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1 METHOD FOR STERI LI SI NG AQJEClJS SALI NE SOLUTI G\I The present ,invention

relatées to a nethod of sterilising and packagi- ng aqueous saline sol LQ&)] L"QQ
and especially isotonic saline 5 sol utions to provide long ter ,Fr
storage stability and biocidal activity. Isotonic saline solutions are

used, for exanple, in the washing and cleaning of "soft" contact |enses. and

it is already known to package such solutilons in an. aerosol container wth

a suitable propellant. s squtroE can then be easrl di spensed onto the

‘contact 10 | ens ThER SIERILISS NG AQUEAUS, SALINE, SOLEFRIOMses it is
essential that the aerosol saline product be free of bacteria, and to this

end the industry S packs .the saline sol utian pro ell.ant into .
t he contai ner andp{tg Bése n?‘rtrgg‘ﬁeﬁlrttmnrge A &% E? a*r‘us“b*'d:r}‘“f’gdOf idising) and

radi ati on fadarkagingoagyraust el iyentsehttions, t hed pas:ﬁmgelmamﬁdtem&)eséﬁne
sterilissed byolfif @k ald bevqaetlr&ﬁg%trhr&ongé(gggm -?rhénﬁ 340 crl%’né’Féthy

costly. Moreover, sal i ne sol utions steri S Way are
sterile and do not Ispbdessaline sodaitiens ape otsedal f%rcteanly-, ThetHeawkshiig

bi oci dal act |amdty1¢amagl OB Ottt Santale 3Iehsdd Ofhd hat 20 alread)he\ﬁ: oRfeRo
sterilized b roblemin that suc solutrons

é L dr at |uo$ Za&es a particul ar &

cannot be useg to stefi i2eUt S, phsTY BerARleIGPEREEY, widdr t2 snitabde

| enses. " Spfrevrelllans.esThenke loftinorcanl tl;enclmeneastl)oﬂlﬁae@n@p@loyxlﬁertmf cofftakky a
hydropfai | i c @S et hyl, et hacryl ave

appr oxi mat el wﬁﬁ?ﬁ%? t%gri(}eﬁtn@egg )?y%r,% EX sutc oBreesT 1 ﬁa\rt/??lt 8?““\{6?1 THRE,
and thus %Ee 3eggoel spiing Pf@ﬁ'ﬂ@r é’e ﬁreev@m bheterip, eand rtonitbins el tthbl e

fOL the propagaisten gres¥iatlyonsckd NGhe ﬂllﬁ@cgﬁdﬁoﬁmérﬁh prope1G@HE S r?t%r MR
injury to the human eglie‘1 agéedsurroundr ng tissue. Theref ore soft contact
e

| enses have FBM{RENET HEiESi FPHy ihethemstianspegted i @ suitable
pr]gedeterm Pedamtucml fcilitye.so Ahahorugh cbhtént30of the rwcttegleltls?ﬁ/ed}&n be
ef fecttkve fo ti ' ol | owi .n

def ectg (1) Eﬁ'ﬁlﬁ %%)dt }?nlggadlgtrﬁle&]n 5 o?ﬂ‘f ac"sfﬁﬁa?acl &% d %°HFH@‘:§’ héf ed
to the lens B%-“cfdrre fixed to the surface of the lens during borlrng and as

the protein is thgsravey, r | 0y SRPL IS
t he opti cal g%ﬁzrtres of dfér}gnlgeﬁ&sﬁ%ﬁ?ﬂ; itoe%?n]si e ”r? I:Ihls D? ? ve“refe?

fh 3Wpfa ey PesseRe anyeresidual b10c1da1 activity.

The lack of biocidal activity in an isotonic saline solution that

unconf or t abl

20 has been sterilized by radiation creates a particular problem in that
such solutions cannot be used to sterilize, as opposed to merely clean,
"soft" contact lenses. "Soft" lenses, which nofmally consist of a
copolymer of mainly a hydrophilic monomer, such as a 2-hydroxyethyl
methacrylate, have approximately thirty percent (30%) by weight of - {

(3

25 water, or more, and thus the lens itself offers a vehicle or
environment suitable for the propagation of various kinds of bacteria
which may cause serious injury to the human eye and surrounding tissue.

 Therefore, soft contact lenses have to be sterilised by boiling
the lens in water for a predetefmined period of time. Although this

30 method is very effective for sterilisation, it has, at the same time,
the following defects: ' ,

(1) The protein components of lachrymal liquid remaining
adhered to the lens become fixed to the surface of the lens
during boiling and as the protein is thermally degenerated. . This

35 not only spoils the optical properties of the lens but also makes

the lens feel very uncomfortable when replaced in the eye.



2 (2)' The slightlly cross-linked hydrophillic copolyner of 2- hydroxethyl
methacryl ate. used in the manufacture of wdter- containing soft contact
| enses™geteriorates in the course of repeated boiling treatnents, so that

the | ens becones di scol oured 5 and/ or the rated configuration-
chhn'ges thus greatly shortening the life o the | ens. (3) The
-sterlllsers ‘used generally require an AC po source which is an

i'nconveni ence when.

