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Background
TV T ] AP R g
Linornexicine digtuconate (commonly known as “chlorhexidine
IU gluccnate™) is an antimicrobial that is useful { i ] icul
1 giuconate”) 18 an anfimicrooial that is useful for varicus applics tions, particularly
WS X S A S o y N R i & DN y o ,
e oral environment. speciiically, chlorhexidine gluconate in dental snses hs
| wia &34
: 0§ & o < e » opn pom, o P mu " g, ¢
oeen clinically proven to recuce gin orval inTlammaiion znd ble eeding. The
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aisacvantages to delivering chlorhexidine gluconate in a rinse are bad taste and
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SLAINImE. Lnlornexidine gluconate 1s known to decompose to form para-
1> chicroaniline, which is high'y toxie.
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Hill (U.S.5,098,711; WO 95/30404; U.S. 5,165,913; U.S. 4,911,927}
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describes floss coating compositions with chlorhexidine gluconate. The
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compositions of Hill contain a surfactant and a coating substance that is insoluble

i1 the surfactant. Optionally, the > COMpositions may contain a humectant Hke
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nic acid and chlorhexidine free base at high
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compositions are provided whereby stable chlorhexidine gluconate may be
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vered to the oral environment from an essentially non-aqueous system. The
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coating comprises chiornexicing oluconate and a Solubilizing Glycol. The coating
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additionally comprises a modulus-enhancing component o give proper handliing
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croperties. The coating does not contain more than 2U0 pprn o “ para-chloroaniline

5 afier Tour weeks at £5°C.
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As noted above, it is desirable to deliver chlorhexidine giuconate ("CHG™)
‘o the oral environrment. To date, however, systems have not been adequate {o
0 deliver CHG in a format other than in an agueous rinse in a manner that would also
rovide stability. CHG degrades to toxic byproducts in a non-aqueous
environment, inciuding para-chloroaniline (“PCA”) & suspected carcinogen. It is
?

therefore surprising to find that a non-aqueous compaosition (1.¢. having less than

about 2% waier by weight) may be formulated for stable delivery of CHG to the

15  oral environment.
Non-aqueous coatings of the present mvention provide significant
advantages in the delivery of CHG. Because the coating dees not contain water, it
:s more shelf-siable for longer term storage since there 1s no water 1oss or
requirement for special packaging fo retain water in ihe coating.
20 Coated CHG delivery devices of the present invention, as compared to
aqueous rinses, are useful particularly for delivering chlorhexidine gluconate
interproximally and subgingivally, where it is needed to treat gingivitis. Sife
specific delivery of chlorhexidine gluconate from a cevice, as i the present
invention, minimizes the discomfort associated with the bad taste of chlorhexacine
25  gluconate aﬁbf" reduces iooth staining by reducing contact of the chlorhexidine

gluconate with the facial tooth suriaces.

The device of the present invention 1s any device suitable for physical

ol
v'

delivery of CHG to the oral environment, an nd most preferably a device suitable for

£ 4

delivery to interproximal and subgingival surfaces o1

ihe oral enpvironment. Such

-d

30 devices include dental floss, dental nicks, and dental tape. Additionally, the device
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may be a dental packing material, such as a fiber. Other emnbodiments include
seriodonial membranes.

Dental floss coated with the compositions of the present invention is highly

’S.

advantageous, because it slips easily between the teeth and yet 1s easy to hold in

. ﬂr Al
the pser’s hands.
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The coating of the present invention mmmi;%@s chlorhexidine gluconate.

CHG may be commercially obtained from many manufacturers, but typically only
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ueous formsat. It is immportant to properly handle aqueous CHG, particularly

s {0 exposure to high temperatures, to retain stability when formuiating the non-

£

10 agueous compositions of the present invention, as wiil be described in more detail

-
[

below.

Preferably, the coating of the present invention comprises between about
0.1% and 15% of CEHC by weight. More preferably, the coating comprises §.5-
10%, and mos: preferatly, the coating comprises 1-5% of CHG by weight.

L5 For purposes of the present inveniton, a “Solubilizing Glycol™ 1s a glycol

3
e

-y

that provides a clear solution when mixed with CHG in the glycol/CHG ratio to be

used in the ultimate coating composifion. This evaluation of solution clarity 1s

made 1o a mixture containing only CHG, giycol and any residual water, afier water

has been removed ic a level less than about 10% and the solution 1s at room

20 temperature (about 21°C). It is undersiood that mechanical mixing under heat as
high as 100°C may be empioyed to mix the CHG with the glycol, but that the
evaluation will be made afier the solution has cooled and allowed to stand for 60

minutes.

Examples ¢f glycols capable of dissolving and stabilizing chlorhexidine

/S

25  gluconate are glycerin, sorzitol, polyethylene glycol (preferasly of molecular

fEe==3

weight between about 200 and 600), polyglycerols (e.g. trigiycerol, hexaglycerol

gurt R

and decaglycerol), and propylene giycol. These glycols may be used separately or

in combination. It will be recogmized that while indivicual glycols may not

srovide the desired clear liquid, mixtures of glycols may be suitable to be

Lsd
9

collectively used as the Soiubilizing Giyeol.
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characteristics. Examples of waxes are microcrystalline wax and beeswax.
Alernatively, floss coatings may be formulated such that the fibers are not bound
together.

