1’ WATERBORNE LUBRI CANT FOR TEFLON PRODUCTSAY 8K dr dund
J6f the Invention This invention:relates in general to a novel 1PO3Y
~lubricant for nmedical devices, in Particular intravenous (IV) cat hetgrs. |V
. catheters are generally used on patients to infuse liquids, such as nornmal

- saline, glucose solutions and drugs, iglto the patient These catheters are
al so used to withdraw blood fromthe pdtient for bl ood gas and ot her

anal ysis. . In order to place a catheter in a patient's vein, a sharp

i ntroducer needl e nust be used to puncture the skin, tissue and vein wall
to provide a path for placenent of the catheter in the vein. Typical 1V
catheters are "over-the-needl e" catheters where %Eg éabEgﬁﬁg Is coaxially
pl aced over the needl e.mw, ated adj acent
to and proximal of the sharp distal tip of the needle. Preferably the tip
of the cat h&=spTs f the Igyentior ly to the tip of the needle to ensure that
both the cathet ey el ireRlorel REFAGVRI lubiaRt @ mbiBal Hsiites, I ettt
vein wall and into the patients Vvein. The adherence is achi eved by making

t he inner diiatrevessusqlV) citbetesst I cathetersoars igengrallyusedan patientsfainfuseliqyidser

di t ft de. . Pl t,qf th t het i nt
the pat | ent ERaOERLAAine giyrorREnS A0d Sivet. o FR RO, ThEs (ifpg o' ©
i nsertion OfaléJI%eeﬁ\biﬁ{d?éwﬂaéhﬁ&ﬁﬂe@éﬁ@éﬁoﬂﬁl&b&qﬁsm%&mﬁﬁﬁ.m ze patient

di sconfort the catheter and needle can both be |ubricated. Mst IV
cat heters and neladirdes toplace apathetet in@ patient's)ysiny a sharp infroduces paerdle Bt Reone

fluid. However,.sone |\, cat.heters . e | t all.
The pol ydi r’ré‘fﬁfos‘? "&%@e%ﬁﬁ% eearﬁ‘ﬂeﬂ%%lg@ e aepap%g&ﬁ)y*ﬁgﬁtﬁr Lace of
t he cat het ercgafiiatbr RPRE MEInL Yypitdd IV athéterssids foveethewicbdie't dathdterb whewithe catheter
Alternatively, the catheter and needl e can be separately dipped into a

| ubri cat i on i8eeaxiallsplaged eyer faineadiay The distal fip okihe catbeter iF Wéﬁﬁ"%mé%?% nt.
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pol ydi met hy! stightiyta the tip of the needle to ensure that both the catheter and needie travel together

through the skin, tissue and vein wall and into the patient's vein. The adherence is achieved

by making the inner diameter of the catheter tip slightly smaller than the outer diameter of

the needle.

Placement of the catheter and needle into the patient causes sharp pain to the

patient. In order to facilitate insertion of the catheter and needle into the vein and to
minimize patient discomfort, the catheter and needle can both be lubricated. Most IV
catheters and needles are lubricated with polydimethylsiloxane silicone fluid. However,
some [V catheters and needles are not lubricated at all. ' _

The polydimethylsiloxane silicone fiuid may be applied to the surface of the étheter
and needle by wiping the surfaces with the lubricant. Alternatively, the catheter and needie
can be separately dipped into a lubrication soldtion of polydimethylsiloxane silicone fluid and
a solvent. This is generally the preferred method of applying the lubricant because a
consistent, controlled and unifom coating can be achieved. The polydimethyisiloxane .



2 ‘silicone fluid nust be dissolved in an organi ¢ sol vent because the

Silicone oil in this conpound is hydrophobic. Typically, the solution
contains 2.5%silicone oil. Until recently the preferred solvent has
been freon because it is non-flammable and flashes off, i.e. evaporates,

readily after the polydinmethylsiloxane silicone fluid solution has been
applied to the catheter and needle. Al t®ough freon has been preferred, it

does suffer some drawbacks, For instance, the high evaporati te of
freon cause§“‘?‘m§"H@l‘?'{ﬁH%f’ﬁ??"fﬁq'B?ﬁﬁ@@lq$@8ﬂ@e#ﬁfgfﬁ%€%8ﬁ8@&¢'§te on the
surface of  Lhgnsiaki hyafophBoid Hrficdin) né Sl on@itd 2iB8eslliconalor. di pped.
Because of thi's high evaporation-rate, the solution is difficult to

control . Mor eovdintil eehéntly$he prefeoad selvent hes beenfresabacasise ifis fonfiammaple aad s of

freon during the c¢qating process,. | ddi tipon., freon i B .
chl or of | uor ¢ Esoﬁeﬁf?ﬁ- '(etﬂé° c@y%%ﬁ&@%%tsﬁ%edﬂ%%ﬁlw&“}aﬁe
earth's probgsd applie@BINE cAtAMEF andriidale! ARNOTYRedA hiis Becnipdefosed, itidoes siiffdc-Cs

will eventually cease in the near future. As a result, other solvents wll
have to be some diawbackse Fof bstants, thedrigh evappeationrataof fiean Fatses flenedi cal

devi ces, such at het er s..and -needl r Qrtade LR & t?l%‘rﬂwﬂ
solvents in WM&@%%VGL al coho ar'ld _ feh the
hydr ocar bongafhe®r Ahdiidedlc@s Hippéd. HB&caudd 6 this Rlgh evaporationirate, thasdlalianis t o use
| arge anobunts of these solvents in nanufacturj ng. Sunmmary of the

| nvention difficutt to control. iMereeves this salutin) is expensive Recause,otihe 199¢ 1035 ¥ de a
| ubricant fof . | | 330R é@ﬁr@ﬁjﬁﬁn‘&ﬁﬁoﬁ FEY viRatis dl e
assenbly, t?l"(;l %%%ﬁgﬁ e&?:lse o¥ a as a sol?(\:/tﬂ . Efﬁﬁl S

anot her obj a6 teadfwithdind destrsythé earth'Oprptestiveckezoae layén iThasithefmanutaciueelandtise

devi ce, such as a catheter and an introducer needl e assenbl t.hat, . does not

require the %Wq%Wﬂ@%WﬁaﬁmmwT& @F%&f‘@b‘?’é"’%‘f%ﬂfa"g

It is yet a Sgeéﬂhbﬁﬁ' Einide Tuld 1Y BB abAiid(ts mdkiei ddicas, sud d<‘cttietdts and

sol ution fo?gggms I ca ?gv'lkce, such asbgll cat heter and an introducer needle

assenby, t haieelles,iforasp @s silubricantd Othier wolvents include glcohol and hydrocarbons. However,
alcohol and hydrocarbons are highly combustible. Therefore, it is too dangerous to use

large amounts of these solvents in manufacturing.

