂi% “spectrum R-| act amase

Pseudononas 25 aerugi nosa). Further exanpl es of

bact erja against which the conpositions are effective
The ganpositiens may &g aliest v agahRt SiaphylocgreLs, fargxample,

StafiR6EQR Uris. angHEMBNSPSd T EREnME 6, the compositions
Ent erobacteri al es, Proteus, Serratai, Pasteurell ales,

accydiaoe e iprenties. arapadicy@ny certveagainst Miafp(reetbicillin-
resisgi(a)'r'\tt§bé&e5§bt, ﬂ@@@@fibl@!a‘ﬁﬁbi_@ﬁ@féb?tar\g?hﬁthicﬁlnﬁresistant S.

nposi tions are ective include Escherichia ssp.,
aureystandBamtentValentingksuisecidin (P¥-bpreduciag aMRSA isplatas (ehe
g ‘ j [ | Laabilis
comfiRFRGSEANRBMRSA, Ghichigrodice PitolfGalenbhelniany, |
i ncl ude Serratia narcescens. W 2008/ 068533

. 7 . rell al es
Adafile SREHRES T hich b2 iR e ts RN Ryl
Streptooocairfat @ample) Sideptaéduciis proganesas Streptochesusexanpl es
pne(?r;)oorg%%gt eria agai nst which the conpositions according

€ 5 invention are effective may include
Bet apr ot eobacteria, including Neisseriales, for

o G AR P R R LhRA RS BEb R R SRR ey

the imegntion alrel dffe vk tnad yeipsiutie P ss udlamonatiade sPs atread Bs¢wddnagnas

g0 SO DB ) e BERRR G ERMTGRY.

the ¢dmeposiidne aictarding tatite néntidn are effeytiveragairdt 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, Serratai, 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 Serratai include Serratia marcescens.
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10 Actinobacteria, for exanple Mycobacterium
t ubercul osis and Nocardi a asteroides. The

W@ oimpo6ssss ons and nedi canent accordi ng to the PEWEBRINGHS0743

may be used for the treatnment of a variety of
bacterial infections, including: mcrobial keratitis;
conjunctivitis; bronchopul ponary infections, for
exanpl e, pneunoni a; urina?@ntract 15 infections, for
cystj p elone tls ear, pose, and
@ﬁéndy

exanpl e
Exampies of Pesteuealia Ha%&v “é inflyenzaes Eamiles of

V;bn%hBlé§'lﬁdlL§je V@F/UB%I&#&;%; di phtheria; skin infections
including cellulitis, inpetigo, wound infections,

botulism gonorrhoea; septicaem a; peptic and

Fuﬂﬁ'&@%ﬂ’%‘le%f%ﬁtang aa'btafds¥ Wﬁrch %Eé!ﬂnﬁ@ﬁﬁér%racbﬂfd‘ﬁﬂ RS

Prot eus m rabi | i nfect I ons, nening
inve otgzneamﬁﬂepwq:,maﬁ m! uggl &ﬁm@“pra@agteneonmh@n@ ngnafearfgr

exarﬁﬁl‘éoﬂlgfs?&é Qor”?@gbgé( eBLASH B @"%ta'cfé'nﬁ ainst wh|8h the

ositions an |canent accor

' compasmdns ara \eﬁacwennayamcmde uadd/apsilom eubdividaxt M&obabtewa

t
inct Y8 EEmBlgHaciSaesr of ShoP: ek Gar B T it thed Bhamples
of bem;t?ria agesiest wigm thstcondpbsmoméwareZafemwmynnm are
effe uses, , i ridovir S, . .
Actifeggeterie, O X o WBDEgFRIRETubeia DR N i aptaaidhne
a filovirus, arenavirus, bunyavirus, or a .
rhe GRARISNR vy R Bl SRS o BELSuPe O AR e
treathferfof® paﬁtnwf baterid AifOctRME] m&ludfrigamidrwlaﬂaceréﬂtlsﬂ
retrovirus. VII‘US maga be, a herpes virus. or

NBefOB BX AR AR NPISHRANR & 'PEWéFRC;‘/

mfechﬁé'Sor(éﬂ!a\ﬂple Wﬁﬁtﬂ; B?élﬁﬁéprﬁflﬂﬁpééixndsd Wfd thest lﬂfectlons for
HSV Human her pes _si npl ex vi -

exarx(w!?ew%ﬁfatm%@ ABINYstsy @é@g% Aphthagiz 5@“ Eﬁ%@glsﬂ% wcydw
celldhw ||&£§t (%"j]‘%ﬁhﬂ W@ét%% C%df@is%@ QRIBRRESS septlcaemla per;]mc

osi t1ons accor di

ng t
and pihsmﬂal @Iﬁernaﬁsms aCFﬂmmd?ﬁgftﬂfede fostians; P&f@us mirabills
ng to the
'nfecﬁg\%gﬁ@%@ﬁéy&%"ﬁ%ggé:%ﬁgﬁﬁazmaﬁgg{as? ment of a nunber of
fungal infections. For exanple, fungi against which

The Ept?ugo%if? aQ‘ch'd?ﬁl_:? d tge %%%?‘ﬁﬂfagew érh.vt@;%r?hrb\b%mbhgn are

Ive may |nc nt ous us, such as
Compuositisnand medlcameatsmmrdjmg tauthgiinapiipn s1a usedtin the

treat?%m 8185 Bu%ar bfbn%%fécﬂaa&e M Uiud n\%}, 'be\é%wrey #Hde

be sel ect ed rom a gfoup of genera

~ particolagy an engelopemwpzsr dixamples ¢f imses agalosatrvmr@tathe

comBRRIRSAE S B RER B BSOS Wirses, o

toroviruses. Further examples include a filovirus, arenavirus, bunyavirus, or a
rhabdovirus. Further examples include a paramyxovirus or an orthomyxovirus. It
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). Altematively, viruses
which may be combated also include bacteriophages.
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Pl asnopar a; Pneunocystis; Pyricularia; Pythium
Pucci ni a; Rhi zoctonia; 10 richophyton; and Ustil ago.
wo-oslesssexanpl es of fungi may be sel ected froPCBEGHR@A0O50743

of genera consisting of Aspergillus and Candi da. The

fungus may be selected froma group of species

consi sting of Aspergillus flavus;.Aspergillus

fum gatus; Aspergillus ni dbt ans; 15 Aspergillus niger;

Aspergillus parasiticus, Aspergillus terreus; Bluneria
Compositions gecordingdp die inventionrsay be arifurgal comepsitiomandi da
Con%o%ﬁi'bﬁé 8na U rﬁé‘é@&?ﬂ:bﬁ% el mgh %ytﬁé’@éeﬁl%'tﬁe

t ococcus neof or mans ItOZOOh cun
treatm@zi of amumber aﬁfungalepiegm&qr@wwpleufmgmw ovhichethe

comgfzéaﬁ&?s in AR ?n&pﬁmﬁ t@‘ﬁ’\%ﬁﬁdn %%&8%%‘?%[ r?\mHQE gstans;

snopara Vi TS Jirove ¢Cinia
fllathwfungxta;su@uas amﬂescgmamtal Exarﬁplescoﬂﬁmgl againstasetech the

compS it HebirBifite Fith BShaBhibn 418 5BRSHvs mawhy selpctgrrom
a gréisg of geyeraregrtisting of WisplreliiuexBlimiegia, Odndida Wryptocbeule;

el ek B BoRR B b P
Pladm’lfp%ﬁé PHetBIORy st Pyticotbrid; FYhiampPPesdi4; %:&Jbﬁm&he

nposi ti ons according to the invention may be ‘used
”Ch?ﬂf’yép%ﬁﬂ@)wg?ﬁﬁy (ie use of the conpositions according
to the invention alone to prevent and/or treat a

m crobial infection or contam nation). Alternatively
FurtWeexaawm fungimeayse selactad fom a BEOUPHS @ﬁt\er@rpqmﬁwmof

Asp%ﬁ@s afd mn@fy aUNHe fLiAguLhal Be s@@mdwaim Ay O sd@ew‘

anti m crobi t herapi €s. For ex e, conventi onal
consistingisif fspergiliug rf laemer@lh@af W’Q‘ﬁt‘éﬂ, Aspergiiup igslanse| u d e

Asp@rg%l)‘é@ ‘fif%%r Fil iffd C{BérQ,SltICL%Z s ?? s It&FétéZB)ddérla graminis;

n entan10|n
Canglifa mébn@ms Can@ld@ lcruged hﬁamhda iglabrataifeangdida parapsilosis;

Cangl%'? flafid: @Xg@%e%{sfp oPormiahS 3 glghélﬂo%}o?ttl{uﬁf%ﬁ‘ ?fﬂﬂ)

Cl . e, conpoun use In antivira
so/at)/h ee;atpyphaw]aaokéoracy Ma@maporth&:gmzs Pbyeg/3Bora capsici;

Phygé'vl['gg%2%#&%0%&5%@0%&&\29&%] Iﬁr{éurm &Etﬂ?ﬂ:vé 'Puccinia

cane fucl’eosi de,
coronata; Potainia goaminds) Ryricliieds ogezae 'rfﬁytlwmlﬂmom Réizecooia

s TP SRl 3 B R v
Furﬂafgrosﬁaampltg; dfdltmgg g:gﬁw;mus; ﬁsgchay Saefigfemwéest spm‘g'gr&t i on
{ I .
coralisiabe Rt F oS S ar i Al SIS & by R BT ntang .
famesol, clotrinmzole, ketoconazole, econazole,
| ci um or_ zinc nat e, .undecyl eni c

I e e v R R oy S K
in a MoRBtharapygicidd dlitRe cOMPbSEitidrt according to the invention alone to

prevent and/or treat a microbial infection or contamination). Alternatively, the

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

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

vancomycin. For example, compounds used in antiviral therapy include acyclovir,
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sul conazol e, and terbinafine hydrochloride. 10
Conpositions according to the invention nay have a

woneseesses di fferent forns depending, in partPCTGBR(07/050743

on the manner in which the conposition is to be used.
Thus, for exanple, the conposition may be in the form
of a powder, tablet, capsye, liquid, ointnment, gel,
hydrogel , aerosol, spray, mcellar solution,

aerbE ORI by RSV TGRS PR HUEUEL
nuctzotiae pmadn-nliticosité lrmﬂnltamfereVase tran$aiptasee proddasel iphibitors
t 1t f th t Lch
ond S FIGTLL 490 BRaR AL PR BIREE R50 e
invetiop osdyvt hedunsiadain d:on%@amtthmcb mptibamte‘rgal and ahtiviahagents.

| apt extract, and re nt for he second
Corfeions) Sl aaa ey . FohesRels, Tag etk pR: o
ketdbsRBRsle, ston¥edis, flucBhadis,loaltién of mab uﬂd&t}ﬂérﬁaﬁé alndeeylaw
ired in which casethe metal, 1 on,

b
acicbypuieagiine BYRrOGHBIdS, Gisiabros ol dale ficonadote Mifls, nystatin,

sunc@ﬂaiﬁé%tem.ﬁéﬂn@r@dm@etlon that may, for exanple,
be ingested orally in the formof a tablet, capsule

or liquid. Alternatively, the composition may be .

c:orgﬁ%eatgin%ta%&&%u%ﬁoﬁwé IR BhEGH iy hxvé BingiRibieP B auﬁér‘én¥ nﬁms

_ stream "I njections may be iIntravenous (bolus or
dependingi iomprtisulasuptineanamnes in which she compesiiorois o berysed.

TS HEPSRAhbB e BinRliof iy BEIFIARL R 6 Bivddiighih! O

ranasal | natively, ositions
capaidle diqiich gintmenh gel, hydnogeloaeneagl, Bpraydmiceilat saldionby

tran@gér%a? }@tcﬁ o,r po%éﬁ‘{)gpéuiagﬁél&g? &h@%tﬁﬁ%le ﬂ%{} }Mﬁt Wag; lﬂee

Y nasa
admlma’@eed to:ﬂ)pelsmnweanmmi eﬂiemﬁbke}ammtaieﬂrm the m’mcleraﬁlthbe

comsRtiGA bf theRikrsB-snbh b HIWAch R Wlfio)dh et iné Bubject to

crea Or aqueous so u
whonditiisygisém.ati on i s useful when a subject to be treated
has a mcrobial skin infection. For instance, WO -
2008/ 068533 PCT/ GB. 2007/ 050743 18 oi ntnents may be

Compysitiond and rhddicarkénts cameesing medaldoss, eland ekinactyand tedacing
I nf ect

agefif eyl Sethd AdpeEh axfiifingus ik Rboldh Ry b8 Teg ' number
of we@NTHR instdndectsl rae@hurﬁaraabnhmyt bd I’Bf]ufradbjrewhlch case the -
sexual% transm tt di seases

metplpp.Rlaiexipct gpg f‘=‘r UsSdoA e “%‘PSP @%?'ﬁv'é‘a?' k?g coptaingdn g
w.thﬁ% @adn Msltléﬁﬂ@méyefbr 5,x@ihp|@a5@mg(esfwl ardiiyig thé Eb‘ian ofa

application to th ?Eart culcgp gful
tab'% capsie ot lf%d vAREmag s e sﬁg'PSP' PR Sy g APInkters:
systeRAcy Bl injeabndRioRE béRUIsteEM. LiRjeetidr’y may be intravenous
(bolus or infusion) or subcutaneous (bolus or infusion). The compositions may
also be administered by inhalation (e.g. intranasally). 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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ti ssues al so. Exanple 3 describes the inventor's
efforts to produce a preferred fornmulation for 10 the

W@ 20068583 ons and nedi canents accordi ng to thePCT/GB2007/050743

i nvention. The inventor set out-to enhance the
stability of the product fornulation and conducted
prelimnary toxicitytest; In order to optimse
activity and enhance st abi I?t a number of

o B B o it Sroun oaerards t

tream‘spfeoiﬁrrwiraxmmsorﬁs eTKH&ﬁi‘ﬁosﬂlthﬁé\&Sb@BSpl@dﬂﬁﬁWHg riaf (for
ati o t he conposition of the |nventY

ex%elet gl’("é}“ﬁrﬁé 9 Bm%ﬁheasutzﬁ% érﬁmexaa%%mlm disepsesddyr

rectilly uintfmragﬂﬁhﬁaérﬂfd‘ﬁtraﬁbﬁ %‘Eﬁeﬁ:{é&eg\? mg{egtlr% %Ell)r transmntted

cosneti c- epar ations
disgages(Incladng M}g%) inepicatrrRicaisay tattheplin mmany useful for
treétglgnﬂ*ét i’n&%?:ﬂ@ﬁ@ 8ffhe R £ £ABENs o?@a%ﬁ@%%%@?&?%gther

ke. Creans of the water-in-o
lissUgeAl$®e cold creams, enollient creans, and the Iike.
Phar maceutically, creans are solid emul si ons
cont ai ni ng suspensions or solutions of active
Exampje Sdlasatibes the inyantornsaffortapp praduce arpref@&edkﬁamﬂat;ontf@r

d h, t he
the ZompBdiBhS 8fd rickean A A ord A RS b Rlen iR he Reftos ey
outimenmansedbe atabdmt olvtheipesduct foepulditidn fandi co::idilmempl%ﬁmmary

t t fo ation., For
tox B} tekf, Rl 1b BpFimiSR sl € are Sfelibh e mimborer
forralqiailqr}st vyera{[?ré;bmed iant I’WN@btxéa!édm 11'3& taﬂﬁPiﬁﬂ.:blalfac%nﬁtles were
sianifican are 0 at o e cream
scrgirt 1) £ Btk Rt s 66 Slans @aupels Shd Sreatod. t nat
formuiieticgmplesice,| the oamdsites bEmEBMhtibA mytaKks I8 rmiof §
t he invention are FOVI ed as an oi ntnment fornul ation.

Cre%%@ﬂ%? BEIAN050743 19 By the term
"oi ntnment for rrul at| on", we nean a viscous, sem-solid
The@ aratign tabefor topi cal use on a variety of

?'F‘ae%fgfs(utega ﬁqﬁ%%smeﬁy-wnq PrEPpiatipes. (IS of Hiecil-in-

watérf'(&‘IN\@mypB 1ﬁbﬂﬂ§tpré‘rihﬁatﬁihs%u&h BaseurkABSRERAAS, Rand creams,
antially concentration of [ipids, and

S“diﬂﬂ% Fé%'ﬂ% a@éﬁ@% 'lk% théamﬁﬁf the; water-inrpil (MY/&) tynsheqalgdg celds

creaﬁﬁ@ IRt %réa‘i’ﬂ@ fand QRIS Rt Pﬁéhﬁ’ébé&ftlcélltypbr%msaﬁg shigds
be water sol uble. Hence ointnenfs are nore

emt&?dem%%qni@nmawseere%w orzselutions of actiyednaredients for extemakr

applid#ionskin. O ntnents are therefore generally conposed
of singl e-phase hydrophobic bases, for exanpl e of
pharmaceuti cal grades of soft paraffin or

HowBVEf, 88 hiShAbride the inventor found that even though the cream and
aqueous—based formulations exhibited useful antimicrobial activities, they did not
remain as active for as long as the ointment formulation. For reasons not fully
understood by the inventor, the activity of the ointment formulation was
significantly prolonged compared to that of the cream or aqueous formulation.

‘Hence, it is preferred that the compositions and medicaments in accordance with

the invention are provided as an ointment formulation.
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paraffin wax. G ntnents are generally used for the
application of insoluble of oil 10 sol ubl e nedi canents

war@sloessse a greasy filmon the skin, inhibitiPQI/GBs®7/050743

of noisture and encouragi ng hydrati on of the keratin
| ayer (Physiochem cal Principles of Pharmacy by
Fl orence & Attwood, 1992).,,Preferred ointnents shoul d
be of such conposition that they soften, but. not

By QISR hdnenl B louiat 5" wRORbAEE vighBus, SR RO prelb¥in

suitableiforetopioal uwc&da eariety afibodyesurtzlces (dgthetskipi 1ewill be

rote II|en for the skin. .Accordingly,

aprf T et R L RaR POA! RasP CUNBNINGE SbstARiRIAIRa | 5

conBe@fatiof AR G5IAS, id tﬁ@reﬁre'térﬁisdo% |fn&ilsc1t§é irt Wbie)‘,, wﬂié’f@as a
oi ntment formulation conprises at |eas

cregam hag a '%?%CWPE‘E@HP oftlipidggand @ngs/gc( b W)atqr |SB|“§'9 W@ﬁe

ointiiings %'rﬁ&@'dﬁc@%w@@hérﬁ&%m& %d erN{)a ;')rbﬂi'cﬂve fRtov@ ke
suitably at |least 2% (W w) lipid Preferably, the

skinp Qintments aretheneiare sﬁn%rampm@@%seat of|singls- plsa/%e(lv/nghobnc
baskb BbFexdMRp! o Hhérﬁ'f%icléut‘?éal g%%g ol 95k péﬁé‘ffﬁ‘oorl d.e.lo@rys%ﬂ?rré

nore sultably at east

- paraffin wals| 9|r@mem§@g@ gemy%lx w;e@for mg Qpphqat@g@f msoluble of oil-

LT OE8 S S 0! PR o
moistuveand emqmégib@ hydsetion at tba karati laypr ¢Physinshemishs e,

e A
be d:f@ubh eomkositienithaé theyisoftam, bubnet recaspardy ofeltawben applied to
tne 85 TRl R a5 ik Y BobRB brlflcdiap STRERLREL T, O
ingredieatsaamd may 3B lfignction 4O p2at6EiVe@S &8 BniillenEBn0 6w K 743

20 Table 1 - Conposition of hydrous oi ntnent base (for
60 prans) Conponent Amount Wbol al cohol ointnment 30

AccBhMgf]ryg)ﬂgé bmﬂénﬁomm%ﬂdﬁfgaﬁ lcomgriaa?;jia sub?aiétidggmggm. 3¢
ur.i fie ter o) coql e g
conggiatiaR of B o Fat S GReblvs yresein et ot iloR e st
0.1y dnoupid)inidraenitaliig atleastey 5 %ewhw eliid, eseh ynore suitably be
nt nent,_, nesi um
east AP travE o e e P g Bt BRsL 2o AT i -t d6e
ointheatformuién comprises at least 5% (w/w) lipid, more suitably at least 10%
(w/w) lipid, even more suitably at least 15% (w/w) lipid, and most suitably at least

20% (w/w) lipid. These concentrations are higher than those for cream

formulations.

