WO 2008/147427PCT/US2007/080278 -1- Antiviral Colloidal Silver
Composition 5 Cross-reference to Prior Applications [0001]The present
\2 P ' ' based on and claims priority from United State $EAEN 07/080278
pplication Serlal No. 11/538,262, filed 03 October 2006. The present
application is a continuation-in- part‘?)‘f application 10/641,938, filed August
15, 2003, now U.S. Patent No. 7,135,195 which in turn is a
continuation-in-part of application 09/946,834, filed September 4, 2001,
now U.S. Patent No. 6,743,348 and a non-provisional of and claiming
prlorlty from 10 prOV|S|onaI ap pllcatlon 60/475 657, flled June 3 2003,

[00.08 Pate@rzmgste B b@smdern mo@qppmmr[@mm]\mted States Patent
ASIROAIERPISeha %Ckwyé@@@i thfedn¥8NBRRLAFSLH08 thﬂ\@\%f&@@t@(s]awﬁba’tlon is a

resent |nvent|o calloidal silver ore part u
o B R TP TN SO S =R B Rt LS. Pt N
7.¢0brisosithish irs tarm dfye soalijniairdireartsehanrdinaiion 9101884 thiasf September 4,
2dg4mlfm wls)aAﬁﬁfé;ﬁN%Vifl‘?ziEfMSrF:ﬂiVéf%r( “brdistbnal aea%imm.@@ftﬂ@mty from
ac rt S ertal reparations. of silve
10 prﬁwsgﬁaprarﬁ?df aPp% -851;'%% veJr %Qg emggi as'l;laB M té"a ¥ maorporaged by
remmgubemo@mmm BP/ERfREES ek %@i@f@b@dﬂr?@%wa% défturieignt No.
6 u&gmsv@utkéssawmialluﬁdsrpmﬂstﬁaaim sbsraisnKingavales 101 BEHMAFYELS. Patent
Ser pieces in the drinking water, for the purpose of ingesting the
S|Iver By drinking the water. It seems likely that the practice of eating with
silver utensils (i.e., silverware) resulted from a belief in the healthful
%&%@@MOSFM@ may be many reasons why administering
[ostegr suspendgsidansolution 25 would enhance an individual's health. It is
possible that such a solution operates to inhibit the growth of bacteria,
15 Ba¥H&EEhPOIENRTAmMaNted organisms, as well as eradicating such
existing bacteria, viruses, and other organisms. It is also possible that a
soluBEz2LNeAtan have an anti-inflammatory effect, sufficient to reduce
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= ] ' hAis a silver composition comprising particles of

20 [o‘éibﬂ?f Whﬂf%‘\ﬂé@%ﬁk}n tﬁQ%&(aﬁhepP&ﬁ%%éf&'@ﬁ%mm@ Germhicidal properties.
micrometers jn size and the ‘Eﬁ% cles are collgidally segwpended
C

SEEMNE TR PFTRE p?re% B, r8"i208RERSH SC{ES%%Q”H‘%'@"S? were
devielepedt la feerdbiaf Senies)Osppnwinldvshayetailkii partisleisatsidheir drinking water, or

ssﬁﬁiﬁé@é&@ﬁ@i‘é@ﬁié%@@lﬁ\(i%ndﬁﬁk;@&%t&m@r w@islms@ermage&m@ e siver by

beings. The pr osure s ific is directe
O R R S b R O LA A L SR ey - siverare

f&ﬁ@éﬁ@)ﬁ@ﬂ@léﬁ’déﬁt&l@Ih%ﬁ‘"ﬁﬁkﬂiiﬁﬁpém%&@‘rsé\f%nlc silver oxide, and water,

rein the silver tlclesare laced in col 0|dal su ension in the, wat
S evel S kR TSGR MG TR e SroSuRponaed I soluion
\A@wdl@sm@ce@mm@e@gileé\eﬁﬁrtlitlésam%&éheéﬁa@cm@@htmmemt@%@mh!b!t the
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ext T '%S%Eﬁ‘é%% Oag otpngrc Eorg%ts%rlg epD Sﬁﬁ%‘oq a‘ S”s\;/o Lrjt!crnlnw?s fiver can
oF this TiSElGsure 1§ af errecive gntlmlcro lal"agen I |sc osure Is

hm&w!ﬂﬁm@@m phesticndicsmbtaeaing SIveloms ARSI XAich are

effective antimicrobial agents, and to methods of using said silver

compositions as antimicrobial agents. [0008] A preferred embodiment of

the present disclosure is directed to compositions of silver in water made

using a modification of the device and methods described in 20U.S.

Patent No. 6,214,299, which is a parent of the instant application and is
incorporated herein by reference to the extent permissible.
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[0009] The device and process of Patent No. 6,214,299 have been

modified and improved to provide the silver composition of the present

disclosure. Essentially, the eightsilver/one common electrode device as

disclosed in the patent has been rRodified and scaled to fit a 75-gallon

water chamber. To start the process approximately 70 gallons of high

purity water are placed in the chamber. To this is added approximately

gal ns of silyer 25.compo ro [

oo0s} 32 atesn e ST ORSERER BLOMLE BF MR SN a0 i vt
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smaftipaiidstiontmipwhisrsteaprsd air bidioles! tmbialitrsivercanthesugkidtiar of ionic
szlvel%%tgnlégpgl the Bracessingy hasge %”R‘}’é%é?é@ rGgORENS &ptﬂéoi?\g@nhon isa

oved mixing as compared to the impeller mixer described in the
sz!ve@mtommm%c%a@eaeqf@é\‘@fdﬁ@fﬁt@dfﬁt%ﬁt%ﬂ%@f Jhe particies are
lessiMAHSE0G widisradiers atisigecandethe puititiesslesiblieideliyctuspentiedingvater.
individual voltage supply) as described in the -3- patent It has been found

Sum ttéat voltages significantly lower than this produce a composition with

r particles not having the optimal properties described herein
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this [9%33}@ fOmPesiian: alhiirvadbrskpehararenistiesteserdiastzel aw silver

and unlike conventional silver com ons a mple
compasitiensief i PRALIMRHEY SRR % beag ?’/ﬁfou V&s%nofrgny aél(;:‘%{slents and
to ﬂmmmposm@asmwmmmummudwqmahyamtjen peroxide.
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colloi aI ilver artlc es havi [?" gntal silver and a surface
'“C%rPSW r (?1XI Me?ﬁﬁegcr%eﬁ%r%ég%e collo S|Iver particles 20 have a
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cytotoxic properties, and contacting | @% odlﬁed and scaled
SIVEH AR IR, Sesa- R Saet s pats i

R Se¥Etond aspect S provi ed the use

0
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waltfIWRE BiakaUno e dchlriwpsts Wer thidllisnadded silppokimbtefofiveopalions of siver
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ce s ver oxi erein a majorlty of the coIIO|daI il artijcle
watesvie FoHToRI: CRRANSRAEGIREATER BREFEOROES SToRBRSIY aiep watsr chamber is

eqmﬁiéﬂmﬁm shiainetput e ﬁuaw@mmmmgﬁtpmé@m&mugh the liquid
dunn F%Pg J G MY Bgé’ﬁ('ﬁl&'ﬁ&%?éﬁeﬁéf‘ fhe approdastyiedirproved mixing as
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ramelloratlng‘ﬂj tlonb inflyenza A virus. - 3a - Detailed