- ‘Summary of the Invention _

It is therefore an object of this invention to provide a lubricant for a medical device,
such as a catheter and an introducer needle assembly, that does not require the use of a
CFC as a solvent.

tt is another object of this invention to provide a lubricant for a medical device, such-
as é catheter and an introducer needle assembly, that does not require the use of large
amounts of flammable material for a solvent. '

i i yét another object of this invention to provide a lubrication solution for a medical
device, such as a catheter and an introducer needle assembly, that is inexpensive and easy
to control.. '



3 It is still another object of this invention to provide a
J.ubrication solution for a nedical device, such as a catheter and an

i ntroducer needl e assenbly, that is "environnentally friendly". The
| ubricant of this invention is a silicone surfactant, which is a good
| ubricating fluid. In addition, the silicone surfactant is preferably

non-ionic because it may have Iovver tochity than the ionic form Since

silicone suf act il surlGuBPbiibct SA i Ve, BBAGh Sution Yoreink@ad t O
provi de a Iubrlcatlon sol'utron for appl catlon of the lubricant on the

medi cal devidedce, sdchrasdi cattietatend ar introducee deddicasspwbly: thatia Menvispaseartsiye ne,
i.e. Teflon, are to be lubricated, small anounts of alcohol may be used in

conj uncti onf@dK" wat er as the sol vent. Al cohol facillitates wetti ng of the
Teflon surface apd ukicsM bPhistnentidnis @ siRand Sitablant Which 84 gouaibrivatind Wiid.
Tefl on surface once the al cohol and water evaporate. The | ubrication

sol ution mmmmmmsmwmmis@mabmmwmdmymwmw

degradation_of the |ubrication solutiqgn . and t f the
| ubri cant | H‘aﬁé‘lﬁ'ﬁ“ﬁg’m‘t %M&ﬂ??’!?ﬂ%ﬁ%‘s n N &a{?tj{ﬁﬁt rrehé&jc evi ce
to be | ubri galéiitd srodida RibricHion slatiotiier applicdtivh iothe ibrbarition thie edicdlaeiity. t he

| ubrication solution and antim crobial agents to _inhibit merobial growh
in the | ubr ifenediceldayises fomed foom pelyietrafiuometiyipneeis- Jﬁﬂ%E(ﬂ‘EEeW
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Descri pt i onwefting BEthe Mefidi suffdice and promotés itnif@in dokting of thecnbricant drethd Teiors sed
interns of its application to IV catheters and introducer needles, it is

to be under Sudase onpatheelgoboliand water 6¥ARORIE-d be used on ot her nedical devices

where a | b ci s bicldSaRfloh ey HYidcfick Sndfin e/ GHRb Berivatives to pfbushd | cone

surfactant is use ca t since it Is a good lubricating fluid.
The use of degrabativnoethe lubiieationrsblutien aridtolenbancedine lubrinity pithe dubdcants #n and

[ d dl I d he i kel i f |,
e neod ¢ PG, by hisealonishiion n it e et oavier 1 o0 il 3 ibpne Y 0.
the need| e ?rﬂ:ﬁ?g i %séﬁﬁiéio@éﬂﬁ&efﬂ%m&édeIWﬁﬁts

Furt hernore actant has a higher affinity for the catheter and

needl e. As anhitssittobiat grewthin fhedubricationslution or enihe cpafedmedisalidevise.and i s | ess
likely to be The above and other objects and advantages of the invention will be apparent upon
consideration of the following detailed description.

Detailed Description of the Invention

Although this invention is discussed in tems of its application to IV catheters and
introducer needles, it is to be understood that this invention could be used on other medical
devices where a lubricious sutfaoeonmedévioeisdesirable.

A silicone surfactarit is used as the lubricant since it is a good lubricating fluid. The
use of a silicone surfactant as the lubricant for {V catheters and introducer needles also
reduces the likelihood of poor fiashback through the needle lumen. This is because a
surfactant tends to draw blood through the needle and does not resist blood flow as most
silicone fluids do. Furthermore, the surfactant has a higher affinity for the catheter and
needle. As a result, the surfactant improves coating uniformity and is less likely to be




4 pushed out from between the catheter tip and needle, thus controlling
.adhesi on between the catheter tip and the needle. Anot her benefit of
using a silicone surfactant is that it is water soluble and can thus be
applied to the surface to be lubricated in a solution of the silicone
surfactant and water. The use of a water soluble |ubricant for nedical
devi ces reduces sone of the problens asgociated with prior |ubrication

s L _ W uor
sobutions Eﬁﬁgé%w&%m&r tig U HRelld thiS &dnrBiing SdHiékiof Betwien the

relatively I's easier to control than freon or al cohol based
| ubri cat i oncatisteritipcand thelaeediddi ti on, water is an "environnentally friendly”

conpound. Wen a Teflon surface ig to b oat.e 1+ h LLGa hi s
i nvention, a snﬂ?@rﬂﬁ%%?s'ﬁqﬁﬁﬁﬁmﬁfgﬁ%&ﬁ%&g 'éa"a?%%?'@gﬁé‘? %&Etpg%b%se
as the sol vatdied fdifie &irfiel & beliblidafbd 1A “RoRLBVORRS SiidonssLi@ittant aadwataa MY
equal to 150 'and shoul d have the fornula ROH where R is any alkyl or a

subst i t ut edusd dfplwaterdplubleditisicant ferumediqal devices fedsicesipame of tagseroble@dhol s havi ng

a | ow nol ecul ar, i ght _becausg as,the ' ' -t he
solubility Wﬁ@ﬁ&ﬁ%’ﬁ%@&%ﬂ%@é&%@n agtw,atéé'l coEoi S ﬁa“{‘/ﬁqng a
mol ecul ar  WehiGHitn iSfchildy inekstnsiv BndRYealiet toiohtelItvn frsonwhaleshalbasedi || not

provide a lubrication solution that will work in accordance with this
i nvent i on. febd¢ation Belytions.s Inaddition, waterds an “enyirenupentally fiendlyieampoynd s Whee g, o

to the wate Cl L | %lﬂﬁcéﬁf ihERCE smifiirRburit 8¢ atcohol

hydr ophobi c?ei@%a‘%goﬁecat |egnwg'3{'eu I'on ajr’fﬁtghus ;@bﬁuces a unisﬁc orm

coating of lisuld beddded & the wateh for isé hothesolvéatc The alcohdl isbouldhaverat malecytarr at es. .