Compositions of the present invention may additionally comprise

=t

appropriate adjuvants such as colorants, stabilizers, preservatives, fl avorants,

sweeteners, acditional medicaments (such as fluoride and : desensitizers), cleansers

anc the like.

nd bases that are not to be present in the compositions of the

{52
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present 1nventlon are limited in amount such that they cannot interact with more
than 50% of the CHG in the device. In other words, tne coaiing has less than ¢.50
molar equivalents of celeterious quantities of salis, acids, and bases that would
react with chlerhexicine gluconate based on the amount of chlorhexidine gluconate
i the composition. Preferably noe more than 0.10 molar equivalents of salts, acids,
or bases based on the amount of CHG are in the formulation. More preferably no
more than 0.01 molar equivalents, and most preferably no more than 0.001 molar

aquivalents of salts, acids, or bases basec on the amount of CHG are in the

(”9

formulation.
Exampies ol salts, acids, anc bases that are not (o be present in the

sitions of the present invention include water soluble or emulsifiable species

€
&
=
e
@

EE iy 3203

ol the foliowing: carboxylic acids and polycarboxylic acids and their salts (with the
exception ot gluconic acid and its salts), sulfates, sulfonates, phosphates,
phosphonates, acetates, sulfosuccinates, including anionic surfaciants uiiiizing

these as hydrophiiic groups. Halides, nitraies, hydroxides, carbonates, oxal lates,

thiccyanates, sulfides, chromates, arsenates, cyanides, calorates, and iodate salts

- are aiso a potential concern. As a general principle, it is desirable to avoid strong

> 9

acids and strong bases and anionic surfactants, because each of these species tends

dﬂ

adversely react with chlorhexidine gluconate.

(""*"

it 15 also desirab.e that the pH of the composition be maintained between 5

-

nd 8 to provide a more stable system. Due tc the anhydrous nature of the material

3

£

f this invention a convenient method for assessing the relevant vH of the
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compositions 13 o ¢issolve or suspend the material at a 5 to 10% weight basis in

o neutral water and reeasure the resulting pH.

ﬂ

The stable coating composition of the present invention is made by first

mixing aqueous chlorhexidine gluccnate with a glyco! and optionally with the

R

raodulus-enhancing component to form a mixture that is substantially free of

ﬁ""‘

deieterious quantities of szlts, acids, and bases that would react with the

chlorhexidine gluconate. Water is then removed at a temperature less than 100° C,

imore preferaoty less than 80° C and most preferably iess than 60°C. Preferably,
the water removal operation 1s conducted under vacuum. The composiiion is then

aterials in the final formulation have not
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£
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g

€3
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alreacy been added) and coating on the device. Alternatively, the removal of water
may be undertaken alter coating a water-containing formulation on the device.
Whiie brief periods of exposure of the composition to temperatures above 100°C
may be allowed, extended exposure to high temperature may be seriously
deleterious o the stability of the coating composition. It has therefore been
surprisingly round that temperature conirol of the water remowal process is
exiremely important in the production: of stable coatings of the present invention.
in an alternative preparation technique, the agueous chiorhexidine
gluconate may be freeze-cried, thereby removing sub: stantially all water from
chiorhexidine gluccnate in 2 rapic manner. The thus freeze-dried chlorhexidine
gluconate may then be mixed with glycol. The modulus-enhancing component

=1

anc/or other desired izﬁgr@di@mg of the final formulation may be mixed at the same

hen E@ao’iy for final formulation (if ne ”eggmy) and coating on the device.

This condition allows for use of lower temperatures than would otherwise be
required, shorter tirnes at elevated temperatures, and further may facilitate removal
I undesirabie volatile degradation products or impurities.
Lhe compositions may be coated onto the intended device using appropriate
coating technigues, suca as dip, melt, exirusion or spray techniques. To facilitate

this coating process, it is preferred to formulate the composition such that the melt

L
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and the concentration of CHG in the water was determined per the test method
suramarized below. The percentage of the CHQ in the floss that was released into
the water was calculated from the initial coating weight and the water CHG

o g At '
CONCCRIralion.

5
HPLC Test Method for Determining CHG Conceniration
Eguipment:
A Hewlett Packard 1090 HPLC.
2. Detecter: Diode Array at 205 nim.
J 3 Column: Prodigy 5 ODS 3, 100 A pore size, 5 mm particle size, silica-
sasea C18 column, 4.6 X 150 mm ”‘"hm@memm Inc., Torrance, California).
3 APLC grage Acetoniirile (J. T. Baker Inc., Phillipsburg, New Jersey)
5 Deionized water
6 Triethylamine (99%, Aldrich Chemical Company)
5 7. §5% Phosphoric Acid {J. T. Baker Inc.).
8. Butler Filter: Empore filter M Company, St. Paul, Minnesota).
9, Automatc “%‘sr cite and pipette tips: 0.1-1 mL.
10. HPLC vials with @aj;g;g (Fisher Scientific, Pittsburgh, Pennsylvania).

{ Procedure:

e -

1, The following CHC standards were prepared in deionized water: 0.005%.

0.003%, 0.001%, 0.0007%, and 0.0005% (w/v).

E\J

HAPLC vials were filled with the prepared samples and CHG standards. The

% i

vials were loaded into the FPLC.

P

3. he mobile phase was prepared using the following procedure:
a) Deionized water (1000 mL) was placed in a beaker.
) Stirring was initiated, and a pH meter was placed in the beaker for
coniinuous measurement.
» Triethylamine (10 mL) was allocated inio the beaker.
0 a) Phosphoric acid was added dropwise until the pH was 2.5.
c) The motile phase was filtered through 2 3M Empore filter.

9.
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4. APLC test parameters:
2 Flow Rate: 1.0 ml/min.

s) Mobile Phase: 75% 1.0% Triethylamine/phosphate at pH 2.5 and

e

25% acetoniirie.

5 c) Temperature: room temperature (21° C).
o) Injection volume: 24 ul.
e} Draw speed: 83 pl/min.
f) Injections/vial: 2
o) Dioce Array Detector: sample at 205 nim with a bandwidih of 4 nr,
10 reference at 500 nm with a bandwidth of 50 nm.
5. sSamples ana standards were run though the HPLC
6. 4 cahibration curve of CHG concentration versus peak area was generated
irom the results of the standard sclutions.
7. The concentration of CHG in the water of each sample was determined
5 from the calibration curve.