CO'D@%!'&%?IHW W?ﬁ@efﬂvmgﬁ ﬁ'ﬁg ng description is provided to
[oo%ib'e a%eo gbest mogg\qa@ QS&%@@WWWM a0fk altemating

forth es contemplated or o
CuTRRs Wi %@?léﬁ?ﬁ%‘&%ﬂ@“ﬁ%\ﬁ@\/@a H?emal fea y %%%%%gd in the
those skilled in the art, since the general principles of the present
invention have been defined herein specifically to provide an improved
colloidal silver product with significant abilities to kill or inhibit human

pathogens both in vivo and in vitro. [0014]Generally, the present invention
ranracante a nnvel annroach to killina or dieahlinAa microoraaniceme which
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[0017]A composition comprising silver particles, colloidally suspended in
water, wherein the total content of silver is between 5 and 40 ppm, which
composition kills or disables virus which are hazardous to the human
body. WO 2008/147427PCIIUS2007/080278 -4- [0018]A composition
comprising silver particles, colloidat$-suspended in water, wherein  the
total content of silver is about 10+2 ppm, which composition kills or
disables virus which are 5 hazardous to the human body. [0019]A

ta eremltlgeei" 01.5)\01%% ver ggmg%douo%% Vﬁ#&gd in Wate[mmonwﬁh

iarskﬂtwambwwmmm@m hmﬁan\mmsesf@mmnﬁy higher
ten@O0P RROFAECAMENIRIBE Ser ighlisias, M@imrsuasaoé@m’;er&ﬁt%e present
o o e P R S D OB e i

es virus which are 1 zardous dman
solififibe appreciated that specifying the total amount of silver in a
positijon Qf articles does n omp eCIQ/ mat I As the
o0 o T VR R D AT o fts biahod boow.

ES%@#@@N@Q@W%FW@WW&@MH@@W@@@ isampes @mamdmad lpntil the desired
suvaddamnﬁaﬁomgllawr&aaewaadq;pa %ﬁfﬂ:&kﬁ&ﬁ eé&m@at@ﬁ%kmﬂely one and one

Itl\%refolrl_(; rtlcles al.%e and ran e (I[)i)f&artl ze |sg%r; ha'lqsthe 32 ppm

rtan parameter |n|n an ec ve | ven'?ve E{ompo
wm@}m r@mﬁ@s@ae%mtﬁlyomﬁvéms arpterahibapmresscanmss o slow as the

highernpasdiatony fﬂ@ﬁaiﬁ@ﬁeﬂiygﬂr@m&ﬁﬁﬁcﬁié\@k@ %rﬂﬁiﬁfwh I@ngl; time v%mih the
| an Clo t urther class, o
i L RO e il ooy B SR se e WA s
[oosré‘yertparnfée{ﬁ)ﬁwmA e %ﬂth@b/t@{énslfibel éﬁé?a&@%ﬁbst%&th@tﬁ%ﬂ‘lﬁv ?ng unlike
X 10 ate anda a coatin sliver iIn an | selecle
oo S e o S SR Ry R A HeR 5 [ A pmperaure
changes ibawatenehany aﬁ;iwem\ma ipRs @ETIPYeAiMe towards added

hyditdiese retadailver particles comprise both silver in the zero-valent, that is,
metallic, oxidation state [Ag(0)] and a coating of silver in an ionic oxidation

cteq from.t ti Il . o
O Tl ST A e S Sui2 B TR R erpg, nfectity o
infigeazarf v ifbMilFs ZeMmPlisiy aetistiepmah efoyiding Aroapesias, spisiver in
waiépzs'tﬂﬁpmaagr@ﬁwlaﬁcﬁﬂﬁmamaléwaro&%ﬁvyaﬁ ASBNE S5 hfmepkﬁs per

tate rg i4ver% whi be the other two sllver molecu re.in the 3+ stat ral
’“’“(SSR/ ISR 08y ?{PP FORRAR! RbE H?d@ Eﬁ}‘ﬁgﬁvé'}’i%féc‘f’ éR}SPe”a
silveroand in thef2ee(of\aivel) axate, WG E)ANMALES (008 ]tol@RMAVEOaticles
ha'eh: %WWHA%@W&%@@{“&X ‘E?BB’H(H%?&QJJQ%%@ FRAXImUM diameter

0028]Corr1;g03|tlons of Silver in water can be made accor

in
lesp At B R STHIRNEIRTS). §a‘¢a&@ﬂlp%'“8r2§‘ﬁ"i@§’%ﬂchrﬁ&%fg@%ﬁcb?Ppemes and
confetieg dafiberewithvitusCuiROtAepsefmptssitiorethod for producing a
composition comprising silver according to this invention utilizes a

[00d RR)trodinearieabd i pepeshriterg éscotayifias 4he ueenphidesceranneiion of silver in

water comprising a total concentration of silver of between about 5 and 40 parts per
miliion, said silver in the form of colloidal silver particles having an interior of elemental
silver and a surface of silver oxide, wherein a majority of the colloidal silver particles
have a minimum diameter greater than 0.005 micrometers and a maximum diameter
less than 0.015 micrometers and wherein said composition is free of cytotoxic
properties in the manufacture of a medicament for ameliorating infection by influenza A

ViTus.



[0030](a) placing a silver electrode in contact with a quantity of high purity
water; [0031](b) conveying electrical current through the silver electrode to
thereby separate particles of silver from said silver electrode in a manner
sufficient to cause production of suspended silver particles within the
water; and 10 [0032](c) agitating the water during said production of
suspended silver particles to thereby d ?)érse the silver particles into a
more uniform concentration within said water such that a higher quantity
of suspended silver particles can be produced per batch. [0033]Another
preferred method for producing a composition comprising silver utilizes an

DetafideCiashsnnsa gahens.eanypiises the steps of: [0034](a) establishing an
electrical circuit 'c,om“brlsm% a current source, and a first 15 conductor

[001ectrical Blipvang: IS RERVISS &R RRPS VPRI BItliagin the art o
make| ot cslythe imveotiod and siets fortb ntheo best moklesetondaicbfatet don thectaventor of

ca g‘%ﬂpﬁi@t %Wlh d\aé?ﬁﬂsd ) ffﬁéﬂiﬁ@dﬁ”o??éf W@%@%Tgmﬁ%%égs] %B]laélte_:nt to those
__least one of the conductors is made of elemental silver; clgs .
S A 3 P PERE RO, ST 5 R LKL SRR e et herein
specificaliyutoi aoiddevath improiie eelipided; Fioscisdoplevaingignhificantrabilities to kill or
inhiSPRIR® brabstn atligo@Hden{aigultaneously to the 20 first
conductor and the second conductor such that voltage is increasing and
[001d@ creasirperatiyntilecpifésantinveniioprteoesdotste movelampmeatin ¢ptkifidg or disabling
mi FRUSCRINRHIRAEHRS 19 RPRAIMRINGIHNS st BlefiedR AR SR R4t er, at
the I%i%jc resi g nd beclomet?i%o edin sus%ension vg.sict’hir%?%a%uidic "
a CRUIFI (ol T B TVl PR PO B ahratlon e Rive) (rippostion
mayt o usedirigoaicortamallyto compensate for decrease in electrode
length dy ﬁ%ﬁ' I ratl YRI ilver particles therefrom to thereby
mo‘@event aﬁa%g% %gﬁ%?l)r%}%% w§en the electrodes and said fluidic
[00 157" ESIStRio it B@éﬂ@&éfﬁs&mﬁw%cg&@nw& HReStiRing:
compositions of this invention may be done by atomic absorption (M),
[00Ap uctivel yeomppidithp kxsnpesiigrsifese pestuies  ORRELS suspetided in water, wherein
the IBEIITUGMER R UNRR WeRVRLATS BRI AT BbH, IARIBH doRSRBISINS 4P iliBles virus
Ainthe a rognate concentration range. It the particles of the silver
m'@bﬁﬁﬁ&é)ﬁ%ﬂ &Fe‘%m%f?‘ém%“ tmly sized (for example, 0.01 micrometers
or less), a reasonably accurate assay may be WO
2008/147427PCT/US2007/080278 -6- obtained by running the colloid
directly by AA or ICP/AES. This is because the sample preparation for AA
ionizes essentially all of the silver allowing its ready detection. 5 [0039]If
the compositions comprise particles as large as 0.2 micrometers, it is
preferred to use a digestion procedure. The digestion procedure is not
necessarily ideal for silver compositions that may have been
manufactured or stored in contact with halides or other anionic species
that may react with finely divided silver, or combined with protein or other
gelatinous material. An embodiment of the digestion procedure is as
follows: [0040]1Take a 10 ml aliquot of a thoroughly mixed or shaken
silver composition 10 to be analyzed, and place it in a clean polycarbonate
bottle or other container of suitable material (generally, the bottle) with a
tight fitting lid. A size of 30-100 ml is preferred. [0041]2With a micropipette
or dropper, add 0.1 ml of nitric acid, reagent grade to the silver
composition in the bottle. [0042]3With the lid of the bottle tightly in place,
heat the silver composition to 80C with mild agitation for a time sufficient
to dissolve the silver-dissolution is essentially instantaneous. 15