The composition according to the invention may be formulated with an ointment
base, which is preferably hydrous. The ointment base may comprise “wool alcohol
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 ointment formulation

according to the invention is shown in Table 1.
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Exanpl es as a control where no plant extract, netal
salt or Vitamn C was added. However, in order to

wWEe@pAasss3an active oi ntrment fornul ati on accor dPEGBR007/050743

the invention, the plant extract (eg PRE) and net al
salt is mxed wth the ointnent base instead of the
wat er, to thereby formthtli oi ntment formulation. In 10
efrbodi ments where a reduc Hg agent is used, a solution
tablere \/tamnC may al so
tiog of; I YD . amgh  acti ve

ol ni msnf ddpﬁﬂﬂ.ﬁbﬁfl on, For exanpl e, aDOUK,ﬁbuH{[g of

CUSO o8 BlccHEPBintmento / 22 g Of vitanim C Rpy, be added

10 the %ﬂgxget%n wh Tt —I.b lIIETf added lsi.)g‘ l1!‘€

| ot 3
UTII E md@g?u E lﬁ a| LIIEDa‘L,L IAVS ULTILHUI"I ‘3 1 .1 a

o

Puffgd.vvké ar, f’(eism i 4 ;[Q?O%le\léc I\:ru;rh:) :nlzr‘clv j\liti .TgaFﬁiwnUS

uoouy arT”r uUTTITt e T T T 1T XD A4

conmponents, such as iron or copper salts, and Vitamn

An &ntmdﬁt ifrilfion mwsbé E@pammm ITMeQﬂGrOL%rtﬂnﬁﬁ&it base
tivity after in Figures 5 and 6;

mayt prgpeag nym@‘matﬁeé‘ﬁ’@h? o) RGN |P8ﬁnwe§hqn9hwﬁ C o
maJn@étu?d §Lh€ﬁat801'|+_e?;§dr|ﬂ)aﬁ I%BEerosthQi'l(lh knd Pasle WRARRABHGH MRS 1S

retai ned for hree weeks with no reduction in

Exagyplgscascy corjrol mgrqm piashextrast.fuetat sater ilande C wagadded.

Hov@s‘v@F 'T??BFdeHH avég émaama%tmm baLRtidn a6QTIINGRE thd t h
Vitam n exhi bi t ed reatl?/enhanced stabllltg

mveeb%éh% glapbextrast trpRBELan Bistal salt srmixed withibe oim@an
bas& h%m&a%fftw% Wafe@ttsrfﬁérgﬁ% gfrm the Lintilelit RithEiatich W EKS

urpr|S|n hese |ngs are in contrast to the
embodisagnts whgae amm Jaentisl usedoa solulign eha suitablirerefdoicingr

agefi13 BNR £ Il bd ol e bIMnoA e to Higare ¥
activenwisiment f¢mwlaﬂoeaFd>tyexadmim®puta® 8d2 ghof GGy asd about

5 072 Sy Rt BBt i ¥ 59 BRe G REEASR0GH o

nt ne based i-ons nposi L1 ONsS
the cioteerdibage taformehe aetsetdintment Wrimulatiohe | nvent or does
not wish to be bound by any hypothesis, he believes
t hat WD 2008/ 068533 PCT/ GB2007/ 050743 21 the
Figues anddixampiés 3 hed @ishbwenbactencideal \assayoofeanpoiothestt ioh RE

comR3SHThgbLE RRAFARR. aeRR SR bl Yohar ey S PEIES
Flgu'ré 8 ,shotb thd yame coimposititred, and lhhanabtwltwaﬁerek‘t\/eeks A§shown
o R0 o TR BOR kS TR SRR G 1 i
Fe(IDRE bSCUQI)ﬁP@@ Rempositiaisat eétRiNed foit thrag wéiksowith h® Peduction
in efﬁ%ﬁ:! %;@gm\éptgﬁqnﬁu@tbn O':-Ieggg Qﬁé onsn%lmgnte}gremlljkrat?onn shown in
Table 1, cor_nbmed with added Vitamin C exhiblted greatly enhanced stability
compared to the aqueous preparation (data not shown) showing full retention of
activity after 3 weeks. Surprisingly, 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 fetained activity over long periods of
time, of aintment-based formulations for compositions according to the invention.
While the inventor does not wish to be bound by any hypothesis, he believes that
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The inventor then carried out toxicity studies on
mamal i an cell cultures as 10 described in Exanple 3.
wab@socsssudi es showed t hat the hi ghest percent BgEGBR007/050743
viable cells was observed with PRE while the | owest
was encountered after treating the cells wth
PRE/ FeSO4/ CuSANitam n C czqrrbl nation which was
dermonstrated to be non-toXic. 15 The conpositions
accor di ention al so be
the G5RPARRE of P ament iy e Pt ds BelTa e ebnR st ieng
ageﬁﬁ(}!e V{t}m»netxﬁrﬂsaﬂmpshﬁewmag it&@nﬁbem@ oxidirdd/ thefebyfodibnging
e .active conpounds (ie the iron or copper ion,
its %cﬂﬂtyﬂ?r%’? m%tﬁfwaa“dapx@f{ e%fﬁ@?e appl i cabl e, the reducing
agent) may be rel eased over weeks or even nonths.
Such devi ces may par ti cul aroé% advant agegus when

Accpistingly, engt ?Oefﬁfr@% MgnthaceordRg ixtheiinyenties 6PAPHSE ?6
ointhlfit ﬂoﬂ%@l@hbﬁ’ Boﬂn?nélﬁs ehpsst s@%aWPREM%% ¢. BPrem!l |y

require frequent adm nistration east daily
sulnhﬁ}eélafREM)amlm . @F FPPRSE stlpbRtedran %ﬁp%lah%(PRﬁﬁ\éltamﬁlﬁn of
conposition that is required is determned by the
bi ol ogical activity and bioavailability of the active
Thegovgntordhen canied ot taxidity studigsorimgamiliaocell kulturesies of
14N [ t e
desgxgﬁrgggé i%tx%ﬁ‘:?lé)g Thgg%lQgﬁ%'smﬁfs{@ﬁm%kh&ﬁlgﬂ@gt?e i qecﬂ
viathecellg wasembmv@ wm) REEhehiterthe dowesh was @on@tunte@dtaﬁ@r apy.

The. fre
veafif s P RHERSO TS AN AoE fornPlionifion wes
denpastratedltabeyonitexibal f-1ife of the conposition and
active agents thereof within the subject being
treated. 30 Optinmal dosages to be admi nistered may be
Thedre:hﬁromtloasi abgortlingge tiekinbémtibni may aiso detincorpordtedi withivar y
t he rticular c ition in.use, the stren
ot qeieveek Bfiea e SR i Sdr S Seniai R RS pn
or uhBér tAg BRINCENE e Adtive Rempoasdsge trmwrtom;)pecaoh hﬂewant
2008/,068533 PCT/ GB2007/ 050743 i ¢crobi al dﬂnf ect i

2 m A
extrast angn AR ARATGADIe g TESug a9eritl mAk by drlerted pves weekg or
evei%\’(ctn'tri?slJI 8Uck UBlie6s magibetdrii &ﬂﬁr@ﬂbd&'ahiagé@@él‘lrvhem Ibng teped

adj ust dosages, includin e,
treciapr Vi ZIFQTPOHI B5RERIBS (e IRYSTPR1S GaGed RADAHICh

woull RERENY eSquitUrdhuRhit AAmRsHGAON 68y a0 Rkl JailgimeeioR). by

t he phar maceutl cal industry (eg in vivo
experinmentation, clinical trials, etc.), may be used

It wﬁl ‘Beea%b%&été@ that ﬁ}?é:brfnbﬁntf d?rcﬁH{p%itIQH thefis feBired is determined

osi tions accord Ing to the invention and pr eci se

by ttm biolggiaal a@tlwtu@nﬁé)soa(vgu@mhtwf thei agjivel gemporgnts.Huhich in turn
dep&%@&ﬂh‘é’ R88e BN Srhiditalien YRS PhySitochemical properties of the
composition employed and whe{her the composition is being 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
composition and active agents thereof within the subject being treated.

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 the disease conditipn, ie the
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adm nistration). 10 Generally, a daily dose of between

0. 01 pg/ kg of body weight and 0.5 g/ kg of body weight
woho0s0sm36si ti ons according to the invention nmapCbeBames0743

for the prevention and/or treatnment of a mcrobia

i nfection, dependi ng upon which conposition is used.

More preferably, the daily dose is between 0.01 ny/kg

of body wei ght and 15 200 Rﬁ/kg of body wei ght, and

nmost preferably, betwee Ximately 1 / kg and
mvi@g quE\ epgé:on %p¥Vaﬂm@nnﬁ§§£@@i tp@tprgée@ergi?mrethe
paftfétian| Ls.§l?)]éé‘ttkha@r'ilg &&ﬂe&‘ will RELBirdRhédd fé)nér?g&tt 'dSQz%ﬁes including

Al ternatively,” the conposition use

subjgri ages eight, cgendw,@@toandmeof auimmlstrat}omiurl ng a day.
As an exanpl e, conpositions according to the invention
may be adm nistered as two (or nore, dependi ng upon

" Knpna Psesagitiasy suéh asithose wditentinpallyairhployetbisetheqhhakmaseioal

g e 0 S S L Sl L L oo o lelen

spemﬁlmfowaklnggmmfdhe bempesu&mud:orcﬁi@gs&) thé :d\)@ﬂ‘n@w aid B&]cfsbf
a .t wo-.dos nterval s
tnefibeit PR ol o oah of he Somieensdnd e diadncy of

admiystiationsed to provide opti rral doses to a patient
W t hout the need to adm ni ster repeated doses.'
Conposi tions according to the invention generally

Gepergly,i $€aily dﬁ%@fdﬁbéﬁweh@(ﬂ Mg/kg@e aea;ahbrghvsﬁa 6. B%/kg%?f body

nventl on al so rOVI In a nint

we\@?*te)e RQﬂt'oﬁﬁL@FF@dt"Héo t%'ﬁﬁ%tm TR he dssitondh o ghe prevengion

and/br BéatmeRe6ta midiShiBNiRfEEHch, SRPEAdIAY ﬂﬁoﬁ %’F&h@o%o@ntuen is
Useé{]lera eutically effective anmount © p

dY'ene %[e@é%téy,tth% deily dong/is betyvegn Oz@bmgdés‘@@dv weight and
20&%11@%‘%3 Vel 3and2Rodt e hati Idetwatid isrpdﬁ@% ﬁ.gterﬁ@g%

&hant selected from a group consi sti
ang{ (k@ Vi burnum pli catum Camel lia sinensis, and

Acer spp:; and a pharmaceutically acceptable vehicle.
5 The invention also provides, in a tenth aspect, a
Daiprdnses snaydbe giugh ag atsingle sdministtation teg ccsingle nlguy injeictien).

| A'téﬁeragegfeo&%? oétib?: fee%3 ﬁ@%ﬁreﬁgunta bﬁ?’“%"’gggg"é@ S maore times

durigd day. aAmamrrxasuzlle camgpositions ectating te trletineerdibn may be
ad nrﬁh%ke%d a8 lt\ko ((W rﬁg}eagepe@ﬁtd %Cﬁpo%fthg sgl/grﬂy of t%le%%hgigorfu)rooamy

doses of betw<-zce(r)1nzséiI r?vgt; arrld 7000 mg (ie assuming a body weight of 70kg). A
patient receiving treatment may take a first dose upon waking and then a second
dose in the evening (if on a two-dose regime) or at 3- or 4-hourly intervals
thereafter. Altemétively, 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, .in 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 and/or a
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of Punica granatum Vi burnum plicatum Canellia
si nensi s, and Acer spp., and a 10 reducing agent; and

wa2phasssaxeuti cal ly acceptable vehicle. A PCT/GB2007/050743

"therapeutically effective amount” is any anount
whi ch, when adm nistered to a subject, provides
prevention and/or treatne of a specific nedical
condition. 15 A "subject” y be a vertebrate, nmanmal,

. .d t'. i mal h bei ng. A "ph eut | |y

ricked Sl ) & Gt Pla PET Faped Bam » oRup apRosLhey g urlca

graf&xm, Wﬂiwﬁzﬂn(ﬁlcat&ﬁpmmwm& EndWoert spp.;hareea ski | | ed
in the art to b us f‘gﬁ’ol n formul ati ng pharnaceuti cal

phagpacRidicaihbaccep unt of the conposition used
may be from about O 01 ng to about 800 nmg.
Preferably, the amount of'the conposition is from
Thedpwrnitiop 2150 prgvides 4B GUENBESPRE, 3 PIRFESS fardpakin®ing about

co ogf’tloﬁgacEQr tthfg §ch?ﬂ as%&@tntﬂ@érgcé%fs%ﬁfﬁginﬁ tforn%ﬁ’un%m

to about 60 ng, and nost preferabl
therabeuncadly gffﬁgtlve@rmmpf agomer salt anpéer aefireo|sait @agllor a cobalt

o IS0 .8 S B P UL SR BB
of Auinidaggranatgm, ¥inirsym pbcaturss Camelliai sirensispandidcer gnp., and a

reaiiv el e PHaHRRRRR HetentaOR JKFRIC 2"\ anicr o

may be a flnely d|V|ded solid that is in adm xture 30
active 1

A “dibrepatitauk sREeienioqEhs 38y abuREMeh et dLadniMersd o 2

subfect, @o\depragetition dritl/drafdathent df espeeifiaimestidal comdition.
extract, and reducing agent may be mxed with a
vehi cl e having the necessary conpression properties

A "duBjettlirh@pbe alefgbradte, oammal] doaiestic tisithal or hivaas beipg. and
.si ze desired. WD 2008/ 068533 PCT/ GB2007/ 050743 24 The

powders and tablets preferably contain up to 99% of

A dh*éﬁna@éuwauyméc%btauwvehmé%g re@eﬁdmtheaéid ig @@J@drﬁmnatxon of
agent. Suitable solid vehicles in

knowawmmuaﬁ@gmm to theag akilied in tae éﬁﬁ%?@ US?M E‘ fogfng}av@

phahﬁgéégﬁlga, Md'shtm)nsst arch, gelatin, cellulose,
pol yvi nyl pyrrolidine, Iow mel ti ng waxes and ion

exchange resins. 5 Conpositions according to the

Thel A& P fher@h% t?ontﬁ%dfrﬁé%é’froﬁpéﬁéht €0%.mg to about 800 mg.

suspensi ons sions, syrups, elixirs and

Pre@r@tgx,ahe @mt@bﬁfpﬁbgmmn@ﬂorrwér% @boet 0.8 18 to abeyt HRO mg,
mord ﬁé@ké&ﬁfa%ut%ﬁﬁqs Apblt F500R8! SRAGHS leGrbieYably 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,
lubricants, solubilisers, suspending agents, fillers, glidants, compression aids,
binders or tablet-disintegrating agents. The vehicle can also be an encapsulating
material. In powders, the vehicle may be a fihely 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, plaht extract, and
reducing agent 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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vehi cl e such as water, an organic solvent, a mxture
of both, or pharnmaceutically 10 acceptable oils or

wo 2108/0685B& | i qui d vehi cl e may contain ot her suPCHBB2007/050743
pharmaceuti cal additives such as sol ubilisers,
enul sifiers, buffers, preservatives, sweeteners,
flavouri ng agents, suspendi ng agents, thickening
agents, colours, viscosi?¥'regulators stabilizers or
osno-regul ators. Suitable exanples of liquid vehicle

Thefrawders and tepleis peateraplyl coatain HP 4o PATidbthe ativadeetakienr
planﬁ%%?é&' dﬂdqu@tglfdc%%%rﬁg Sgwlﬁ%{g? sgﬁ’d)V@mcl@Q W‘Ezgjrdleu*oﬁ’ ample_

erivatives nmono Ic a
calciumd phpsphate, dnagnesiuco blehrate, dglcgasqgam slactmaj dehtenr starch,

gekaq?lr helﬁds%eéolg\ﬂWp)?rHl‘am%e E)VJ rrn%ﬁH; %ﬂ%‘ég gnd ?O%C&H%n% Leesins. ]

And Arac parent era m ni stra
vehicle may be an oily ester such as ethyl oleate and

I istate. St i quj.d hi gl es,.
ConP et 3 e By i he B b
susp@isidise .émluljsaﬂm Wrapf,.éﬁhkscmandT bl@sbthﬂaddcto?rﬂm\s?bhgl e heictive
essuf i conposi ti ons, can enat e o
ageRlsinet.ae BRHOBSY BT RPN R Fra BB RCAP Y Ao csaiatie dauid
vehRlePfiRhl R Watek; izfWrgam 86 0@es ntigtale Qﬁﬂﬂﬂﬁ)?drtphaﬁﬁaé@uh@élg/
are sterile solutrons or suspensions can be utilize

accgptablegils 9% fat)| dhe; "ﬁt‘ida\f?ﬂéﬁi%my coptain ethgesuiiablespi dur al |

phahﬂééél‘ﬁ@él' dRfRBL sudPad Q&Iﬁ@i}(éﬂ?@ L@n@l@ﬁ*e&%ﬁﬁ%' &ééé’rvatlves
subcut aneous injection. The metal ion conbined with

swegteners, SRV agents; susrandipdeanants. thiseningagenis 69lotrsn
v;scgfsut)I %ﬁu%ﬁfrg ”éiaﬂ%‘?&h) odTRY- reggﬁatefsepéﬁﬁéblé‘éxa”mﬁlh§ of I«ﬁm

osition that ma di ssol ved or suspended
veh@te for peal tanfr!raa@mtqalrﬁdmlmstramorblncl@@e Meptert(epntpigingzadditives
as a?b%k/é n% cg%ul%oéqﬁérw%?%so grcggélgr@&ﬁxgmgemoﬁﬁyl@ﬁ{:/ g%k)ﬁglﬁ agg .
pobﬂmd @cdaimm@s eﬂgedlyoola) and theirtdesivatives, and oils (egefragtionated
cocSRltdh'-pa a%ch?é‘&ﬁenl-st#rgﬁr&ﬂ@fta?h?ﬂnﬂﬂst%xgﬁrthé Q/FH{:%%Q\} be an
suspendi ng- age ough saline or
oily gblec saeh ametmak@eaﬂaeandomnmm mmtaﬁw @teﬂlehq@d yehictes an®

at

useftD LSO R PP FP BRI derer s BT AR e fguia
vehisler for palssanirdd dotspoaitiopsi canlbe adwgiadenatad yeidocardn or other

et hyl ene. oxi de nd t i ke. Conpositions according
phafrga%/ar@cglwvaecﬁpp%ﬁ%cgﬂpfgﬁgt be administered orally

either in liquid or solid conpositi on form

03|t|osswta e for, oral ni.stration incl

Lo phaisceulical cowgantions Whieh are B, Rludion bt AhnsSiofS Ban
be dtAiRéEhy forshnidRtsmusthr] infrathécaloepiural, Smtfépemoneal

sol ution syru elixirs, anc{ suspensn ?
intrapeppys an pa@gw@ﬁy §t,1%ﬂutaneous injection.  The metfal ion combnned with
plant extract and reducing agent (for the composition of the second aspect) may
be prepared as a sterile solid composition that may be dissolved or suspended at
the time of administration using sterile water, saline, or other appropriate sterile

injectable medium.