‘envi ronment s such ast %t/?/n qugtétrly crg?s-é15%%%:1{81:18}111%&@0&@&( BF 2The

"techni-que i s not sdntdabxﬁhfybr mpbiracwal are- credaiimi nithec ohatdctieas ofrad:atenf—
pol yethyl met hacryl ald %]tgfnﬁl' N 89{' Jolﬁgggl:: nlelléﬁs deter1?rateé‘31n % se ng

avoiding the difficulties e sterilization con?

| enses by boiling, . verPeated %mérlns |tzﬁﬁ@1epitau§asthhwéleb’é@ﬁ mmo%éasccgeewhs

t hi-merosag and chl OVQh?iSt GHh@erateHO&ﬁifQEuraﬂ:lisﬂ JRAEQS thay @ rdi awbakdeehing
that the sterilizi ng e| g#eof)%eﬂ&s to be absorbed into the |l ens and to cause-

anaphyl actic.infla kff‘s ocul ar tissue. Contact | enses may
al so be sterilised using a 3% sodi um hydrogen per oxi de solution, and a

catal yst such as pl raﬁég hewg'{e l(i\’é‘er%eﬁsgcp?ﬁlger%ewoy LR ang({ ‘é€| OHH{(-E

hydr ogen peroxide i en W consequ steri
the | ens. However, Whlshrmltshoﬂl ai@@@@llence tvésndrtawtﬁcéksgﬂ not hap |q11t@a¢¢ES

a l'ong tyge and i NV Q8 Sortheh PRLES Al Cthdd ORLHINE 15 Hiad dﬁh@q@e'cﬁr thenekore
i npractical. In accordance with the present invention it has been found

that sterile saline solutions with long termstability and with long term
bi @@_l/dal activity ca(m)be 'nfeerta&l&xciqby sgbpect suigabhe Sal | m-sotdit-tontalinimg)
electrolytlc ster|I|

J .
sterilised sol uti on T nB%r“ggﬁDspﬁgf’?%ﬂglré“s E?cryl% e%tr;%%tséﬁ(‘:arulbger'

container. -Such sol ut| ons are found to retain their biocidal activity in

the aeroggl package for, a Plb S o AP AR N e O 1 FREIAS e 1 aquaim PROVEREE
an ideal nmediumfor_the cleansing and sterilisation of contact
| enses. : sterilization of contact lenses by b0111ng, various ster11121ng 11qu1ds

" have been proposed, such as th1merosa1 and chlorohexidine. However,

such_methods'have,dfawbécks in that the steriiizing liquid tends toobe

_ absorbed into the lens and to cause anaphylactic'inflammatidn.of the
©20.  ocular tissue. ' o | _ '

' Contact lenses may also be sterilised uéing.a 3% sodium hydrogen
peroxide solution, and a catalyst such as platinum; which causes the .
decomposition of the sodium hydrogen peroxide into water and oxygen
with consequent sterilisation of the lens. However, this method also
has drawbacks ﬁn that it takes a long time and involves_a.complioated

_procedure. That method is thérefore impracfical. _

- In accofdance with the breSent invention it has been found that
sterile saline solutions with long term stobility and with long term
biocidal activity can be prepared by Subjeoting the saline solution to

30 . -eleotrolytic sterilisation and packaging the electrolytically

' -steriiiséd. solution under superétmospheric pressure in an aerosol

- container. Such solutions are found to retain their biocidal activity
in the aerosoi package for periods approaching four months, and thus
provide an ideal medium for.the cleansing and sterilisation of contact

35 lenses. I - ' o
In one aspeot therefore the presenf invention provides a method

for the preparation of sterile, biocidal saline solutions having long o
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In one-aspect therefore the present invention provides a nethod fo .

S r . q. . . ¢ 3te|’m_
preparation of sterile, biocidal satine splutlons.haylng ;ﬁ?gh Couor | bas T
'g[ggilrty-and'long.tern1retention of: b1oc|FaLeagg:xLigh oy o) eorng
“elfec ically sterilising an aqueous sal 1 n ol L : . ‘the :
gg“ﬁt{gky:gcgleZtrolysis in an electrolytic cell, and packaging |

~electrolytically
erm

sterilised solutiong  under 5

' ' N osol contai ner equi pped with.a
super at nospherj ¢ -pressure, in an aeroso
di Spensi ng. val Ve pErARLE Phge

di spensing valve p

. . : ent I'n
the ‘cont ai ner combieisesr ebeutirelytitadl S 8¢oNd ;8506Gt. L he prese

ndhdopg sprams ireternti oh hex -au%&&ézseactt§91§}éim% _ 63;1"5 om

| .contai ner equipPped® oS as# ingepaiutgon abye -

R T o e e
| I')]?r'a _Ipr'_gpe'l | akeckagdngacketged Hm&hpfﬁ%aybﬂ | gt%ﬁeiigg ;?:SBZF‘E"SP“st er indeged,” -

~liquid éont enkepéfathdSre

biocidaL'aquegus sa

' ise  an electrol _ _ _
i ne gg# %&%%y&tq%wséf'dagf@loﬂl Feriserl | expippeditith o

- o d. period
e : vatye \permititing I"telecd)i'stpah'ﬁfg_ OF &'helsPL tlri‘sag % ion: ~
o 557 || i he st isaebudiot 1 on 0 b 1 Al

sal i ne 'sol ution (‘04
© saline solutions an
" United States2ga@sol

' ' o X ent disc
referemge Sho}‘i!q@i@ecdmﬁﬁ%s ,'I;t%et 355 pat
chl oride containing solu

9% NaCl-),. The e ectrcﬁytic sterilisation of aqueous

4 2P EPHASPEFEs dheIpresent tiventpon 9561 A<Ca d,ﬁ%g};]m%gd | in-

onbis x5 ¥l 0y iy e o
| Oks tAY gan ftery gndergeseshan 6hos epidips €1 Heegai n

' | . i toal rsterilizing saline
. the ' 055 pat °kagghEndes eressirytirc theldontsitierabhin L the “liqyid

e tﬁgytggts

i ' iaG n& i q e descri bed in ed _ _ L
Patent s 3 4792270 anc 3 ngh HEEe, &L eletFGgicalin storiddent, bicotention
a ’ ’ ) y