[0043]4Allow the resulting mixture to cool to room temperature with the lid
in
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place. Shake the bottle thoroughly. [0044]5Utilize M, ICP/AES, or
equivalent means to analyze the silver content of the silver mixture.

g?g /2 9NE will utilize a freshly prepared standard or Sta'il@%r/%zﬂﬂmsoz?s
pre y prepared according the equipment manufacturer's instructions,
with appropriate dilution as needed4I0045]6When reporting results, one
must taken into account all dilutions during preparation, including the 1%
dilution caused by addition of the nitric acid. [0046]1. ANALYSIS OF

{O{H HYS | CM&HJ%MI&N@;E&B{M 95355&%83[%3 Any %U%ﬂﬁré@ﬁr{% Avhereln

f a composition, nominally containing 22 m silver in water, wa
mea‘ﬁ%ﬁ eb‘&‘ﬁﬁilé(%fsrﬁaﬂ‘t 6 RRI MBI HTREP et rﬂFﬁé’trQ‘f%?E @Wé‘jh"’h are
haardubetdahadtemamisntiye form of silver in the composition. The conclusion

is that the bulk of the silver exists as silver (0) [that is, metallic silver] and
0GRl therdiSomearitien OB IR Reiresyerlridaly sHansasrshin wietsrydherein
thd iptaead AN kike mepsianeaoahovesibtesdihpositin isissddibaisles virus which are
stoa:hm{n tr|§,;| comb%pgr);lon of silver (1) and silver (ll1). [0049]B.
aE‘?(perlme BISCediré WO 2008/147427PCT/US2007/080278 -7-

[0d26R0]A fﬁWd#ﬁB%t@E%‘%ﬁsﬁ@'@ﬁW%W&e‘él“é@ﬂcﬁ&ﬁmpéﬁébﬂﬁtﬁétﬂ@water wherein
evattgorated to dﬁness or@con swté ate at am tterg1 etg(l?usﬂﬁllch are
the SR GanIE A% ﬁfésoaB BPEY a1 8eno e & 8am
harafdounde thian(H) beddle (AgO) material was analyzed by placing a few
articles of the reference powder as recejved from the vendor Qn a silicon
002 Hstrate't $itPR FRATEEA DA SRRALYDG RS (95 ERANTRRRIVEF- By gpmposition of
paBielesnites riareiadstelpsrerinietrynateinidedhT corticeh Sniprsingethe nogosition
ar® IR IS 2B R GREN %enee%ehﬁo%mleew\wn ?eBHJ@@rq’ fiﬁﬁié‘rfﬁﬁ%@ﬂd@%ﬁ%tes In
of prlmarﬁ%ns fnd then ana gkézm the secondar roducﬁfropt Hicies
adgiion I RESULRATH N $A4oh HihE b g a]b 5? ABRCrHieretore: pa
snmaﬁg&ucmlgedﬁmqmglese@@rfa@e seneoitivd, mmtgrlfgr@ﬁmmmatﬂfﬁﬂttym igventive
col@gggimﬁ_t extends to approximately 20 to 40 A (one Angstrom = 1x10-4
micrometers) below the surface. The TOF-SIMS technique is normally
[0022d as sAstuniiesr tdebsodit emtifydinentarispasitioh BEuathavevdrssabedlemmpiesitions,
witRRDISRS imnidinationdt dRRpRREIAEVR IS RRRAMHE AIREABRAI S AkRan 0.015
avallable for calibration. This analysis was carried out using standard high
MFRIEFEEolution conditions. [0052]C. Results 15 [0053]Negative ion mass
o¥Ee Obt%“ﬁfhﬁ%l? hiesA Lifsipensematgria! @@dmmhu%&ﬁmwposmms

respectively. The mass séﬁectral r glon for both sp ectra sh

D i o RPN BERCeL B 20 VAR i Bt e Rl pidaton

stahei (a6l state obzlieggifsiveresamicoit tixidstioia selastan dromrfisl @founiehesisting of

Aa't}e@me%gglﬂgfﬁﬁg@ signals exhibit significantly higher intensity in the
reference sample compared to the product sample which is probably

[0b2tlause Wdtathersitlass isfdanbiodimentsthe saynpfethi wilbiedgspribethiannpositions,

%@:@%@@.n@ﬁﬁ%@@%e@%&%&am% isAeGiRABAAANS, r@aem& oxidation
silver to silver oxide will_.a N'so 20 decrease, 31 mor SI|V($ oxide will

staie gDl 3H8 A SORREChNIRT P18 TPl Ak SR PHE (IR unu&ﬁ%‘l‘p 5 consisting of
Agliie dg(bnass Ag(the silver preparatlons described herein is due to the

relationship between the surface ert| inn pro rtie

B2 e me o BA LR R G B TR o B R Syt jpyenton s
atdeast eatfahainctacgorpaofi @@z@m@gsémeﬁ hridsulfzcanalpstleabitiirematenial two
ofAFRARERAREHDHIRE f éﬁ@eﬂémﬁu bR BtRBAMES Ve AdREY BFe i the 3+
the gﬁ\rtlca @ a excessively smal there canbea Ir?ss gfngtatgigwe@%%% in the 2+
SR Y A cHBAY £ r?ecé)a VeR? RS MO srsa e 91 SR
(sdegnposiatens of the instant invention are remarkable because they are

table in essenti e_ ter without surfactants, etc. Also, the
iR KAMESo |
rials are ess rless while other colloidal silver preparations

odafticularly pinarseNBE VIR s ally show colors. These

properties are a result of the exact manufacturing conditions as discussed
above.
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WO 2008/147427PCT/US2007/080278 -8- [0056]Digital analysis of the
composition showed that there is an average particle diameter of 0.0106

i%ggmtﬁg with a range 'of 0.005 micrometer to 0.0851 micpeRet8i57/8s0278
owever, size distribution analysis shows that more than 95% of the

particles were between about 0.00%Mmicrometers and about 0.015
micrometers in diameter. [0057]3. ANTIVIRAL PROPERTIES OF
COLLOIDAL SILVER SOLUTIONS [0058]In Vitro [0059]The purpose of

[0({% |o?gid¥i&ﬁ§oo gaisﬂﬁlg%ﬁﬁvéhﬁ At E%hﬂi?ﬂ%&@%@ﬁ?ﬁ%&%@@ﬁ%@et forth in
, m) against Influenza A virus or Avian
U':?nﬁﬁtﬁ’?_i_ %ggﬁ‘%ﬁ?ﬁ%@?}%&&y'fﬁjﬁe}r%ﬁgﬂeer%ﬁ%éed (in suspension) for
[oddgPecifiad LxpAsHe DRHPHE brdlIRIRELIOCHHESHIS SomBlifeadiRBroidifding to
Standard Test Method for Efflcac%of |r,u,C|da||A ents In'Efnded.for %p%?lal

