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O6paseu koga Cocras peakumoHHON cmecn [Auerar]

* [Auerar] + [upyear]

8} 4.00 x 10 mol.dm * 0.00, 0.01
nwpyear;

(2) 1.60 x 107 mal.dm * (.01, .03
nUpysar;

(3) 4.00 x 10 * mol.dm ' nupysar; 1.00, 1.00
2.96 x 10 ' C10, ICIOy

(4) 1.60 x 10 *moldm ' .98, 0.99
296 x 10 mol.dm ' CIO,/CIO,"

(5) 1.60 x 107" mol.dm™' nupyear; 0.65

8.00 x 10 * mol.dm ' uncren;
4.00 x 10~ mol.dm ' ypar;
2.96 x 10 "moldm * CIO--/C10y
(6) 1.60 x 10" mol.dm ' nupyear; 0.32
8.00 x 107 mol.dm ' umcrenn;
4.00 x 10" mol.dm ' ypar;
8.00 x 10 " mal.dm 'SCN;
296 x 107" mol.dm ' CIO.1CIOY
(7N 143 x 107" mol.dm * ‘nupysar; 0.66, (158
1.43 x 107 mol.dm ' uucrenn;
357 x 107 mol.dm ' ypar;
1.23 x 10" mol.dm™* C10,71CIO-"
(8) 1.43 x 10 " mol.dm ' nupysar; 0.08, 0.08
143 x 107" mol.dm' " uucrenn;
357 x 10 * mol.dm ' ypar;
143 x 107" mol.dm *SCN
323 10 *mol.dm * CIOS/CIO-"

s x, " schyd — e e . co mooteo ' e Y oe ¢ eth~ g W
h - C Loe e‘. 3( m‘a m < > m.(;* h >~ 3< X "o e e < xZheo oe*em”‘ c

‘ /2'_{@1@2 com ™ 7 e‘* : mo_mo ) = ~o o e o ) _ o m ": t "**H o "‘"“
ht~“RetarDEX® ¢ . _x_~  ~ee . h = ¢ oee . ma mao T a’
om ~“teo o fx _h®FThFhTe. T XMAYORo0 " Tt che oT0nC
o0e ¢ e t h ™ c. . - c . t ot~ = ."* m_ohh (_t h o “‘“e . m X t o
c h mx tmt x 0" 0 "o * o ™ e eo0 a c h c “h ™t T 7YY coo 7o
ot h o~ o c - > -~y ﬂ:“_ééygeétQ“QJ(m(@(nn . 'ﬂ_“é*pﬂb"‘ —et e . a0 “o”":"e A 0a o a
| HhE "o*~" T eeo _a mto co "om_~en3¥owlleNBE 9 B0 - "0

e hx‘}.”‘tBL’)

*

odc e o o oacoe e t e . e~ T - > o m h ® h -
. — ‘

oco —™™m *“*t<"<a co"o@|Q'[C|Qt‘z mo * h >~ * a

f . mc h otm 0o cC (@) . mo o] o] h * °h ’ e Y t” mco TE

o e x h h x O 7 ~et o m " *eto K "~ oeoho H™ t hoeo
Y

< — J— - J— + < <

* J— < *

clg/clge {7 Hto e, ot® h~QOt h =~ ¢ oee . ™ may3yh g3 Fm
ao TRER I xh~t QJoiAPae TER N TAORNtF. e O0I0Rywn T ERN 2 MIARO, “Fe
e oe IO Mmoo T0%a oy S'EHRI 2 F ch ¢™h~t TTY co Tom  “e Y




_oe ¢ e tQG/CIQWI dhc | T10% @ THERSph | | a x m £ 8. e e 3G /CEAHER ™ 2

<

om “ t eo o Y x Y . hT éhh - FaSmMn e - x h ~ e o e . c h
. X ‘Et t .y co X ;oo ee . . h L Et t Ht 9o H_mec¢c h .2
X _~~ L0t e ~ to ¥ cto co ~o ” . €|Q'</ C|QZ h cx h" *"‘mt X* t motﬁ*xm’(j""”taw""yﬂe
Y co ~—om e Y c o ~omt ht~* 5 e * h x tm Yy ): m t