R -
-the saline 9

STt P

neFlusierm) yheusaiid otteri1d sedl dalens Ib Wi 130 }estag}l%\égr\fegsbl |

' - L i ' cont | guou
- through a suiitabbipcdbertaqliyiiye i%e|theag%,t%'i{,e‘3“ Into a 9

contaimer, apgythe
- cup) bearing 30

MY 9B n Breyrestede pembachtdfg |
ai hen seal v crionpf ng N
ngtﬁggﬁglfy-actuable val've onto the_open_end-or bead of |

. the contai ner The sterilised saline solution ié“preferably an isotonic saline
' - ‘solution (0.9% NaCl). ' ' o

- - electrol

ytfc cells for this purpose are desdribed in United States

20 Patents.3,443,055 and 3,616,355 and to which reference should be made.

The '355 patent diséloses-the electrolysis of

chloride containing

solutions at higher voltages than those disclosed in the '055 patent.
Other electrolytic cells suitable for sterilizing saline

o solutibns, e.g. iSotbnic solutions,-ére described in United Stafes_ \~) o
- 25 'Patents 3,479,275 and 3,547,600, - o S

In

practising . the " present invention the saline sblution,

. prefefably an iSotonic_saline solution is'fIOWed through a suitable

' electrolytic cell and_directly infd a

the container then sealed by érimping a closure (mouﬁting cup)

30
followed
It

parametérs-tolp;OVide $terile,'biocidal saline solution capable of

- retéining its bactericidal/bacteriost

35 period include passing the saline sol
comprising two 2" . .

apart, and at 3 f

contiguous aerosbl'container, and

a ménUallx—actuablé valve onto the open end or bead of the contai

ntainer -
by preSSurisation of the container with the propellant.

has been found that suitable stefilisation'conditions and

atic properties over a protracted
ution through a eléctrolytic cell
x 3" (5'x_7.5'cm) electrodes spaced 0.27" (35 mm)

low rate of one litre in 35 seconds (29 mL/sec).



- fOllowed by pressurisation of the container with the propellant. It has
" been found that suitable sterilisation condit4ons and paraneters to
provi dessterile, biocidal "'saline solution capable of retaining its
ba tericidal/bacteriostati:c properties over a protracted 35 peri od

| ude passing the saline solution through a electrolytic cell
corrpr|S| ng tw 2" x 3" (5x 7.5 cm alectrodes spaced 0.27" (35
i) apart, and at a flowrate of one Ilitre in 35 seconds (29
nmL/sec). . 4 Steriillisstdbnobs | ffettartbyd physipgssi b anfp. Guergntctiiromgh the -

t hrough the. SaLJ’ﬂS‘ S%fﬁ}tk?ﬂ' aqt pﬁp%dl 99195 Lt&g9t§V°zt§ volts. The |

solutions referr rei faf i sses rough the electrolytic
cel | under the abov@h%@nhﬂttlpoﬁsr&jﬁrre@st@ﬂhmwai‘éefsb@d doo msses through theThe

“experinental dgi&drblpstr @émnqnme thé qb@@%qnﬁtabhé Iuhye@gﬂ@tmr%géi%ltated.
activity of the aergsol packaged, electrolytically sterilised salin

solutiong is set fofb$ %Fé’aﬁe?é?i daje Hilym a&\‘“%ddﬁeuﬁ{‘blt?l"%‘?q (féaPHI('}P's?'Pq I ed
wat er - (i.sot oni Bl&ﬁhhmcsmiﬂyl ém)chwe;reeomepmde@,ndlédtealﬁﬂcamysevarlahsed

di-f ferent ways_before 1 n aged. in an aerosol container fitted
Wwith an aerosof® &Ie I“%é?/’ésr ap %et ?%&Z‘nF I% gF%rorgam sns were used in this
"~ study and each straSmhn:hom of curdgamichivomisle wddestiflded wdkéf éisriontorsadiner
of saline: sol u&t‘)ﬂﬂ: reggrdf Q%d ﬁ%l d qQns sey@ragotfltf@g&ntp@ac'fse%eg%?pl

t hrough - an el ect roPy package | Nt o~ aer oS contai ners
from 1510 eb@i'ﬂgca@FWPé gppaywospknmtaxraryfeﬁtteérwm Bprasrestlo vehee. .

aerosol cont ai S&Feradqpflregt Qﬁl'fc%@&%hﬁﬁd'@re &5&1 Pindti@ss WerRiyoRaer ¥ech f or
---baQt_/eHaI growt h aft&]‘é 24, 48 and 72 ho

dgé ggésanples V\ereélég,
sprayed.onto a8tfia'fo I"‘lééﬁ‘?rgﬁﬁbq“hwéﬁda 58 et 8d A Hdesrut rﬁ?“f?)”‘teﬁe F8vE™t i ne
schedul e. sMubnonaISoﬁw ofsathd esolutibnd) wever ethew | pasaad | yh2dugh an

cont am nat ed \M ctr tci%rgall rrB; %Q e%u Ctot ger%%oftcon me?gt erSagglsessl @gom
t hrough 't he el &ct &Cont an nated w i croorg
after stlandi nge@sﬁomant lwece (ssr)aynéekmedﬁlaeq:le/ vaditer t ﬁehhspr age the aﬁy@oeoland