*hiﬁbb‘ﬁ%‘é&‘fbﬁﬁwﬁﬁw%ﬁg PPRIR NG YRR AT S GLPRAS e steps
@AY Was) RRIAReioL LARIG RS LM AHPERBIIRS #hiy PRl Ghater,
ot i

against Influenza A ((H1IN1) and (H5N1)) virus or Avian Influenza A
[0@BI3N2) vitysohhe/ipresentiexobuires tinfegtiving siesr déderntaca tgreby separate
parigELtoy rl\(ﬂv%le.ﬂ%wijiﬁﬁg eGifis %Ye}( Dig, efferh Al BLABIRE BRRIR B uction of

indicator cell line, Rhesus monkey kidney. The 15indicator cell line chosen
SURpRERATV B RATETBT I BB the virus. [0061]Protocol Summary

62]A suspension of vi . the use: diluti t .

ol WO e A el U g
therebitr BivPEEEDY S TMPORBIBRS Hiie 2 8RAGHTorROpreER s WithipRaieryater such
thResHiyR Vs T RiIrslspeydetsiaipadieisslsarabel prediratizsidnatcantrols

were assayed in parallel. Antiviral properties of the test product was
[0633 Iuatedaeitiez oreleret apliothBs pedifktcs KeaPatiIBASAREr i silver utilizes

ariRigs\alhericH)8RIFe sbRaiasnaiergdpebiControl Virus Control (for each
exposure time) Test (for each exposure time and/or concentration)
[0@otoxicley Estbiishirer aactepiisalicireuhcomrpiighg) A cufranzageree. and a first

ch @RS {leieanh psaskittcanaantialinm Biuienmipdessaayerductor electrically
co%#&%(é%dg&d current source, wherein said first conductor is disposed spaced apart from

said second conductor, and wherein at least one of the conductors is made of elemental silver;

{0035} (b) closing the circuit by placing the first conductor and the second conductor in
communication with a fluidic resistor;

[0036] (c) operating the current source to supply altemating current simultaneously to the
first conductor and the second conductor such that voltage is increasing and decreasing within
the first and second conductors in alternating tandem to thereby cause silver particles to
separate from the first electrode and enter the fluidic resistor and become disposed in
suspension within said fluidic resistor; and

[0037} (d) selectively adjusting the electrodes by moving them toward the fluidic resistor
to compensate for decrease in electrode length due to gradual separation of silver particles
therefrom to thereby prevent arcing from occurring between the electrodes and said fluidic
resistor.

[0038] The analysis of the silver content in the silver compositions of this invention may
be done by atomic absorption (AA), inductively coupled plasma/atomic emission (ICP/AES), or
other techniques known to one of ordinary skill in the art to be sensitive to silver in the
anpropriate concenfration range. If the particles of the silver composition are small and
uniformly sized (for example, 0.01 micrometers or less), a reasonably accurate assay may be
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104 to 10-2* 10"2 to 10-2* 10-2 to 104* 10-2 to 104* 4 4 4 4 4 * Alternate
dilutions may be assayed as determined by the stock virus titer. [0064]The

‘%ggﬁogé%jgﬁwere prepared by collecting the supernatant culw%ﬂghj%t,y%m
-1 0

infected culture cells. The cells were disrupted and cell debris
removed by centrifugation. The su‘&ématant was removed, aliquuted, and
the high titer stock virus was stored at -70C WO
2008/147427PCT/US2007/080278 -9- until the day of use. Alternatively,

bl SPRagakediR Sdvbidavrial enpbroartrsh frtlizadse gopnamsitiigeshmple
On the da of,us,_e an ali l#l%i)fpfl r%ﬁ]en ¥\'/rl#SlYV9a|Snre|{QPe\é%d’ dtgg%ed and
PrRRRTRR AN S STrA Tl Pl BB HhEehRIokng F

e’a an organic soil foad

[O(Qi'gﬁllleng‘ﬂ‘ YM@%&%BE@&»J I HRWNE BAEYBs(ERE) A 82 REIRERISIH Y Preferred

the stock virus aliquot and_adjusted to yield the percent soil Ioaq deal for sil
to iR Bs fePioaeRTeCEl Cu e AR PR S RAEHHIFn ToBBb IRRERL tnSiTRey™" o
cokidosio(R M) melfshaer eiaimedfadmedirobredaborantaie yvith Nalidesen other
arfoH W ERASION RS WETSiERIRIaNRdARsH UsSeEuABHIMRANAUBY BFSWh or other

tiss lture 10 lab ware at 36-38C in a humidified atmasphere of 5-7%
SRR ATOR TS AL TG SR BRE HIOEAE L R QS Mo

[ogagy‘gemia'ﬂ\"ediu%ﬂg' END siamrigsente sty iyl o sheatiradiaedosition

The medium may also be supglemented \%i%?fone of.more %f.the f suitabl
tosBRANAIFeE0 B ARGR R e 0BRGN RiffnCa Rl S ST of sutable
materjph(garecatyBthEDRGB3IWET I Gubt TisifoéAriepat dllotPBMT éspsielsthnce

0070]The test substance was used directly after being equilibrated to the
[0&HosureZempeitid iSRRG S A ALRPSEF \?ﬁﬂgéﬂg[géﬁg%f’fﬁbﬁ%em@mde o
thegietigewhsdstt@alindbaderization of the test substance was dispensed into

separate tubes and each was mixed with a 0.5 ml aliquot of the stock virug
[08¢48pensidn. TheWiritigtlided W@r%t@?ﬁﬁi%é@'ﬂ??aqﬂ?ﬁﬁi%ﬁﬁwﬁf fgmposition to
sEecant st ddialtbiofothe femaufhienotdhiisspbeifies sivposdissdintios &t eheentially

in nga&e temperature. Immediately following each exposure period, a
.1 m; aliquot was removed from each tube and the mixtures were titered

1oby310-foldi serial dilpiians (@siilimg mk@rmtdestonediuan) serdpasstagediforthe lid in

o Qg @r%i%qggb%ftt}’é.rfﬂﬁrdﬂgﬁ - to decrease the product cytotoxicity, the first
iiiition may be made in‘fetal bovine serum or other appropriate

[ongaitralizes with thgipermainion diistionsqiivigehrneditgmo KHREH texsbasiventent of
cytqtoxicity.to the indicator cell cyl a t d
oSS IR RS S SR SRR o
priefaraRi Rr eBpth eSO i thaBH RBIER TEAONGRHIE GrafEr e iy Wi appropriate

direircisgdbgetoxicity. In such a case identical dilutions of the controls must

also be passed through individual columns. o )
{0045] 6 When reporting results, one must taken into account all dilutions during

preparation, including the 1% dilution caused by addition of the nitric acid.
[0046}] 1. ANALYSIS OF PHYSICAL/CHEMICAL FORM OF SILVER

[0047] A. Introduction

[0048] A sample of a composition, nominally containing 22 ppm silver in water, was
analyzed by time-of-flight secondary ion mass spectrometry (TOF-SIMS}) in order to determine
the form of silver in the composition. The conclusion is that the bulk of the silver exists as silver
(0) [that is, metallic silver] and that there is a surface coating which as on average a
composition of silver (I} oxide [AgO]. As mentioned above silver '(il) oxide is usually a
stoichiometric combination of silver () and silver (lil).

[0049] B. Experimental Procedure
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[0074]Treatment of Virus Control WO 2008/147427PCT/US2007/080278
-10- [0075]A 0.5 ml aliquot of the stock virus suspension was exposed to a

W405265§ alig %ft of test medium instead of test substance and §gg/ggha®ns0278
prewously escribed under Treatment of 5 Virus Suspension. A virus
control was performed for each exﬁosure time tested. NI controls
employed the same neutralizer utilized in the test. The virus control titer
was used as a baseline to compare the percent and log reduction of each

@t parameigr {lQWIRGRXPOSHIR tpJBRilesSEREPIaREBsition were evaporated to

0076]Cytotoxicity Controls [0077]A 4.5 ml aliquot of each concentrati )
RS B AT LR B ST SoE R TR e o L8, B A Ay bf TOF

SIBneathindemaiedozptbsteapigah r@fgtﬁmeaedwerl ibLoHsitbsQipAsiatpagnalyzed
by MRy aledessiibes of B GASHMGS iBswidnas rlbenEUReRE seadetdl a silicon
e same tim rus; test fsubstance and virus control cultures.