The releasetate of CEG from the coated floss samples are listed in Table |-

The resulis show that the floss compositions of the present invention o1ve excellent

£l

retease of CHG in an agueous environment.



»r?

——p

CA 02333009 2000-11-21

- - & <X @
3 wy G o @6&3@{; O@uo G?E}) . u@ .
BLE aw £ & . & & oaco @ Q o e
. OB R & “ - & & & & &
) 5 & - ¢ 5 5o o & e o
% 2 - - T A )
g 3 & i& & Z’fﬁ i o g @ G & o s
5, @ § FITTN o . -'-vw“I"é* g, % %}v’f“i‘i’ s
P = Y " o Q,. - & 0% k 3 ; X G«ge’ &Lﬁgw Ty G_.ﬁ Qagokﬂ’m o
tabie 1: Flosg é@:m&'.ﬁg Lompositions and CHG rele ~
S A S e A A6 il . s e
a . R w-m-hw‘:ﬂr-‘wﬂﬁrww'*wc?"m};mww FESLTR REALA Ty =m-'wwmﬂmmm N ”’M&L@.&Q&?
s - R A A 2 S S R DD M Ty ey e g - ‘&maw B : © & 4 . ki “ “‘ e -5? '
T oo | Qo \ Glycol | Coating | Water for Percent ol
it 'y ] - ~,,,,.§... o i gowy 5w v - 2 N
%é:mm@i@;%u faCLany ] v { TEF S g ] . CHECY 54
T Eé T | i weight | Release - LHGm |
s ~ ] ' , )
(;’ [ f . é Poye ?.- LLF oy \ < ﬁ?’:‘a h : 3
| | (ng) | Test{ 11oss |
§ ; é SIS | 4 st (3ol 3 j
‘g i g v;g ; F'
i ; é TRiene T
i : - . S e S R T e =T - 3
i % o st tmrmmiorimreewermie Sy { . o { TN : i Y @f‘b G i
A maree e e . Lisre e | 1 5.5 N siERE
i L ey, o il I Qe moets im -w',-oé"".%‘r:‘ % - i ) da auf & 3 e
i L é e 34 B’igiﬁﬁwm.a@ T Y CCT % ;
i ks | e Lasd o e \ i
i ¢ TNEE W Ye i v ;
: VYR RTINS g S " i
; E{ iw Uﬁm@uJ@@i 4 .ﬁu\.j;ﬁxgg . 0 g ,i | %
¢ F N i o ) WAkl N .Y‘ﬁq.""‘;‘h : Y : .'!’ 1’
ff ‘Chemical Comapany, Jepan) § ;
; E\wm.w -5 > ? o A NN W
2 < el d )
g — *:rjf—‘au—m:..., . p miw}Gmﬁ,GG g ig‘u@ E “g |® 4j oa:l;{
‘; ] ."2 i : ?‘m f, f@@ "g" et ¢ § ;l 2 .
18 CDS-80 Wl P 176
:i ¢ P R e 9 a "ﬁ -l : 3 : r y
": \ - ' ] N L :"W'{“ o Bl e el G’é ?C&Im Ay D ta J-t :f <3 ; i
;f o] ey ? g Ak S i wfl‘ :Z: t‘,@ ﬁ,i_ [;-J.L‘Aw’ i . 3 'i:
1 i P G-%Efg}ffwf}}? LU 1I18 . J | ;
[E oY T - ol o 77 “ﬁ'\ i «Zﬁf"’_ Ea ‘:E [ : I
("Decaglyn 3-8" Nikkol) ! | |
y 7 ZraAYLn A, : ' \ A
§ ) Nl e L A G T s T SO AL - p : .'r g ‘-%“""N ‘ﬁ 4"‘::' q
‘i - mw“?“w“ oy e h'gpﬁ:f,G@‘izDO@i i &O@ % &U Z%acj
:j ' E-‘% B@ g av Q,l ﬁ‘; ﬁﬂ' 3 e ‘ Ww“w}%wwm#mm B ———
i «J o G aj S a— < z':
TPEGH0 Stearais . [Glyesmn| 35 % . 31.9
| 1E  |PEG-40 Stearate hyesnn g
E B { a ) A28 C Y ¥ __“,, : f H
("Emerest 2715", Henlcel | | |
; AR ? :
i ; » : } .
| a ';;".“"] — ‘ - ke
: EL{L LTl ; |
L i j
EI A .E.:.c oL (237 < k } w“ﬁﬁ«-m? — e e
1 Jjerse Jf) P 205
SR~ F:Mm <t 77 : 7 W e
: I IITIETESY 2 . S | ,,,,,_‘E.mﬁ,...,}.mwmm
% b § -
i - :
i ]
: '.s. ;
; %
il % :
g
? :
i
] ?
w%mmmm¥m“ % ’
5 £ ; ¢
. | 5 ) .
A e v R .
[ L
Hxampie 2
< ot P i) .
' h ‘a*’”u ? v H « i Enﬁf
, € srepared per the compositions lsred in Table 2 using
oy o 3 go%e } T e N T T : £ '
~loss coatings were prepared per iae comp
o 7 o 3
: oS ¥ X0):ek ;?é:@i 4 5@ E\J%,.:c & Q.
. o urtactant was melied at DTORIINANSY g ShlX
> the following procedure. Ezch surfactant was 1 Pl
] o P T e , } .« 2 \.‘?
. .« o, . . Py <4 . , é_‘ b iy & 2 éf’v 5 .E F 3 f'*-g.
B iired guantity of either the /1 glycerin/CHG stock solution o
then the required quantity of sithe: ;
; ) R T £ . ‘im o ?“" ‘9 REFZS o 2 ;3 "
- e /T WY AN/ S Wﬁ;ﬁ:@@i{j €Y iﬂﬁ@ﬁ T Eh{“‘ VOIS £ WESs @@d@@.& ang
oxample | orthe 2/1 PEG-4
-8 qiua; < " .3'."
. -Tech dental floss vwas dip-cogted into the
: T e et Jncoated Hi-Tech dental floss was | ip
dispersed with sairing., Uncoated Hi-Tech
. " o - s ¢ . o PRy ‘l,, o e @
lten coating dispersions. The excess coatimg was removed with a {ongu
mGﬂ {&ﬁ Qua iﬁ,&% { -;:-F o I WA - |
- *4 S § i g"‘" Py
% g £ v’ % G € & . o
10 depressor while stll molien o
) v i £ SAINpIEs Was measured using
b wo] @y o rate of CHG &om the coaied floss bmﬁﬁpziws WaSs measure &
“.ﬂa r;;u.,ea-b@ . % e Lo ul e },‘? gmﬂ ) '\Q\\Q‘j .
b @ abmtis G CRT X N
1 MY T - };%:‘"f noa gg{j’mgﬁ‘ﬁtg e f 1@0’{2?&' ﬁ@ﬁlﬁ[ﬁg Wf@ighﬁ YWETS
h L % “ Qﬂ” T R e = FITEs R :\: 5 :‘;L j,_ .\’ i e g m o " e
the roliowing procedurs. One inchfTloss seg
| : o T o F Aot evmrad gupm ne vials were
4 im individual % dram vials with 1 ml of deionized water. The vials
miaced il IDQIVIAUAL /5 Oraxm s |
wim ] -
. : 3, "
ot ot ] ihe Hoss segment was then removed
) “ o T o ot P .:‘3 i"“? { ' o l ﬁv f C§ES oty 2 ——
shaken for ten mimrtes on a paint shaker. The g
0” ‘i 5 ~ o
¢ © L2 - 2 <8 e - RR i'.'":z'd' > 15T b f Eht
1z ach vial, and the conceniration of CHEG 1 U0€ Waler was aatermined pering
£ iToim eacn igd, Wi d At
-10- R SR