?ﬁgO][g: I”gwtg t@&xt%"i‘ﬂ@r Sfrdedidd Iﬁ'& @ﬁyllﬁeﬁlwrafhgbbf‘éﬂl@dwé& @ﬁ&@rv‘eﬂdf&at e
. 9- bacter1a1 growth after 26 .48 and 72 hours. Stored samples were also

sprayed onto additional agar media and observed éccording to the above 
time 'sCheduIef Additionally, samples which were 'originally
120 contaminated with microorganisms and found tb be sterile after passing
through the electfolytic ceil_were refcontaminated with microbrganiéms
after standing about three (3) weeks. There were then sprayed as above
"~ and according to the same schedule. _ _
\_ The results were obtained to date indicate the following:
25 ' _ '
1. Non electrolytically sterilised isotonic saline solution
will support the growth of microorganisms
2. Isotonic saline solutions packaged in an aerosol contalner
_ will maintain ster111ty if the product is initially
30 ' : sterile. | .
3. . ISotonic saline solutioﬁs containing microorganisms can be

sterilised by passing the solution through an electrolytic

cell.
4, Isotonic saline solutions passed through an electroLytic
35 cell, and added to an aerosol container containing

microorganisms, is capable of killing the microorganisms '

and rendering the solution, can, valve and nitrogen



" Sodi um 10

1. © Non electrolytlcally sterlllsed i sotonic saline solutlon wil | suppoft"

the growth of m croorganisns 2. ‘-- | sotonic sal i ne sol utions packaged iAa-an
. aerosol container will mai-ntain sterility if the product is initially 309
-sterile. 3. I sotonic.saline solutions containing mcroorgani snms can be
tefilised by passing the solution through an electrolytic cell. 4.
_'Isotonlc sal i ne solutlons passed through &n electrolytlc 35
cell, and added- an aerosol - container “containing nlcroorganlsns

“is capable of kllllng tPROPRL I OFBHil8ms and . rendering the solution,
can,. valve and- §jtrog@fer abcﬁftomﬁfé@m3)5h6éll§ emlcro%rgamsﬁfsteﬂdeﬂb%t aﬁhree

(3) weeks, microorganisnms ad f||

el'ectrol yt| cally steril?¥&§° a‘fﬁ"ng‘: zg‘f"ﬂ 3 5}‘% qcité IFHt §t§ﬂ11r1‘(§ﬁ?

- period. 5 Experinmental saline slepismtirerkidied sdtbin @ Zsalhome woliodi ons (0.9%

- W v) A Fornulatlon Al solutions were prepared by taking 9.0 grams of -
.+ Chloride, U'S.P. andadding it to sufficient distilled

“water to makeExpe@@fmertal of sol ution. B. - Packaging All aerosols were

prepared by agdi Ngp20Q@ration0bt tTRBLSAkI Q@lﬁé Solutions (0.@OLW)on (treated or

non-treated) to a. X . .3 X internalTy Tined al um ni um

_ -aerosol container- %nd s@ﬁﬂﬂ#@j@ﬁe can’ mnth st andar d-aerosol val ve , o
(Precision Valve Co.). AN bbgepngasereaprdphesd agdedking 9 Joe ghimhd ed smlrihﬁl ner -

at -a pqgésure of 18101093‘]5.9 {16§99 5atl§(?aa>dd1ng 1%“4;(;[ %%%Flcq%%ya}h%;: i’ﬁ% .Sided

to the
make 1000 m] of solut1on

| \/
B.  Packaging _ - . L

| | 'All aérosois_were'prepéred by adding 200 ?%. of the sa{éne

15 ‘solution (treated or non-treated) to a 2.089 x f.5" (5.3 x L ol

' | L cm) iﬁtérnally lihed aluminium aerosol'container and sealing the
.cén with_standard aerosol valve_(Precision Valve Co.). Nitrogen .

: gas'was_then:added.to”the'fillgd container at a preséure of 100
'psig (689;5_kPé); A_suitable actuator was_theh'added to the

20 ~ valve.



C' Mcrooragnisnms.Used The foll ow hg m croorgani sns were used in this
st.udy 1. Escherlchla Coli - is a gramnegafive non- spore formng
baCIlﬁHS ; is found as normal flora in the intestinal tract. Sone
gﬁzhogenlc stralns of E. Coli have the ability to invade the intestinal
osa and produce enterotoxins. The synptons seen are fever, chills,
abdoni nal pain and dysentery. -The bacteria gdrows very wel | on MacConkey
agar and nutrient agar (pink col onies observed) -The bacteria grows best

at an- incubation [err]. -The bacterla grows well in a saline environnent.
-One coul d. observe growt W f%%s4% Qaur perlod 2. Pseudononas
Aeruglnosa 1s a granmn rod. It is comonly- f ound

in soil, water, sem@&%rﬁ?%%@%ﬁl@%ﬂé@ﬁﬁ@@e)’eﬂ'ﬁ pged dredhiifal tract.

- The bacteria Or W&y -on MacConkey agar and nutrient agar. The organism-

is known to produce a b|UISh pi nt. naged pyocyani n and -a,greeni sh
- fl'uor escent pi ghent Qnown£§§3¥¥§g§§§egpg— ﬁé %a@F@HTReQP§a§Ebé§¥‘at an
i ncubation of [err] and g@@ureMﬁdrmﬂmgab&ahunasenvEtoﬁmembundGmmmﬂh was
‘observed ‘within a 48-72.h T r he tu i C,
U AAdbra 155 € IARCSTR AT LOBRAY ! UG

_|nfect|ng individuals who'a |ta nnunosuppressed
pathogenlc strains of E. Coli have the

~ability to invade the intestinal mucosa and
produce enterotoxins. The symptoms seen are
fever, chills, abdominal pain and dysentery.

o . .-seThe bacteria grows very well on MacConkey
C ~agar and nutrient agar (pink colonies -
observed). '

-The bacteria grows best at an incubation
35 37°C. ,

-The bacteria grows well in a sallne
environment. '

~One could observe growth withln a 24-48
'hour period.. _ _ .

2. Pseudomonas Aeruginosa - is a gramenegative
obligate aerobe rod. It is commonly -found
in soil, water, sewage and (in a small
percentage) in the intestinal tract.