SU%?O)%‘?[? \ﬂ%@ﬁ# ed on the basis of cell viability as determined

od@ﬁfoscomsal%&&lwl taﬁ&r&%ﬂﬁIQHW&@S&E&W@Q@:‘HQ@@Q’OF—SIM& is
reported as toxi ('Iéf[ Ibi?grea ter than oF equa to O‘g) oflth nel olfage 1$ beam of

baé%(?{bﬁ‘e[@ﬁ?%ﬁi? ABASHE Bttt S]E R &5 ?OXICIty coritrol

primaxLiceaarovibiavaratizinsihg saoridempiontdredoerdvian bhs eyisppfilifesample

vé@etﬂim fFﬁ§£§EP&§ﬁ8@§pﬁf mﬁlgibé}\éll?u§£ﬂ@é@ﬁﬁ|tw%/mfs@ﬁ¥cmsmve deriving

aine lutions that, showed, virucidal acti e in
'tsd'é Wﬂﬁ% ofgdau &8h6F tﬁge\ﬂ(rjﬁsqoyp e esate}(:gg a&n%él% (GRPRRBIREHE 1xt0-4

mifgoBefe iy diforH B8 1TAe B@«Ev%%@ea@é@ﬂewmdm Ysedgsrarpgyey tool to
;dékﬁiﬂ(Q@é‘tf&hﬁéé@ﬁ&ﬁ&%fﬂkﬂ@wm@meexn%u@mlaﬂqua&mhﬁed tictrae QySpropriate

Rk aleL ot pedtalec, oloued mmerialily o0 9120 SeUeLuang usi

e ac ion o the test substance. To determine if the
Stﬁf@iﬂﬁh’ﬁ‘ﬂér‘%@ﬁ?ﬁ”@ﬁq%‘mé‘)&gﬁ&?%as effective in diminishing the virucidal

9 éh\[/lty of %tesi substance, low titer stock virus was added to each
[ % ion of ?3% substance-neutralizer mixture. This mixture was .

éc%?gyeldff@é %@ﬁeﬁﬁﬁg\é’l@r‘?t{%ﬁéﬁ%ﬁﬁ@nWIWﬁl’ﬁb@ﬁ@éh v material and the
nectIVIt ss e cell li 10]

PR ST TR e P SRR TLreson 1o ) SR NIRE Pisonce
of(NEM Zpeivies, Wmsd@é@@mwemﬁmdmﬂaeﬁ PR aﬁemeqmﬁeﬁm %t%%-‘a%the silver
pr&TéJﬁf '&”BHFI%&H@J'B#@SI%@%}W%M&@@UWsuuqu@dmaol(agce) veitinls] exhibit

m| of t ilutian ared from test 0 U t

siondicantt e %ﬁesé 3 %5%%3% wer %%oc“% &Vﬁﬁﬁ?eés}tgg%q %Shple which is
pratesty. hﬁ?@@ﬂt@@@'@éﬂ@%ﬁfﬂfﬂw@t@@@@@%"ﬁ R drrerprieriBigsHibat as the
aWrBod PaioR2 i StRriRedisposa aleataudiutieclabtivafesiVérete witvee sxidéOwill also

g 3098385’&2@427P‘%%%%&QW(B@%%%QB# 1- were scored periodically for

approxima & y seven days for sence or presence of CPE,

Oggtqtoxicity angefanvdabiiig. 5 [0084]Test Criteria [0085]A valid test will
require 1) that stock virus be recovered from the virus control, 2) that the

[0e6Blcontralistikehcibative frwsialeliariapssaf tayiios RiaraRISISiorsRed herein
13[99%1%%@65?{%1&%&%&%@@&&@W%§r@r@wwa@w@m8nmn of

%%%1@ ol (e, 30, perc n% 000 tne SAARRILRL %a.ﬁ%%mg bl6id8Bhbre size, the

ec |ve , a5 ca culated
g@p@mﬁjﬁmgea ‘and the greater the contribution of the particular surface chemistry.

However, if the particles are excessively small there can be a loss of stability and/or other
interactions that negatively affect the product. The silver compositions of the instant invention
are remarkable because they are stable in essentially pure water without surfactants, etc. Also,
the materials are essentially coloriess while other colloidal sitver preparations (particularly with
farger particie sizes) usually show colors. These properties are a result of the exact
manufacturing conditions as discussed above.
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Percent (%) Reduction Formula % Reduction = 1-rICI D50 testx 100
LTCIDso virus control 15 Log Reduction Formula TCID50 of the virus

{3%@5 - Dsoof the test [0088]Results [0089]Virus Contropr-l0g8RLFRG27s
iter o %he virus control following a two hour exposure time at 37.0C was
5.0 1logl0. The percent and Iog'r%‘duction calculations were calculated
from this result for all test 20 substances exposed for two hours.
[0091]The titer of the virus control following a six hour exposure time at

[0(?5%900 W@ﬁ??a?%ﬂﬁ%g- e PUGRPSRRA 198RSl caNRas URtANSSIRER particle

. calculated fram this result for,all test sub s exposed for sj urs,
e e N Al e oo St
Haate8%0gizevdisribution Bialys 6. shewp hedeneraritiao $péel attienresielgmmras between
MRS PR PSR ERBrh i Easulb formaRdert Rubsianses exposed for

twelve hours. [0093]Silveri 0 ppm [0094]Test substance cytotoxicity was
[0067F obse BretNFdRALIRRIOR ERBERaR SR EHOHRAY. SiéaReBRhWZABDS
control demonstrated that the test substance was neutralized at 51.5
[0988h0. WOVES/147427PCT/US2007/080278 -12- [0095]Following the
[Oé Sﬂ hour‘ﬁ%(@s& RP5FAL %Iu%;\%‘:‘; ﬁ?%}/éﬂ%@ '@J@%WV&}V@%&%@@%@inventive

€ virus-test substance mixture at 4.5 log10. Under the conditions of this

Siuei R0 PR R 72 REFR P RE! (PRI i (A A foenza A

(Hde)amsel ¢ied SBPwiknrexhetdriimnsviretien fahonsngeiied/exnosire period(s). The
p@ﬁ%esﬁbg&dﬂgﬁ‘?%&}ﬂ%xéﬁﬂ IRTHE RS Aa ki PSR EBRISIOVIRRKal Agents

reduction in viral titer was 0.5 10g10. [0096]Following the six hour

Intepded eSeerialapispises oSG0 b tivity was detected in the
[oﬁgéf‘teStﬁH'?ﬁ‘?\‘f}lfoe W&FH&?&%@@&R%@&%@&B& difjonsiehtiRe antiviral

Investigation, in the presence of no organic soil load, Silver 10 PIB&n A
praeriss <P degush 2o dofuRsarAAFE B 7BHOWRIETE RSt ¥ igRoirenze
(HENOdides A pristioenatvitudHivitinugat Gi¢evieincR by ssortaritl thhgitogspecific

cﬁ%SékﬁF&OQﬁ%&VftE%EfénWﬁé g&#@&?a@e[lﬂ&%ﬁﬁog&%ﬂg thﬁé&@_'\‘@oh%v kidney. The
_exposure period at 37.0C, test virus infectivit Wasﬁ?gected inthe
ngirelriee s Roa ARRERE 21 H9eoTheR b IR P E MRions of this

stigatjg %ltggrgmnce of no organic soil load, Solver 10 ppm
[Oggﬁonstrate a 99.0% reduction in viral titer following a twelve hour

[0BBRPSUre Netig@igdnvoairl Rfluenzrods¢d ANRY vise silAiviaof Regssdutans) each pre-
de-lggf?nllggdr&?p%%ﬂ%“tiiﬂevgﬁla%%[)% ?eR\J)Q/g&:%eutralized by serial dilution, and assayed
for the presence of virus. The positive virus controls, cytotoxicity controls, and neutralization
controls were assayed in paraliel. Antiviral properties of the test product was evaluated and
compared at the specified concentrations and time intervals.