The al cohol shoul d conprise nore than about 0% ar:%]%ﬁﬁs t han. about 30% of

the Iubri cawemwmmwmuﬁm@amwwmféw d"ﬁﬁ%ﬁ% Aen

about 5%to @E%ﬁ“@% InC Flsd \ oo haing @M6W molRdEé SES
Sthe T ubr Peat | on soI%Mb?it,g o uskal g

bel ow 5% of the Teflon surface IS poorly wetted
Wi th the solwegighttecalteass thdwmolroulanweight incresses the salubdigisefdhe aleohohiniwatary

i ncreases. However, when al cohol. conprises ov 20% of Lubr,i '

ol Ut on. "1 PRGTRR INISIRPEEoR e weiph areniet Ban o may R bl

| ubr i cat i on Sk Uhd @il ndl frbyiga'h lubtiSatioa B8lufion that will work/i acdordapeawitsthisl act ant
shoul d conpri se between about 0.25%to about 40.0% é’?referabl y from about

2.0% to aboirnvedtiddyPraférablydsonoonyi sloshol isiused Hig gdditionef glcehat nfae walef act ant
oo ki ol 2 Bl VB 8ol b B bR inaly o 2
sur f act ant s gis@rotbds?d ool Sodting dEtheRsbiritartt dn the Teflon surface once the solvent
evaporates. _

The alcohol should comprise more than about 0% and fess than about 30% of the
fubrication solution. Preferably the alcohol should comprise between about 5% to about
20% of the lubrication solution. When alcohol comprises below 5% of the lubrication
solution, the Teflon surface is poorty wetted with the solution. When the amount of alcohol
increases, weltability increases. Hawever, when alcohol comprises over 20% of the
lubrication solution, lammability problems significantly increase making the lubrication
solution difficult to handle. | .

The silicone surfactant should comprise between about 0.25% to about 40.0%,
preferably from about 2.0% to about 6.0%, of the solution. Preferably, the silicone surfactant
that is used is a Silwet silicone surfactant. Sitwet is the trade name of a class of silicone



pol ydi net hyl si | oxane bl ock copolymer. They are simlar to standard silicone
Sfluids except the pol ydi net hyl sil oxane backbone has pol yal kyl ene oxi de side
chains simlar to nor-ionic surfactants |ike poly-(oxyethyl ene)

pol y- (oxypropyl ene) bl ock copol yners known as pluronic polyols. The side
chains are termnated with either hydroxy or | ow al koxy end groups. One of

oossrty oo S bEDS R Rad TS Bk b BB O30 Al

[err] polydimethyTBil6xaha blotk capdiyiriers] Hiclyiabosinilarab yentdrd sificpreifipivsexceph al so
be used as the lubricant alone or in conbination with the &o%{'?) kvl.ene
oxi de- mdlflwmpmﬂe kylens s are

soluble in %Eg/ W@xa@%m@ m;ﬁ@d
wat er. The po ; @(er@yom de cha| ns aI So prondte wetting on pol ygt her
ur et hane summbswmwamammmmwmwwam fOngaki ng

chai ns ‘and SHbeso el ives| o o e Eegiar okt Sl aRd AR M Afn -

affinity forceﬁﬁﬁd{é@ti&e&%&ué}'foﬁﬁ@&sshownbew hough surfactants can be-
irritating or toxic depend| ng on exposure | evel s, the Silwet silicone

surfactants are copol materials, silicone fluids and
pol yal kyl ene oxi des,f OXl 3t In particular, Silwet. L7001
has a very | ow oHdersi L,I owi ng, or skin penetration
and is mnlmally’lrl tin and!-lls not irritating to the eyes.
Thus, there should be ho ems When: t he Iubr| cant of this

| Bt

The amino-modified silicone polyether copolymer can also be used as the fubricant
alone or in combination with the polyalkylene oxide-modified polydimethyl-siloxane block
copolymer. These surfactants are soluble in a wide variety of solvents such as CFC,
alcohol, acetone, and water. The polyalkylene oxide chains also promote wetting on

' polyéther urethane surfaces. Polyether urethane is a material that is used for making IV
. . catheters. The similarity in chemical structure between these side chains and the soft
segment of polyether urethane promote the surfactant’s affinity for the catheter surface. _

Afthough surfactants can be irritating or toxic depending on expasure levels, the
Silwet silicone surfactants are copolymers of two polymeric materials, silicone fivids and
polyalkylene oxides, which are lowin toxicity. In particular, Sitlwet L7001 has a very low
order of acute toxicity by swallowing, or skin penetration and is minimally iritating to the skin
and is not iritating to the eyes. Thus, there should be no toxicity problems when the
lubricant of this invention is used on a patient.




Exanmple No. 1 Initial studies were conducted by separately dipping 20
.gauge catheters and introducer needles into 4% 8% and 32% Si |l wet L7001
silicone surfactant and water solutions and then assenbling the catheters
and needl es. The assenblies were penetration tested though 13.5 m . thick

natural latex film 5 4% Si |l wet L7001 8% Si | wet
L7001  32% Silwet L7001 Needle tip '24.5(0..9)
23.3(2.9) 24.3(5.8) Needl e té’%ﬁ?ﬁ'}"bﬁ (g) 18.5(2.7)

17.0(2. 2 " 38 4ratef)dipping Q4tfictéds and
10. 5%1. 53 '"ma'z]zs?lﬁ’%(f%‘ggthﬁeétge:?yti 3 ((g?)d'mzogah.ée ssen

26.0(3.7 28.3
(5. 3) introdBoed néddiE) intGat%, @% and 3296 Sityst L7001 si!'gaﬂs@ef.f@}aﬂ'af)‘dwatef 15. 0( 3. 0)
10. 3(0. 8) Cat het . 7.3(1.9 .4 0
(0.0) " NoTEsopferand ih drSetling e el s nepdies. T bsSerdtoZ o penciraich

gi ven repr egedidd thivRigh 3.6 Mitthick riaturdnaewfiien t he device is penetrat ed’
t hrough the | atex nmenbrane. These val ues are conparable to th(_)_sg of

currently marketed product s4% Siivetlad0l ubr i 8%tSHetti 7001 di (

fluids and aNedRepYey than prodasyes)hat are 28:3(@5)i cated. PABLSSXanpl e

t hus shows tpatiledransitiorofghe sur flasyam wor ks ad78(R2pri cant f 36.0{18ht het er
and/.or i ntr atbedietheal(g)l| €. 11.010.2) | ubri cat 165 (88) uti on nay8-8(&B) i-ncl ude
vi tam n E orCatheterdip{g)vai ves. P2604BIPIy 0. 1% 2868 (68but 1. 0% &B3(1Bhnin E or
its derivat iCathdter tapee(g) Vit ami A58,(08hi ch is k6B al pha- W3BBherol, is
an anti oxi deCethelerdiradigy pr event®3 (&) adat i on oAS{K® sol uti on.4¥MQ8hin E and
its derivative vitamin E acetate are both oily products and enhance the

| ubricity ofNOFE)= siandaphdeviationy Semple sizeé =Mdition, vitamin E and.its
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- through the latex membrane. These values are comparable to those of currently marketed
products that are lubricated with dimethytsiloxane fluids and are better than products that are
unlubricated. This example thus shows that a silicone surfactant works as a lubricant for a
catheter and/or introducer ﬁeedle. '