-The bacteria grows well on MacConkey agar
and nutrient agar. The organism is known to
- produce a bluish pigment named pyocyanin and = .
a greenish fluorescent pigment known as
fluorescein. '
-The bacteria grows best at an incubation of
35-37°C and grows well in a sallne _
environment. Growth was observed W1th1n a
48-72 hour period.
These organisms are opportunistic, infecting
1nd1v1duals who are debilitated, burned or
1mmunosuppressed.



' o - I found in sp0|led f oods and - _
- 3. SaInDneIIa - ThIS organismis conmmon y _
'.|Z responS|bIe for food p0|sorlng D_h Nbd{akyﬁgdpr:getypsaeﬁfngengmrﬁraﬂg

" used to determne if bacterial growh was aki _
. . le. Petri dishes containi Ry
~nfted, then the product was deemed to be steri _ e
' ' d with the saline.solution ic
thé appropriate. growt h nedia were spraye h ne.sol ution whi
ted in different ways. . The follow ng type
-ngdbein FrﬁgcCOnkey Agar was used to enharite the growth of gran}?egatlve
bacteria. B. Col.unbi a CNA Acar-was used to enhance the growth o

| f saline
: bacter a | Results The foll owi ng conbi.nations o
' g(r)?m Pgal t Imvgr oor ganl ‘s -ﬁ%&é&% Thig cm@mﬁni?n eiseod:damwaly ﬁeh{a?\é\g'[ :d
| te: A Non-inm equﬂ@lfdbas&aﬁa | Ly
' Zgr?hgdsgﬁu??oﬁ + M croog . Saline Solution +IE?ec% o??f g oed||

. n Il.'E.- . Saline Solution +'
' lution + M _croorgani sm+-El ectrolytic Ce _
Eﬁgt?soﬁgth Cel |- +I%er§§%ﬁétihﬁﬂbntan1nated with Nlcroorganlsns ‘Tables | .

. and I - indicate the resum ‘t&tp@s"%‘f En%dq.%t Vere us~e?i~7t~o~%e8éex\'/nyine041f W '
_ bacter1a1 growth was taking place. When no growth |
- was noted, then the product was ‘deemed to be sterile.
Petr1 dishes containlng the appropriate growth media
were sprayed with the" saline solutlon which had been

treated in dlfferent ways. The follow1ng types of .
 media were used: h - o . U

A, uacConkez Agar was ‘used to enhance the growth |
: of gram-negatlve bacteria. '

B. 'Columbla CNA Agar was used to enhance the
. growth of gram-positive bacterla.
II. Results o
' The follow1ng comblnations of saline
-solution, mlcroorganisms and treatment through the
electrolytlc cell were studiea to date:
: A, Non-treated Saline Solution (Control)
B. _Non-treated Saline Solution +. Microorganlsm
c. Saline Solution + Electrolytic cell
E D, .Sallne Solution + Microorganlsm + Electrolytlc
- Cell - o _
' E. = Sallne Solutlon + Electrolytlc Cell + Aerosol
- Can COntaminated with Microorganisms

Tables I and.II indlcate the results obtalned to
date. .
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. TABLE I

X3

< —_
! .
= e
. _4A% O . _ g . _
Z.“ o Sterility of Saline Solution (0,9%)
TN . Electro~ . .
& O “awmmnsa=n Organism |iytic ~. [MacConkey | CNA | Microbial Growth* 37°C
1 1 A0 : Added Ceall "Media |[Media . Time
¢ - M s g .| To Solution | To Can . 24| 48} 72 |Repeat
! N O N HRS | HRS | HRS :
- [y
~ N
” o NE _
© Euﬁfoa Woter ———— ———— NO YES | YES NG | N6 | NG NG
mmtzﬂ mop:w»o: (Non=Aexosol) S ——— —— NO YES ves | nc | nG. |ne NG
.”%mmw»am moycv»os gzoanvonoaow ———— ———— . YES 'YES YES NG | NG ] NG NG
! _ _
. mwpp@w mowum»oa (Aerosol) ———— ——— NO YES YES 'NG | NG | NG NG
O H . . ! - . . . . .
Saline mow=?ho= {Aerosol) | m—— -——— YES YES YES NG | NG [ NG NG
B ‘ _
D !
D @ !
.0 O 1
c— K — —_
°NG R No Growth _
mhmsms mannv no growth was noted} this is not} an indicjtion ti{at growth will
@ot eccur if organisms are prespnt. It just| happened|that nd organisn{s were
. vnorosn D= these samples. _
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) _a. < TABLE 1I .
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- _7_+ + v
© - i+ - +0O . m...mu:wn% of Saline mof;..»o: (0. wp. - s»nv x»nnoonmmawuan bgmon
- R
™ FO TElectro- .
S _X +TEpatment Organism « Jlytic - [MacConkey | - CNA z»onovwmw Growth 37°C -
= _ Added :  Cell *Media- |Media Time
muﬁ + 3 7o Solutlon [ To Can . 2a] 48| 72 . |Repear
SO s . HRS | HRS | HRS _wH er
> : * .
" wmwgﬁmw_pwqmoa (Aerospl) . E. Coli - NO YEs | YEs ] e | arr | bt
.fmu%mn S0lWudon - (Rerosol E. Coll (- YES YES YES NG | NG | NG NG
‘N " K . . | . .
© mw@:ﬁ mopcn»oz_ (Rerosol) - E, Coli | NO YES YES +++ ] 4+ | +++
|| sa¥ine mowcﬁCos (Aerosol) e |E. Coli | YES YES YES NG | NG | NG NG
L 11@»“0 mowcnmvoz ;nnouo:. Pseudomonas| =~-=- | NO .} YES YES . | +++] +++ | 44+ o
A mwwez_o+mo~.cﬁnc=. (Aerosol) - Pseudomonas w== | YES YES . YES NG | NG NG NG
_|saXine m&»:EB: (Aerosol) ——— Pseudomonag NO 1’ YES _nmw. I 44+ 444 | +4++
_ %u »&o+maw@n_hb= (hAerosol) . L m— wnmﬁn_ﬁsnM. YES . 'YES YES NG } NG |NG
mmw_o slation (Aerosol Salmonella | === NO | Y¥ES YES | 444 ] +44 |44
ne mo_ncﬂnba (Aerosol) Salmonella | ==~ YES YES YES NG | NG NG
- mu:éoZmo .Lb: ;m.nomo: —-— Salmonella z.o nnm YES et | b+ [t
_ mmwgnlmww@n@o: (Aeraosol) - Salmonella| YES YES YES NG | NG |[NG
. . O . : ' o . . .
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N~~~ 2 . 2+ 2+ S (w 't ) S . o4 oa u cn.