NS

CA 02333009 2000-11-21

WO 99/62470 PCTUSS9/10372

weme ' -

FE g t,p"‘!

LIDY 1 dmet mmethad nff Bvarmmie P o o the > 4 3 ‘
HPLC test method of Example 1. The percentage of the CHG in the floss that was
S S 7 -

released into the water was calculated from the initial coating weight and the water

CHG concentration. The test results summarized in Table 2 represent the average

ey

of three replicate measurements. The resulis in Table 2 show that the floss

> compositicas of the present invention give excellent release of CHG in an AqQuUeous

¢

environment.
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using the procedure described in Example 1: 1.5/1 and 9.5/1.

Floss coatings with the surfactant Unithox 380 were prepared . per the

r-w

compositions listed 1 Table 3. The required quantity of Unithcx 280 was melied
15  atapproximately 50° C, and then the required quantity of ane of the two
slycerin/CHG stock solutions above was added and aispersed with stirring. The
fioss coatings were aged for four weeks af 45° C and then the concentration of

p&raﬂ@m@mmmm (PCA), a by-product of CHG decompesition, was determined

using the HPLC method described below. Water was used as the samole sclvent in

G

ine test method 10 effect dissolution. The PCA concentration results are listed in

-1
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Table 2. The resuiis-show the compositions of the present invention have o000

stability (PCA < Z00 PPM).

fzoile 3: Compositions of Examples 3A-3B, and Concentration of PCA afer 4

5 weexs at 45° L.
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_oncentration in Floss

2. Detector: Diode Array at 205 nm.
| 3. Column: Supelcosii ABZ+Plus silica-based alkyl amide chain column, 5

micron, 4.6 X 150 mm {Supelco, Inc., Bellefonte, Pennsvilvania)

4, Column Prefiiter: 2 cm Supelguard Cariridge and stand-alone holder
15  designed for 5 micron Supeicosil column (Supelco, Inc.).

5. Para-chioroaniline (Aldrich Chemical Cormpany).

5. HPLC grade Acetonitrile.

7. Deionized water.

3. Triethylamine.
20 9. 83% Phosphoric Acia.

16. DBuffer Filter: 3M E; fi

il Automatic pipeite and pipetie tips: C.1-1 mL.

12, HPLC vials with caps.

13, Ultrasonic bath with temperature conirol: Branson 2270 (¢ (Branson

25 Ultrasonics Corp., Danbury, Connecticut).
14, Glacial acetic acid (Aldrich Chemical Company).

s
2
§
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Sample Filter: Anotop Plus syringe filter, 25 mm dizmeter. 0.2 micron

pCre size pius mtegral preiter (Whatman International Lid., Maidstone , England)

Chlorhexidine free base (Aldrich Chemical Company).

5  Procedure:
The tollowing chlorhexidine free base (CHFB) standards were prepared in
ceionized water using acetic acid to aid in dissolution: 0.01%, 0.007%, 0. 005%.,

0.003%, 0.001%, 0.0007 and 0.0005% (w/v).

%

L

The following para-chloroaniline standards were prepared in HPLC grade

10 acetonitrile: 0.01%, 0.008%, 0.004%, 0.001%, 0.0001%, 0.00007% (W/fv).

2

- s

as foll

The sampies for PCA and CHG concentration determination were prepared

WS
2) Coating sampies were melted at 50° C in an ulirasonic baih and

stirred {0 ensure homogeneity.

15

A Veant . n vta < ,.‘f-‘:ﬁ y 's:_ :':
20 manuies io effect diss

25 5.

T Q
LCh .

T

o) I'ne coating samples were resolidified at room temperature, and

ey

5 gms was placed in a 10 mL volumeiric flast.