The lubrication solution may also include vitamin E or its derivatives. Preferably 0.1%
to about 1.0% of vitamin E or its _derivative isused. Vitamin E, which s known as alpha-
tocopherol, is an antioxidant and thus prevents degradation of the solution. Vitamin E and
its derivative vitamin E acetate are both oily products and enhance the lubricity of this
{ubrication system. In addition, vitamin E and its derivative prevent degradation of the
lubrication solution. The molecular structure of vitamin E is given below:

Since the lubrication solution is prepared in water, it is highly desirable that a ;mall
amount of an effective antimicrobial agent be present to serve as a presecvative. In the



Since the lubrication solution is prepared in water, it is highly desirable
gthat a small anmount of an effective antim crobial agent be present to serve
as a _preservative. In the

7 absence of such an ager. njcro-organi sms may grow in the solution/and

nmake the solution toxic. There are seve commercial antimcrobial agents
avai | abl e. These a; odo hor g agﬁ@gﬂ#& H&g YR InGEON HE thefdiution
par a- chl or o-EFER PERG |guan| S Suc $ chl or hexi di ne gl uconate and

pol yhexanet ha,h@meu&av&m dayrticociall antimibeobiat egentcavajlabl€oTinaseidre iodophoes]
because it |s | ess toxic than the other anti mcrobl al a enE{'s(}F is used as
a preser at i \Rienois;PHRR Wmﬂ“ 91@‘?35' é?gg FH ucture

of cosnoci | dhﬁ:rl%!g:}&g% %ﬂf‘c‘o ethyleh€ bi; deﬂihﬁocﬁﬂri@éW' ght of
t hi s product erg%( 588’”' e antrmcro rgl agent should conprise

bet ween abouCosthobilisUsedbadaase u&l%mmmmm@aﬂmaammgM@sa
about 0.05% of the |

Exanpl e No. pzeservatl %gﬂt I o‘g 2 uﬁ@%d"ﬁé%ﬂ?%&“m%“?&m?%ed

in a solutiggpntaining 8% Silwet L7001 silicone surfactant, 0.25%

vitamn E, 0.5% vit amcn ¥, esg) mxzaﬁéa&-ﬁ@@éﬂqsﬁmp,—i’he-ﬁ&hheters and
needl es were then assenbl ed andit hese afteniferes re pene®pati on tested
through 13.5 ml. thick natural latex film The results are shown bel ow
Needl e tip (9Q) 18.3 (1.9) _ Needl e transition (gQ) 14.7(0. 6)

Needl e heel frﬁ)moleeularw&&téﬂh@bmdua is 2400 18002 ITHei aptichigiobial agétd sBduld 3)

Cat heter taper (Q) 10.5 (0O Cat heter drag (g 3.5 (1.3
comprise tweenabouto 1% to about 5.0%, preferably about 0.002 !;o_
0.05%, of the tubrication solution.

E)eémple No.2
20 gauge catheters and needles were separately dipped in a solution containing 8%

Silwet L7001 silicone surfactant, 0.25% vitamin E, 0.5% vitamin E acetate, and 0.026%
cosmodil. The catheters and needles were then assembled and these assemblies were

penetration tested through 13.5 mil. thick natural latex film. ‘The results are shown below:

Needle tip (g) 18.3 (1.9)
Needle transition (g) 14.7 (0.6)
Needle heel (g) 7.0(0.3)
Catheter tip (g) 202 (2.3)
Catheter taper (g) 10.5(0.6)
Catheter drag (g) 3.5(1.3)

NOTE: ()= standard deviation. Sample size =5

It can be seen that the use of vitamin E and/or its derivatives in the solution improve the

penetration forces.

When vitamin E and/or its denvat:v&s are included in the lubrication solution, a rather

* cloudy solution is obtained indicating that the solution is not homogenous. If a quatermary

ammonium salt is added at a certain concentration, a clear solution is obtained. For

example, Sylguard, sold by Dow Coming, which is a reactive quat and benmlkonium

chioride can be added to the solutiod. Other quaternary ammonium salts, such as



NOTE: ()= standard deviation. Sanple size = 5 It can be seen that the use
,0f vitamn E and/or its derivatives in the solution inprove the penetration
forces. When vitamn E and/or its derivatives are included in the
lubrication solution, a rather cloudy solution is obtained indicating that
the solution is not honbgenous. If a qugternary ammonium salt is added at a
certain concentration, a clear solution® s obtained. For exanple, Sylguard,
sol d by Dovbdraathatum chibrdde, csuld alse detused: 'qwasoltmndsiabllquskwldmbori de can

be added to the sol ution. Ocher uat emary amoni um salts,. s S
5 benget hor bR AR Ot Shit G crelseatiLeatvoon ROOUT St o oS 1006 PP shou

conpri se %ﬁ' 0.1%to about 10% preferably between about 0.2%to
about 1.0% o e lubrication solution.

Exanpl e No. 3 A sol ution cont ExamplgNe.3% Si | wet L7001 silicone
surfactant, Yo Vi tam n E an % al.l koni u as the
| ubri cation soI gt %E$%é1f°6@ﬁ‘ﬁgﬁ%ﬁ+§3h% %ﬁ"‘ge was
in the forme&&ﬂmﬁ% a8inagubtieRlibn selulio. ! MAKs BRARpIS, e 1.0%

benzal koni um chl oride solution sold by Rohm and Hass and cont ai ns 50% of

the active Wlmmbmwﬂnﬁ}ﬁnmﬂ%ﬂmoﬂmmﬁmﬁwﬁ?ﬁeno

benzal koni um ch us e re
separ atel y }88&'32’8"% %‘1358'“‘1'%%3@%“@%@?@ assenb | eg's\%é?"\éﬁ
penetrated fBa@@inglemém! Ada o (ubAéAdn EbiMdn with no benzalkenium chloride
No Quat emary Ammnl um Salt 1% Benzal koni um Chlori de-Needl e tip (g)