Cornpositions according to the invention can be administered orally in the fqrm 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,



adm ni stration include sterile solutions, enulsions,
and suspensions. The conpositions according to the
WO no0s/6856h may be used to treat any manmal, 1PCT/GB2007/050743

exanpl e, human, |ivestock, pets, and nmay be used in

ot her veterinary applications. The i.nventor has

realized that the conposi&éons according to the

i nvention may be used as medi canent, but nay also

of ot antimcrobial 15

nb
ol Sodite rreicats. FelRo Rl bG8 eatecs 5t o and

its ahﬁy‘ﬁrﬂ% Ropbipmadised wir e{t@lené%‘%ldé') ah& thd kel Mompositions
nposi tions accordi g he invention to. a patl ent

accq5¢!n9 idthecipventionesanigo %a%@@t%ﬂ orglly eilpsr indiguidorr sobd
comBBsnﬁ&f"fdnﬂg ebm Pék‘iﬁ&ﬁ&&ﬁtaﬁfé@oﬁ’@da?&&ﬁarﬁé?ratleﬁ%ﬁﬁme’solld

: ameliorate or freat mcrobial infections or
5 formgosichmsiills, sapsyles, Tianues tabletscanst aowderscanchiiaicioansh
sucﬁf"§sp$<9t5hor1tsh g)(r'ﬁﬁé SelRfr9 drid&fs rﬁ?r#rﬂ:o‘j F8|fms Qéeeﬁ\flqgrt bdHnteral
or treéa a m'crobla ect

admcm’ttaannm‘aﬂwdmstenlhesoir@ohm@mtdslmps |a$udrsgxsagpﬂ|mmg to an
object or a surface with an anount of a conposition
that is effective for killing or preventing growh of

The corpositioaacconding wmmeenvemlbe maydImnsBd todreat anpmasesal,

10 for seap®. GRBRERIGeReta o B Sae g P el iy om

applgatioraup consi sting of Pum ca granatum Vi bur num
plicatum Canellia sinensis, and Acer spp.; or the
conposition conprises (i) a copper salt and/or an

The inveRtos Abs rédiged tha th‘@&tﬂhéoéitﬁin% arBordig to the Gvehtiorbmby be -
use(ﬁll) an _extract of a froma

nt sél ecte
%%l"ﬁq"iﬂﬁ“%?t Mrﬁ‘f‘%ag‘?gﬁ&%%a ”Wgﬁrr?ﬂﬂ’i’ﬂ?ﬂ ‘av%ﬁ?'a'
15 useS@RIHdrin §ichMiBal conteXdr ABERWISHIP For #idtar{del inaditiordyci ng
‘ agent. 30 In a_twelfth aspect,, t erels&aowded an

admwjt%mg thg LOBWORItieAs QC“&SWB%? thednventionde @inrajenirrisybiect,

theyfrh C_I)Eﬁe GSePRE Htdamfiessdn toV6 c%%@ﬁé @6 Faf8ces and objects to
/ GB2007/ 05074 26 1t wi ]l S&Drem ated that the

pr eveehﬁa@il@rﬁ%gr tiest nperobial {nfeqlicas P{/C gminatiogy
application to, or coating of, surfaces or objects
that are required to be asep t| c. As discussed above,
20 Therefpse caneptsting tmela&@rdh@isn@ctttbewé nrenjded a giethed/ef t he

prev%ﬂt}fﬁ?gﬂérﬂﬂ@r tréai?iﬂg atdri\%\‘o@élefnfg{:ﬁdnv F RntARALRSN, the me hod5

acteri anti1funga Accordi ngly
compiisip®applyivg $o dh objest evia averrfaﬂerwﬂaa@ agaynbefs composmon that

G g A
compaesifiarcasnpisgsdi) @ copper mwareﬂcﬁrea: nickel shﬁrankitmgmobp& saltids
25  and Pnf) atnie';'(Fract of a plant selected from a group consisting of Punica granatum,
Viburnum plicatum, Camellia sinensis, and Acer spp.; or the composition
comprises (i) a copper salt and/or an iron 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 (jii) a reducing agént.
30
In a twelfth aspect, there is provided an object coated with a composition

according to the first or second aspect.
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The conpositions according to the invention may be
used for application to, or 10 coating of, any object
wo@roodewssse which is used in a biological or nmeRPCT/&B2007/050743
situation, such as a .nedical device, and for which it
may be inportant to prevent a mcrobial infection or
contam nati on that nay Ie%g to any infection in a
patient Exanpl es of nedi“®al devices to which
nposi tions according to the invention may be applied
it Wi"rh?@mméeq@ﬁg &t t%mraeqswﬁge%v beg a@mewlémsuseiwefﬁt s,
appMIBH 16 9&}'do§9 gjéﬁ%ﬁdfé&% or %Ejecfs‘%ﬂétr é’}%?@&dxr‘éﬁ% b%LHsgbﬁ@' As
ant’s an llacement joints. The conpositions are
dlsqyamd akaves the Wittona ecewdinong ﬂ‘lﬁ ipventieningve thenadvantage
that P ar b A S oty WPAE Lol ALARRG. the
compasitionstiscloged heteirehatel a bivad antmiardlialmfiect Haurtheymaosse as

, . i Al . h.
ciscHYSRL B0 1 B8 G P TRBL RN il 8IS pagos ana are
therpby gffective fomtaygdreenisdsiof imsur f ace artificial joints.
Alternatively, certain inplants may substantially
conprise such biomaterials. The conpositions may be
Theuﬁjaﬂ)obmldoﬁi@g‘gcc&dhga@ e nhtremnmilgmnm 0$esd fbhagbpl&aﬁon to, or
e re to, be a Jjc or i nstan
oafiiloaf PUIRS: Sl Ve MNahiS Ureihaup SOOI inglicahttuatione
suc!@ QQ‘QQﬁédIC& r@vﬁayarbffousmsthtnmbﬁba uhp@rmrttad mwltSa glicabial
be used to cl Eaaésur aces. of

Infe g 95 FORIEN BE T BR AT RH PA0 4D B fostignin 8 patisms Examalesdl

- medi Halitedtd WRigh tEmpasitie dccafdifp ey the thh&‘rﬁﬁfay%eVﬁiplhéd

and floors. The inventor believes the conpositions

inclye lengss, Gaplpct 1epses, ARNBIRES, SIS, Mqty\dma@fw %@ﬁ@ﬂ% and

‘confraceptivés, RARi&H ImpBRtsHGa I\gaeémé/ﬁﬁ&n g) particular (the

I nventor Dbelieves that SA may be killed by the
conpositions of the invention). W 2008/ 068533

Thed %p@?@\gﬁev%ﬁﬁnﬂ&laﬁius@%rfﬁfﬁaﬁng'bfb‘?ndié‘&éi@gn@%}éé@aﬂﬂ

aspect nm onprise appl yi ng
deV@@metth@fﬁfrpm al\/l@mblai@@ntﬁﬁmatmh@éﬁ@@t@ igmayaiials can be

paﬁ[%?t%glki)%bl%?gc sé\{a‘u@g% miQR5E %&'ﬁ@e%h&?%ﬁer&%% aces,

n surtfaces and sanitary surfaces
substpape éarignowih. tBiamatenials{sa veolirgens and @tbp@@obg@ﬁbpolymers)

may Sutabl RcEORRAS AteanRIRCERaR MR EP ||

|nven o] i'S Nno
substantmﬂslcbnmmsesayh biemederiats. st ered to any surface, which

is prone to a bacterial contam nation, for exanple

kit chen and bat hroom surfaces and products, such as a
Thetooiripesitisegimayde dsed td abatedurfates irf envirbnribats dioatyzns réduined
to bgﬁge&c Forrrlrrl\Jsltglgc% hé rc‘:%r%pgz%grgs! r%ra]\§ bfe%rseg L|n t%%f?:gl obj ect s
environments. The compositions may be used to keep hospital wards clean.
They may be used to clean surfaces of medical equipment (eg operating tables)
in hospitals, such,as operating theatres as well as operating theatre walls and
floors. The inventor believes 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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 Fulharers éh%wmmlﬁ'mcefqu@ thixvieption may

surfaces, or for spraying thereon, or in which the
obj ect or surface may be immersed. For instance, they

Worys685a3 r out i ne constituent of physi ol ogi cal PCT/GB2007/050743

solutions (for exanple as a constituent of

physi ol ogi cal saline). Preferably, coating of the
obj ect or surface may be cggrl ed out by preparing an
aqueous sol ution at an ppropriate pH and

epperature for-th osi.tion according to the )
T RS Rl ol el RSB et th. ek el ompriss apRkia

theOd risdsitioh t6 drsuaBee kisat RXEEIeA6d fremt hespranmael durBes, or
sufficient tine to allow imobilisation or absor£t| on

opgating heptra sudacesy kighansusiacesand sapigsi surtases o Ityyilkb
apSetheBhhiRE a8bveTistld? objetls éﬂﬂ%dﬁaéé@to%l%‘ﬁ‘ bérﬂ”ﬁos@&s

Furthernore, the conpositions according
aceaidisnte the inesntioe mavbe arplied s ﬁﬁ’tsﬁé(hawté@e Mense theeat

coib&Liisthay BE SﬁHwﬁé\‘Eréﬁr to 2%@%6@%&9&% IE&Y aﬁﬁacté’ﬁal

In conjunction wt servat'ive
cortarmpagon. fonexaragle kkécmﬁmama@tbroom sigtaceaand erthucts such as

a t%u%?géétu&ftﬁe tdifdt & tion, the conpositions may be used
Oor prevent mcrobial growmh in cultures

for exanple in tissue culture work, either to

o AR B AT o

surfdcasna, foai;m'aytag thereor atirawhichshe ob;acl/ansuefhte Ufaytblee

mg RS et e%m%vw%raﬁﬁoikﬁﬁe§§B%’é¢e§"*5ﬁ3’§%ﬂf"’33f°a'be |

_solatorsi (fmbuample@@@ pdnstifuend /rrbphiysldlmisal\s{ama mefemw coating
- one. of suc res and/ oy, steps.are nutual
of (59 BFiscl 9surings SobAs sHE80 Ok LEBaNA FmavuePUsRlytiop afan

ap;lne ﬁ:ﬂé pﬁ%t&t@@%m@ fof trrermmpvsmhla@aord&@dom@e phentidny

nts of be carried into effect,
ret@'efté@eh@@r%'@'|a°ﬁww b@%ta%ct OB UTfRSP BreXBasadiPdie 1o the

corﬁ@@@ﬁﬂ@ﬁavsmCuéhmﬁ@mmmmgamn ot Abaitptich offd Elitablel
I11)-PRE ratio, a ‘ﬁll nst_ absor bance

| ot of
quattl%@‘éhwomﬁes'gwo éepwa‘?c%&\vs‘sofpﬁgq He mick-qtaadisPRe
active component b| nds to ferric ions in the ratio of
1:2 (Fe : PRE); gure 2. is a bar chart dﬁ:p nstrating
WMSgH A0 on

m.rﬁ«%et Fn‘é‘@eﬁ&f orttie@it ﬁﬁ&yﬁbﬂafe@s&m or\édr@ém.na@r{, B Ustekessin

Formng Units, al val ues are in
com wgm@m withoa preserative; klea%éhe éﬁ@P?S'H@iﬁjﬁéY patsad as ke
pre?gﬁv?ﬁ\;ééﬂl‘?{)ﬁd’ fTs‘J gé agrﬁf(geb nth? '&ﬁrrWoHﬁon@%kltb'eQEs%d %6 nfifthnise
or prevent microbial growth in cuitures, for example in tissue culture work, either to

supplement or to replace antibiotics.

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

exclusive,



10

15

20

30

Figure 4 is a bar chart show ng bactericidal
activities for mxtures at 24 and 48 hour: in equates
WO 0008@6e583 i ci dal m xture added directly, out redBGB2000/050743
m xture prepared and stored for 24 or 48 hours prior
to addition (all CFU m values are in 15 IoglO)
Figure 5 is a bar chart showi ng a bactericidal assay
of ponegranate oi nt ment 1 2§/eek after formul ation (all
CFU/ m values are in | og Figure 6 is a bar chart

Fog A Sritagundeseandipg of Hg m\é@%'ap pemeyrhenaeabedimanthef the
saM@QK @é E&icH GhiBWrRE! Ré?er@ lzé whtf rwvm;e n%dléeﬁy % o'f @xamp!e

g.o;20F|gure7|s chart s V\/lngpr [T m na
to mﬁ%owagwn@dmgn@nmgtmgrawmm whigki- staining; Figure

. Frggl[(% 2 #sa%gléfa &B%ftFeZFIZWR@ra'tIQfagﬁgnr%gétﬁsom% at BéghMalThe JOB

m nut es osur ol nt
plopeleqyes tnat thesisolateddYRE agtivet consproment blﬁdgtﬂferrﬁ: ibes & tharratio
Ofﬁ:.aﬁp{a.g i ng i nfectious’agent survival after 30
' S exposure 25 to ointnent preparations of test
Figagedissa bapsimaraderaonsitating pactaticidal dfficacy ofitiet PRE-FERlIur e

mier StRin SRR o AR Lo B GO Rl oMt 1 o7

Foanifg ummmECFuauleUe@raregﬂbgﬁ,p Ps. aeruginosa, P.

* Figlls 3 P ba At deradienind e hes 6 B Frotaiians i

ad@nfmsmfmm@l(al CHDIrhWaer@_Sar@fn lBglFﬂ) ;al one and In 30

|na with netal i0
FigfRh I PaLChATLS A GbactbraRr Balidlies Tor QU 28 24 28K

hodrﬂﬂiéiﬁlatég tﬁQTac%cﬁiaCﬁﬁi&nﬁr@'addH@d&@&%/ Qﬁﬁr@ﬁﬁs to mixture
PCT/ GB2007/ 050743 29 Figure 12 is bar _chart show ng

prepAedzand stpeacdar 24 onds howginser st adsiien@ll SFUlghvalues are in
log@mbi nations with the addition of Vitamn C after a 30

m nute incubation against all isolates tested, usi n%]
Figuend 2 bar shart showinga heetaricigalassayof pemegranate Qintment
S0P rormifita i stati sti cal
Weana s?rsm% Mg"w a@ﬁgﬁlgﬁgém\é}g#g&g&m eved 5 in
Figyie %ts| pban eharrahoxing abacetsticidal assay of peraegrenaterintaient d
é\&da sERRRL LR | after a 2 hour
we uf%eg I ncu tgbﬁ dgﬁﬁﬂékﬂgal%%éﬂg)l'%@ggl i sol ates of MRSA
Fi IQU@I his a_aammrmrfommg preliminanntoxisity s¢ReringasingsEvpan bises
sta @[}\9 75% quartiles, bar represents nedian and error
$ represent range. Mean cfu m -1 value shown by A)

"Figurel 8 isGFhiimthavizshowéngaintectioud agﬁm)survl\lal aitenAtemintteshexmsure

to f%%f\ 9! Hh%géregyta%tfoﬁg L Rlst 3Py Shéwp! the viable count

Figure 9 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 a bar chart showing the antimicrobial activities of PRE alone and in

combination with metal ions after a 30 minute incubation against Ps. aeruginosa,
P. mirabilis and E. coli, 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 B.

subtilis, using Lambda buffer as a control;
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inrelation to the antimcrobial activities of PRE

al one and in conbination with Cu(ll) ions after a 2
whoas/06858%1t € | ncubati on agai nst 10 clinical i sBPCEGB2000050743

MSSA wusing Lanbda buffer as a control. (Box

represents 25% and 75% quartiles, bar represents

medi an and error bars reprgsent range. Mean cfu m -1

val ue shown by 15 ) (all Um values are in |ogio);

. Fiqure 15 shows, Box i sker. st at Si S

Fiowrg /s 2 Chg P OO NG BBl Eb eVt R el i

constiihatitns athi thé aaé'th 'of Vﬁémme Bftér 280 Afna8 Ghdulbatnon a amst all
conbination with ions after_a 2 hour mnu

isolates (esed. dsingdeAmigda wfemsrﬁ contro| @ Chllim! yaluesygre in logm)

Figih@St3t dn6s BERSAnIKL SaligERAshaNld @rrthé%.aaaecmni 84ta dcRR¥ed
represents 25% and 75% 20 tgllgjart i bar represents

in refaidinalie the @nbmicepbiglactivifiepe @Etalqrm@ei in igeERIRatian with1
Cu('\ﬂﬂoHE aRBPYB HOVir n)nndt@llﬁcuggﬁg%goé(ﬁ’%tL’!@icthﬁ%?lﬂ:s@g{eg]@f %A

6 shows the antimcro
using lcambmwlauffan asentontel.i ¢Boxvepreserty 29% aod 7604 quartilessar

reptaeggrl]] ng(?cnélpar? {rg%%r‘?» %%Sgéﬁ%ﬁ%éonﬁggﬁauorﬂl ’a\%%é]ﬂow% by

|so nonas “aer ugi nosa
A) (di O bd vhileslanéd freloga® a control . 25 (Box represents

Fiogia, 4 STpus B isksh SRtshal At RS R e YA St Bfe Afed
in rétibn @E%Maﬂﬁﬁimeszaaeetwatiesl OO PRE; aloﬁegarrdelnlaombmuﬂoﬁ Rth

acti.vities , of. the pi t. formu) ati
cufMlonfstien @ Bl Rt oytliongrPet 1 SierRoblsReo Hlgsa
using Lafibdla Guliét 88 accombrolli (Bdreraphesdntd 2% arkhabYisquditiles, bar
clinical .isolates pof ESL Pseudonon aer.ugi posa u
e B e I S T g e
o) (APOFOUANtdiheSare hRlog; §Pr esents nedi an and error bars
represent range, Mean cfu m-1 v é%e shown

Flgl@ﬁOﬁrﬁhOW@% héﬁkgl’ §tﬁtl$t5:§| @)alyquy 8yjabis tdaza egchlleved
in r@@ﬁérﬁ?qgg I dMafhid8piaP Activitisr §f PRES BRWE aﬂﬁf anbéMSi%aﬁ’cﬁn with

and green tea extracts alone or in conb

Cu(w tQﬁTSm"!tQil a Zahew minyte .l%@aﬁ%@aemseﬂQpﬂﬂmcamse@&emet RyL
pos}ﬂ@%“/??é#’ﬁ&ﬁ%l ﬁLb@la%ﬁbe 8% a cohBeE r(@ox %@r@geﬁ@ QS% érﬁh 75% -

tea wt copper ’, G een 1
quavifles; bar @ﬁprewns)me@e@ndtef@rvh% r@b’gg@’t ranges) Me@nrqfu ml’
r ed (all CFU n
Val hée@ @rg% E?U/%%\u%é‘gﬁlg 'éﬁé)éhows activities of
Flgtltrlea!@ksm tge@ntmcerablekmtmtes oh |PHtie alone jand do gombination with

Fe Wsaﬁcn@m nsfhd & %m EI MRS 2 'npﬁat(e allbh %pyngtsg clnical

er a8 & eon reviatrons as
lsoIEﬂeg urfeESL[a) Pseudomobas aewgmﬁﬁl\mmg I.@ammasbmffﬂreast esccmlrol ~

(BO)(( represents 25% and 75% quatrtiles, bar represents median and error bars
represent range. Mean cfu mi” value shown by *) (all CFU/mi values are in logso);
Figure 17 shows the antimicrobial activities of the ointment formulation of PRE in
cambination with Fe(ll) 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. Mean cfu ml" value shown by *) (all CFU/mI values

are in logo);
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CFU mM values are in 10g10); and 10 Figure 20 shows
activities of black and green tea extracts alone or in
w@eooBiosssB3 on with netal salts additives agai nBCT/B82007/050743

aer ugi nosa usi ng Lanbda buffer as a control
(abbreviations as in Figure 18). Error bars are SEM
for each sanple tested. | CFU M values are in

| 0g10. 15 Exanples The inventor based his initial

oIS RGR AP A RIS N

with ﬁmai&seﬂﬂstddﬂitméﬁ hgaihst2Stagin np@reus ueing Lahibdarmjffedas a control.