N\ . oSS S i o . cren o | o :

C) An elfective solvent for each sample wzs charced to the volumetric
he 10 mL graduation mark '

a) ‘T he volumetric flask was sonicated in the ultrascnic bath for ten

1 the floss coating 1n the solvent.
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e) The sorucated solutions were filtered with an Anotop 25 Plus

HPLC viais were filled with the prepared samples and standards. The vials

The mobiie phase was prepared using the following procedure:

2) Deionized water {1000 mL) was placed in a beaker.
o) Stirring was initiated, and a pH meter was placed in the beaker for

continuous measuremeni,

(22
-

) {riethylamine (10 ml) was allocated into the bezker.
C) Pnosphoric acid was added dropwise unti} the pH was 3.0.
=) The mobile phase was filtered through a 3M Empore filter.

-1 5=
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5. HAPLC test parameters:
2) flow Rate: 1.0 mL/min.
b Movoiie Phase: 67% 1.0% Triethylamine/phosphate at pii 3.0 and

N,
J
33% acetoniirile.

TO 7N

Temperature: room temperature (21° C).

3.
\

c) Injection volume: 24 ul.

f) raw speed: 83 ul/min.

o) Injections/vial: 2.

¢} Diode Array Detector:  sample at 205 nm with 2 bandwidth of 4

nm, rererence at 500 nm with a tandwicth of 50 nmy

7. Samples and standards were run though the HPLC.
2. A calioration curve of CHFB concentration versys peak area was generated
irom the results of the CHFB standard solutions.

9. The CHEB concentration in each sample solution was determined from the

reoy g bneers oy o DR ¥ s i i —~
caiivration curve. T ne CHEFE ) solution conceniration Wwas convertec to g CHG

10, The CHG concentration in the floss coating was determined from the CHG
solution concentration.

] 2 A ealihratian crrye oof ] satratio e '
11, A caitpration curve of PCA concentration versus peak area was generated

from the resulis of the PCA standard solurions.

ne PCA concentration iy each sample solution was determined from the

3. The PCA concentration in the floss coating was determined from the PCA

solution conceniration.

Ty

o

Hxammpie 4

£

q'—-..q

i loss coatings were prepared per the compositions listed in Table 4.
Approximately 94 parts of surfactant was melied at approximately 50° C.
Approximately 6 parts of elther the 2/1 glycerin/CHG stock solutions of Example 1

or the 2/1 PEG-400/CHG

T

stock solution of Example 1 was added and dispersed

.;-"‘

o
‘n
]

?'.}z-*' “‘:; »e-, A b g e o T : 1 : £ A ey e ~
with stirring. The floss coating samples were aged for twelve weeks at 37° C and

W
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45" C, atter which the concentration of PCA was determined using the HPLC

\”

amupie 3. The PCA concentration results are listed in Table 4.

A

\a‘

methocd o

?"’?“-‘

Tabie 4: Compositio:

E'.Z"'I:{

18 of Examples 4A-40, and Concentration of PCA after

Agmg for 12 weeks at 37°C and 45° C
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xample S and Comparative Example 1

WAy

Comparison of Example 5 and Comparative Exarnple 1 shows that the
@@mp%ézi@m of the present invention are more stable to CHG decom posiiion than

Bowen {U.S. 5,603,921). The compositions of Bowen contain

(Ho-n
6@
®
S
3
3
&
1
gl
-
-
LA
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2—”’“‘: 3

ST g ~ 1~ TRIOTY S Sy ST Y AYAY T Fi . " T
ChG and 2/1 PEG-3350/PEG-1000. Comparative Example 1 of Bowen was made

vt

by melting 21 svre AF DRIYI00N (TR g oo ; RS A Y oPR I >
oy melting 31.7 parts of PEG-1000 (Dow Chemical Company, Midland, Michigan)

" he water from this solution was

o
cﬁ

ang adding 25 parts of agueous CHG (20 wt.%).

i

removed under vacuum at 60° C using a Rotavapor R110. To this water-free

arts oi melied PEG-3400 (Aldrich Chemical Company).

F"‘?"“l

. he resuitant composition of Comparative Example | was 5 wt.% CHG, 63.4 wt.%

PEG-3350, and 31.7 wt.% PEG-1000, and was a solid at room temperature.
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The floss coating of Example 5 was made using the following procedure.

T
(Fa
F.—'.\
)
€2

iock solution of 1/1 PEG-400/ CHG was prepared by dissolving 1 vart of PEG-

Pac I

20 wit.% CHG mn water. The water from this solution was

I‘“\*}

SOV S & ~
400 m Sparis o

O

removed under vacuum at 60° C using a Rotavapor R110. Ten narts of this stock

soluticn was dispersed in 90 parts of melted Unithox 380 at approximately 50° C

The resultant composition of Example 5 was 5 wi.% CHG, 5 wt.% PEG-400, and

S0 wit.% Unithox 380

v—v

The tloss coating samples of Exampie 5 and Comparative Example 1 were

r‘&

aged at 45° C for four weeks, and then the coatings were analyzed for PCA

&

onicentration per the test method of Examyple 3. The results are listed in Table 5.
The resulis show that the PCA concentration of Example 5 is lower than that

ek

Comparative Exaraple 1. These results show that the compositions of the present

invention are betier at stabiiizing CHG than those of Bowen

-3
)
S
{.. )
g
(42
{aaga
=y
poe=d
o
(!)
Mz
tﬂ

Exampie 5 and Comparative Example 1: PCA afier

.

| |~ Conceatration of PCA {pom) aﬂi& 4 weeks at 45°C

st

 Comparative Example 1 | ¢ . 283
| Example 5 ) S0 ~

N

Comparative Bxample 2

son of the floss coatings of Comparative Example 2 and Exampie

P ©

Compar
6 shows that the compositions of the present invention give better release of CHG
and are more stable to CHG decomposition than the compositions of Hill (U.S.