24, 3(4 6) Wasalsoused. 18 gauge catheters gpdnegdiesaare searately dipped apdfen 19.0

(19 3(1 z)  essembled. m&%&é%ﬁ%@%&m@p%lmmmuam 1o 8

(2.1 film). ' 24.2(2.3) Catheter taper (Q) . .715.5(0.9)

17. 3(1 8) Catheter drag (g) - NoQuatemary AriméniGifi Sa 1% Benzalkoniutn Chloded
(0.4) NOTE: Néedte tip @pdar d devi ati on. ZAB@6)resul ts i ndi cat 240t(dB)t here is no
adver se ef f Ne¢diemadsitien(g)or i cant caus®d (yO)usi ng a quat enanP3dtdpni um sal t

i n the | ubr Needtle beel @)l uti on. 11.3(1.2) : 10.0(0.5) Exanpl e No.
4 Catheter tip (g) 19.8 (2.1) 242 (2.3)
Catheter taper (g) 15.5(0.9) 17.3(1.8)

Catheter drag (g) 4.8 (0.5) 4.9(0.4)
NOTE: ()= standard deviation. '
These results indicate that there is no adverse effect on the lubricant muséd by using a
quaternary ammonium salt in the tubrication solution. .
Example No. 4
Since amino-modified silicones are lubricous when applied to metal surfaces, the
following lubrication solutions were prepared.

Lubrdcant! Lubricant Il
Silicone Surfactant 4.50 450
Amino-modified silicone 0.00 ’ 0.50
Vitamin E (%) 0.25 0.25
Cosmocil (PPM) 50 50
Water Q.S. to 100 100

20 gauge catheter assemblies were assembled after dipping the catheters and the introducer
needles separately into the above solutions. The tip adhesions force between the catheter
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-nodified silicones are |ubricous when applied to netal
he follow ng lubrication solutions were prepared.

Lubricant Il Silicone Surfactant
4.50 Am no-nodified silicone ~0.00
her copolymer Vitamn E (% 0. 25

il (PPM 50
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aRy tabtated belowepar atel y into t he .above solutions. The tip

9 .
. 0 . redff@ 20
Fnéc?theneedl as meg ﬁ#&ﬁe 90° C for 2 112 days. The
R LERTD IR iRy %%esre%ge a t"e‘?"eél pplcng the c’ést heters and

50

orce between the catheter and the needl e was neasured

the assenblies 90C for 2 1/ ZipAdhesionlfbs) esul ts are tabul ated
Lubricant | 0.348 (0¥ Adhesi on (I bs)
OLdbais4r@fi11) 0.188{0.03) Lubricant 11

NOTE: (‘: standard deviation. These test results indicate that

NOWi(A5

i cone- pol yet her copol yner does |ubricate
itk 4800 dh biniid-hédificsiRoRs pbipsthér topatnaec .
The follow ng statistical” experinent was run to
doéslubridage the meld! surface beitds thandthe unmedifiad silicane surfastast gleqent i on.

ng table lists some of th congts}figi on vari ations used. ,
A - Conposition B %C%WB %Pon B Silicone Surfactant

Thefolfowing statistical experimefit wlasAdih foplifniitelthefbraulbtictoof the 0.5

0.5 pol yether co 0I¥°ner_Wtamn E (% -
lubrication solutign af$his invention. llowing fable lists some of the composition

variations used. .
Composition A Composition B Composition B

Silicone Surfactant 30 - 45 6.0

Amino-modified silicone 0.5 0.25 0.5
polyether copolymer

Vitamin E (%) 0.125 0.13 ' 0.125

Cosmocil (PPM) 50 50 50

Water Q.S.to 100 100 100

20.gauge catheter assemblies were assembled after dipping the catheters and the introducer
needles separately. After aging the assemblies at 90°C for 2 1/2 days, these assemblies
were penetration tested through thick natural latex film of 86.7 mils. thickness. The thick
tatex was used because it is closer to the thickness of mammalian skin and because small
differences in penetration forces are magnified. The results are tabulated below:. '

Composition A Cognmsition 8 Composition C
Needle tip (9) 156.0 (11.7) 1504 (13.1) - 155.9 (9.5)
Catheter tip (g) 90.6 (10.3) 87.0 (10.5) 98.3 (7.0)
Catheter drag (g) 316(29) 32.0(2.3) _ ?7.6 (1.8)

NOTE: () = standard deviation. Sample size =8.
The above assemblies were also aged at 90°C for two weeks to simulate a five year shelf-life
and penetration tested thrbugh fresh cow skin. The results are tabulated below:

Composition A Composition 8 Composition C
Needle tip (g) 237.0(63.7) 226.0 (68.6) 209.0 (46.1)
Catheter tip (g) 299.0 (53.5) 379.0 (42.7) 378.0 (41.2)

Catheter taper (g) - 320.0(37.9) | 2840(340) 327.9 (39.4)



Cosnoci | (PPM 50 50

50 Water Q S.to 100 100

100 20 gauge cat heter assenblies were assenbled after dipping the catheters
and the introducer needl es separately. After aging the assenblies at 90C
for 2 1/2 days, these assenblies were penetration tested through thick

natural latex filmof 86.7 mls. thickndEss. T ick | atex d
because it Fathelepd@8 @) the t RLXEDs of rran‘rr%?’?g:hski n and %E(AE%S snmal |
di f f er encespybreP Ve Rl delits éf?,; nikfied. The results are tabul ated
bel ow NOTEPEY &P os%%gon A Conposi tion B

Conposi t i onThkeskeeslitte ot ithick Iglex membrankSho@ (it the)amount of siliceree sitfagtantapplied to
155.9 (9.5) Cat ' 90, 6(10, 3 87. 0 . .
98. 3(7.(0) &F@Wéﬁtg(é&'ems%&?"é"? . g"wme‘“dﬁm‘é’%@“"pem“ﬂ?.a
(1. 8) NOTE: 1fq fighdrdhdisilichnE Surtdttdn® Boncoakdtion, the Idver tHd drdd) Bubdt digh Idsrizant| | es

were also aged at 90[err]C for two weeks to sinulate a five year shelf-life
and penet.r acersentrationsthetrieedie §in penetestion value increases On feshicow skincthe agedia fip d

bel ow . LConpasition A . Conoosition B
Conposi t i onP¥EEBEY] Yalyq Jecregped with "‘%ﬁ‘?‘{)‘t‘é‘?“fﬂa‘m 226. 0( 68. 6)