[0083] Test Parameters

Dilutions to be assayed  Culfures/diln

Celi Control , n 4
Virus Control (for each exposure time) 10~ to 10‘7* 4
Test (for each exposure time and/or concentration) 10"2 to 10‘# 4
Cytotoxicity Control (for each product 1010 10 4
concentration) , »
Neutralization Confrol (for each product 10 to 10 4
gconcentration)
* Alternate dilutions may be assayed as determined by the stock virus titer.

[0064] The virus stocks were prepared by coliecting the supernatant culture fluid from 75-

100% infected culture cells. The cells were disrupted and cell debris removed by centrifugation.

The supemnatant was removed, afiquoed, and the high titer stock virus was stored at <-70°C
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15 [0098]Silver 32 ppm. [0099]Test substance cytotoxicity was not
observed in any dilution assayed (51.5 log10). The neutralization control

‘ﬁ?r%gg?éﬁ d that the test substance was neutralized at 51. 5%007/080278
0

ollowing the two hour expaosure period at 37.0C, test virus
infectivity was detected in the virussest substance mixture at 4.5 log10.
Under the conditions of this investigation, in the presence of no organic
soil load, Silver 32 ppm demonstrated a 68.4% 20 reduction in viral titer

untf “%ngc@ e m%&¥9@%%%%5&&ﬁ'@m NM&%M&H@E VigHfized eggs

e B e R AR AR B oot e
refijectiviuathysddrebrdssarh g W@meem spibsrthekalianaansastreapsadder! bovine

sewﬂd@“atmﬂ%%@dtmﬁ) HRSEBHSIANIRR, AR M@ SERSR @I/ g YRrcent sol
'Oﬁé)l load, §|Iver 32 ppm demonstrated a 96.8% reduction in viral titer

89\‘/5?13& six hour exposure period to Avian Influenza A (H3N2) virus

[of6yjan Reassaiiani ahBedeaviegiugiion in viral titer was 1.5 log10. 25
[00102]Following the twelve hour exposure period at 37.0C, test virus

[obsRctivityRiesudetectey kidirey (Rivikjastlis st nb@inastimenaYitoedocgt@ratories,

it/ %ﬁrdmﬁlre%mgtensﬁtm& wg%sﬁaﬁﬁgnearbﬂbe@e%ss@%Msm@rgqa@e culture
Soil oacgi Silver 32 ppm demonstraged a? i)% reduction in viral titer

labaiaiR flg S HBRIeUpR eliPesharE LS fluenza A (H3N2) virus

[Ogé')gan R MQ J:lﬂeulé& %ﬂ%'&ﬂj%éﬁ'@ééﬁ% Wgéﬁnqmgss@‘@al Medium
8/147427PC T/U82007/080278 13- [00103]Results for Avian Virus

(M5A(hisHPrlestenisat i lidAZa (&"(H@?\?é)"\‘ﬁﬁﬁ'g&(ﬂé SRR JRETY? ERYepis0 be
subDippentddxpitsone SimeEwbd thinlolpErpoElIeETigeSimidourtDEupitEumiepeniciliin,

o T8 Ty¥elve Sews.fall Control 0000 0000 0000 10-2
10068} METHQD
[0069] Preparation of Test Substance

[0070) The test substance was used directly after being equilibrated to the exposure
temperature.

[0071] Treatment of Virus Suspension

[0072] A 4.5 ml aliquot of each concentration of the test substance was dispensed into
separate tubes and each was mixed with a 0.5 ml aliquot of the stock virus suspension. The
mixtures were vortex mixed for a minimum of 10 seconds and held for the remainder of the
specified exposure times at the appropriate temperature. Immediately following each exposure
period, a 0.1 m; aliquot was removed from each tube and the mixtures were titered by 10-fold
serial dilutions (0.1 ml + 0.9 m! test medium) and assayed for the presence of virus. Note: to
decrease the product cytotoxicity, the first dilution may be made in fetal bovine serum or other
appropriate neutralizer with the remaining dilutions in test medium.

{0073} If excessive cytotoxicity to the indicator cell cultures was caused by the test
substance or suspected, the affected dilution{s) may be passed through individual Sephadex
gel filtration columns following titration to aid in reducing the toxicity. in such a case identical
dilutions of the conirols must also be passed through individual columns.

{0074} Treatment of Virus Control
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++++ ++++ ++++ 10-a ++++ ++++ 000+ 10-4 ++++ ++++ 0000 10-5 0000
000+ 0000 10-6 0000 0000 0000 10-' 0000 0000 0000 TCID50/0.1 ml

\48‘539&957-55‘71 02 75 Percent Reduction 68.4% 68.4% 99.0%pcT1s2007/080278
-10-

[0075] A 0.5 mi aliquot of the stock virus suspension was exposed to a 4.5 mi aliquot of
test medium instead of test substance and treated as previously described under Treatment of
Virus Suspension. A virus control was performed for each exposure time tested. All controls
employed the same neutralizer utilized in the test. The virus control titer was used as a
baseline to compare the percent and log reduction of each test parameter following exposure
to the test substance.

[0076] Cylotoxicity Controls

{0077] A 4.5 ml aliquot of each concentration of the test substance is mixed with a 0.5 mi
aliquot of test medium containing any requested organic soil load in lieu of virus and treated as
previously described. The cyfotoxicity of the cell cultures was scored at the same time as virus-
test substance and virus control cultures. Cytotoxicity was graded on the basis of cell viability
as determined microscopically. Cellular alterations due to toxicity were graded and reported as
toxic (T) if greater than or equal to 50% of the monolayer is affected.

. [0078] Neutralization Controls

[0079] Each cytotoxicity control mixture (above) was challenged with low titer stock virus
to determine the dilution of test substance at which virucidal activity, if any, was retained.
Dilutions that showed virucidal activity will not be considered in determining reduction of the
virus by the test substance.

[0080] Neutralization

{00811 As previously described, 0.1 ml of each test and control parameter following the
exposure period was added to a 0.9 ml aliquot of neutralizer followed immediately by 10-fold
seral dilutions in test medium to stop the action of the test substance. To determine if the
neutralizer chosen for the assay was effective in diminishing the virucidal activity of the test
substance, low titer stock virus was added to each dilution of the test substance-neutralizer
mixture. This mixture was assayed for the presence of virus (neutralization control above).

[0082] Infectivity Assays

[0083] The RMK cell line, which exhibits cytopathic effect (CPE) in the presence of
Infiuenza A (H1N1) or Avian Influenza A (H3N2) virus, was used as the indicator cell fine in the
infectivity assays. Cells in multi-well culture dishes were inoculated in quadruplicate with 0.1 ml
of the dilutions prepared from test and control groups. Uninfected indicator cell cultures (cell
controls) were inoculated with test medium alone. The cultures were incubated at 36-38°C in a
humidified atmosphere of 5-7% CO2 in sterile disposable celf culture fab ware. The cultures



Logio Reduction 0.5 logio 0.5 log10 2.0 logio (+)= Positive for the
presence of test virus (0)= No test virus recovered and/or no cytotoxicity

WSe6E 4Riytion Test: Avian Influenza A (H3N2) virus (Aviarpct/us2007/080278
Reassortant)+ silver 32 ppm. Expgsure Time Two Hours Exposure Time

Six Hours Exposure Time Twelve Hours Cell Control 0000 0000 0000
10-2 -Ft++ ++++ 00+0 10-3 ++++ ++++ 0000 10-4

were scored periodically for approximately seven days for the absence or presence of CPE,
cytotoxicity and for viability.