AT TN AN M I M,

GTpI Gﬁefﬁnut@Ia'vﬂﬂqV@fpp@F (6TOYCEfor b&8 dreBEM for ichigtphte tested
ves. As an_exanple only, the inventor of the

- (all %ﬂé@@ﬁ‘@“ieﬁ\?éﬁm lBtofiocused his research on 25

Figuf® 1O SRbWS QBEHitiEs dTBIRR ZRE rg?é@{ @a réxﬂﬂct@@drﬁ%r i E’Bﬁbm@ﬁon
the active ingredient. A ficant rob emwth

with |"r‘€§ﬁl salis aogiivesiagamst Fsakh dglrQQl’tﬁfésmgs Lamagda pylsy asacgontrol
abb?é\%’dddsta\é in ﬁgbré H8]. S Rirbar bRl SElNEY éa@mdn% Pl
CFUAme&i@&!S @neobllagm)v\aamdw t hese iron- based antim crobi al
FigufETR b BB diBRlok SHE Grddi Bl BSOS, B RBREIG
with nhedalralts @dditived agdiestifso raeruynosaﬂtmmg Uamgcﬂay buffehr@s & ocus

cont (4HkR PR B PP B0 85T o 8R4 REBHRR &3P RIe o

testah d\lalRU/nfl valyak are itlogye reported in EP 0, 744, 89681.
Havi ng managed to achieve this goal, the inventor
extended his research to investigate WO 2008/ 068533
PCT/ GB2007/ 050743 31 and further devel op other active
anti m crobial conpositions. The research i.s described
in the foll ow ng exanples. Exanple 1 5 The inventor's

Examplesi al obj ectives were to set up an in vitro nodel
for screeni i .sol.ati and. characterizin

The fpenips b@%ﬁ%ggrﬂ’&!t’%‘)expﬁmﬂ%'ﬁé@ﬂéh ?B{"ﬁ%’ "é‘ikﬁC%&PPh‘fgﬂREj‘d

antnfhﬁg]él f&angagmamaa@abgéd REPOTulisosBdi THesS aftimhierdoil
It was al so an aimto i nvesti ate t he

- compesitiens 3llineiHie avembinatian kfermous galts and an egﬁggérom a plant

selea\éawoﬁbb&ne@@agfé A0 WbukrAlrR pR&HtufQed\esi ctflolers, B leaves,
devel opnent new f or mul at 1 ons
or maple leaves.

As an example only, the inventor of the present invention focused hlS research on
compositions using pomegranate rind extract (PRE) as the active mgredtent A
significant problem with iron salt-based PRE compositions is that they lack
stability, and thereforé rétain their antimicrobial ac_tivity for up to a maximum of
only 30 minutes. Another problem with these iron-based antimicrobial
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 mixture reported in EP 0,744,89681. Having

managed to achieve this goal, the inventor extended his research to investigate
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10 with longer termstabilities. Materials and Mt hods
Mat eri al s and net hods used for isolating the active
wa@owpoessas PRE, and for preparing the iron-basedr/GB2007/050743
anti m crobial conpositions are disclosed in EP 15
0, 744, 896B1, which is incorporated herein by
reference. Preparation of plant extracts Ponegranate
rind, Viburnum plicatum|edbes or flowers, maple
| eaves and commercial tea | eaves were bl ended in
angfusther fevelorother aothe aptimicrobiaticasepasiivnsoThe Zesedsduis 10

deéﬂriﬁedmﬂw@rfomﬂﬁé E&%?Fe'bon (20,000 x g, 4C, 30 mn),

supernatants wef e autocl aved (121C, 15 nin), cool ed
and stored at -20C. A further purification of the

Ex%ﬂgglr anate extract to a nol ecul ar wei ght cut-off of
; Oa was achieved by nenbrane ultrafiltration and

The myeffol’'s irdtiad objectiess wereab@etup a5 irBatrd eddel fov iscreeaimg,

. fungi_The.control strain was, Pseudononas .
isolfl aR SharERBrEB e el ol R H GReSRaste Rind Extract
(PRIBtiethe aitmgc@pldl gamppsiteaditiosedin E¥ b T44@I6BAT J8lhdAls0

t he, i.nvent o em)nst{at d activities for,  the ointnent
an gig, o {ayestigate iPeicYFERUY Wanowa reenanisay jgn of these

avalable@oRpetitioR’ irBraef fo 221 i the dRvelOPmBRE &fi RN foRBaktions
Oxoid Ltd for 24hrs at 37C. The inventor

.provi ded by Ox
W't%@f‘%ﬂegﬁéga%m%ncti onal in vitro bactericidal assay
to screen a variety  of formulations (cream aqueous
~and ointnment). This assay involved adding 0.5 g WO
a OPET/ GB2007/ 050743 32 of ointment to 10 ni

Mafgﬁal@aén%rméﬂgd%%é@?ﬂr%l:ﬂfﬁ?%? sgnva OhipedRG %Ffé{sa%nfa} on
test wusing 50 mcrolitresS o acterral cel
preparatheiiion-hased antimidrabialconfpositions/areadiscloged indtRit i on

0, =18 [ | qﬁﬂ@ 1.5 x 108) plus
7&%89%%r@|?¢r%é}slcogpé'{éh%hsﬁéglgiﬁt nterésr&em ion. After
incubation in the dark at roomtenperature for 30
Preggfb?ion g?g/ﬁﬁféﬂ)ac%' utions (from10-1 to 10-5) were
rient agar. Metal binding studies
Pomegranaterrindy Mibdirmum tplieatumdéatesobr dlowprsn mapld leaved amdn on
il ' f final f [ and, f or
coreeh e i e T ncdelin st WaleE Tk WA, §opftor
abona $0 aumdAftereckniifubatiork2000hey, M| SumIn)psetngthhtsavere
autégz?e\ﬁlg& gEJr‘;g arlffg'tﬂljp ,nco%iedoantdost%refj oart i:O%CI OR ?ur?hneorI pﬁﬁﬁcaﬁon of
the pomegranate extract to a molecular weight cut-off of 10,000Da was achieved
by membrane ultrafiltration and the filtrate stored as above. '

Bacteria, 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 against 10 multidrug-resistant Pseudomonas

aeruginosa.

Growth conditions: on nutrient agar provided by Oxoid Ltd for 24hrs at 37°C.
The inventor established a functional jn vitro bactericidal assay to screen a variety
of formulations (cream, aqueous and ointment). This assay involved adding 0.5 g
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Results Referring to Figure 1, there is shown a JOB
pl ot, which captures the results of the spectroscopic

woreaoalo68se bi ndi ng studi es. The Fi gure denonstPeEr/e82001550743

1. Ferric ions (ie. iron(lllt) conmpounds) bind to the
active conponent of PRE giving a characteristic peak
at 563 nmattributable to %% characteristic Fe(l
I)-Pheno | ate conpl ex; rrous ions (le. iron(ll)
co o nd ipd to the active conponent also giving a
of SRERRLRGT ot Pgwat@aﬁngtwé@sn% RO SENdAS SHSRSRP @RS
usnﬁ@ 5b hlﬁcx%ﬂtré@&ﬂiadé}‘%l 0] Mb%eﬁﬁéh ltd 2 tlﬁb@‘t? of @88McFarland -

gure 1 shows that the isol ated i ve conponent

SO'BG'Q{b(é’aP@"ﬁléie\lhsesww eqial kel Pag 1%) plus 109 nelwehtmeyf the
omfrﬂérWSSMtle gl‘\ﬁer IBB@)J{BB% tHe ik Bgro%‘iTVfEYnﬁe‘?ac'tH}é 121;] g% guns

I ndi cat e that agtivation step f
Sermhﬂiltmoam(fcoradou \ﬁot19 | weresepdiied owf Qﬂnuteerrt@ggn ons to
the PRE conponent) results in the oxidation of the
metal ion fromthe Fe(ll) to the Fe(lll) oxidation
Metal binding stildiedwgre pérformedent tbe ishiatied nompanart ta infdyen on

stagﬁgqgﬁﬁé &t WQ!%Pﬁaé an, Qfd 5! ]elut%\ﬂ%ﬁon B\t‘ﬁ% %E%amsm of

ant 'T0Ss 0 K& 8h
actiant iAI@B plut alascenpocted by macklngme:hnaxmum vaeslergth aveethe

o R T sB hedfad e RRRap SRR cal 2ot on 1 ed

the-inventor to investigate the effects of adding a
'rgpuci ng agent to the active mxture in an attenpt to
generate the Fe(ll) by WO 2008/ 068533

Ref@ﬁﬂg@m}é A5 théfsis showherJoBipRit, Which Reprxdsths eskults of the

oA A o R S ey

el uci datit Mhsqfe. lﬂﬁ(lﬂ?é&ﬂﬁb&’(ﬂs‘%lrﬂ% it actielcBrporb@sst O
st abi I ising the conbi ned extract (Ferrous salts and

PRE) . PG aiVing a characiayistic Reak at S HUBHEBP 1@ fos o

Vi t angHarbcta@dstid Fefll)PhBAola@eimpilex;r eductant to 5 see i f
it had the effect of extendlngg the activity |if

of
i 1 n- HRIEUS IR sirenhsompeynds) Rindde jhe 8aliybcamponent also
denvgt%@.h bw‘aM%eQ@ 563 ﬁﬂndﬁa.caﬁ)e'af'okwaﬁ of the

Pseudonohas aer ugi nosa) occurs on addition of an
ext r anetghigprie the ﬁﬁ?(ﬂlb)rﬁtate@f(da reduci ng agent added to

nmai gt \ .
S athe Ehoviiat el UABEEHE aBH chinxiiBhidinds to femic,
Fe(l IlpnsrimlheauimofO):Z éEmPBEl) ed exenpl ary - bacteri ci dal
activities under the conditions used , as shown in

Fi gure 2.
Interestingly, the metal binding-study results indicate that the activation step for

enhanced antibiotic activity (ie addition of ferrous ions to the PRE component)
results in the oxidation of the metal ion from the Fe(ll) to the Fe(lll) oxidatipn 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 compositions, |
which is witnessed after 30 minutes, may be direct_ly 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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Referring to Figure 2, there is shown the bactericidal
efficacy of the PRE-Fe(ll) m xture on addition of the
wo e@80s83g3 agent Vitamn C.. As can be seen in POBEGB2007/050743
Figure, 15 the value of Colony Formng Units (CFU)/m '
is significantly reduced when the PRE/ Fe(ll) mxture
i s added i medi ately upon preparation. However, after
30 minutes, this preparatBdn has |ost activity, which
S co letely restored upon addition of Vitamin C
recuelion of thQ@X (11D idwde dejuvertateeefficaqy, rad agtiityn diorthis

| en@fthg?ff%gﬂ{o?g %{Lh lé]sefch%/seéatoW e|55518% oﬁeﬁ ttgqurtqehféanis‘m of action

nvest e nmechani sm o
with aoarevbmssidbmﬁﬁg therporsbined estraxt (Eérmusma!lte and aHRE)eWbl test

- W i ew. nhanci t he ormul ati on.

ris by f?‘sd'ﬁYo“iﬂ??f Tise Yrami C s Tpfloing pBR Grsmdictant o

seif dihbd e effectf eRtendingtthe Sctivity Bfens idAtbaskE Yormpobifbns.
short periods (<30 mns), and principally at [ow pH
val ues, which is difficult to formulate. In order to

Prefininarp resuits @emmarifafea @mhagsed Ed%%ricih\éﬁaétﬂft{ '(6WP§éucﬂﬁﬁc§%s
not it was possible to substitute the

whet h
aer/gp R OoCHIROR. Bfilien €1 47 G EATARIETE YA G (A redyping agent
addednty Wghtaff thalifdflin s P&(11) S&tR e \WR4LE). té’tﬁ?ﬁéuﬂgz th%sthed I'n

addi ti on, based on the positive re

corpgofient ormulztion (BRE; + Fe asf\lltanma%@xmglt@g@xqmm@wch as
bacYériciia Qct@itiestth’rﬁjér't’}‘/e.'ﬁ‘%’l{1 ffitioe &y, 59 ﬁ‘cﬁ@nln n%;ﬁre

possi bl e to prolong eact|V|tyo antintcro
conpositions using other active netal ions by add_lti on

Ref@Frm@ th @ﬁq{ﬁé lfil L %Oéiﬁfv@ﬁtﬁg %ﬁct@ﬁ%&%ﬁ’%gﬁ/%gﬁa g%(n)

e I nventor se
mlxwﬁ @G rﬂddﬁlpnmﬁﬁﬂe)fedubleg\agentdﬂtamm €hphseant be seent Inethe Figure,

the Y360 RoRAy Rt Uy SRR RaMy BRpt Dl Fen e

PRE/Fefil)raixteue isoadutesi |mnmui$ately wpbn @d:paration. MREveveh dfier ad

rin il 14 g Hes 9 BB\ i | Edoue RS e ot

addak»nldft\/btamnt G (¢aba@mce the activity of the PRE
including:- Cu(ll), Fe(ll), Cu(l), Zn(l1) and Wn(l1).
10 Results The test solutions of the ions Fe(lll),

Exatag(é P) . Fe(II) Cu(l), Zn(Il) and Mh(11) reveal ed

hest activities were exhibited for Fe(ll)

t hat .t he
Basgﬂgnctﬂ? FHRpr 'gb‘@cflné@gs Exanaig; titg inventorthenset petda i n
invelstigate @%e me@Rgni3m dffacBONES RS ironas8dPHE Edpositions at the
molecular level with a view to enhancing the product formulation. The enhanced
activity upon addition of ferrous ions is problematic as the mixture retains activity
for short periods (<30 mins), and principally at low pH values, which is difficult to

formulate.

n 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 USing other active metal ions by addition of a reducing
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~ resuiegip @ nauch 'gwebkevgl.qwﬁyt rikgrp

Figure 3, surprisingly, addition of solutions of
Zn(ll) and WMn(Il) exhibited little or no 15 activity

W@ c@s068533 gni fi cant di fference from control s) PCHGB08/050743
2 denonstrates that the extent of bacterial -growth
decreased in proportion to the dose of reducing
agent, Vitamn C, for eachkhyof the foll ow ng:
conpositions: PRE/ FeSO4. ile the inventor does not

agemizﬁné@dl ng'R\#ﬂ}gm 0%{1%60&%;%8@%“{'- %Héfotg ?‘%ﬁ@%

. compooenisriothe Verious active ardinsit@ebial eorfpoditidns. t o t he ferrous

state (ie Fe I'l), the latter being nore active, and
this resulted in a nmuch I ower |evel of bacterial

Matgrigielahdaggrpaded to the ferric state. In terms of
ref erence for

chani sns of actjon, .the usi
It BoRn SBEslraeH A 60 CPgPpLon r@aﬁwth
PREEXSIbRSH SStVital 21 ARMHYaRBERitles. Henbl | 4 BRyd fainge of other
oxi dation state, and prolong and enhance acti Vit

metghiges wermtestag fof tair 2biliigsnenbanga ety pHnelk

inclGdi B@.ebﬁm ﬁ@&l?%nﬂf)tzﬁ(llpéﬁd Migmpati ng the PRE/ netal
ions m xtures 30 mnutes, and the results are
shown in Figure 2 30 Figure 3 denobnstrates that the

Regytent of bacterial growh decreased in proportion

1 each of the foll owi ng conpositions: CuSO4, ZnSO4,

TheNasizolutiprRE 0Ttedans Fetitby QQ('W(“PIQEKW} and Mo(hi ns
revéd;%d fgl ﬂe%n%l%s@g?ﬂl\ﬁtieg%érmﬂibﬂé@k‘éf g%nd%ﬁn% i

rem x an tes lapse
upobelddition &l BRE aﬁh$howmgﬁs)8m33 F‘G'DOMW geymB 35

. .t erm. v,
Fiogii iaEShabEERRaL ot <ghieBRe 8 (b i FrisiRlyieRlor no
activiy (o mossigrificeint differease from @ondrol)own i n F| gure 4.
Figure 4 shows bactericidal activities for m xtures
at 24 and 48 hour, in which "in" equates 5 to

Figlra@ camaistratesthat the exteatiefbatitarat glowth dacreased ih memmen

t o, m xt.ur repar and tore ar 48
to g adNe T3 et R G et e Bflathg Somgisns:
PREFeSO vwm%yhﬁmvgmoegeemha.wuan tpibe bBurshipyanyt thmiotﬁdfsﬁs he
act i of the stem.i s pr.ponoun t :
veiges rtAd YRR 9 BRET ek LR dn FPB B ere
staté\iie! Fel 161 tdthe féff@dsegfmea(fetﬁ u)stmr Rger bding mbfe bctﬁfe and thls
consi der abl e bacteri al Wﬁgs observe

Sraparet Ko heer e et

restored upon addition of Vitamn C at all

concentrations. 15 Exanple 3 The actjvity of the
In termstaf mrachppismms af@ctien. phepiefarence tar yeing segialipnsdn the

redébedatBI&PH 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: CuS0O4, ZnSQ04, MnS0O4, PRE/CuSOs,
PRE/ZNSQ., PRE/MnSQa, (‘30 mins in’ refers to addition immediately upon
preparation, '30 mins out’ refers to a premix and 30 minutes lapse before addition).
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was tested after storage for several nonths. The
i nventor found that this known fornulation exhibited
wooookaeeses i ci dal activity after only a short pereT/CB2@7/050743
time. Therefore, followng on fromthe prom sing
results of Exanple 2, the inventor then 20 set out to
enhance the stabili ty of the product fornulation and
conduct prelimnary toxi3fity tests. In order to
opti mi se activity and enhance stability, a nunber of
formul ati ons were prepared and investigated. The
[
The bRl B o6 b PRER P i o bR TRT et lnvBripteager
a peqpad efiz4 atd 4®hoenshamt thegesdifsi ara(syohy iraFigere #gFiguee 4
c ntratl ons_of cons uents
showls 8tk ef RERRESIE e bt 2Eb S FRUE ST RHDH B RudlB?
to bacterididal ?&tm (?dggmgagcth ﬁn@ r‘d:ufcnelg;rs rt@m:xtnrewpiré;ﬁargd ancll
ter]a n t hods e 0 ctive was to devel op
storeg o & Flrsiiar B cied ecBRUTR M0 HECHLEE S0
On]ygg@n@s(g,ﬂgreatl on for commerci al uses For the ointment
formul ati on, a hydrous oi ntment base was used, ‘the
conponents of which are shown in Table 1. In order to

| FiguiRf SRR AaPRBLIRYinfIASPRE/ESSOLL AT WOnB0RRPTAS3

/ GB2007/ 050743 havi ng. no ‘actives,
zero #ﬁ@wtu fosavehven wh@@pﬂ@ﬁ@f b it wtﬁm a(ftyr@@fage
d
for 4%&‘3 thé:&érg%%%éf%ﬂgﬂo%ﬁ W?s B%Eéfvb& As\WRLRA if ?%uﬁ&é)rt]. an

cohol ol ntment was 't
Surprr@ngiadfutb haetegeigak antivityis restorss: yponmadditioneof ivitapin &taialds
conc@ﬁtrrﬁgjﬁ gpt the sanme, and the water solution containing
magnesi um sul phat e and phenoxyet hanol was added
in small aliquots to the .ointnment solution, stirring

Exarﬁgg%t antly until a snmoboth m x was forned, V\,hl | st

aining the tenperature at 60C. Wen all the water
The avasnt:adﬂtdad unsfablenfoxulaiion pEVpuslyatiscidsedrie ERY@ 74439681 i |

was il S6fiae B THietal Aot afib AR IGRREaL tisGnpry

formulatien exiibitedl racieadtericidad tactivity afller onlgch QMrﬁ[reflezimf tite.