DG 7T 1Y
59@9839‘ i .ﬁ.)h

Example 61 and Taole XI of U.S. 5.098,711. These three compositions were
L

reproduced to the best of our ability, but our efforts were hampered by our Inability

{0 trace the favor “IFF 1017, IFF is the acronym for International Flavors and

rragrances, [nc. of Dayton, NJ, but they do not presently have a osroduct named

IFX 101, The authors reproduced the three Hill examples both with a substitute

Havor (PFC 9894 peppermint flavor, Foote & Jenks, Inc., Camden, NJ)

-16-
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fiavor {Comparative Examples 2D-

I'he compositions of Comparative Examples 2A-2F are described in Table 6

tc Lable X1 of Hil! U.S. 5,098,711

to facilitate comparison. Comparative Examples 2A-2F were prepared per the

procedure described by Hi

Table 6: Compositions of Comparative Example 2 Floss

il m Examp]

U @ 5 Jgg j*ﬁ: E ...J.{'.:. ;&‘ELE@ J.z.9 Tfﬁﬁ;@ X

:
| ompara-

- Example

e Pluronic
|

., and that procedure is described below.

&

oatings (from Hill,

E ] T

e T A T ST R A A0 o s B 34 4 e S (M s TR Sl sl S
h 4
]
1

T A 5“2?’1“
We. % "‘*"—zt““g"'s*fr*gfr”r“ﬁ'zrrz‘“
— WT" bl

B/ s "':zsr | - .
Em“m“t*“‘”ﬁ'*m; “ﬁw”f“z’fﬁmTM@%mmW' o
g LA TR AT  OEy R
!‘WK {o) LI R AT Y 0.2056 | '
""‘m‘“ﬁt‘mﬁf*‘“ TR
g; T ZE s 2@*2*’“'?’“‘”‘"8‘”536
| B

(0.65 g) an

in the Hill examples chlorhexidine gluconate is formed in site by preparing

dh

O
b

actone was convertegd.

CIG and reacting 1t

cated 1o 75° C for 15 minutes i

ais gluconic acid, surfactant Pluronic

h T ol P B FoNUR :
ith chiorhexidine free base. D-glucono-d-lactone
. 9 -

cn Chemical Company) (1.09 g) was moistened with an excess of water

a ciosed vessel to convert it to

127 (BASF Corp.,

wes added io make a 1% gluconic acid mixture if all the

This mixture was heated to 150° C to melt the Pluronic F-

197 and effact miving
L7 anit CIeCr MNIXAng.

anc Pluronic F-127 that
L L Grwdl -~ N <5 4 AT LI

Table 7 describes the quantities of chlorhexidine free base, oluconic acid

“
‘E .
H

ombined for ea

ch Comparative Example 2A-2F.

was melied at 130° C, and then mixed with chlorhexidine free base

ution was added the gluconic acid/
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Exampie 6
Fioss coating compositions with the same conceniratiors of CHG as those
Comparative Example 2 were prepared per Table 8. The compositions were
orepared by melting the surfactant at approximately 50° C, and then adding and
5 cispersing the required amount of the 2/1 glycerin/ CEG stock solution of Example

10

20

1. Uncoated Hi-Tecn floss was dip-coated into the molten floss coatings. The

i

excess coating was removed by passing the floss through a 0.006 inch slit die while

the coating was still molten.

LX&I‘H?}E@ ‘! Sm*fac?mﬁ f Surfactant i Giycerin
‘‘‘‘‘ nasame “‘ SO m————— i,_, "“,,_mmm
‘9'? 3@5 ] A 430

B Um@.h@x 380 98938 | |

5 - 6C SUm*?hw 380 L 97774 | 1484 | 0. 3,207 X
aD Unithox 380 3 O8. 8“‘ ’ 75 , 0. 0 :

g 6F  iUnithox 380 | g Q.13 '

S e ]

; o i | f

g 6£ J D@:ﬁgﬂw % { K ° ﬂ @o E4E ;

.J - R e e e “"“-“"i' o AL | WMWW .

i HC3 §3A=,%?W ‘:-.::s 'g 0. 708 . % 0.071 j.

Dy et YT é [ —

. 60 b@asagyn 33 7. 774 1.484 'z 0,148 ]

£i . T it lmwm} ) : l ¥

N A e Ty,

¢ 6l wwg YT 3-8

0.076

ne release rate of CHG from the coated floss samples of Example 6 and

Comparative Exampie 2 was measured using the following procedure. Samples
were prepared by piacing 3 to 10 inches of floss of known coating weight and 1

ml of delonized waier intc a Y2 dram vial. The floss length used for each

#-
t’;i“'*"

compositlon was such that if all of the initial chlorhexidine (calculated as CHFB)
charged 1o the coating were released, the concentration in solution would be

equivalent to the most concentrated CHFB standard ¢(0.01 (w/v) %). The vials

were shaken for ten minutes on a paint shaker. The floss was then removed from
each vial, the remaining saraple was filiered with an Anctop 25 Plus syringe filter,

anc the concentranion of CHG in the water was determined per the HPLC test

method of Example 3. The percentage of the CHG in the floss that was released

focasd
$ ot
Pt
@
%:’D
foL
t-.-.m
e
-
o
P
D
I;:ud

inic the water was calc nitial coating wei EE 1t and the water CHG
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concentration. Bach composition was tested in triplicate. The test resulis

.-g
2o

summarized in Table 9 represent the average of the three measurements. The

t‘m.;

cornpositions in Tavle Y are grouped by the CHG concentration n the floss coating
to taciiiiate comparison. 1he resuits show that the floss composifions of the

5  present invention give better release of CHG in an agueous environment than those

Lable 9: CHG release rate in water for Example 6 and Comparative Example 2.

bwm SRS O B T R AN A Sl 38 B e e 2 4 2 o DI B Wmm’mw ....... m o
iﬁmfww CHG in Floss C@@tﬁr c,\W‘i %‘P Percent of CHG in floss released
i T vt s e e e — e er = il koo e ‘.......:
C Qm@m‘a*‘rr% 3.705 5 <50 :
= e e e ]
: cmpamhw 5 3.705 | <53 |
Example 2C | |
J— B y-a— e —
i Xamp: I §f- G i@ﬁp o | 66.3
gﬂ,,xaﬁ"n@ e 6F 53,705 | 71 ]
{ T A B R B T L R A e e A e R e 3 e Iy et g v N . i
l{mm r e e s T S T S L e, P, st
{Comparative 0.354 5 < 4.8 E
[mxample 2B | | |
Ejgamp}i@ 68 | 0354 | 399 1
Example 6G 0.354 5.7 ]
f_wu mummww:mmwmwmmﬁ B e e w e o et s E
s@@i‘i‘ parative | 0.742 <47 -
y i
ampie 2D .