U Z.R'E)._Jr S0+ O+cn' cnj Lo S + + . FV.
' * - N x4 |~~095 . : ' .
~~~~~~~ -10- Strept ococcus F alkalies were al so stud| ed in a manner
'SI Iar to the other organisms. Sanples of organi sm were added to ‘i sotonic
saline sol ution packages in an aerosol can . The sanpl es packaged w t hout
passi ng through the electrolytic cell- wed a great anount of bacteri al

gr-owt h while the sanples passed thr ough "he cell and then packaged inan
aerosol contai ner showed no signs of growh, The :
‘bactericidal/bacteriostatic properties of the isotonic saline sol uti on S
‘believed to -be attributable to the formation of a conbination of ozone,
hydr ogen peroxide aStreptdicaarhy @alikaliies. vere iepasudipdsin ®y sal i ne

sol ution throu%ﬁﬁbﬁ'ﬁ%&ﬁk%é Gtrs‘e_eldtﬂa&Soﬁé@ﬂi@m as&absuésomf having a

short tine span of steril |zaté c‘_(3 ab| i’i‘? #’R yas unexpect ed to’
“di scover that sEFFHETHMEFoR ‘g%% 4 45658 gﬁ eCtrorytic cell and |
pronpt |y packagesickagee [nessureresPl esgel T&acw%l% aer osol cont ai ner, :
woul'd retain thg,sk&dfdd hAthbes ﬁ@wﬁd |th¥'oQ§Ertl@e m@dt&engdwedem

o DT Pl el ks, AU SBE DA LAl for a1 Lhelr
Phvsi cal - St udi esaipbss ipasKad tipoeugintthsf p@lla@@;tﬁﬂtﬁryga§kﬁged in - ngy _ .
m , gy an aerégoﬂnloﬁﬁalnerpﬁﬁgwed no signé\®bf groWehl - Ag
R . - ‘ The bactericidal/bacteriostatic properties of .
ket -ihe_isotonic'saline solution is believed to be
attributable to the formation of a combination of
" ozone, hydrogen peroxide &nd sodium hypochlorite.
In the past, passing saline solution through an
electrciytic cell has produced a solution having a
short time span of sterilization capability. :However,
it was unexpected to discover that saline solution. passed
- through an electrolytic cell and promptly packaged in a
pressurized uessel; such as an aerosol container, would
retain the sterilization capability over a protracted '
-period. Samples prepared according to the above have been
found to"rétain their,sterilization_capability for a period
approaching four months.

Chemical and Phvsical Studies . : :
' " Drop_in NaCl Content After Electrolysis

ml: ng ml - = mg ml
ng : oo _ _
' . Ag . Nacl Ag NaCl Ag
NacCl . : .
First Dav No, /ml _ No3 £n1N03_
/ml ' : :
Not treated 15.62 9.1225 15.60 9.1196  15.70 9.1450
. 15.60 L 15.61 15.60

Passed '15.40 9.0290. 15.35 8.9705  15.30 8.9296



NaCl First Day lerr]. /M .+~ No3 . /ImNo3 Nottrated

- 15.62 9.1225 15.60 9.1196' 15.70 9.1450 15.60 _
15.61 —— - 15. 60 Passed - 15 40 9. 0290 8 15.35 8.9705 .;:’
- 1§..30 .8.9296 -Through Cell - 15.50 ° - - 15.35 _ '
15726 2nd Day : 15.40 8.9998 . 15.30 9.2050 - . 15.22 . 8.9004
¢ .15.40 15.30 . _ : 15.24 6th Day - 15, 35 8. 9559 -
(- 15.30 8.9267 15;20 8{8829_15.30 o - 15.25 C T
15. 20 12th Day ~~ 15.35 :8.9764 -11- 15. 23 8.9121 15.20 8.8887
15. 37 ©15.27 15.22 '18th Day . 15.37 .8. 9822
15.21 8. 9088roughl 2e? 151§750 - 15.26 - 15.20
8.8829 24th Day = - .36 8.9822 1513524 8.9121 15.25. 20 8.8829 "
.~ "15.36 - 2nd Day 15, ZEB 40 8.9998 Ipe glrgp.in SOdI um chloride,
content is consistent wit¥b.4ee fornation of 1§0§ib um 'h?/’%(gchl 8tREo4 -

- sterili zatlﬁ[}brcpqpabl ity is affected by the duration of ti rre tzhat t he
.saline solu ¥s subj egtsegﬁ 08ePB883r ol ysi 35. 30 s®@.Jggest i 14 Jdohak . 8f2e -
i ncrease in voltage nay Oaf fect the stedrbb2Zation capahig.iztoy. This is

“-Before Cell . 15.870

- denonst r at epbﬁ;y;ja e foll qu, @g dat n #1 Can #2 © Aver aae
y g 9764ca %50@78 .9121 15320438.2882r 1 -
Pass 8.9413 -8.9413 ° - 8.9413 A5paeses

. 8.8820  15th DBysg46  15.37 sEv@AB7 3 Pagsom s, 2033 95 |
- 8.8712 ~8.8654 41Fad3es . Bs Aieh4 1% %2038 -8829
60:10 Passes

: ; 1
8.8274 6 Passes | 7660 8.7660 - - 8
8. 6900 - ik D3Ygsg3 15 3 B8R Whi | B543% Wbzt of 1Bheoi Ny eg 4N

has been described in terlrf?s:a(s)f "el-ectrol yzi¥y2& he saline 46.abi on outsidé
- the aerosol container, ‘i t‘héh@b@ﬂ i}?s‘éagﬂs&ﬁoo%ltdreago;xpeentp rlgsgghsels(taeenrtosm )

w1th the formatlon of sodlum hypochlorlte. The sterallzatlon
capablllty is affected by the duratlon of tlme that the sallne
solutlon is subjected to electrolys;s, also suggestlng that an -

1ncrease in voltage may also affect the sterlllzatlon capablllty

Thls is demonstrated by the follow1ng data:

_ _ Can #31 - Can £2 . Averaage
_Before ce?'l e 9.0465 ' 9'.'0407 : - -“9.0436 |