5 [0084]  TestCriteria
{0085] A valid test will require 1) that stock virus be recovered from the virus control, 2)
that the cell controls be negative for virus, and 3) that negative cultures be viable.
{0086] Calculations
[0087] Viral and cytotoxicity titers will be expressed as -log10 of the 50 percent titration
endpoint for infectivity (TCID50) or cytotoxicity (TCD50), respectively, as calculated by the
10 method of Spearman Karber.
- Log of 1st ditution incculated - Sum of % mortality at each diluiion
[(( )) -05 ) X {logarithm of dilution)
100
Percent (%) Reduction Formula
% Reduction = 1- [ TCIDy, test ]
x 100
) L TCiDx virus control 1
15 Log Reduction Formula
TC1iDxg of the virus control - TCIDgg of the test
[0088] Results
[0089] Virus Controls
[0080] The titer of the virus control following a two hour exposure time at 37.0°C was 5.0

20

25

log10. The percent and log reduction calculations were calculated from this result for all test
substances exposed for two hours.

[0081) The titer of the virus control following a six hour exposure time at 37.0°C was 5.25
log10. The percent and log reduction calculations were caiculated from this result for ali test
substances exposed for six hours.

[0092] The titer of the virus control following a twelve hour exposure time at 37.0°C was
4.75 log10. The percent and log reduction calculations were calculated from this result for all
fest substances exposed for twelve hours.

{0093} Sitver10 ppm

[0094] Test substance cytotoxicity was not observed in any dilution assayed (1.5 log10).
The neutralization control demonstrated that the test substance was neutralized at 1.5 log10.
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++++ 000+3 0000 10-5 0000 0000 0000 10-5 0000 0000 0000 10-7 0000
0000 0000 TCID50/0.1 ml 1045 b375 10175 Percent Reduction 68.4%

“;}532%%),@@49% Logio Reduction 0.5 logic 1.5 logio 3.0 logio 2&ctm®2007/080278
Positive for the presence of test virys (0)= No test virus recovered and/or

no cytotoxicity present [00104]Sumfnary Results for Avian virus:

[0095] Following the two hour exposure period at 37.0°C, test virus infectivity was
detected in the virus-test substance mixture at 4.5 log10. Under the conditions of this
investigation, in the presence of no organic soil load, Silver 10 ppm demonstrated a 68.4%
reduction in viral titer following a two hour exposure period to Avian Influenza A (M3N2) virus
(Avian Reassortant). The log reduction in viral titer was 0.5 log10.

[0096] Following the six hour exposure period at 37.0°C, test virus infectivity was
detected in the virus-test substance mixture at 4.75 log10. Under the conditions of this
investigation, in the presence of no organic soil load, Silver 10 ppm demonstrated a 68.4%
reduction in viral titer following a six hour exposure period to Avian Influenza A (H3N2) virus
(Avian Reassortant). The log reduction in viral titer was 0.5 log10.

{0087] Foliowing the twelve hour exposure period at 37.0°C, test virus infectivity was
detected in the virus-test substance mixture at 2.75 log10. Under the conditions of this
investigation, in the presence of no organic soit load, Solver 10 ppm demonstrated a 99.0%
reduction in viral titer following a twelve hour exposure period to Avian Influenza A (H3NZ2) virus
(Avian Reassortant). The log reduction in viral titer was 2.0 log10.

[0098] Silver 32 ppm.

{0099 Test substance cytotoxicity was not observed in any dilution assayed (1.5 log10).
The neutralization control demonstrated that the test substance was neutralized at £1.5 log10.

[00100] Following the two hour exposure period at 37.0°C, fest virus infectivity was
detected in the virus-test substance mixture at 4.5 log10. Under the conditions of this
investigation, in the presence of no organic soil load, Silver 32 ppm demonstrated a 68.4%
reduction in viral titer following a two hour exposure period to Avian influenza A (H3N2) virus
(Avian Reassortant). The log reduction in viral titer was 0.5 log10.

[oo101] Following the six hour exposure period at 37.0°C, test virus infectivity was
detected in the virus-test substance mixture at 3.75 log10. Under the conditions of this
investigation, in the presence of no organic soil load, Silver 32 ppm demonsirated a 96.8%
reduction in viral titer following a six hour exposure period to Avian Influenza A (H3N2) virus
(Avian Reassortant). The log reduction in viral titer was 1.5 10g10.

[00102] Foliowing the twelve hour exposure period at 37.0°C, test virus infectivity was
detected in the virus-test substance mixture at 1.75 log10. Under the conditions of this
investigation, in the presence of no organic soil load, Siiver 32 ppm demonstrated a 99.9%
reduction in viral titer following a twelve hour exposure period to Avian Influenza A (H3N2) virus
(Avian Peassortant). The log reduction in viral titer was 3.0 log10.
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Test Substance Two Hour Exposure Six Hour Exposure Twelve Hour
Exposure Percent Reduction Log Reduction Percent Reduction Log
jqn ercent Reduction Log Reduction WO

WP
2008/147427 PCT/USZOO7/080278

PCT/US2007/080278

4- Silveri 0 ppm 68.4% 0.510910
68.4% 0.5 loigio 99.0% 2.0 logio Siver 32 ppm 68.4% 0.5 loglo 96.8%

[00103] Results for Avian Virus
Test: Avian Influenza A (H3N2) virus (Avian Reassortant)+
I Silver 10 ppm
Dilution Exposure Time Exposure Time Exposure Time
Two Hours Six Hours Twelve Hours

Cell Control 0000 0000 0000
10 +t+++ PN ++++
1073 o+ T 000+
10™ +ttt PR 0000
107 0000 000+ 0000
107 0000 0000 0000
107 0000 0000 0000
TCIDsp/0.1 m 10%° 10%7° 10%7
Percent 68.4% 68.4% 99.0%
Reduction
Log+y Reduction 0.5 logsg 0.5 logo 2.0 |0910
(+) = Positive for the presence of test virus
(0) = No test virus recovered and/or no cylotoxicity present

Test: Avian Influenza A (H3N2) virus (Avian Reassortant)+

Dilution silver 32 ppm.
Exposure Time Exposure Time Exposure Time
Two Hours Six Hours Twelve Hours

Cell Control 0000 0000 0000
10 bt e+ 00+0
10° ++++ Fhtt 0000
10 +ttt 000+3 0000
10° 0000 0000 0000
10° 0000 0000 0000
107 0000 0000 0000
TCIDso/0.1 ml 10%° 10°7° 107
Percent 68.4% 96.8% 99.9%
Reduction
Logs Reduction 0.5 1091w 1.5 10g10 3.0 logio

(+) = Positive for the presence of test virus
(0) = No test virus recovered and/or no cytotoxicity present
{00104} Summary Results for Avian virus:
Two Hour Exposure Six Hour Exposure Twelve Hour Exposure
Test Substance Percent Log Percent Log Percent Loy
Reduction | Reduction | Reduction | Reduction | Reduction | Reduction




1.5 logic, 99.9% 3.0 loglo [00105]Cytotoxicity and Neutralization Controls
Dilution  Cytotoxicity Control 10ppm32 ppm Neutralization Control 10

wWiPSRe1pAgy Cell Control 0000 0000 0000 0000 10-2 0000 0PPR/wzLT7/080278
++++ 10-3 0000 0000 ++++ ++++ %&)4 0000 0000 ++++ ++++ TCID00.1 ml
< 1015 e

Sitver10 ppm 68.4% 0.5 logsg 68.4% 0.5 log+o 99.0% 2.0 logqy
Silver 32 ppm 68.4% 0.5 logio 96.8% 1.5 logqe 99.9% 3.0 logyw
5
[00105] Cytotoxicity and Neutralization Controls
. Cytotoxicity Control Neutralization Control
Dilution
10ppm 32 ppm 10 ppm 32 ppm
Cell Conirol 0000 0000 0000 0000
107 0000 0000 et b
1073 0000 0000 +ot e+t
10 0000 0000 +H++ ++++
10l TCIDso/0.1 m <10'® <10"° <10*® <10'®
(+) = Positive for the presence of test virus.
(0) = No test virus recovered and/or no cytotoxicity present.
{00108] The colioidal silver also showed significant activity against human influenza A
strains.
[00107] Virucidal Efficacy against Influenza A (H5N1)
15 TIME ' MEM
INTERVAL 10 ppm 32 ppm CONTROL
2 hour LOG1 CCIDso 4.2 3.8 3.5
2 hour LOG1o 0 0 " nfa
REDUCTION
6 hour LOG 1o CCIDsg <1.9 1.5 3.5
) 6 hour LOG1o >1.6 2.0 n/a
0 REDUCTION
12 hour £OG g CCIDso <15 <1.6 2.9
12 hour LOGso >1.4 >1.3 n/a
REDUCTION
[00108] The anti-influenza results show that the broad antimicrobial properties of the
inventive colloidal silver extend to influenza virus and especially to avian influenza virus. As
o5 demonstrated above the silver colloid is non-toxic and is thus an ideal product for disinfecting

surfaces that might be contaminated with influenza virus.
[00109] In Vivo.