! -+ H
| 8 R . . - ‘ . . N S
T ! | - - ' o -'
: a N .
¢ M&Qﬁmfﬁ@ t\/k-/ : % u E 7 q»
. o P _— . 3 N e ralh i - o e N 3
¥ »
}

’T‘R-'-"_.'V""'_TE

|

'iCmﬂmm&m Ve ;
ﬁ’E"mmw@ 25
jmmw @i T
| - —

u@ *ﬁpm@ five | 0.783 <47

/
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Exampﬁ 22 ] ””?83

—)
oy

Lhe floss ceating samples of Example 6 and Comparative Example 2 were

ha

5‘3

aged at 45° C for four weeks, and then the coatings were analyzed for PCA
concentration per the iest method of Exaraple 3. The results are listed in Table 10.

I'he compositions i Table 10 are grouped by the initial CHG concentraticn in the

By

.ff.%:ﬂ IO AT T oY > g -~ -E: e a3 £
Tioss coating to facilitaie comparison. For every initial CHG concentration, the

73

15 PCA concentration in the floss coatings of Comparative Example 2 was

w ) (e
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These resuyits

2bilizing CHG

> Table i0: Stability Studies of Example 6 and COHM@E&LV@ example 2. PCA
Loncentration after 4 weeiks at 45° C
(Example - | Inittal CHGin |Concentration of PCA  Coating|
; ZF Tehts - aiter 4 weeks 2t 45° C{ppm) 1
* 1 Coatng (wi.%) |
f @rﬁpwmw@ mxam@i@ A | 0705 ) 72399
Su mpa’w::n@mp“ﬁﬁfi ;m @o?@ﬁ o 16986 i_l
Example 6A 1 .70 ] 1
e ) ~
Example 6F |
LC@"Y‘ péﬁ%@ gﬁ{ammc?% N
1{ Example 6B _......__W
Example 6G m,,.l )
ng nperative Example 2D T
Example 6C | @:.mz 37|
1E\*{am33@ 64 T T ]
; :%:+faaﬁve Examgfgh F ~
ia:f{ampg@ 6‘1‘“ B
Lf{a,mﬁﬁ 6l
rloss coatings were prepared per the compositions listed in Table 11.
10 Appropriate amounts {depending on @@mp{}sm@qs described in Table 11) of the

T Yy ey buren v L% wurasis Pt on : . ol YA
ut DJecagiyn Z2-5 were melted at approximately 50° C

Ay

ock solutions of glycerin/CHG and PEG400/CHG were prepared

"

using the procedures described in Example 1. Additional glycerin or PEG400 was

-&

<

adaed io each compoesition 1o @bmm the appropriate ratios of glycol to CHG
described in Table 11.

{r solutions were added to the melted surfactanis and
The floss coating samples were aged for four weeks at 45°

D1-
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L, aiter wiich the concentration of PCA was determined using the HPLC method
of Exan npie 3. The PCA concentration results are listed in Table 11. The results

show the compositions of the present invention have good stability (PCA < 200

- b
DM ).

5
taple 11: Compositions of Examples 7TA-TN, and Concentration of PCA afier
Aging for 4 weeks at 45° C.
' Glycol | CHG | Concen
yeol | - Conce *"I‘i‘*"ﬁfﬁ@n 'g
{ﬁ@%%@j E @Mﬁﬁéﬂf é @ﬁ:?%wfknimﬁﬁﬂj
B (457 C , 4 wwm |
I | M@
| e L | I | 11.2
| ‘ : i - | . e N g '
70 &'J lycerin ; °6 | 5 | 5 116.8
= 7 e B R
/D iwivmmpi 55 10 S5 | 127.4 |
T STy E-Y A e BT
/B PEG4G0 § 94 3 ] | 4.2 E
| _7F _|PEGA00| 89 o | 1 178
a4 ' 56.1 |
— |
34.9 Tf
220
557 |
58|
RN b _q__,_,g
31.8
wxample &

4 cxamples 8A-8C were pr@pazfed by meliing 89.5 parts of surfactant (per
Taovie 12) at approximately 50 and then dispersing 4.5 paris of glycerin and 6
o e e e e A L E o 3
parts of a 1/1 stock solution of glycerin/ CHG (prepared per the procedure of

“xample 1. The surfactant “MYS-40” is PEG-40 siearate from Nikkal

I_. ".

n"x“““" o -

The elastic (G*) and viscous {G””) modulus of F xamples 71, and 8A-8C

.

-

were determined using a controlled-sirain rheometer (“RDA-2” from Rheometrics
scientitic Inc., Piscataway, NY). Measurements were made at room temperature
(25" C) with a parailel plate geometry (25 mm diameter, gap of 2 mm) with a strain
of 0.01% and = frequency of 1 rad/sec. The resulis are shown in Table 12

A N B

including the ratio of G’” to G® which is tan &.
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able 12: Rheological Studies of Examples 71, and 8A-8C at Koom Temperature

and a Frequency of | rac/sec.