After ;. gassj . 8.%413 8.9413 . 8.9413
2 Passes 8.8829 . 8.8946 8.8387 . - - :
\ 3 Pa_sses : - 8.8595 8.8712 8.8654 W
| asses - 8.8244 © 8.8303 ' 8.8274 ' |
16 Passes 8.7660 8.7660 8.7660
.10 Passes : 8.6900 - . 8.6783 8.6842

Whlle the method of the 1nventlon has been descrlbed in |
terms of "electroly21ng“ the saline solutlon out51de the aerosol
contalner, it should be understood that the pPressure (aerosol)
.contalner, per se, may function as an electrolytic cell by the

appro '
jo) prlate disposition of electrodes and electrlcal connec‘lon as

part of the container,



contai ner, per se,.may function as 'an electrolytic cell by the appropriate
di.spogi.ti on. of el ectrodes and el ectrical connection as part of the
conta™aer.  -12- Further, the nethod of the invention has been
specifically described with reference to nitrogen as the propellant. O her .
~ prgpel Fants, both liquified gas and conpressed gas nay be utilized. In this
connection, the nethod has been described in terns of adding propell ant
through pressure filling nitrogen gas. However, if .other than conpressed
gases are enployed as the propellant, other systens, such as, for exanple,
under:the- cup filling of propellant may.lpg enpl oyed. Additionally, while
‘the invention has been illustrated by describing an aerosol container

“wherein the propel I ant di sp n ontainer.in contact with the
saline solution, it sh%"lﬁiﬂ‘ %?d@?t‘i 0%8% g?u%l ’In[vef‘élﬂ'r 8%%;}3393? viewed by the -
inventor to b@pérﬂ%lgﬁﬁi fdQEE}:il:SHd amt@exr&e%nsé)rﬁoahﬂefoglaavw&n%t erilized '

sal i ne sol ution) that t%'ue saline solution may be packed in an aerosol

- contai ner of pimwpeddashi | @éthéplmmllmmse bpth tHiquipiest gns and conpreansel -
contai ner, the roduct tg. he dis andt eIIa ne Sg arated by
a piston whi PRSP Hrig fﬁ‘g ?{ﬁj,cﬁgf‘e‘g‘;d% t’&%% $ -
response 1o t&&&f;%@&U{@ ﬂ%ﬂsr@é Padabe/ e pli PRl Itﬂe&u 9@55@:@91911‘ nt;he

pi ston. Actuation of the valve on the product side o ?he pi ston. provi des

an openi ng fmitmeprgamct Howewgr,edf dthem than compaesssd. gas@teosrﬁgemzﬂewm ve
~term nates: fl ow of Broduct Pgnd novement of EI st on.

nmethod for ¥hPHPERFHAFEn LT EYTHTSe, SUh &S0 G e§3$ffe EB??J'E |t5’ﬁ?

h.a\QJng | ong 5@;; rg,_ﬂg@éldft iSroﬁ‘é’ﬂanEoﬁ% geegﬁiggegnt ion of. -~

R :¢j} Addltlonally, while the 1nvent1°n has been 111ustrated
by'descrlblng an aerosol container wherein the propellant is
disposed in the conteiner in contact with the saline solution,.it
should be unders;ood (and:if is presently viewed by.tne-inventor
to Se the best'form for an aerosol container having sterilized
saline solution) that the saline solution may be packed in an
aerosol cbntaiﬂer'of the so-called "pistoh“ fype.' Iﬁ the "piston"
'type.aerosol container; the produet to be dispensed and the
propellant are separated by a piston which moves along fhe
_10ng1tud1na1 axis of the contalner in response to the pressure' |
lgenerated by the propellant on one side of the plston. Actuatlon'

*"of the valve on the product side of the piston provzdes an openlng

'for the product to egress from the container. Closing the valve

terminates flow of product and movement of piston;

.



5 - biocidal activity, which conprises el ect roI ytically sterilisi ng an
aqueous sal i ne sol ution by subjecting the solution to el ect rol ysis in an

el ectrolytic cell, and packaging the electrolytically sterilised soluti Q.rl;‘
ut_er_ super at m)spherl c pressure, in an aerosol . container equi pped with.a
dispensing val ve pernm.tting the dispensing of the 10 - . sterili sed -
'solution fromthe container under _pressure132. A nmet hod according to
‘Claim 1, - wherein the saline sol ution is an isotonic saline solution. 15 _
3. A nmethod according to aim1 or 2CLAB& ein the saline solution.is
"sterilised prior to packaging in the aerosol container. 4. A et hod
according to-Gaimygd gL, }?o v%reén the electrolysis is effected wi th sai d*
sol ution |n said contar ner. he  prenszahign ®fccotefiilg, boociiay swignef

Caims 1-4, SMAetdns hewéne| éoig oterin Gtaberiithi Zaki Q@ng'S t@H epét%qa%n ain%
' l'ied 5/ | 1 b.
appl o4 50l tagroslaa %ttl‘h@ o Thien %%mé’réfeesrﬁlleg&fﬂé’&%ﬁkldn S%gfq?i;ékmgedn n-

any one of .C aims: wherein
sai.d cont ai ner*34RYEY s?h’é“edﬁ?’étttl%r@ssubxecoina the esdutiGLdoPE RR]LH A s T