[00110] The foregoing establishes that the inventive colloidal silver is effective at killing

influenza viruses on surfaces. The efficacy of the colloidal silver as an in vivo treatment was
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<1015 <101.5 = Positive for the presence of test virus. (0) = No test virus
recovered and/or no cytotoxicity present. [00106]The colloidal silver also

WwBWRA sigrificant activity against human Influenza A strainscras2007/080278
[00107]Virucidal Efficacy against qugJenza A (H5N1) 15TIME INTERVAL

10 ppm32 ppm MEM CONTROL ~"~7[00108]The anti-Influenza results
show that the broad antimicrobial properties of the inventive colloidal

silver extend to influenza virus and especially to avian influenza virus. As
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VITUS. IVO. e foregoing establishes e inventive
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lan influenza. 5 [00111]Pathogen-free female BALB/c mice each with a
GRS 21 g were

[00112] Arterial oxygen saturation (Sa0,) was determined using the ear probe attachment
of an Ohmeda Biox pulse oximeter. The probe was placed on the thigh of the animal, and
readings were made following a 30 sec stabilization period. The lungs of the experimental
animals were removed, weighed and then placed in Petri dishes bearing pre-numbered
sections (one lung per section). The lungs were then scored from 0 (normal) to 4 (maximal
plum coloration over 100% of the lung). Then each lung was homogenized and dilutions of the
homogenate were assayed in friplicate for infectious virus.

[00113] Groups of 19 mice were treated by oral gavage with either the 32 ppm of 10 ppm
colloidal silver solution every 12 hr for seven days. Then the animals were infected intranasally
with an LD70 does of the infectious influenza virus (negative controls were “infected” with
nasally administered sterile water) and maintained for 21 days. As a control a similar group of
mice were freated with ribavirin, an anti-viral drug (75 mg/kg twice a day for five days, starting 4
hr pre-virus exposure). Sa0, measurements were made on days 3-11 (which is the time over
which this parameter usually declines in infected animals). Survivorship was statistically
evaluated by chi square analysis with Yates' correction. Increases in mean day to death,
differences in mean Sa0; values, mean lung weight and mean virus titers were analyzed using
a student’s t-test. A Wilcoxon ranked sum analysis was used for lung scores.

[00114] The results of the experiment are summarized in the following table which shows
that the virus challenge was lethal to 14 of the 20 placebo-treated animals, with the mean day
to death being 8.4 days. Treatment with 32 ppm colloidal silver appeared to not affect the
numbers of animals dying of influenza, although a half-day delay in mean day to death was
seen. Sa0, declines in this group of treated mice were almost at the same rate as those in the
placebo controls, afthough it was interesting that on the first day this parameter was assayed, a
highly significant (P<0.001) difference was seen. SaQO, deciines are a manifestation of
declining lung function, suggesting that the lung consolidation in the iungs did not progress as
rapidly in animals treated with 32 ppm colloidal silver as seen in the placebo controls. The
treatment appeared to moderately lessen lurg consolidation as seen by lower lung scores at
each time evaluated, the day 6 mean lung score being significantly (P<0.05) less than the



obtained from Charles River Laboratories (Wilmington, MA). Influenza
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Modest inhibition in lung scores was seen in this treated group as well,
especially on day 6. As with the 32 ppm treatment slight inhibition of lung

virus titers were seen. [001151Experimental Results on Influenza Infected

Mice Treatment Survival Mean Day to Death Day 11 Sa02 (%) Normal
(not infected) 5/5 -- 88.83.0 Ribavirin (positive control) 10/10
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>21 86.62.5 Water (negative control) 6/20 8.4 1.8 76.01.9 32 ppm

Colloidal Silver 2/10 8.91.4 75.41.0 10 ppm Colloidal Silver 6/10 7.31.0

wo.70dsh 221001161 There were no demonstrated adverse sigleTafit@ots/ 080278
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example and that should not be taken as limiting the invention. Therefore,

it is to be understood that, within the scope of the appended claims, the

invention may be practiced other than as specifically 25described herein.



We claim: 1. A method of lowering infectivity of influenza A virus in vitro
comprising the steps of: providing a composition of silver in water
comprising a total concentration of silver of between about 5 and 40 parts
per million, said silver in the for®® of colloidal silver particles having an
interior of elemental silver and a surface of silver oxide, wherein a majority
of the colloidal silver particles have a minimum diameter greater than
0.005 micrometers and a maximum diameter less than 0.015
We Claﬁq'i‘crometers, said composition being free of cytotoxic properties; and
contacting Influemethadvinfsioxeting ciodestisityrof2infiuenzanddvirus in vitro
accordigrtpresinig theveltepein the Influenza A is Avian Influenza A. The
methodbéiccording to claim 2, wherein the Avian Influenza A is Avian
InfluenzacNiHRN 3. LoTheasibondiccaipTy 1 cwRtel, WREMBTSIAG a total
Influenzavcantafinaoisiven s Retwerncabrit Sraschmagtorgsmilion, said
whereirsiverHuitherformmuehealieidalisiven Ratteiesneyinenar iBtefis Bke
of a coriprRRal SilvaTanA A/aTReRPIRINGCNIES @éﬁ't‘?aﬁéﬁig_?@wé% the
of betweeHpig e RAIF|eE R3S ﬁqm&mﬁrg%%%?ﬁﬁfﬂé an 0.005
coIIoidmmﬁﬁk_@%ﬁﬁﬂﬁ’ﬁWﬁﬁé?m% dhan &9 PErameters.
of silveFBIdROMPRIEANBANE TP AhEYIOIEPLIBE S ticles have a

minimuﬁﬂgiam,ete eater than 0.005 micrometers a maximum
diameté?cl’é@:,c?ﬁ'grj .Bﬁgzﬁﬂ%%%yggﬂbeﬁﬁg?gﬁwsg’g%‘composition is

free of cytotoxic properties in the manufacture of a medicament for
ameliorating infRetipRtAkINHLEBFAMY \EUSaim Hawesaiaapsingliesiam is
6, wherein thedpiiegrénisadnian influenza A.

3. The method according to claim 2, wherein the Avian influenza A
is Avian Influenza A (H3N3).

4. The method according to claim 1, wherein the influenza A is
Human Influenza A.

5. The method according to claim 4, wherein the Human Infiuenza
A is Human Influenza A (HBN1).

6. The use of a composition of silver in water comprising
a total conceniration of silver of between about 5 and 40 parts
per million, said silver in the form of colloidal silver particles
having an interior of elemental silver and a surface of silver
oxide, wherein a majority of the colloidal silver particles
have a minimum diameter greater than 0.005 micrometers and
a maximum diameter less than 0.015 micrometers and wherein
said composition is free of cytotoxic properties in the

manufacture of a medicament for ameliorating infection by
influenza A virus.

7. The use according to claim 6, wherein the Influenza A is Avian
influenza A.
8. The use according to claim 6, wherein the Avian Influenza Als

Avian Influenza A (H3N3).