Therglags dolobion T BF arorminina resul heBineiban By i et
set oﬁt(@%ahmtmaﬂamftyldﬁ th@rB&udt fqm&ilatmnf ahd/\airﬂmt ;ﬁ'@llrihlngry

dnt extract. sol ea et C
fOX'C'ﬁéE-?ats 4B C{AST §noPEpis ﬁY' CSﬁ I‘X
formaigdties Wéretdwpa?éﬂfaﬁ'@ ﬂ’fvebﬁ@eie@.s The qunmmbbmcacnmﬁ@@werd he

active oi ntmsp formul ati on.
screened for a variety 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 tests 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 ointment formulation
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The aqueous formul ati on was sinply a water-based
formulation in which the active ingredients (plant

wexisaees33 metal salt, and in sone cases, reducP@mGB2007/050743

agent) were 20 dissolved in pure water. The cream
formul ati on had the foll ow ng conposition:- Aqueous
cream (for 55 grans): Emgssifyi ng conponent 16.5 g
25 Phenoxyet hanol 0.55 Purified vvater freshl y
h boi | ed ;and tg}ool ed 37.95 8 Aqueous creami
VLG9 FRHYES RA eappesitim sdahate (§3ghard !P'aﬁnoeﬁ'%!ggnol (0.69)

werBHipst@iesohean® thd §urﬁk§Wér (Q@ 135‘aﬁ(’]‘WaFﬂ1€é RPEEC. The ool |

reservative. It was dissolve wat er war ne

alcqEointrRaNtaYas then yreligdaing senvratearatorbaghedhe o mel t ed
tenﬁ@ra%r\é@%%rre Réﬁﬂhe BakR. ﬁﬁ@ﬁ%ﬁmﬁi@? $o Wco%lté?ﬁl ttf?e 60C,

queous phase was a ded tot
ma@ﬂeﬁtqﬁe ﬁwlpher!ﬁeanﬁh phenoxyataanal was\added frosmalhalicuetst toahei WO

B e

maiptairimgthe temerattfﬂeeat;ﬁf)é@ak/ﬁtdnnﬂ the svad¢rovaaddedatheanixture

[T T IR ORI MY T

50 gramisiweschauked irvam bintraentGanwbichnvas stteelin@scool Ec@ but not
salts, and Vitamn C. Figure 6 shows t sane

coppe
8”0\88 Ooé?% ®ns, but their activity after 3 vveeks. As
shown in Figure 8, the activity enhancenment upon

addition of Vit C. for either 1)/ PRE or
in offif 19 bRBAE 2 BirHBErPERdaian Pt Al igreqinmdhpcarEent
basemiaB pigpdred 4 iabeve Idxceétfmsta&d of @ing D8.14Qf l%eféwéteF I22Mg
f ormul ation shown I'n

::lpgq{)g the i.nt nent
of a ieﬁ@actvﬁ Ylion 48 BREAritaaetr) vas,used; Salutionsefimstal salts
andenBaie edvsieatiidet ty tHeOSRE SRR phse &Y ?e(ﬁﬂﬁﬁ Oﬁtﬁ)repare the activ
preparation (data not shown) show ng f ull ‘retention fe
°'“t'é‘éﬂ‘if9ﬂ’f‘y'aﬁ?'? er 3 weeks. Sur prisingly, these findings
are in sharp contrast to the cream or aqueous
formul ati ons, which in the forner case had no activity

- Theaqyepys fomsulation wes|sirsply acvater-bgserfornulatioroinlwhigothe active

mgr%‘%ﬁ%&%i@ant gﬁfa%g%&al §ﬂeah<§'}ﬁe§1§n?§ B3 ﬁald% i'é)byagtent)w

rat surpfising effrcacy, oV et
dissglyed ¥i pyreovader.| ong peri ods, of oi ntnent- based
formulations. This could not have been predicted from
previous work. Referring to Figure 7, there are shown
Thetcream fgmulationthaddié &llowirgt comnpesitionat  wer e

Aqueous cream (for 55 grams):

» Emulsifying component _ , 16.5¢g
¢ Phenoxyethanot ‘ 0.55¢g
 Purified water, freshly boiled and cooled 37.95¢

Aqueous cream is an emollient 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 ointment. The mixture was removed from the heat‘and
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20 carried out using Trypan blue staining. Human

breast cancer cells MCF7 were used to exam ne the
wehdosotsses pomegranate preparati ons on manmmal i BOT/GB2007/050743

tissues. Trypan blue staining was used to detect

non-vi abl e cells (appear blue stained under the

m croscope). The MCF7 cells were grown to confl uence

in 75 m culture flasks u8fng Dul beccos MEM (G bco)

suppl enented with 10% fetal bovine serum 25 (FBS), 25
Stlrmgd pentiggausiyrisoiilrcolth GRgamswas weighedrand pgtclcedtln anmedhtoneht -

e oS R A PR RO =

treat ment with the test substances. Confluent cells
é"‘ﬁfte detached with 2 m of 0.15%trypsin (Sigm) for
nutes, 8 nl MEM was added, and the cells were
Figuen$ shbwg ecbaaterlﬂzﬁla()asts@moff ah ontierit of FRE s6fBihBa WithlvayiBgs -
di scarded and.30 the cell eII was resuspended in 10
cofpSiigHis. SUah &8 LDl CaRRSGUS. TSI Sk Bnms B

sark @bmpwsionts 8t {HeirsRad 4Tkr 88kddksY ﬂs%o@mq"? Flgure 8, the
concentration of .1061n" (200 ul per we V\B

aCtQ’@MQFW@@W@Q@'M obyitamin Gor qither E%U)/?RE o6 di 18/ Pre
corﬂﬁ@sutr FHIGY ?‘éia;ﬁ@&' f Jhﬁre%abe&sWh%d%ﬁnﬁ%nm ﬁggifotrw\«%
I re then

ésm was tach the ce
forrﬂd élﬁledHﬂmeh ﬂneh einfraent formmitiationshewnsin gwhlei h ceimbined vith

sSSPV Lo Pol) b SN s

pre@asq@en éq!aja not shovm)rsmwings‘ull fetentionanf agtivity aftenB oveeksope

- SupeP i RESE NARGRA hibArictestiofng BB ER O Rt ol

15

20

25

30

formelatioss V\tfi‘cm)nn dlzen fooner ease hatkena h(laiw'iy and Tmmﬁtlmlr?rma Wctivity
ateh o) SPuURAL 1Hiksbto e L RRE BiebE ehBis Rt Pl
surpmm@eif ihacy, ang s¢tained aeﬁmtytnl\\ikee foag ;m‘cr:bgg noglfo:]rg?lténmms‘ﬁit‘lgh
forfifalgns'| THiscotg) nes Paem Plesii T FICRIGRHORn 1 ne

results of Exanple 3, the inventor focussed on
UGt fornul atlon A

nha cing the stabilit f th
Refg[1ig 1o Silie 4t theps & s R Sty shidian that were
carﬁéwo@fdsur@anfy,pm bmeestaﬁhgvelumaemeagﬂ c.%ﬂcer’%éﬂ@'MGF?O\%fét s
re identi " retained consi derabl e

use, ?.%?mfr@sthsﬁg‘?cte?ffppwgrﬁﬂ%pi?@ﬁr igns PR r%ammﬁllaihtlssvﬁ%
Tryb&rY Blik @tainifg Was e84 dEtebt M- w@!SlléQiell at Blue stained

I nvestigate:- (i) the activation of usi ng
under the microscope). The MCF7 cells were grown to conﬂuence in 75 mi culture
flasks using Dulbeccos MEM (Gibco) 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 ml MEM was added, and the
cells were centrifuged at 1000 rpm for 5 min. The supernatant was discarded and
the cell pellet was resuspended in 10 ml MEM and counted using a
haemocytometer. A 24 well plate was used to seed the cells using a cell

concentration of 10%ml (200 ul per well).
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20 copper (I1) salts, ii) the activation and

enhancenent of the PRE/ Cu conbinations using Vitamn
w@2008/0068583 i ) the optim sed formul ati on bei ng aPCT/GB2007/050743

ointnment. Materials and Methods The inventor conpil ed

a set of seventeen test preparations for each

i nfectious 25 agent testeﬂ% In all, activities were

assessed agai nst ten extevided spectrum Beta Lactans

: (ESBL) Pseudononas aer ugi nos For the nost tive
Nex‘pﬂ%ﬁé% medigwas 5emﬂYﬁPo%T°g*5P cel Walewahies Wiy %gé tWi5&r ed

trypdiM@/ay AUBEd & 8EHEER tHRAERS %ndﬁfﬁélﬁftﬁéd @éb&ed Ui thé psEENt S
wer.e prepared. These were tested immediately after

subsinsgasheven Figve b rineyhatedhor 3R gninyas AE3T°6 @v@ﬂ@faw%wnth
trypd SO B1d TRURCL 2 ke Bl o 36 Yl ik s piion od %ﬁﬁm&w

spreathpaieta ticrescapei slide aodl eeveredwith @ apverslip then ¢>@nmne@undm .
the r%%%c&% aNBﬁQ/ 4btd b§1 ébge&r%l&é &r%%c&‘éﬁ thEp %aﬁr%{”t er
repara I 'on ofmer cl al uses to
excllegtbealy8, there is shown the degree of |nfect|ous
agent survival after 30 minutes 5 exposure to fresh
oi ntment preparations of test agents shown. Referring
The tomc&y gurd&s showrhiarfigurs 79besated thiaetiel highesh gerventage\df val

{ L f
viablf 6% w38 oSSR RS ke kRSBl encBlRBR et ©
treatihg@hé atits witlo PREMRES OHCuSOAVIRIMIN ICEBIABIHaRT Whigh GGtIN ris

measures in colony 10 formng units by a factor of

Very Q€ -conpared to the control sanples. As can be seen in
Figures 8 and 9, the ointnment fornulation with added
Vitamin C exhibited a greatly enhanced .

Exampleid;j ty/stability profile (conpared to the aqueous

Basddf iR AdsuftS of Ex&fple!3s tHOhvaiieMoLussRa Wndhiaiting the stability
retention of activity after 3 weeks, as 15 di scussed

of the pradushiorautation, Avwide rafaeeof sembinalipizyerestestaddqeptimise
the iy B the adOBBHEIRFARNS FARH biiducRSwR iSeritibawhich bY

hree nost active conbi nations

retaipgrqnsiioratie taghyitie o veprEVEnsmENPeH nln@ddatm, thrginventor
camé:c?m%feﬁ%%\ﬁghhﬁmﬂo n@esg%éltﬁf’lgzmo{a({?ﬁ afifht & gl@%tsmg

activities t the a were~l ess
coppecll)salts.rii) theeactivetion ard enhengementeithe &RE/CU rcomnpjnations

usinYERAEE S A7 s BUREB Al SR Srimdfie & 1 ©
activities of conbl nati ons ‘

Materials and Methods ' _

The inventor compiled a set of seventeen test preparations for each infectious

agent tested. In all, activities were assessed against ten extended 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 activity over

time.
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of ponmegranate rind extracts (PRE) with netals salts
and Vitam n C against Staphyl ococcus aureus, Bacillus
w@dpBioksss3 E. col i, Pseudononas aerugi nosa andp@BHGB2007/050743
Proteus mrabilis. WMterials and nmethods Ponegranate
rind extract (PRE) preparation Ponegranate rind
extract was prepared by blending 15 grans of PR wth
45 mLs 30 distilled wategdfor 10 min. The crude
extract was filtered through nuslin followed by
Resatman No. 1 filtration paper and autoclaved (121 C
—for m ns rior to stora af -20.C. WO . .
The AopaPBeRsa tPemraiasous BtYEs> AeTPISIoHINGS [riBRd actdy
to pr@t’iﬁﬁé‘ bf B@e%hldéhﬁfiag %TC?Sreﬁé@fbﬁ@&* don¥Rereldl abéss Réferring

B. G am neg ative
to F@urea$ rtberpas shown thq:@,egra% pligfastieus agrnt Purvﬁﬁan‘ aften 3qminutes

expéﬁ?{r ciﬁ‘%sﬂf&ﬂﬁﬁient pP?d%ré}Qﬁlrs 08 15 iL\a/gér‘)tQ Bhévet O R@ferhh%t& F:%Qre

y equival'ent to Farland (1.5 x
9, tr@msmhpwannremwsmgmsswpwebaftaﬁ@anmf@meépowrﬁtt@ﬁmﬂgamt

10 L
prediona sh 42 aoans ST PrighErste 91 37 B9 Rhue "' Zm“ﬁs
di aneter). Plates were incubated at 37 C for 24 h,
h h f.
it st tosptafe P08 G afthuh B8 piRprip colony
formFumis by 4 fetarddi1of compdredts te catroksamples.eagent s were

purchased from Si gma- Al drich (Poole, Dorset) and
~distilled water was used throughout. Overnight

As &W Bl iR wrlugwéé 8 @R gagwr oimerient fdrmulation syitbradiged iViitamin C
r's solution

atu
exm@ﬁ%& aareatly anhapced ‘S%Iﬂé(ﬂagwt}' i(')j?ﬂlgcigowegr ea,ﬁ%}nﬁlaqueg”s
pre;?érét%ﬂpl ré%u& hét &B@rﬁshmﬁ f(lls&&bnt%n\macmqeaeas \mkaoﬁ;
of the fresh yprepare soI |onsﬁ£§w‘ '{:d\/& 2% .
dlscggqsqum(ﬁxgg@&e 3cirshe th ass i | ut | on
§rlane°z%:cﬁgﬁ|:§g ﬂeg@%(%rgggg¥ (ttﬁ ftljt‘@é noet acﬂilrve chRDatidns I(I :I
Y VR Ry ORI T N
C). %@Wﬁét@d ma&fa%n\ﬁﬁé!i Withidid ehe adstion 6ffv|aarria6@ Werflegde

extractfinetal salt solution. After osure of the

actipaintthe ishort tﬂrmdﬂpnmrégmforraéwmf%@fé@fh 'EF?@"“P\?@O"
activity of- the bactericidal agent. was neutralized by
addi ng an equal volunme of 2% (v/v) Tween-80 (Signa

Exa@pmbcal Co., UK) in Lanbda buffer. Serial dilutions

The\’\é%rrneof Example 5 was to determine the antimicrobial activities of combinations
of pomegrahate rind extracts (PRE) with metals salts and Vitamin C against
Staphylococcus aureus, Bacillus subtilis, E. coli, Pseudomonas aeruginosa and

Proteus mirabifis.

Materials and methods

Pomegranate rind extract (PRE) preparation

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

storage at -20 °C.



al

15

20

25

30

prepared in Ringer's solution (10'5), 10 pl of each
dilution is spotted on nutrient 25 agar plate and

wo paaloetsesl for 24 hours at 37 C. Each assay waBCT/GB2007/050743

conducted in triplicate. Antimcrobial activity of
PRE wth the addition of netal salts and Vitam n C The
assay was carried out as scri bed above with the
following addition: Vita 30 C was added to the

netal ion (FeSO4, CuSO4) solution inmediately prior
D—'Si‘%gai—#ﬁﬂéiiél with the PRE. Aliquots of Vitamin C were
OverfRhe clilfurgs Bethe Craim-pBiitle dtiiis\iS. adtirdus; BNRUHIRS/ #HE8Rs3

PCT/ GB2007/ 050743 41 ratios (and Vitamn C
Grampgegative sifainhidy el 5.1 2ewomieny and 75 miabilg) were suspended
in Rn(w@é@@olut @bldsﬁi K. étové Eﬁﬁh%@;uw&@ﬁt told 5 RicF 3“%’@5“ 5 X

sol ution vvas t hen added Fracti onate
10° GRY/ay!) BndPRED gk Wascipseagordo thdjen-ﬁrwm@algmyolatei; QX0

<] in I e u tra-filtra
imitE SR TPkt (10 BET oy enSrghigd BRlq HRatrSin fdter
paper €5 kin 'umrtx?wt)r @Qit%s W@feetgc@tﬁal’i%@ et %"% et kzdld 3 f@fﬂér frigrhethe
utli ahove esu S i ffusion
d'a"‘gng“é'é’@ﬂ'@s? Wg"'?ﬂ'%’kwaﬁf?‘i%‘??ﬂi met hod anti m crobi al
efficacies were exam ned against a panel of five
m crobes‘ ,I\/HXI mum act iviti es f or PRE wer e observed
y ofP 24 ofJng s Mbderate

All re%fgéﬁ@tﬁerem%a%éa%)n rr@-&uaﬁéh I8 PorSst) and8istfidn0s a
mrabilis and there was littl'e activity agai nst

wateEW@@ |U'sed iheughosit. a@aerawt gulfireg pAMaLiant agaweretherm 14

- suspBHdedinh g‘&ds %3 tgmn ﬁxo@l U td's tur&dx%%}:l@i%khtsto a5

aer ugl nos I'i's’respecti o
Mchdmdr(ﬂ &% bﬁ) SCFdhl).vAD yligdot léRme/PIRE etxtrecta(aaﬁ) ul)ovasoidded

The ant,i r obi | i P
to 7005y PRt b Snar DhEoRatEs il o el SarBeeeSs Gusae
MnS@s SR drHesfirag saggmé;dwé? gcbte@ge@ from uyhtt ﬁhewgg@{p_taemm. J.
ewar or observin e additive '
APP'S%‘F%’%P@%%’&%@&' i ons. PRE al one digd not exhi bit

antimcrobial activity against the majori ty of t he
bacteria tested; except B. subtilis, which be due
The gRpropriate harterialdilyion W@ﬁ prenEe® AnA 0 i plgeed in axg filgst

Eppén'?lger h c&ﬁ%% ;L;lﬁ)etvalﬂl 246§ {J Bﬁhgpe&ﬁ%?dsrﬂgél SR ttion,

activ ) e greatest resu were seen
Afteraxposige oEthec!naqter(aafsr 86 avinutes aFropom ten@ratwieg, theCactivity pf

| I e ctor
the baBRBRREAHrR e \ByriRed YA SR SO R
Tween-80 (Sigma Chemical Co., UK) in Lambda buffer. Serial dilutions were
prepared in Ringer's solution (10°%), 10 pl of each dilution is spotted on nutrient
agar plate and incubated for 24 hours at 37 °C. Each assay was conducted in

triplicate,

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

The assay was carried out as described above with the following addition: Vitamin
C was added to the metal ion (FeSO,4, CuSQy) solution immediately prior to-mixing
with the PRE. Aliquots of Vitamin C were made to give final metal ion:Vitamin C
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result was. seen with the conbination of the PRE with

cupric salts where no detectable growth was seen.
wOb@enesse3 ant i m crobi al activity was seen w t hP@GgRaoy/050743

ions and PRE in conbination agai nst S. aureus that

reduced the surviving 30 popul ation by circa 103

conpared to the buffer (as shown in Figure 11). WO

2008/ 068533 PCT/ GB2007/ 050%#43 42 Anti mi crobi al

activities of PRE with the addition of netal salts and
ratigst(and Nit@nirFGreoheentradivoshi af S : m&nmmd@ (24emll)t o:20r{bemiD

(mefels R v of B B vahneBadged bR, *°

putati ve oxidative danage nechani sm af f orded by the

E rz,dox ait | ze metal ion, the inventors 5 assessed the
L fficacy upon addition of the reductant

PR# &aricts were f@MtlBSatE@ bly Mol B IAY \ﬁéibht\ﬂsh'b{; I‘ﬁﬂ%bf’é Ligd ffItPaftlon
the PRE/ Cus\41T ?'\f nmbi nati on agai nst G am negat 1 ve

deyices Gpgynal Ghy BT S SRO0A. et} prg t@edesultm extracts were

tes¥ed B SsyvRi nations (as shown in
|gl§}yrng 10%%&&%%:%]&1. 00|(f&(tma(§jecrease in growth of 102
was seen W|th the addition of a stoichionetric

ReSGHy val ent of Vitamin 10 C (with respect to netal ion

_C‘Gmentratl on). Addition of 5 and 20 equi val ents of

sulted in a reduction in growth of 103 and

oo SR Ao AL R P

pamgd offiyminidretzest Méximom adttivities fertRRRE aleenbbsaedagaingdt diok S.

uival e of Vitam n
ault 8 28 syl RO A bR Pofe s2bs e R ReRn Ggbibaers
aeragiwaya hnd & deirabils and/melrf]e was Ettle Iaetlvnytk;i‘gawfst E. CO/I The
antimcr action, the S su
avefe. for SRmEterS frerf a7 i, 14 B IR A Bt S aureus, &
subkiis, P4, saerdvaosd asd POmivdbillR raspantivelpal MW bel ow 5, 000
was conpared to the untreated PRE assessed using the
20 disc diffusion nethod. As shown in Table 2, simlar