7. A methocgn atexdrdiyigic @11 AThd PREK rein the 30 .
. sterilised solg g?ﬁpqml sup ccka ed’al n Sgl d écéon %l‘?\ge%ﬁgﬁg%ﬁgt’s‘\iﬁgyoﬁ%”ﬁ%‘%n .
. sealingly and s ngl AR tmasphed ig oRr s svee, aiml operexdbsely ¢oid@indhe

appl i ed pressGﬂelmedaWptlesasudimdsmgomahb@npe&ﬁ&ﬂ%Ck@,gﬁq ntsglﬁ%ic?g a‘B!ner
met hod e cordi

'_ on the @PPOsi keeSi1dgedf
~Claim6 or 7; wher ei ﬁ@tsﬁgbglroglsg%ﬁ"l stgﬁl C&“B?)’él‘lr aWtdegaBressune ¢ r ogen. 14°9.

Sterilised, b| oci dal saline solutions when prepared and packaged by a

rnethod claimed.in ametapd dokold @zMd A sterili ed bi oci dal saline
sol ution accogdin aim 9 which Tﬁam}q Wherﬁ”fg d“%a?l"ll‘h"e‘%omtalnon o/

11. A pressuri sgdcas 6B%Is°&8ﬁ’t°& ner equi pped with a d| spensi ng val ve for
di spensing the liquid contents of -the container under pressure of .

15. 3. . A method accord1ng to Cla1m 1 or 2 where1n the sal1ne solut1on '

1s ste1111sed pr1or to packaglng in the aerosol container.

4. A method accord1ng to Claim 1 or 2 wherein the electrolys1s is
_ effected w1th said solutlon in said contalnex
20 '
_5.- A method according to any one of Claims 1-4, wherein the
electrolytlc ster111zat1on is effected at an applled voltage of about
7 8 volts. '
25 6. A method accord1ng to any one- of Cla1ms 1-5, wherein the - s
.sterlllsed solutlon is packaged in sa1d conta1ner under the direct
pressure of a pressurlsed propellant gas.
. 7. A method according to any one of Claims 1-5, wherein. the
.30. sterilised solution is packaged in said container on one 51de of a
piston sealingly and slld1ngly engaging in the container and operat1ng
under the applied pressure of a pressurlsed propellant gas packaged in
the conta1ner on the oppos1te side of the piston.
35 8. A method accord1ng to Cda1n1 6 or 7, wherein the pressurised

propellant gas is nitrogen.

AW



-

a propel | ant gas packaged under pressure in the container, wherein the 10

ILqui'”scontents of .the container conprisé "an electrolytically
steril¥sed, biocidal aqueous saline solution, the said sterilised

Sgkl ne solutlon retainingits b|0C|daI activity in the contai ner over a
prQtracted period of tine. 15 ressuri sed aerosol container
according to claim 11, mhereln t he sallne %glution retains its biocidal

activity for a perl a pont h press rlsed er 0s o
cont ai ner accofdi nggg‘%r @? Tcgfia](ifalﬂf Sds““%%?’@?’h P RRATSS] ‘ai

an i sotoni c sabyremsthadt cbaimeddin anA gmdesk Blated-8er osol cont a| ner
‘according to any one of clains 11-13, wherein the sterilised, biocidal ,
~saline solution is packaged in the container under direct pressure from the
pressurised prdpel | Artepblised, bjagidalssaling sglekionrsosending be laumAtdiiabr

accordi ng to apy LNesefonst &dalBnd Loideiopherein the st erilised, biocidal
.saline solution is packaged in the container on one side of a piston

'slldlngly and sealingly engagi ng 30 . in the container, and the
pressuri sed propel | Aniregan-iised packsagledontaihe eqppaeidt i thi dfﬂasﬂﬁ)suxg Aalve

pressurised aegos %'150&%56" N6 AEEQAU AL 3PV EoaifbA dRes brRsurdGEC N
the propellant gas | ogen.

a propellant gas packaged under ‘pPressure in the container, wherein the
10. © liquid contents of the container comprise ‘an electrolytlcally
sterilised, biocidal aqueous'.saline solufion, the said sterilised

\,g saline solution retaining its biocidal activity in thé'contaiﬁer over

- a protracted period of time.

15 _12; A pressurised aerosol container according to claim 11, wherein
the saline solution retains its biocidal activity for a period

approaching four months.

13. A presSurised aerosol container accordihg_to claim 11 or 12,

20 wherein the said solution is an isotonic saline solution.

14, - A préSSurised'aerOSOl container according to any one of claims
11-13, wherein the sterilised, biocidal saline solution is packaged in
the-containér under direct'pressure from the pressurised propellant

25L ._ gas.

15. A pressurised aerosol containéf.according to any ohe of claims 

11-13, wherein the sterilised,'biocidal saline solution is packaged.in

_ the container on one side of a piston slidingly and sealingly engaging
30.. in the container, and the pressurised propellant gas is packaged in the

opposite side. -

16. A pressurised aerosol container according to any one of claims

11-15, wherein the propellant gés is nitrogen.

O