ﬁmm act éﬁ? ”““T”“Tl“idymymz) G and
. ] | N -
71 |Decaglyn2-S] 1.30E+07 | 522E+06 | 04
8 ‘awjﬂ@m 2715 6.10E+06 | | 1.5TE+06 | G
8B | Unithox 380 |  3.00E+05 3.47E+04 | C
T8C | WMva40 | 1.13EH07 1.50E+06 | G,

5 Wxampie 9

Floss coaiings were prepared per the compositions listed in Table 13. For

Wi

Example 9A, approximately 89.5 parts of the surfactant Emerest 2715 was melted

at approximately 50° C. For Examples 9B-9G, approximately 84.5 parts of the

ted at approximately 50° C

et

surfactant Emerest 2715 was me

10 A 2.5/1 stock solution of glycerin/CHG was prepared using the procedure

-(}

descriped in Example 1. Approximately 10.5 parts of this stock solution was

e

acdded to each of the meltec suriactant

|’

and dispersec with stirring.

{£)

rv

N

Flavorants {5 parts) were added to Examples 9B5-9G. The flavorants

el Rl Xe Q : - "

respectively used were SNUZ206928 peppermint (International Flavors & Fragrances

15 Inmc., Dayton, NJ), SNU26529 peppermint (International Flavors & Fragrances Inc.),
SNU26930 wintergreen {International Flavors & Fragrances Inc.), SN0326943
peppermint {International Flavors & Fragrances Inc.), SN026944 peppermint
(International Flavors & Fragrances Inc.), and PFC 9831 peppermint (Foote &

senks, Canden, NI

20 The floss coating samples were aged for 4 weeks at 37° C, after whick the
concentration of PCA was determined using the HPLC method described in
cxample 3. The PCA concentration results are listed in Table 13. The results
show the compesitions of the present Invention have good stability.

45
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Tabie 13: Compositions of Examples 9A-9G, and Concentration of PCA afier

Aging for 4 Weeks at 37° C.

i L B e o o -
}E}{amgie mawwg surfaciant uﬁymf“m CHG gﬂwmw Commw@mn of
| BT A . 1 (x f
| (M%) | (Wi%) | (Wi%) | (wi%) | PCA (ppm)

) 3?@ 4%@ ks

%
]
5
B

A g None

pr——1 A__.mM|l
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A device for delivering chlorhexidine gluconate 10 the oral environment,

said device comprising a coating comprising

5 %) chlorhexidine giuconaie
o) Solubilizing Glycol, ana
) = modulus-enhancing componeit,

said coating comprising no more than about 2% water by weight and having less

than 0.5 molar eguivalents of deleterious quantities of salts, acics, and bases that
10 would react with chlorhexidine gluconate based on the amount of chiorhexidine

gluconate in the coating, and said coating coniaining 1o more than 200 pmp of

T A after four weeks at 457 C

2. The device of claim 1, wherein said Solubilizing Giycol is glycerin.

i5
3. The device of claim 1, whereis: said Solubilizing Glycol is selected from
the group consisting of glycerin, sm”bi‘a’:@i; solyethylene glycol, polyglycerois,
propylene glycol and mixtures thereof.

20 4. The device of claim 1, wherein chlorhexidine gluconate is present mn the
coating es at least 0.1% by weighi, and Solubilizing Glycol is present in the coating
i an amount such that the ratio of Solubilizing Glycol/chlorhexidine gluconate by
weight is 0.2-200.

25 5. The device of c.aim 1, whereia said mocdulus-enhancing component is a

surfactant that contains both (@) hyar ophilic group(s s) capable of dispersing

chiorhexidine gluconate and a glycol, and (b} an alkyl group(s}.

& o 1

5. The device of claim 5, whereln said surfactent 1s seiected from the group
30 consisting of polyglyceryl alkyl esters and ethers, ethoxylated polyhydric alcohol

p

alkyl esters, and polycxyethylene alky! ethers or esters.

CA 02333009 2000-11-21
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The device of claim 1, wherein said modulus-enhancing component is

.

o penes < . . 51}
selected from the group consisting of waxes, poly-n-vinyl pyrrol ‘done, crysiaiiine

Q‘t-cj

§o g

fatiy alcohols, paraiiins, p@é&jy@iﬁ:hyﬁme oxides having a melecular weight greater

than about 900, hydroxypropyl cellulose and cellulose denvatives.

5
8. The device of claim 1, wherein said coating has a coeificient of dynamic
Friction of less than 2.0.
9. The device of claim 1, wherein said coating has an elastic modulus, &',
. PPN arn o o ¥ ! :
10  greater than gbout 18,000 dynes/cm® at a frequency of | rad/sec and at room:
semperature, and the ratio of the viscous modulus, G", to G’ 15 less than about 0.8 at
2 frequency of 1 rad/sec and at room: {emperature.
15 10, The device of claim 1, wherein said device is a dental floss.
The device of claim ¥, wherein said device is a dental pick.
12.  The device of claim 1, wherein said device 1s dental tap
20

L3, The device of claim *, wherein said device 1s a dental paciking material.

14.  The device of ¢laim 13, wherein said dental packing maternal 1s a {iber.

25 15, The device of claim 1, wherein said device 1s a Ziber, chip or membrane

adanted for controiled-release of chlorhexidine gluconate in a periodontic pocket.

16, A coating composition comprising

2) chiorheyidine gluconate
30 o) Soiubilizing Glyceo., and .
c) 2 modulus-ennancing component
36-

02333009 2000-11-21
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73 The method of claim 22, wherein 2 modulus enhancing component is added

-0 the Solubilizing Glycol before mixing with chlorhexidine gluconate.

24 The method of claim 22, wherein a modulus enhancing corponent is added

Y a

S

io the Solubilizing Glycol after the Solubilizing Glycol is mixed with

Ty & " ‘: :o‘f’ e F S it 6""4“1‘
chlorhexidine giuconate.
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