Antaﬁk'rdﬂldl laeBvityesT ®REXWitR tHeeah ditiord JSl’Qnetbpé/éiltﬁm ecul ar wei ght
ction.1n ¢conparison to the whole PRE. Table

Th‘b? Heipraial pctivies of FRE gxtragim Alongiviih the metal splsmd(twes |
wer@is%éé’ée%f us)Mﬁ 8 Modifiedcleritn ef theRdeparByasienak @t W 998)

ai nst a panel of five bacteria. Organism

fore'awwag 8@1@%? th@fqutﬂ:PiEnﬁhab@nsoHRE\/@orgwdmoa@xhl b
antmi&HBBiaPactivity against the majority of the bacteria tested; except B. subtilis,

which may be due to the short incubation time of 30 minutes. Against the Gram-
negative isolates the metal ions showed moderate activity, the greatest results

“were seen against £. coli (as shown in Figure 10) with Cu (ll) ions reducing the

cell survive population by a factor of 10* compared to 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 was seen with Cu (1
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 )-



10

15

20

25

S. aureus 11 0.25 14 0.14 B. subtilis 130.09 150.14
Ps. Aeruginosa 8 0.09 8 0.14 P. mrabilis 7 0.00
w0 2008068383 E. coli 0 0 25 WD 2008/ 068533

PCT/ GB2007/ 050743 43 Discussion In this study, netal

salts were applied to further enhance the properties
of ponegranate.
di ffusion assay,

Prelim napy results using the disk .
to assess antimcrobial activity
..sho ed haﬁ t he I?RE was

Fuaber&usdremd/e& ccﬂ"ldht:tédlté)enhéhéécthe@bf Vi ?dfﬂﬂa IaREﬁﬁétﬁﬁBF\ of
PRE suggest the

coRRFplFLEH aéue@%tsﬁﬁ%ﬁ?e%g%%%%‘ém BABHPOR 2 Bitalive

oxidaPROddrageomnkLifthisth afibRied %tthé‘?édox%ﬂﬁ‘é’%tal 'idb m@lnventors
t he PRE al one showed littl

asSERe PG BHmisToRe praGY g adsitionrs s redhetapbtaminiC.
OwilotHe hgﬁreﬂ:ﬁﬁ% it meeW/bugﬂ) h;[g) 1! 8h aﬁgln%f aF-

For the am negative bacteria th
Grppenegaive iFolgipsetheriavaniers studied theadditioh oﬁwamtre@mamee
p S esoffd
REM eI (A SR In OO PPE 2ol o Bty
groyith a1 Gf veast seenvethRE:add tioh yof aestmeiwhetncreqnwamt efVitdvhia

di
© (Ui sBoBt b edNBh Bonee BB A MRl D Grddife
Vit@aninge rasuedin @ radustidiomigrgwih of 1| aod mloldta‘ﬂemableP@Ewtm
resEOMERNECPS: Uhthsreblitn sVl B g HHELLD rigure haa
no Figeificanteffast aienegaqumamnabdsﬂmﬂ&aﬁeﬁé@t gﬂ 5 ald 20 2qa@inglents
I nst aure The active
Ofﬁc}o?amég (%P(d%ec qpl%agz%ﬁb,,féeg}eé) fgungsl n the | ow
nol ecul ar wei ght fraction. The addition of high
Fra g@antli { gg of Vitamin C markedly enhanced the
oth PRE/Fe(ll) and PRE/Cu(ll) m xtures.
in cagkerito &iveéﬁgdt@&ﬁet mSde abAftiSicroBral BT ke ﬁREW@al@éd'Gjégted to
rol e

hi was .to explore the potentlal
fraqttr'@f'%ﬂonl%%e%ﬁs'sé’ﬁ RaR¥qal raleraiaisights $he Faclismewityai nst
nondihaINitiedelbw 8l 0U08Radéormpatel B'the drttdatel PRE assessed using the
disc diffusion method. As shown in Table 2, similar activities were exhibited by the

low malecular weight fraction in comparison to the whole PRE.

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

PCT/GB2007/050743

Organism Low Molecular Whole PRE fraction
Weight Fraction
<5000 Da

S. aureus’ 11 +£0.25 14+0.14

B. subtilis 13 £0.09 15+£0.14

Ps. Aeruginosa 8+0.09 8+0.14

P. mirabilis 7 +£0.00 7+0.00

E. coli 0 0
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i sol ates were tested which include 10 MRSA
(methicillin resistant S. aureus), 10 MSSA (multiple

wariosloss3B83 c-resi stant nethicillin resistant PCT/GB2007/050743

St aphyl ococcus aureus) 30 and 10 Panton-Val enti ne

Leukocidin (PVL) producing cMRSA isolates (community

acqui red MRSA, which produce Panton-Val entine

| eukoci din). The exanpl e #&nonstrates the

antimcrobial activities of ponmegranate rind extracts
Discggamn  agai nst St aphyl ococcus aureus (MSSA), MRSA and

n B B2 Bl 57 anflr R RS s properisgfour o

pomegranatee rPr(aliminar}omsuttsmsnﬂg thewisk diffdsiomdssf & assess

i vities.of 103,
antiigblat =3 ot E RRan 8 £ 8iga e Bt dhatibe PhiE e st
actsizéélgla?gt:themm-b@mwd\orgammb (SheeretscindB. 8&?btm_§). tiisc
SOl at es ral ns were

G BRI RE o MOlREY AR GoCUhar PR S099R and

antingicrobiatiesmpéndiils) bf PREare folratwiedn <465D bagertionastued i on
rowth for 60 %of the isolates. Materials and :

ext r'ﬁ\gt ﬁé%e\ffdn@dhﬁﬁamensmoasgay the PRE aipae showsed little or no
antmmsraﬂaémy byAfseXty @f%e b5EEia v&%edo E@Rfaf bSduE! 8 %i_é nmw

cutting rind irnto small = squares roxi mately
incypatien tifisr e dried at 55C for 24 hours and stored in

an air tight container in the dark until further use.

1 of dry rind was added to 150nil distilled water
Fordhel rarr@g'aﬁveab@ﬁau@ﬂwe(mmmtioprqf PRE:Codingaverther kastir e

T
rosiiviff o Oatécbapjc Gfowts BEgeriet ff fn Y Sq RARAESaAJ AN,
Forgaraureus ﬁweadfuﬁqmcrf 5 :md 20 equaﬂemts@f Vitaroini € ites thegPRE:Cu(Il)

BRSOy Rt e L A £

PRE: ﬁe(JP)ealsmresult@hmtewadabtnorsm Igmveusc fat 8n aaladusios olred 8" atf;o
methicillin resistant (n=10), nethicillin sensitive
(n=10) 20 Staphyl ococcus aureus (MRSA and MSSA) and

In cBacitsion,\RRE i Eorabinatidrowitiel Ca(ll) peredextibigdravabé symergidlic
The, MRSA and IVBSA Irf&%at es
AR

d .
anti oS EETToSts 2P Fotam (e RO RS cHEsp Rirsia
/n/re(ddtszmnob,l*!f)atéiﬁﬁlvtﬂﬁ@g@lg(ﬁ% amaltsaltras aWeecTcﬁﬁdadmt(e{im the

er a e SOl at es
PRI, BRLIO ILREIOw JarlecH oI rackipie T0S AUNoR kbR puarities

of vagmbcmwd@bnﬁz&;mﬁe taBftiedSoffiott PREVFb(nyéM/PRQCu(u)
0 labt\%&@stSOC until required. Prior to use al

m"‘é"&ﬁ%ﬁaé'%s Pad¥tRSd twice on nutrient agar

aerobically at 37C. In all assays culture were

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 (methicillin resistant S. aureus), 10
MSSA (multiple antibiotic-resistant methicillin resistant Staphylococcus aureus)
and 10 Panton-Valentine Léukpcidin (PVL) producing cMRSA isolates (community
acquired MRSA, which produce Panton-Valentine leukocidin). The example
demonstrates the antimicrobial activities of pomegranate rind extracts (PRE)
against Staphylococcus aureus (MSSA), MRSA and PVL positive cMRSA. For
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prepared by using overnight cultures on nutrient agar
that were then suspended in Ringer's solution
W@ Bros/ksahs U K. ) to a turbidity equival ent to BCBGB2007/050743

McFarland (1.5 x 108 cfu ml"1). 30 Antim crobi al
activity of PREwith the addition of netal salts All
reagents were purchased from Sigma-Al drich (Poole,
Dorset) and distilled wafér was used as ‘a chenical
di | uent throughout. The nmethod used was an WO

MRSX08:6d mstrmg/@ﬁmé/t@mm (Indisnsiigs gthenrohadmogdpegte

activ é?qrg ngﬁYd bn)é Wgﬁ fog rﬁa{mtﬂo}\% g}ovﬁﬁ' RX/I"ﬁch Waﬁ %E\Mnced by

rnent
the sddRPAGIFRE to Rn"ng@,ro redtibuiiri gmwﬂﬂabnedvedjn 180P4 btthea

turbidit ent.to Far | b
solctgi e evesr A RS e SRS AT 8 Y sty gl bl
sens’#t%&d cbngrQQ) lon@fanﬂhﬁdfm@cm#tse Fetigties eftbeswéen 10NBg{H4. 8

nmetal s £ elSO4r CusH); the final
red@mmmlgfﬁ%f@répdae ?’@dscf’i‘%ﬁn light (Stewart et al.

1998). The appropriate bacterial dilution was prepared

and 50 L placed in a sterile Eppendorf
M@L@ﬂ@i@iﬂ&&g@uge tube with a 100 L of the

E@}%@% tuﬁ@%i‘t’racﬁ %Eﬂaﬁ%dﬁt ion. 10 Foll owi ng treatnment
ours at roomterrperat ure, the

Poregranate sind extran (BRE) wes erenaredifyshy buaetting find inte swall py

ocl]
s8] a0 i) AR g i b cTF 22 18] ShaTrec
in amair eghtmoatmm@'dn ithre dRirk gietit forteer! usei 3i9g(cof gnsind was gddesd to
il ution

150Ff AR aER Pl s Fip QB LA B pi SR toprd ffpd B o7 24

houtasThkSerady extea:tt ot passed imugrutaneshn/am abetbamfiter No.1 to

rom@ie e A iCUIatS REARE T Sl gt o] pR3Sind Hitbhored obum

filtere(Millipdrey, omtoa stewile arpttl&asTheaextnanwaslBtom #r-2801% fes fyture use.

stated wth the follow ng 20 nodification. Before

adding the metal salts solution to PRE, Vitanmin C was
Bac@li@egma{& the netal salts. Varying concentrations of

mn C were added co h fol Low n ati os;
Clinipahisg aiesraiyme hichn sama e 0b ekl ehsie @41
StaMﬂ&‘b’b&:sCéuré@§(MRQA%&MSSh?aﬁ@PahtoaOyalémtm LetR6cidinof
this solution was then added té) 'I[R nj g]A t
produﬂngﬁMlR%A (esHevare asedin R1stydyy *&'Wﬁ%&?'%‘ag peglates
et Homthé RevAl NiatsHom HokGitcR SLOVRIOA, UKRRAD thé oMIRBA
wer@ BoldctHom the RBy &Y et Hossi §LWﬁ
isolates were collected from the Devon and Exeter ospttal (UK). The isolates
were cultured over night on nutrient agar (Oxoid), aerobically at 37°C and then
frozen in cyrovials (Pro-labs) at -80°C until required. Prior to use all isolates were
passaged twice on nutrient agar aerobically at 37°C. In all assays culture were
prepared by using overnight cultures on nutrient agar that were then suspended in
Ringer's solution (Pro-Lab, U.K.) to a turbidity equivalent to 0.5 McFarland (1.5 x

108 cfu mi™).

Antimicrobial activity of PRE with the addition of metal salts
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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added to sterile water in a concentration of 800ng/m .
The plates were prepared as follows, 50pl of

wo ouBA6858ES Strength | so-Sensitest broth was apPdEdBR@7/050743

the first row of wells and 50pl of double strength

| so-Sensitest broth was added to all 30 remaining
wells. To the first row of wells 50 pl of the PRE was
‘added and m xed, 50 pl & broth fromrow A was
transferred to row B and m xed, this process was

adaptafion; of deat describes by Stewadet 3l (198p)1susra.bBdefly. wvemightroved -
cultugefjsoé'ﬂ M&tbntadah erd %ﬁgg?%ndﬁﬁﬁﬁ RirldaP s QYR8 &%oid, U.K.) to

[ tures were suspen ger s solution'to a

a turbidith pauiyalent to 055 Mo adarel (168538 ©EW/naiz2A0 aligsad vi the BBE

| and ful/ . Si 0 f

L
metaFsAB0FeGOY] CusOs)pte!finabsdlutioN waspiopdoted fremdight@tewat et
p 1§§$ in Triplicate. All plates were incubated at 37C
al. )24 hours. After incubation 10pl of broth from

each well was spotted onto nutrient agar and 5

i ncubated at 37C for 24 hours, After incubation the
The ?ﬂ%?@@tﬁ@ﬁéteéﬁ‘ﬂwh%wﬁ preparedt Aichel bk @@@ﬁgi'%ﬁﬁ%&l‘e t he

=P e P R RURE R i TG pr M A Bl e,

FolloWing teestengntafsthe bactessal fay 2t hass atilvoreteniperattites tHeohdtivity of

h - PR d 4 ,,10 d but
the bR EBAARL adeRr AR Dettlze o) SeiEk BsP SRV itnd el e
Tweer-8D (SigmalChenhiealldd., VKpindiapibda, buffet.f Sehalsilutiarsdvére
oes SRR EERA B O (R At SR PR B en
agar platd NG inedbatad tzeashi@ily $6redi Hoursvat 87 °C.1Babieasddysvand

.Dj scussi on The suspension test nethod outlined by
Ca"‘?g%%'ﬂf”@{:a‘&t (1998) J. Appl Mcrobial 84:777-783,

Antinigsahio sty o6 PRE ANHpela) sal it (A SddRan o giftere the
conc&@tdneht Y gganmst all isol ates studied (as shown in
Figure I3). Tn contrast, 20 the cop{‘)ager (_IIZ i ons had
The %'ﬂ@?rﬁ_{)@' aaaqua eagTies ow@twewog%ms d_l‘G!Eh _nﬁgfollowmg
modifé)%‘i'EiPﬁ.t 'B‘é?br% lréldsj%%é PhetdTQURY S8 Iutidr toFerE)] \W@Hrﬁiﬁg: &vgﬁ added

, copper m xture surprisi n.glé exhi bi-te n.
to theoriigta salts. a¥anyingapneentraligng of Bilaminre weee added ¢prpprisincthe

rolowlfly Flio§°1:3 (ABAAL A (2Ap 820 (R UL el VR & was
added ¢mthe reéfabsolufia, 70R@LRREnissalnton as thediddedrto IREU( | 1)

ions affordi ng enhancenent of 25 antim crobi al
activity for 80% of isolates by 104 |l og orders (as

Mininsum ithibitlor-condeaitration (MIC) determination of PRE and CuSQ,

Micro-dilution plates were prepared with freeze dried PRE or CuSO, which was
added to sterile water in a concentration of 800mg/ml. The plates were prepared

as follows, 504 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 to all
remaining wells. To the first row of wells 50 yl of the PRE was added and mixed,
50 ul of broth from row A was transferred to row B and mixed, this process was
continued to row F. Finally, 50l 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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For the PVL positive cMRSA isolates, the PRE on its

own, had marginal activity against all isolates
w@wdioess33 I n contrast to the MSSA and MRSA, t heCHGB2007/050743

positive CMRSA isolates were even nore sensitive to’

copper (I1) ions and had noderate 30 activities of

bet ween 103 | og reduction in growh for 60 % of the

i solates. Notably, .for 486 of the isolates |ess

reduction in growth indicated | ess sensitivity to

McFQd’a(ﬂd(ﬂ 5X10R Sfu/MOVSORI of @dﬁeﬁsmﬂw@fe éﬂﬂédrtsmend(fhae

in these 40%in |line wt copper-sen3| tive

conc RO B Wl BN a/aY) hiRsh e . (HEEBPIes wers
carrBERLCRAPBEABOR Biotd wBR REAAEY HOTOrof BENME,. SftoPRE

S individ Iy In conbination are
mcuwiomé@pbof@row frmale@CB we" mamsmﬁecﬂ anfosIutriesy agar and

o R .
e SARES1S 0P34 SRR BR800 Bioring
detegmige braakppintsbyethe esemcemt@bsmqe Qfigoaimbi ng ¢ VRSA.
| solates No. of. MC (ng/m) type isolates PRE CuS™

PRE/ cuSO4 MRSA 1 12.5 3.125 6.25/1.563 1 25 1.563
Minigu@B5hiiibified colcedraliod 2btebRinGtidn 56BRE3CASO] caiBiBination

T &%) s kot 25 vi ipng B pbishphods’ kg agd buso,

werelitepdred a8 befdre Dt @sihg fous tikt'sGconBdntratiot 2f half tHeGdetermined

o e By o, Batle Ao B bbbt

‘concénﬁfétldh W&id bé 8aig/Ml)7 Fddiioadae CLSD, wasthade Be PRE

12.
suspensmn lnsZead of sterile water.

Results and Discussion .

The suspension test method outlined by Stewart et al (1998) J. Appl Microbiol
84:777-783, was adapted to assess the antimicrobial activities of PRE extracts
along with the cupric salts. For the MRSA isolates, the PRE on its own, had -
marginal activity against all isolates studied (as shown in Figure 13). In contrast,
the copper (Il) ions had moderate activities of between 10 to 10° log reduction in
growth. However, in combination the PRE/copper(ll) mixture surprisingly exhibited
an enhanced activity of 10* logs reduction in growth which were observed in 80%

of the isolates. Similar results were observed for the MSSA isolates, with no real’
effect for the PRE alone, but addition of Cu(ll) ions affording enhancement of
antimicrobial activity for 80% of isolates 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 contrast to the MSSA and MRSA, the PVL positive
cMRSA isolates were even more sensitive to copper (Il) ions and had moderate
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).



20 .

10 PRE had an M C between 25-12.5ng/m for all
i sol ates tested. The conbination of PRE Cu(ll)
w@gasness3nl | i solates of S. aureus resulted i NPUHGB2®7/050743
which were half or a quarter of the MC of PRE or
CuSH al one. Thus, a considerable additive effect is
seen agai nst S. aureus for,_the conbination. 15 In
concl usion, PRE in conbi ndfion with Cu(ll) ions
exhi bit surprisingly synergistic antimcrobial .
effects against three classes of S. aureus. For MSSA, -
DetdYRpftiBAGf theMiC BPPRE! @&é@“ﬁnhﬁz@u@ﬁﬁnd ﬁ‘afHdn{Bu%tfah'a%
activities were exhibited by the mXture.
showmiferalde 8- bel i eve that they are the first to report of
the efficacy of ponegranate against PVL positive
cl\/RSA ] soI ates. 20 V\D 2008/ 068533 PCT/ GBZOO?/ 050743

ot A, W,

Leukmichmpnhduqngeﬂ%hnt (eg extended spectrum
(3-lactamase) Pseudonobnas aerugi nosa. Marked
activities 5 were observed for the aqueous PRE: Cu

pr epar ati y addition
of ‘'the red X : f ( prepar ation of
the PRE: ~efH~——A+af ; r=Shawed—noder at e

activity was 1exce§ ed %espondr ng
Cu(ll) preparation2 03 =B riod. 10
Materials and net h%ds ngregqagggte %g'ﬁ%(tracts (PRE)
were prepared by cytti 5t he gghnd ighkg sgmall  cubes
(approximately 5 V\MZ% g dr|69§;§%1 55C for 24

hours. Driggkga nd qwas| séorgdghn aighshlaght cont ai ners
in the dark until fgurthes usgesSt 0gks8ehiti ons were

prepared by addi ng4l CQgoof drpsri nd.26@.7800nL distilled
wat er and shaking (at [8@Q.srpr)sed5 as.1zsmosmt enper at ure
for 24 hours. The arude2eaxt naee was13sas®med t hr ough
muslin and a What san {f12lst eri.586. 1 t6@5/0&&bve t he
particle naPYler, asdd fli Rfer 1568ri | 626@-38Y passi ng
through a 0.2 urn il tlek5( M31RBpor &R50d8b a sterile
bottle. The PRE stdéck | 8%l ut°r7§ﬁs wE28048%r ed at - 20C.
20 CI i ni caL_q_sm_aLes_oﬂ_m;u@_dwé_Eéiﬁ‘SLant

donpna aerugi nosa ( aer ugi nosa)

' PREcraﬂdr Ml atweterﬁléﬁab%mgr‘va'rf%%'hw%?ﬁ t@a!ed( §@Ptceﬂ1brm)m

of Pﬂé ecdrr?ﬁ%&h@ rvrﬁérste%fd?\gﬁ)zég)rf]&lwnréhtte@m Valllds| AHiéh REAY half
ora quarter of the MIC of PRE or CuSOj, alone. Thus, a considerable additive

effect is seen against S. aureus for the combination.