209.0(46.1) Catheter tip (g) 299 fhampleNo.6 . 379.0 (42.7) 378.0
(41.2) Catheter taper (Q) 320. 0(37.9) . 284.0(34.0) 327.9
(39.4) Catheter Lubricant o Needle Lubrdcant 10 Cat heter drag
(9) 51siicondSurfactant  4676%%(025%  Silicod@Sdifatanl) N2RB% £ P.25%andar d

devi ati on. Bminmodifiebsilicond h0.525%e0.,025% o Ariirt-midifiedt sificone MAERA% £OO6% hat
t he anount pblysthédcopolgmenr f act ant appl i edpolyethbecopalymet er and t he .needl e
has opposi t ¥itedilndet s on cat heR63%crQ13¥% d Vitamiie ti p penet 0A63% 0.013%

hi gher the €obiedhe surfact af@peoncent r at Cosmogihe | ower t h&OPPAY, but at

hi gh | ubri c3vaterd@8Bctont r at i on30@ he needl e WateqfaSetor ati on vdPBe i ncreases.

e 4 B B calfhiorl S5 oS Bkl Y LRt Snd e A el Brouy

i ncreased c
Cat het er LulpstuaRikex film of 13.5 mils thickness. At the satiRetithe? chriitnedcibp0 giidei insyte®

Sur f act ant 4. 75% err]0.25%. Silicone Surfactant . 2.38%err]0.25%
catheter products were tested under the same conditions for comparison. The tesults are
tabutated below: . :

_ Experimental Sample Commerciat Sample
Needle fip (g) 226 (8.6) 19.5(5.7)
Needle transition (g) ' 17.3(1.9) 13.4(1.2)
Needie heel (g) - 10.9(1.1) 7.0(0.6)
Catheter tip (g) ' 18.1(3.0) 16.3 (2.4)
Catheter taper {(g) 16.2(2.1) 10.6 (1.0)
Catheter drag (g) 48(1.9) 3.0(0.6)

NOTE: () = standard deviation. Sample size = 10. _

As is evident, the results are comparable for the commercial product and the experimental

sample. The commercial sample used polydimethylsiloxane silicone fiuid as the lubricant.
Example No. 7 .

22 gauge catheters and needles were assembled as before using the formulations
described in Example 6 and penetratidn tested through sheep skin on the hind legs just
below the knee. The penetration forces were measured using sen'si;:ive force transducers.
The data were collected on a compufter for analysis. fFor comparison, commercial 22 gauge



Ani no- nodi fi ed silicone 0.525%err]0.025% Ami no-nodified silicone
,0.525% err] 0. 025% pol yet her copol yner

pol yet-her copol ymer Vitamn E 0.263%err]0.013% Vitamn E
0.263% 0.013% Cosnoci | 50 ppm Cosnoci |
50 ppm Water QS. to 100 Water QS to

100 20 gauge cat heters and needl es werdlassenbl ed as before and penetration
t est ed thrO%ﬁhﬁﬂﬁéﬂ@é@éﬂﬁi&%mﬁp&ﬁdﬁ\eﬂﬁsﬂoﬂamSﬁm&ﬂwd/ﬁsthéllﬂbﬂm tine,
commerci al 20 gauge | nsyte[err] eter products were tested under the
same condi t iwensused: The resuiits aresummadzedbalgw.s are tabul ated bel ow.

Experinental Sanple Comrercial Sanple Needle tip (9)

22.6(8.6) 19.5 Shfple’ 2NSi t CoOMmictdial Sample '
17.3(1.9) Max.Cathet Fipdal L (9) 16467 10. 9
(1.1) 8) Cat het er 7o (9) 271.6818. 1(3. 0)
16. 3(2. 4) Ca%e?gtpe‘t ap T16.2(2.1) 10.6
(1.0) Cat hetﬁ@’séwm(@nw!ummﬁmmesammmmmalpm 3.0(0.6)
NOTE: ()= standard deviation. Sanple s éo is evident, the results
are conparable for the conmercial prod ‘?\ t he experi nent al sanpl e. The

commer ci al - Sanpl RoiyiEflaRPhibéd W NS GG 8 sbinliond breis indentiohescribed

| ubri cant. | e
gauge cat hetneExarmldsmwllaspo&d’meWbMeﬁﬂlmeﬂwﬂo mimmm ’&iq ons

descri bed in Exanple 6.and penetratijo ested t t he
hind Iegs j Jee ﬁﬁqqﬂ%?%'“ﬁ{geﬁ%\&ﬁ ed%%s vvere rreasure Usi ng
sensitive f QiffePthrdAdyd ticdrimals’ melmtmbmmmmm
anal ysis. For conparison, comrercial 22 gauge

11 cat heter siiliihtheeotta Glotinatil present; was gheteorphedandyeaardesiig sizecumbepand £ | i d

Beper | ment alloa TheREE e Vird GBS 6 ) WRIEENERA Rl Wicate it oo

142. 57 had formed and travidiéd downistieant il Ibdgecin tHer sawall (@efpries of the hdney](l'hel

271. 68
clotting resulting from the water based lubrication solution of the invention was less than the
clotting resulting from the commercial lubricant. The calculated risk of clotting was three
. : times less for the water based lubrication solution versus the commercial lubricant.
Example ©

The following formulations were tested:

Ingredients Needle Lubricant Cathefer Catheter

Lubricant A" Lubricant “B*

Silicone Surfactant 2.38% £ 0.25% 4.75% +£025% 4.75% £0.25%
Amino-modified silicone 0.525% £0.025% 0.525% 1 0.025% 0.525% + 0.025%
polyether copolymer
Vitamin £ 0.263% +£0.013% 0.263% +£0.013% 0.263% £ 0.013%
Cosmocil 50 ppm 50 ppm . S0ppm
isopropyl Alcohol —_ — g 10.0+£0.5%

Water Q.S. to 100 : 100 100

20 gauge Teflon catheters and needles were assembled by lubricating the needles
first with the needie lubricant. The Teflon catheters were lubricated with either catheter
lubrication solution “A" or catheter lubrication solution "B". The needles and Tefion

catheters were put together making sure that the two groups of Teflon catheters were
11 :



As is evident, the new lubricant is superior to the standard conmerci al
.product. Exanple 8