In conclusion, PRE in combination with Cu(il) ions exhibit surprisingly synergistic
antimicrobial effects against three classes of S. aureus. For MSSA, MRSA and

'PVL positive cMRSA isolates, antimicrobial activities were exhibited by the

mixture. The inventors believe that they are the first to report of the efficacy of

pomegranate against PVL positive cMRSA isolates.
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cyrovials (Pro-labs, UK) for future use. 25 All
reagents were purchased from Si gma- Al drich (Pool e,

wmorsass3and distilled water was used throughetit/GBRI07/050743

aer ugi nosa i sol ates were renoved fromthe freezer and
first passaged on nutrient agar tw ce before use.
Overnight cultures on nutrient agar were then
suspended in Ringer's sol A8 on (Oxoid, U K ) to a
turbidity equivalent to 0.5 MFarland (1.5 x 108
Exaomtler ) . An aliquot of the PRE 30 extract (330 |) was

Exaﬁ,ﬁﬁg gfol grr'apeés ﬁ? gw gfgigiaﬁ %\é@ﬁe@aﬂﬁeﬁgj\zﬁé lnﬂg Séx{rélctg

(PRE)lintombination wltbﬁ’e(:li)eaﬂxdf(llﬁﬂ) $alighagalnSt ewitrdrugetsistant (eg

B e R R e MR

wed@lo@@@dfeg g%rathstaqueb@s PEEEIQB&??éraIﬁbM %{E?Mdr}afgr@wt ube
W t a ex C Sa olutl on
ennint et D 0BUS e e PR HHANGHIIA Gt din Gt Arearaton efdhe

PRE$E0BNAaWiif C éﬁ?erﬁ“shbwé& ¥hodbratd BEtVRG WiHRH Waslakcerded b
was neutralized addi ng an equal volune of 2% (v/ vy

the sorgrrandgg Cufily n&amwn&apr athree ponthsparigdbda buf f er
(Stewart et .al. 1998). Serial dilutions were prepared
in Ringer's solution (10-5),10 Pl of each dilution is

Makepatstand raethads ri ent agar pI ate and incubated for 24
t. 37,
Pon{qt@é’rﬁﬁat@ e % $he aEg iegwggﬁﬁfﬁeg@ d g%)csrr? ed

cubeb Wmmmtalw smi) M(brwhn/gerad!ded iabh5°CAor 2diheursc Bied rind
waéaggfeqj ih %lr tﬁﬂ g@ﬁt%‘ﬂgl's% Nﬁé’béﬂ('dﬁﬂl @H{?Pﬂ&t &y clpédlaﬁor{sgwere

uot's tam n.
prepareglbyeadﬁmgamgm‘tdiy rind ko 15nmlad1$tﬂie¢maanaw shaking (at 80 rpm)

B T N e T

ands®WHatraan Vikker Nidié o asitevk the paRiEle hattdrnvand ditendterilised by

ool BUSR S e e B L T e

soh@iont WRiné storsatn@e°@r epared as followed (for 60 grans)
30g wool al cohol ointnment, 0.6g phenoxyethanol, 0.3

dried magnesium sul phate, 29.1g purified water. The

ClirfQITRONRRLY §f MEKIRIrTH X@éiistélﬁltpdeubbmﬁna Qefuriined (aspmmt h
oi ntment. The conposition of the aqueous cream base

aermgos@aagre&mﬁgﬁeﬂw the Beyal MarsdendgospitabiGutepndibiThend
lsoléﬁéglvé?é' Pkévig? f ff on mﬁ*en%qmm&asum@am fHenarbzeAtin |

Ccream oth fornul ations
cyrovnals (Pro-labs, UK) for future use.

All reagents were purchased from Sigma-Aldrich (Poole, Dorset) and distilled
water was used throughout. P. aeruginosa isolates were removed from the
freezer and first passaged on nutrient agar twice before use. Overnight cultures
on nutrient agar were then suspended in Ringer’s solution (Oxoid, U.K.)to a
turbidity equivalent to 0.5 McFarland (1.5 x 10% CFU/ml). An aliquot of the PRE
extract (330 pl) was added to 700 pl of the freshly prepared solutions (4.8 mM) of
metal salts (FeSO4, CuSOQ4,). The final solution was protected from light (Stewart
et al. 1998). '
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contai ning PRE, the base preparation was carried out
as above. However, PRE was used instead of water, and

waosessas of netal salts and Vitamin C were arPdPdB20@5/050743

to the base fornulation. The assay was carried out as
above with the follow ng changes. 0.5g of either
ointrment or creamwas first added to 10 nl of sterile
water and vortex until di49solved in water. The
appropriate bacterial dilution (1.5*108 CFU m ) was 30
Themnppenriate bactedd diltiomeap peepeced and56 Lkplades iEpptetior f

' - tri be W t 0 pi, of th .
EpPbft Pl fob Stk Eo e o Bugrbtimel st eption
Aftenay@sure botheartdraifer 3@ huiéDatedomnteperaAdtKihdtachtyasrd

Lor 3,n5_nths,\v%r|.or to re-testing to .determ ne | oss
the pacteriqida)jagent wes pewisliged By sdding Aamsyelydwoe 982%5u/v)

TweBasd (SigmAloreniitdl ido. dikigin rL%ﬁ'ib?!‘éQﬁuﬁ‘feHS't&jv%@Et S OIIQ??FS

of Pseudononas aerugi nosa were subjected to challenge
Serigldilofipnswerreprgparead io Gimganssobtioni(16°)ntd sl ofieaak dilwtiagis e
i 1 I : [ est \
spol o et At iR oh iR ubbieR (5L PP ERTS A af P E3Eh Uty
wasepnueed indriplieated t h cupric and ferrous salts. For
control sanples, PRE alone had no significant effect
and both Fe(ll) and Cu(ll) treatnents resulted in a
Therasdaswas aartied dubgé desarithed tabove iith ghefollbwingeaditional ieshin

o B0 G b RD R S i pre

Aliquatsrbf YigamiorC wise enaiedd gile finabmbtad iun: Witahin (4tlos (ahdne

Vs sarceiBaR et € imbler:> B el oeRin et pat
VitaireCR 700G ek seluties wab@sersefied tYifREN n C addi tion-
greatly enhanced the activities of the PRE Cu(ll)

conbi nati ons. Addition of one equivalent of Vitamn C

TwoSBiaRhsiviGe pBE LS agﬁ iateip ardls et Qfxcll )anfaHQ?&S@

105 to ca 103l'oglO reductions, "Five equivalents o
creay.+ Hhg sPrapesitias efdbie Aydreys ointrognitbasevas: propared agfollawed
' ; j ' t abl e
(or SRR 8 i1 SidbyRligicht Bleg bhathlefiaif SSfeNT,
magpegiumrisiphate, 29eth pwified yeader. {The comoparientsokéreimixed until they

ol 134l " A N RABLS RetBild v
150z emulsifiing aintmeat, §g\phenoxyetharnpl and B45gypurified vefterl Othe

A ' . h . .
combiff 4B AR RATRy i HOLFRARHT B8 R Ta Mg
contgiamgstiRithe habe gpueparatdh. wdsncdrtied oakas atfovehélo@eyer, PRERE
was %ggﬁb fngfaeta'doo? wvé”tért,] and solutions of metal salts and Vitamin C were added

to the base formulation.

The assay was carried out as abc')vé with the following changes. 0.5g of either
ointment or cream was first added to 10 ml of sterile water and vortex until
dissolved in water. The appropriate bacterial dilution (1.5*10% CFU/ml) was
prepared and 50 p.‘l was placed in a sterile Eppendorf miéro-centrifuge tube with a
100 }Ll of the formulation solution, which was assayed aé 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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Vitamin C, the expected |0gl0 [ 0gl0 reduction in
growm h was observed in line with the. results for the
w@oeeosss33 or mul ati on (as shown in Figure 16). AE1/6B2007/050743

storage for three nonths, it is notable that a

simlar pattern of activity is retai.ned for each 25

conbination with a slight loss of activity of ca 101

| 0g10 reduction in growh $br both conbinations. The

cream based fornul ati ons were found to be considerably
active and | ess stable. D scussion 30 As shown

e
i i : ' | ts.obtained b
Nirlg L ok it 50 B P bl S Bt oS,
suMemWHayé%eprRéﬁlomow\ eohibirtatioh ith ]gﬁétml:ibn?.\l/\ﬁgbr@ 6
: retardati on of gr occurring for Fe(ll) "
o RiaieRindo Haf Melhotiined o abserminegetmireyal
S ho W13 2008 D6RSSa PO CH00T 080 7ag o T CORLEanipS
06, . i nstabili
PRE Hngi s 1 PBRIECATH ell8r AT boliyF Q214 S0 Ermepis esilied
in al Mogextichas! loghheduliid iIRdgrdith (FRaRIVARES P NA AiRerebEdiof in
ca 102 Log 10 reduction conpared to Cu(l] treat ment .
gfo‘aﬂb(}eéﬁ_os Je0) MR FRgerverdipoRdipaiment Withy the SIRE:Fe(ll)
ok, 99 98 LN ) A RS M,
growitt ofcachl dgabi Hgwevwerein qanbrasiin dhe fefsult withRRIEFedt wheoe
i S, e o 2R e ol i RSB

not a
PRE§Guébeonmhriratinat iAddition lof sne equivalenthbf dfithedn Overhamaédithe

B Db BT 0% s ROBIRL

equissaisngsIODVitawoidiG afforded a20* logggriedattiont is godwiti drainfon2(.
] : ul t. t _the ination of PRE: Cu
equy%% %@?ﬁ%ﬁﬁ 'Eén'g@gg%ggg[%g%?w& "e’ggﬁ‘%‘?ﬁ'% ‘obi al agent
for treating nmulti-drug resistant (eg ESRL) ,
Pseudo ads that are beconi n n i ncreasingl, .
The B EHEITIRS Sarieion Tt stttk §'bsohsd B aifidrobial
activithés Fﬁmhﬁn@étm f?;kﬁwﬁtﬁ?nklﬁbe gie@uinlrfatgmtm UIThetchﬁtmeinﬁ PRE:Fe(ll)
evel opnent, o stahle fornmul ati on arose as e .
comnAIg] S B s AP RIS e & BHeonn GEEh &f RBI0B Rt | ve
conBégttd tHel dotresboindihghqedaBifbintiatichWhials bkivibied A& Sighifidente
,Qor}duct ed on ,aﬂueous, cream and oint nment formul ati ons
actiivt(gs shewn Stigliolfngn the Gase obtha GE:PERE sambipatiomith
VitaRih CMiHe dWpaBRUL108%og,{ fadREGHH ihQPowih sk &?‘éé%ér?]igihriﬂle%th the

stable and active olntment fornul ation of t

' resulirfordfie @apepysiermulation (as shown in Figure 16). After 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" log1o reduction in growth for both
combinations. The cream based formulations were found to be considerably less
active and less stable. 1

Discussion

As shown in Figure 16, and in line with the results 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(ll) combination may arise from the
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the inactivity of the agueous preparation of the

PRE: Fe(ll):Vitamin C systemis reversed and stable as
w@roogiosssaent . | n concl usi on, the conbi nati on OPCEHGBe@IHS0743

solutions. of PRE and Cu(ll) salts show 25

antimcrobial activity agai nst Pseudononads which is

further enhanced with addition of Vitamn C Stable

~and active ointnent fornul®tions have been devel oped

for combinations of both PRE Cu(ll) and PRE: Fe(ll)
mst@?@tyewéewumonsfm agrated@quibes $alvtimso Howesier,dw eonthast, the

erE RSN R R SR f PRt S RERTBp Ehay”

treatmantaalom@ with the reductant 30 Vitamn C. WO
2008/ 068533 PCT/ GB200%/ 050743 52 Exanple 8 The ai m of
Exanple 8 was to establish the optinmum extraction
Folloetrigatlisfresult mefartherindedtigatidn ”ne:av@m dddltdreoithe eeduttant

efflcac f thes tracts a t Sfa Iococcu
vitaGhjp 640 Seisn 3R TN e Ry A bR PloRat g, Thes
profolndl Bffedts psediced Qm)dn ﬁdaiﬂaﬁ Bﬁ'ecté}ﬁlri@irﬁitcdtémmat reducing the
meNE erials and Meth croorganl sns and Cul ture

e e IisSstaRt gt 5 POBbIERS B The guemArepambens thiss
enh@ﬁé’ed’éﬁec@@fa’é%éﬁﬁ \éﬁ rftf’r tﬁ@ PNE‘CGGF; cBMbinktof ﬂ'd&rﬂﬂféf&t

I nfusi on sl opes (Oxo d), at roomtenperature,
retagation ig geawth wasabspafeddg@heﬂ\’ec- GHEBrsystes oraddition of 20

ccd AR SN, PNt ol b B Py
anda\ﬂtaamc magde esm@es:tm agfirnictobist agwetrfer reatingasultivdoeg| a
n
s TIN50 o 13 BRURIAPIR Hrdll RBEf?
organisin hs turgentlylavailable aetibiatics. est abl i shed to investigate
the opti mum net hod of extraction. Tea extracts are
prepared from Sencha green Chinese tea and Yorkshire
Thellexcequirmertt far the defrelopmant af anstebleifedmuatidnedroseras the

o 5 5o R Pl g B Ay B
and\activitylteSsiweré cehﬁl?dgé? grradqdém.tsi, tleath andibmtmentt fadlations

. ient tenpe r dtlmslnterval
witn 38 K S T e Rr e dfulibataertidy. ip 2Bighn
to dm&’l@plﬁglém‘rﬂ@dndfi AciRid@atment Serriulation dfmf)PbREﬂtlh(ll)Vltamln C,
the Eﬂ%gti\gt%{ Ft gq?ttﬁ%gsclpﬁépalrgtlson ofuégbR@qge(ﬁy\@ztar%m 8 \ég%{e%\ IIS n

reversed and stable as an ointment.

In conclusion, the combination of aqueous solutions of PRE and Cu(ll) saits show
antimicrobial activity against Pseudomonads which is fyrther enhanced with
addition of Vitamin C. Stable and active 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 natural product by addition of a redox-active metal ion along with the reductant

Vitamin C.
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Muel | er-H nton agar plates (Oxoid Limted). The plates
were then spotted with 10 25 pL of each test extract

W@R008/068583 aer obi ¢ i ncubation at 37C for 24 h. PCT/GB2007/050743

Det erm nati on of optimum pH and concentrati on of tea
extracts The nethod outlined above was used to exam ne
the effects of pH and extract concentration on
antimcrobial activity. TRE opti mum tea pH was
determined using 30 8g of tea | eaves per 100 nL water
Exagple®0C for 10 min. The pH val ues of untreated tea

'The%féxro?ﬁ&éméﬁﬂgmhﬁ éc% Eﬁaﬁlg;:ﬂ%ge gg)tiﬁ‘\uﬁ &raetich Rx'é'tﬂépifkg%g'en

Se were | ueous sol ut |'on 6]
and (blach ted ped Yeteymingrtbe efficaeopl theseexttatts againstiSéaphyéagiaccus

e ' ; : oo The
aur e PRI fiheR kiR arff sty RmBei ns sty b ras
abs&yef @mdiatibngr een and bl ack | eaves were exam ned using

the hot water extraction nethod (infusion between 10
and 20 m nutes) for 4, 6, 8 and 10 g in 100 nmL.
Mat&dal$ and Metteddsassay 5 Tea i nfusions were prepared as

Mi 'previ ousl| "'tl boi | i.p sterilized distilled water.
W@MQMC ! S CORAUANS racts are renoved fromthe
!solétﬁ@ keStapht @ueduel Pldtz ﬁﬂrabm'}s awed 3@. aetrmm@@sla WéreNa%ﬂhmined on
these extracts neytral i zed usi ng a . .
Braig 1ot B SIOT PP LRGSO TP {SraRatiess UMABE0 WY 10
use Ahe dyganiitts WeidiAbEulhted iMie Bnill SIRUBEIGf-Braif-HaaRtiRfugidh broth

cultures of the G ampositive stragé] &St aph. aureus)
.~a

(Oxqifl 4td)7ad dpcubatadeansebicallyvernialt t3d Cadhets siager @ilyres

werd [1§4d aéﬁnbé@b'f&ﬁhe‘é’éfe%nﬁxé%%@ﬂ?é?d in Ringers solution
to a turbidity equivalent to 0.5 MFarland (1.5 x 108

CFUmM ). Metal salts were added to the opti mumtea

DevEShbhRAE S &R npghef ore the assay was conduct ed.
1€ CT (330 1) was added to 700 | of the
A prelininarysoseepidissdiffusion methodl againghdiaph.o pueygwas

esta?h%rﬂa]'a% ?nv%% tb Bk &gt th&??f"éxt h&?}. ’Pé’érﬁxt?éc'ts Lie
I na sol utton was protected fromlight. e
prepapgst tipmiSench gotesy Chihest teatandnY atkshiter iaci ted ohtainesirem a

: S ' N fo N
comﬁn{eé!rﬁg@%uéln > iT%g@&ﬁ%%{eﬂplgi&gyfh%h&pég@%water extraction: 8
g of doasededf /gnedradr Madk ted Ovese infasemhwith-600roluioh steBlizedi distilled

wate o 40 St b BripsFAlipiAt broddlind Biorut 0 sbefay
in thg?aaq lLJJe{/eriwth gacteiﬁalz?ﬁftlgrgf V\)eg? Ewge .ir‘g1 lairg;sils gglettmw a
cell &Pl o BIE GERLTl Al PeBbet s Brhieedlipgionsion -
Mueh&r-Rintct 4S8R O[OS Dinfliek)lt THE platey werdthénh ssbtedtwith 10

nutrient agar plates and i ncupate robjcally for 24
uL of,gacistest ext?act prior to aerobic incubat:%n at%?gc? for 24 hy ¥

Determination of optimum pH and concentration of tea extracts

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
89 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
adjusted using aqueous solution of NaOH (1.0 molar) by careful drop wise addition
to reach the desired pH values (+/- 0.3) of 5, 6, 7, 8, 9. The concentration effects
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25 37C. Each assay was conducted in triplicate.
Results and Di scussion Studies on the optinum
wezisactssdn net hodol ogy for the bl ack and gr eePCT/682007/050743

est abl i shed the best nmethod was extraction at 100C for
10 mnutes. Prelimnary 30 investigations ascertained
the nmean zones of inhibition (in mmfor triplicate
runs) for green tea varie®with pH show ng opti nal
activities at pH 7/8 with inhibition values of 16,

for both green apd black leaves avere krampidedalsingshehobwal@r extraction9

’ ‘ i i mal
metgBRb BplisanciORrd 0 HnusB 6 4 808 B8 Bt
2008/068533 PCT/ GB2007/ 050743 54 17, 16 mm at pH 5,
Bac 6. 7., 8 9 respectively. In both cases, a negative
——Jgg%%@i¥§§¥a0t|V|ty is evident in basic conditions. The
Tea inflyssris Werel rﬁ@ﬁar@ﬂ afshzee@tﬁtfsﬁCWSh bbilindistesilvasedistiieg waadiie

0 H7 .to be o ain aur eus The |
At i BRSPS e BROVEH ToIBR Dankerraterlizad universal
tube@XThél‘éHSonhéH&eMab{% waendRiafized 68hg & 1aM<Né@N @BIUAGRI TRE

St aph. aureus are shown in Figure 18. The data show

ex”%bgo@feé?ﬁgéﬁﬁéw fused W 4 gwssans without é&&f}eééfﬁa'é?ﬁj‘ f or
the iron and manganese salts when tested

| ndependentlg‘@f Upon addition of the cupric salt a
Overpigit ewlturesiaf therGrapnpesitivecdigint (StaPh. caer danskthe Gram-

nega@&é&%nggpéoﬁé gp?gsg Qﬁ&rpf mIFéHI/IS?%Fb Blspehdédth Afdgers

reen tea extr tion o r|c I ons

so!utgmu tgta tugbiditynequiveient te ﬁé Mﬁffaﬂﬁnd (@ S0 R Wiml). hidetal paltsc
t
Wer“%ld%d%wf"pt ﬂ'@?fg%%gu N Vl%&?laftég VERore e ag? s‘ﬁéd o

condiciedu che)teaoéxtmﬁﬂ(%EuM)rWa)s addedto 7@ dbhhblfmhiyrpre;bm'ed
ce of r ee rast

o B o §7E FInhiB ool oS R b mbaF il B the e

solutinneatsprotddied fiemaidiit.t i on of 15 ferrous ions to both
tea extracts, with a reduction in CFU M of circa 104

for each, equivalent to the Ievel seen on action of

The &pRBpGatk %@teﬁbmﬁn|o.$walslp¢épaaed Al 60 pPbEthaPWad plaged Wes €
determined for tea extracts along with the netal

sterilg Aippenderfimi¢rocenifugenisbe mithta 104 plzm ithe gxtegeg/madal salt
solut;@ﬁr wllg\ﬂﬁﬂg Cﬁf‘rfnﬁhﬂ%b%tign a%%rﬁ?erﬂ@era ?e Wag’(ﬂn Uf‘fhed at a

I cacy r types o 'tea ext act when

: putaﬁ\&eshae:mbncrm pgentovad neutralizastby adding 8n 2ghal velureeiof 2%dv/v)

ToePED LSbmaRE P 1S P b B oGl 13545
SerjadngtCitﬂiE c\:\l&t? pefxiagada IrrbéRingg? sg?stinwed uL\édhqusts of k;ac;t;jl gltluotlron
wereisgpah pRfy At Bt Fista e e FR B inaliify 24 bRGH A

37°Cl eBdchassay wak@ohtddtéd 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 16, 18, 21, 21, 17 mm for the pH values of 5, 6, 7, 8, 9 respectively.
Similarly, black tea exhibited optimal activity at pH 5/7 with values of 25, 27, 26,
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25 tea extracts a decrease in efficacy was observed on
conparison to the ferric salt solution alone with

w@r@B/068583 abi | i s, whereas there was no not ewor e&GB2007/050743

change in efficacy for Ps. aeruginosa. In .the case
of the green tea extract when conbined wth the
ferric salt, an equivalent_efficacy to the ferric salt
aI one was observed. The &% ion of nmanganese salts on

eir own with both G amnegative ;10 m croorgani snms
17, ﬂéénm& R 2 & BeBiH FRSREFUIVEI f*r?@%@aégmeegﬁtwsgmd d? een
acu@l'ﬂ}jns RN REKINRAIDIIRBRINTRe R sildtiBhé SfjthEr%bttsrb? pH

i ncl usi on of nanganese ions agal hst Pseudononas
shoyed dog wjug of Pldmt@e optimg| agsinst ianfyGHieysi ¢ ef fect was

observed against Prot. mrabilis in the sane '

Ci rcunst ances. WD 2008/ 068533 PCT/ GB2007/ 050743 55
Themrdigicrabighactivities of black and @reen' tgaiekiracta wlosgiwiticibeenetabf

{. a n
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poor sfficatyafor bomhames:cm‘rtea aslracigndd@n theurpn andmdrganasesalsen
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mingpal s amIEa 1 URoH v eRisIRned (RouctE oA G LY B’
wad@sublddtih tie ftéiseReb bndreeh ted) Fcdritidkt, eréivashpi ng

sought Summary The i nventor has demonstrated.in the

e“hﬂ%ﬁfﬁ?@@!’}%'t%@f%y AgRINGt HfEph gHreys Yl theppgidition of
ferrG@éTBﬁ§ td bAATedBNirdes, IHBNERIGREGHH CFOhP BR8P for each,
ombination wth a 15 reduci ng agent, such as Vitamn
equawenhtoSthﬁ/é@,veé 6P§H PR PAUPNYERCHANE inRs alkfie: her t he
mechani sm of action nor the reason for the very short
activity lifespan was understood for iron-based

Simdamgrdisierobiat prodifesveere idetarmined: for te@@(ﬂﬁctﬁua@ngewéhmﬁnetal
salt§ %&lh%s'@ﬁﬁ?nstw?& 'rﬁb‘?d?ﬁsoéndqﬁsg % Q’@ %é‘éé shown in l)=|gureE19

surpri sing I on-
and@@$hpis ddta sows sooreetmaaytforcmtb tsd:@ﬁaqﬁ fes %map bermtﬂséﬂd

o QLN Yas I 3 SRR ARl R ARREISaRES e

ttTons 1s no
modmrhteebaebbrbldat effi baacuma(:dqaatnsgﬂofa)red@ommn Cfyed by 10% and

10 SETRER O B it T Myl e iB R angarere
wasz?@fammmbﬂv that seamwitls cm;b'rat sditse Uponadsitibh ofifetideidne ¢ black
turn

It
. tea extracts a %ecrease in egf cacy was observed on comparison to the ferric salt

solution alone with Prot. mirabilis, whereas there was no noteworthy 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 ferﬁc salt alone was observed.
The action of mangénese salts on their own with both Gram-negative
microorganisms was found to be minimal. in the presence of both green and
black tea no response was elicited from the inclusion of manganese ions againét
Pseudomonas aeruginosa. However, a slight antagonistic effect was observed

against Prot. mirabilis in the same circumstances.
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appreci ated that a conposition which turns black woul d
be undesirable for topical 25 use. In addition to the

wo s@satssen and i dentification of new fornul at i BOEGBRIR/050743
long term activities, applications against hospital
acquired infections have been denonstrated opening up
further markets for exploitation of the conpositions
in 30 accordance with the ?hvention. The
identification of new additives (Copper(ll) ions and
Vitamn C) along with exenplification of the optinmm

Thés@rdﬁtﬁ éér‘n@ﬂst?zﬂé tlﬁé%‘%@brﬁfrc%m erfaht&ReM: G ﬁ?rﬁléprﬁduct extracts
consi der abl e commer cil al advant ages over

as griimyeropbial saentgican besshicved EPadgi‘ma oB@EB activ@ metal ions. It

%Qt 74
's ng%%?ém@%?oﬁﬁ Ef%& os?ﬂ r%ﬁ&c orériﬁe're ?’gl nig:’ liéYEntaA’E%p %’ Strgg'ls
Wltiam@ﬁoﬁeaaemﬁmcorr@med withrabdc/ferrmisthahgameke salexHibiting

el e b B S DRI SRR

nateiahexisicts archtheianhasqa eﬁicao& agambﬁiidrb@'gaaieﬁfsrdi intielida®

. im.d,.wherein the conn conpri.ses (i ,
el ivgng Bréahte pf oSS ABH e ogs 2ba e wherl lirmatye
stratagden B greosthtiod oSmirddigariéms Bﬁtﬁélﬁg‘ih@éﬂﬁﬂééd’ﬂlreyuﬁééﬂb%m
ljcatum Canellia sinensis, and Acer spp. 10 3.
AEBW8§1‘3["?90?P tording to either daiml or daim 2
wherein the conposition conprises a reducing agent.
4. An antimcrobial conposition conprising (i) a
Sumgaler salt and/or an iron salt 15 and/or a nickel
TheSaldnt@Hsdemorsttdd in3Ré Exarnple) it tﬁébét%? oPfrobRsént

sel ected froma group consisting of PunicCa granatum

PRE/ompasitens maxbaduomentad and rrpleaged yporaﬁ@nbme@@n with a;
redl?ig?b é%édt) s&hra{%qyifdnﬁiﬂ CIENL was suﬁbrfé rﬁ’hgf‘ SMife? TH@ ng

cdaiml Claimi4 asarreu:arren
mechgnism of aciep dor thedleaea)n fwetheden/ ﬁhqrt activity difaspan s use
r
undbfddiB} i pa@eP birRbalndd tafore ML Bedarl i HMUn.
Furteemors, tzxetlovemtowimasrsé\ownttha slgrpisingly; omsr mgtahion—based (eg

confTRE ik o BUPLINMAEAE sV Gy, e
meq}maelsm of adtien nédompemg)ased compositions is not fully understood.
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 to iron is that the composition does not turn black. It 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 exploitation 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
efflcacy present considerable commercial advantages over the known
compositions disclosed in EP 0,744,896B1.
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agent conprises Vitamn C. 30 9. A conposition
according to any one of Clains 3 to 8 wherein the
wowdghtsssat i 0 of the reduci ng agent to the nepel/GBoW7/050743
is at least 1:1. WO 2008/068533 PCT/ GB2007/ 050743 57
10. A conposition according to any one of Clainms 3 to
9, wherein the weight ratio of the reducing agent to
the metal ion is at least 88:1. 11. A conposition
according to any preceding claim wherein the
concentration of 5 thegigpmer, iron, nickel, or
cobalt salt is in the range of about 0.1 m\/lto about
200mM 12. A conposition according to any precedi ng

1. A ahtithickdbedl %bl“hpb@i@oﬁ @é%ﬁﬁ&ﬁ@h) QBO;Stfer stah%nelb‘i’ Féeéobalt rsQR‘
ni ckel , or cob |S|nteraﬁ? about 0.

and{as adligkl salt asum an qgraCAot:@ rlaptsaleas ﬁ@m grovg qoo\se;h'yg
of PRRRS %ﬁwuml emmm ﬁ»@at&}nt EEmERTRFRNESChd ABER 5 es a

(IT) salt A conposition accor to any
pr ecedl ng cl ai m vvher ein the conposition conprl ses a

2. £ Q&HE%SI{F%\'{ %:clzc%?éi Eg \tlal]é!alrﬁ 1€ %g%@%oﬁg% %ﬁfbﬂ chﬁ%:&ggggya

cop p@maﬁr arsdi(ip batextra@®df ]aE‘planﬁ\ selmtadsfrdm argrammombust@gtoj any
Purfiagggiaiih, Jiglfm B, CoEU BT s AR AGP TR 0 any

precedi ng cI aim wherein the conposition 25 conprises

i ckel hat 8...A 0Sitio rdLn to an

papBosti B4Rrdine femer SHReT e 2T VBRe e sngibingn
compeibed & réddc)ngsa?getnt, 30 19. A conposition according to

any preceding claim wherein the conmposition
conprises cobalt sul phate. WO 2008/ 068533

4, /ﬁ’@?ﬂtﬁﬁ@%ﬂl @Wﬁ&&tloﬁgorﬂ&lsw&; V\ﬁpﬁ"@éﬁiér isam aﬁéﬁa@ bAiide saf

of erein onposition
and/(% ﬁﬁpq@égalggpq/pb@, c?l_aglt) sagta i) an extract of a plant selected from a

group consisting of Punica granatum, Viburnum plicatum, Camellia sinensis, and
Acer spp.; and (iii) a reducing agent.

5. A composition according to either Claim 1 or Claim 4 for use as a medicament.

6. A composition 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 to the metal ion is at least 1:1. '
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21. A conposition according to any one of Clainms 4 to
20, wherein the 5 conposition conprises ferrous

W@ oplesses 22. A conposition according to any PCEGBAINGS0743

claim wherein the conposition conprises an extract
of Punica granatum 10 .23. A conposition according to
any preceding claim whergin the conposition

conpri ses ponegranate rind extract. 24. A corrposi tion

ccordln to a recedin er
10. BHRrestiPB roodRlsnp 08 oaR L HIAHE . yetkin fhewejpnt ratio
of thBlrédileideagerfEadmlel hetabioRenat 1I8ast 516 25. A conposition
according to any preceding claim wherein the
conposition is provided as an ointnment fornulation.
1. R%nﬁo%bh %c@érd‘dg%'a%y?ﬁé&é@mgrél‘élﬁv Wﬂ'ékéiﬁ‘tﬁénccﬂicb%ét% 0
wat er, provides a onposition accord :
the C@nyeb irenotickalgrpebalt salt i @50 twangs@f abowy Ochnwg p@h
sooffgcording to either aiml or Aaim4 in the
manuf acture of a nedi cament for the treatnent,
anelioration or prevention of a mcrobial i nf ecti on.
C [
12. %508%1%8?g§ﬁ a§£or8m§°c8f%%§ l& m%glrngbcﬁeﬂ;frg g\fﬁgﬁ{n‘? t@&cﬁ%@ﬂt&é{ﬂ)n@f
the capper, dongnitkel ertdobalt €alhisrin the mng@lo&ahmﬁ&ﬁrmmanabnut he
0 nposition is 30 used to treat, aneliorate or
5 &\(‘)eve«nt a bacterial infection. 30. A use according to
Caim?29, wherein the infection is caused by a Gam
itive bacterjum WO 2008/ 068533 PCT/ GB2007/ 050743

13, B§Piposion S6eaIBig b aRY PLGHREING: ST WTaln DIk ChpRpeton

Comp,rge@,(am@fm (1 saused by a Gram negative bacterl um 5
. A use according to-Cl aim 30, wherein bacteria

aga| nst which the conposition is effective are
14. R%Hdo@ﬁloﬁ BBcoraﬁrth\aHszrét“eG%%lélm WhefdiRtts céhmpoditRinei N

bact eri a agai nst the conposition is effective
comam%smfmwret)@@&us spp. 10

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

comprises copper sulphate.

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

comprises a nickel (If) salt.

17. A composition according to any precedmg claim, wherein the composition

comprises nickel sulphate.

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

comprises a cobalt (1) salt.

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

comprises cobalt sulphate.
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34. A use according to Claim30, wherein bacteria
agai nst which the conposition is effective are

wEt@plogdsaxzoccus aureus, MRSA (nethicillin-resi BCEOB2B7/050743

aureus), MSSA (nul ti pI e anti biotic-resistant
methicillin-resistant S. aureus) or Panton- Val entine
Leukoci din {PVL) produci CMRSA isolates (ie
comuni ty acquired 15 A, which pr oduce

ant on- Val ent i ae |.eukoci di accor di ng to

20, B Biaon GRGIrg tasy ars o Glaime o 1b EhSeune

_compeitRPSdonfHdes iah ,,@fnf(ﬁpgdnve are Pseudononadal es spp. 20'

36. A use according to Caim31, wherein bacteria
agai nst which the conposition is effective are
21, mbmpogmyﬂ a&@&uﬁb%bngéﬁ@epmﬂﬁgam 38; wl‘i‘er‘éﬁﬁthéccord' ng
Claim 31, wherein bacteria agai nst which the
commfmsqommwesf@rr@ﬁfsemhatm are extended spectrum
(3-1actamase P.aerugi nosa. 25 38. A use according to
Gl aim 31, wherein bacteria against which the
22, /é@ntmgisitim accardingfté any preseding cliaimewberein thei campositiop.
im31, wherein bacteria
com%%gsﬁa‘gt cﬁ%cﬁi éﬁ@%@"ﬁ on 30 is effective are
Proteus spp 40. A use according to any one of C ains

23. & 2alPasion BPSIn 56 Ay SRERdRD M. Wherelh 8 coitaasiion

comgises pbaRgrart@rid Wara®08/ 068533 PCT/ GBZOO?/ 050743 60
i nfections, for exanple, pneunobnia; urinary tract
infections, for exanple, cystitis, pyelonephritis;

24. R3bmpbSiEén aédflﬁdﬁwb rt@ahy pt@fcesmg@lasm Whérefxmedotpoeitiohi S
nmedi a, sinusitis, . hg |t|s ghtherla skin

compriges @piexiach ﬂar%mteg%éfacmtﬁ (Gamellig sf1egeS)- wound
i nfections, botulism gonorrhoea septicaem a; peptic

and duodenal ul cer; gastritis; 5 Canpyl obacter
25. A RP@SPSIbRR acearding i@ any PesPYing cierWewhemther@mmgmpnss

provid&d SQ%MQJMtHeﬁt foPhulaigh.Tonel | osis. 41. A method of

preventing and/or treating a mcrobial infection or
contami nation, the nethod conprising applying to an

26. /&Qit)lﬁogér l@’u;@cﬁé@ﬁﬁ‘&% whtich %ﬁ%@ghéﬁ Afth A& Blolidles

alm 1 alm obj ect’ coate W|th a
compesitippsiceoriingloanydinegf Claisnsyl torkd.of Cains 1 to 25.
43. A nethod according to Claim41l or an object
according to Claim42, wherein 15 the object is a
27. bsslofcatordpesitien according to either Claim 1 or Claim 4 in the

manufacture of a medicament for the treatment, amelioration or prevention of a
microbial infection. '

28. Use of a composition according to either Claim 1 or Claim 4 as an

antimicrobial agent.

29. A use according to either Claim 27 or Claim 28, wherein the composition is

used to treat, ameliorate or prevent a bacterial infection.

30. A use according to Claim 29, wherein the infection is caused by a Gram-

positive bacterium.
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44. A nethod or object according to Caim43, wherein
the nedical device is a |ens, contact |ens, catheter,

wat@anesssound heal i ng dressing, contraceptive, PEUGHR@AI050743

i mpl ant, or replacenment joint. 20 45. A nethod or

obj ect according to Caim44, wherein the object is a

hospital ward surface, o ating theatre surface,

kitchen surface or sanitary surface. 46. A nethod of

treating, preventing or aneliorating a m crobial

i nfection, the 25 nethod conprisi-ng adm nistering to a
31. sAbpe atcordingae Claiin 20) ethetrain tharpfdctian istdatisag ey i Gran-y

ef.fective anount of a conposition according to either
neg@i"é‘? B@cferé‘l'm' Claim 4.

32. A use according to Claim 30, wherein bacteria against which the composition

is effective are Bacillus spp.

33. A use according to Claim 30, wherein bacteria against which the composition

is effective are Staphylococcus spp.

34. A use according to Claim 30, wherein bacteria against which the composition
is effective are Staphylococcus aureus, MRSA (methicillin-resistant S. aureus),
MSSA (multiple antibiotic-resistant methicillin-resistant S. aureus) or Panton-
Valentine Leukocidin (PVL) prodﬁcing cMRSA isolétes (ie community acquired
MRSA, which produce Panton-Valentine leukocidin).

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

is effective are Pseudomonadales spp.

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

is effective are multi-drug resistant Pseudomonads.

37. A use according to Claim 31, wherein bacteria agajnst which the composition

is effective are extended spectrum B-lactamase P.aeruginosa.

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

is effective are Enterobacteriales spp.

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

is effective are Proteus spp.

- 40. A use according to any one of Claims 25 to 39, wherein the composition is

used for the treatment of microbial kératitis; 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,
laryngitis, diphther'ia;'skin infections including cellulitis, impetigo, wound infections,
botulism, gonorrhoea; septicaemia; peptic and duodenal ulcer; gastritis;
Campylobacter infections; Profeus mirabilis infections; meningitis; osteomyelitis; or

salmonellosis.

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.

42. An object coated with a composition according to any one of Claims 1 to 25.

43. A method according to Claim 41 or an object according to Claim 42, wherein
the object is a medical device.

44. A method or object according to Claim 43, wherein the medical device is a
lens, contact lens, catheter, stent, wound healing dressing, contraceptive, surgical

implant, or replacement joint. .

45. A method or object according to Claim 44, wherein the object is a hospital
ward surface, operating theatre surface, kitchen surface or sanitary surface.

46. A method of treating, preventing or ameliorating a microbial infection, the
method comprising administering to a subject in need of such treatment a
therapeutically effective amount of a composition according to either Claim 1 or
Claim 4.