Pol yur et hane tubes were | ubricated using the fornulations of this invention
described in Exanmple 6 as wel | as pol ydi net hyl sil oxane silicone fluid.
These tubes were inplanted into the aorta of rabbits to determi ne the |evel
of associ ated dotting and enbol I formuliations. After three days the animals

wer e sacr i f%e‘b@%tﬁﬂﬂrﬁ s%é&{iqe' @Ef’ﬁ&%@aﬁdﬂq Wﬁhﬁhrdl&téxhe
aorta. Cottrng, resen was p%o ograghe recorded to size, nunb

and | ocati mmamsmwmammmdmeammmemzegwﬂenmmm| ch woul d
i ndicate that enboli had forned and travel ed domst;earrhmorpﬁgts e in the
smal | ar t er fssembljesiwpee {ested apder g s3mpe,ganditigns fot er based

| ubricati ongQbddlipewof the invention was |ess than the dotting resulting

from the commercal Tubri cephmtliey Sl alesindibalibhlano! (GaRwAmbIEILe
times less for the water base ubricati on 99k ghd ver sus -'Bh%%ggrerci al

lubricant  Needle tip (g) 152 (2.7) 17.8 (4.95xanpl e ol | owi ng

f or mul at i oNgediis ) 126 (AF)edi ents 134 (1.2)Needl e Luart @@yt

Catheter  Needle heel (g) Cat het er 57(04 7.1{0.8) 7.8{0.9) -

Lubri cant "@atheterti ) Lubr| cang.s(®8)Si | i cone 2 @®)t ant D.0@M[ err]
0.25% 4.7 4oB8(¥2herr] 0. 23BN 0- nodi fi eb.sf2ld)cone
0.525% | er ri:alﬁe@é’&%’g(é) 525% [ e39106) 025% O.@ap@d)err] 0. 0269(R0) yet her
copol yner Vsampte Size 0.263% [err]1®. 013% O0.263%¢err] 0.01
3% O. 263%&err] 0.01 3% CosrmC|I 50 ppm 50 ppm
50ppm | sopr Rpmls = Standard Derivation . _

10. 00. 5% VapgEaddesechOh obtainedith catheter lubrication soluti8R “B" are com al.rable
100 20 gaugeh‘refresg catheters and needl es were assenbled b

| ubri cat i ngwittheormeerdiaksanipless Thisitesh indicated diaat ithe lmh%m|UﬂPH§hQ‘é¢.ll®ﬂgdlﬁ0n
et or ) e PO AP Bl s Rl o a0 Bl
put toget herubﬂ@(édjg sure that the two groups of Teflon catheters were

t 20 gauge Teflon catheters lubricated with catheter lubﬁwlti%n solution "B" were also
penetrated through fresh cow skin. At the same time, commercial Teflon catheter
assemblies were penetrated through cow skin under similar conditions. Test résults are

reported below:
Commercial Sample Catheter Lubricant

*B" Samples

Needle tip (g) 166.0(37.9) 146.0 (37.6)

Catheter tip (g) . 230.0(35.9) 220.0 (62.7)

Catheter taper (g) 297.5 (45.5) 304.0 (68.1)

Catheter drag (g) 773 (11.3) 60.3 (12.3)

Sample Size 10 10

As can be seen, the overall performance of the test products was equal to or slightly better
compared to the commercial product. These results indicate that approximately 10%
isopropyl alcohol in the fubrication solution provides better lubrication to the surface of the
Teflon catheter.



separated from each other. These assenblies were penetration tested through
natural latex filmof 13.5 mls thickness. At the sane tine, comrercial 20

gauge Tefl on catheter assenblies were tested under the sanme conditions for

conparison. The results are tabul ated bel ow

Commerci al- Sanpl e Catheter Lubricant Catheter Lubricant

"A" Sanpl es "B" Sanples Needle tipl3g) 15.2(2.7) 17.8
(4.5) 15.5(2.8) Needle transitig&ﬁ&gwlZ 6(1.5) 13.4 (1.2)
14.1 (1.8) Needl e heel (g) . 5.7( 7.1(0.8)

7.8(0.9) Cat het eButfiqe téngion of mﬁetéBltb(i&hét) solution "A" anEati{tér iarication solution

]Z_g }_Eg%g Ca et Sh t?\&%ﬁ%ﬁ%&gaDuN %cg@enslometer 'lhe%gsu%%Sreg;epONedbelow

6.1(2.0) Sanple S' ze Surface Tension
20 NOTE: Parenthesis () Sf ndard Derlvatlon ASTCcan be seen, e results

obtai ned with cat he@%‘heﬂeublbmm'h solution "B" are corm able with
commer ci al sanpl es S cated that the | ubr| C on sol ution
shoul d, in additi onc?'ge‘?ﬁ%&“m% t he ingredients In 10% i sopropyl
al cohol whermi® aboié RBuK fRANSshdw é&ﬁetéﬁbﬁﬁ@ﬂ&%bluﬂon“&“ witieh §as'8 fowkpf | ON

catheters lubricated with catheter lubrication solution "B" were al so
penet r at ed t%aegmu%mu&nm«ebeuemquﬂmm cial Teflon
cat heter assenblies were penetrated th%%?@;?e-ﬂ)w skin under simlar
conditions. Test results are reported '

Conmer ci al Sanpl 20 gauge Teﬂéh&&tﬁétafaskuhbliee&ﬂiﬁmted with catheter lubrication solution “"A"
"B" Sanpl es Needl e t| p ( . 166.0 (37.9)
146.0 (37. 6) p%:oggyluuon“a ‘were examined undersgal wlggh'onmlaoscopeto

220.0(62.7) surfac]

304. 0(68. 1) HCaiiathﬂleatI eruagéaiiigai%ii:@y The catheter &'"é%@'é’ ik‘f'@ﬁ"ete””b"“"m

60. 3(12. 3) Swigtibe"ASiwas not smooth and bigger droplets of lubricant vidde visible on the surface. The

10 As can be seen he qveral,l .perfor ce of the tes roducts was equal

to or sli ghtqag'ef?é @é&%@%?%ﬁ@%?@ﬂ@%mdmg ed copgiderablys | t s

i ndi cat e t haimodiher ard B tublriant W Wl BpreRY bveéd fhéawﬁ{&g

sol ution provides better [ubri CatIOE‘EtO the surface o F.%S?aon catheter.
that for Teflon products whose surface is difficult to lubricate, a catheter lubrication solution
having a lower surface tension wull more likely be able to provide homogenous coafing '
compared to a lubrication solution having a higher surface tension value.

Example 12

The following formulations were tested:

Catheter Lubrication Solution

Ingredients ! ] u v v v Vit
Silicone Surfactant 4.75% 4.75% 4.75% 4.75% 4.75% 4.75% 475%
Amino-modified Silicone 0.525% 0.525% 0525% 0525% 0525% 0.525% 0.525%
Polyether Copolymer - -
Vitamin E 0263% 0263% 0263% 0263% 0.263% 0263% 0.263%
Cosmocil S0ppm SO0ppm SO0ppm SOppm SOppm SOppm 50 ppm
Isopropyl Alcohol 0% 5% 10% 15% 20% 30% 50%
Water Q.S. to 100 100 100 100 " 100 100 100

The surface tension and flammability data of these formutations is provided below:



13 Exanpl e 10 Surface tension
of catheter lubrication solution "A" and catheter |ubrication solution "B"
was measured using a DuNouy Surface Tensioneter.. The results are reported

bel ow. Lubri cant Sur face Tensi on
Dynes/ Cm Cat heter Lubricant "A" 34.3

Cat het er "Lubri cant "B" 14 29.7 The above results further
show that catheter |ubrication sol guifads Tdasionwhi ch has a | ower surface
tension, woul d prampddioket t er surf acgiyaesidang for Tef | orflgmmability s .

Exanpl e 11 20 jgauge Teflon catheB4B assenblies |ubridded with

catheter lubricatiom solution "A" and @asheter |ubrication Nelution "B"

- were exam ned under iscanni ng el ectron @B@roscope to check fe surface

nmor phol ogy. The cat heter surface |ubri@Bed with catheter IN®rication
solution "A" was noW snmooth and bi gger 280opl ets of |ubricamowere visible
on the surface. TheWtatheter surface |-@0icated with cat hetY@s | ubrication
sol ution "B" | ookedVitonsi derably snoot R4¥ and the | ubricantYe®as wel | spread
over the surface. Again, these results confirmthat for Teflon products

R L e 1 A

honogenous isgadég Wﬂla?gdrb&hbﬁ&méﬁolaﬁdmmmvéamalsbp@bﬂr

surf ace tenS|on value le 12
The f ol | owialephbtgomprises Isonmare of the fubgication solution, ttbeoomesﬂammable us

Cat heter Lu tion.Sol-ution I ngredi ents I I 1]
|V ‘%"“(iﬂ "‘eﬁ‘d‘é VII Silicone Surfactant 4.75% 4.75% 4. 75%

4.75% 4. 75% m&ﬂﬁ%enﬁaﬂéﬁwubﬁmmadﬂ&tuommuﬁémweomm
0.525% 0.525% 0.525% 0.525% _0.525% Po et her ner Vitamn E
0.263% 0. 28ange amoynsof flammable fogterial fos g sojven 'C'S'P %ﬁ%ﬂﬁcu

50 PPM 59 RBkedilafiPiRepeidvos o 85kl uﬁgdm R ERMITAY 1 ool
0% 5% Aadbt %ovg me%sg 30%  BO% \Water QS. to

100 10Ginventiod B&afe, nontdhiand “envidimentally fiiédly.” 100 The surface tension
and flammbility data of these fornulations is provided bel ow
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Surface Tension Conposition
'%Zyges’CTil\\l\\\\\\\\\\l\\\\\\\\\\“\ ARy, " as
29.7 No
IV 29. 3 No Vv
28.0 _ No 15 Vi
32(7) We claim: : ig: As this dat ;/l : ndi cates, the surface

tension of the ViarA fubdcatioh sdlutiondord apedival tlevibe, woimpdsingsopr opy| al cohol
conprises a larger_portion of the solution. However, once the isopropyl

al cohol conpri sésilisgoe surfactanlubsicantie | ubri cation sol ution, it becomes

fl ammabl e and t Qs %f%ﬁJICU|t to handl e. Thus it is seen that a new

| ubricant is provi that does not require the use of a CFC or |arge
anount s of fl anreibwenokedutar weighfalcohal. sol vent and a new | ubrication sol ution
is provided that is inexpensive and easy to control. In addition, the

| ubrication solution of this invention is safe, nontoxic and

"envi ronnent al | b.fﬁemdé?o%soluhonofdaun , wherein the silicone surfactant lubricant is a
15 W claim rication sol'ution for a nedical device,

conpri si ng: blod(mpdymrbowmmdeamdﬁQdddeeﬂMmlome wat er, and
| ow nol ecul ar wei ght al cohol . :

3. The lubrication solution of claim 1, wherein the silicone surfactant lubricant is an
amino-modified silicone polyether copolymer. '

4, The lubrication solution of claim 2 wherein the siliooné surfactant lubricant also
includes an amino-modified silicone polyether copolymer.

5. The lubrication solution of any of claims 1-4, wherein the silicone surfactant
lubricant comprises between about-2% and about 6% of the solution.

6. The lubrication solution of any of claims 1-4, wherein the low molecular weight
alcohol comprises more than about 0% and less than about 30% of the solution.

7. The lubrication solution of claim 5 wherein the low molecular weight alcohol
comprises more than about 0% and less than about 30% of the solution.

8. The lubri¢ation solution of claim 6 wherein the low molecular weight alcohol has a
molecular weight less than or equal to 150.

9. The tubrication solution of claim 7 wherein the low molecutar weight aicohol has a

molecular weight less than or equal to 150.



2. The lubrication solution of claim1l1, wherein the silicone surfactant
Jubricant is a block copolyner pol yal kene oxi de-nodified

pol ydi et hyl si | oxane. 3. The lubrication solution of claima1,
wherein the silicone surfactant lubricant is an am no-nodified silicone
pol yet her copol yner. 4. The | ubrk&ation solution of claim2 wherein

"the silicone surf-actant |ubricant also includes an am no-nodified silicone
pol yet her copol ynmer. WATERBORNE LUBRIGANY iFQR iREFLQN (RRQAIWEHES any of cl ains
1-4, wherein the silicone surfactant |ubricant conprises between about 2%

and about 6% of the sol ution. : | ubrication solution of anyof
clainms 1-4, wherein the | ow nol ecul ar al cohol conprises nore than
about 0% and |eahldlhmnhabw&ﬁﬁwmsemmmmntforamedlw'lde\'ﬁmsuchasa

| ubrication solution of claim5 wherein the, | ow nol ecul ht al,cohol
conpri ses neRtReterand anjpimdugernepdie; dbe lubricant ismlicons %"%"%Fﬁ‘gh fendoqe

8. The | ubrLealfgy C%ﬁédgp %@ﬁuﬂ rﬁ.&ﬁaaﬁ W&u&h@sﬁ%ﬁi@hﬁ%'tﬁ&% ght

al cohol has a nDIe ess than”or equal 9. The
| ubricati onbbdtemowmeoﬁolﬂlm«emwﬁedpbwmm Watemsgﬁedalﬂmhol

has a Mol 60y ot We i kibrcant. T briation Solution ofides a solution stabilizer to clariy the
solution and antimicrobial agents to inhibit microbial growth in the water solution or on the
coated product. Vitamin E or its derivatives may also be used in the lubrication solution.
‘When the lubrication solution is used to lubricate Teflon products, a small amount of a low
molecular weight alcohol is added to the lubrication solution to increase wettability. '