] mtT'Eeto ¥ m ¢ t h . S €0 "hxe;’”.g@ moge nm o "t h > =~ Ot

< ® - <



(@

8.00 00 600 $%0 «00 100 200 1cQ coo
P
A
®
Cit
o CH,
‘ . I i
PN S : T RO T R e
800 roo 400 500 4.00 00 200 100 oo
ppm
. T . c® ai¥ydimta @ pdEmss  _tho I pgan le _o"eo
oe g eth~ ¢ 2ao wm&nnn BEmonFRKT om ~“teo o *x h = oh = -
y ¥ h v ¥ oot e tHe . a 6% A a™a 0”0 “ T T "7 hmt * EHPOG 0 e~tehe
RetarDE° ¢ o ~m *_‘”ct”;’%'y.‘ me _ th. co " - e . ¢ o _nh . e
nc t h o'é"""l’)”‘o"‘t m e "{t['e -szhl'l aogE “gegmy @ h c m . - a
§ c h x -

mco TETX ao o
. < . « -

a 0" am y cho® ~ " o*h* @

. < < - < <



Cyst-SH

’CHz

(a)

<O
i

| L N

R aAas nall Tr e T v o . vy \ e - v T T ey ey T ™ ‘afasasll
a0 t ) 0 6.9 6.0 3% 50 oy a0 18 30 2N e I ] 1o (A 00
T T s T e th b om om0 g M7 e T e oMMy R T Fe
3 om "~ teoa ¥ x 2Za oh ™ RO I A NT SARM /M € 0 X : e e com ™ o *
o ¥ A a™a 0" U ® “o h o “ e eo o BRO 0 d‘éfEhTo"H”’r’ﬁo*;"“”Y h-o” m

mec thoa th~ I'IIDUHZWIBOTw]”C;lRQt@[DEXQAé'Y~+°;m'Y " mtot” m ¢
cnnxImo ledd® 600 " mu'spnhp eed” " om™ "~ mth'E 5cy p;pe”. = emeco o
co_~ "e . _o_h" " e CYQystSH CwtSSCysk m e " mt o I Or ae
c mt e moot t mt eeo @



(b)

Cyst-§-S-Cyst

-

w

N

Cit

L oY
gy o ey ¢ Vo i R T O A A e A ; e
ppm 9 ] “ 3 2 1
Cit
(C)
Cyst-5-8-Cyst
]
on |

-CH i

# |

' hb
\ww;h o Aot s o
. ... T .
oom a0 19 3.0 2.3 2.0 s 1.0



uo"“"'"'mwj(y[chomo eomt E c*hx“"'t”’z e*mt<*e*z c h
) m ™ t o fMIEetd e o t —'Ee o) h - c Y90 amo ’Y*;m"“ mt " ta THY coo
e o m~™ " x t o ta t t 'EZ‘ ;_t o "X oteom ot :“'Ee
ch 7 mt ee ¢ hoh~ ~'Ee o o0 : "~c~"5*g‘“o S Kpah °’H1*o t Ca
’“eE*o(_m*;‘:et(; *~h'(Y"' -, +x°'tmt:?‘le“"’“l‘T‘t(é‘“t'E(az'h(”')‘<<“"t_é
“ho e E m Qe S®P A KRRYNITT MHOMA e~ ot “'EeCIQ,/OICQO e
oco h o T eeo o 0 .m ’“* t T 'Ee o 0 co h 7 e Y .. oa
1~ T Ee ‘H' mec h a et m 1Bmicroe™E 0" ™ e o de ogn ah m* ¢ o
mo *© . h >~ "'e e; m* "’Hj‘ t hoeo 0 e_““:)eh*e;.em (}*c*fqo*(.;m ;"tem’“tt x 0" L. ) i r
_oeg_eth~” e Yo 03a 4 5 @R e HXThA'Y'F omn _ tmb 'Y;"e ®&E ymo o bh
oco T*m _ Retdr DE(X"'E* TREe Y o e SCN t h (B0 *YIOP . T Snte of kA
moot tmt eeo 3 che "_* mdemt -'Feo ~cCoomtTa “gdypee oh of 7°¢<b
x h ™ o . ’“eq; Ymcth toT B ° X omc h o o * a m e ’ e
h. o“e - e“m(l'g/ {“yi b H Han a< ® & mocho o S ’:' m E ) :e _h - C: )
MMHZT MHNZy a o & oh med yOoop ~t ~eo . m —e” ™ e
T co Tom  ~e Y ht ™ W o° e h2|:‘|2@ tag@h . mth Je'i"é —4h 3o
h*mco o ee ..CHOQY 780AQCTEY 182,2(CHCQY (NGQCRYy2 ©° O3 o
) h~> e ot e om|': t SUER ca qq;{qpu 8D
¢ Tox “~ ™ e e 9 o* h ™ c” 2 e ® o o e hx’ eo
o e _:" (O 3_~ h o x TUEt Tt o m T t  TEe CIQY CIQ® “”'h v e
h omt o) h > c,o0ee 9 ma(m(wz o’<h”‘"' 9 xle d h*"'e*c*o
x h - tC1Q/CIQ4OO*1O4 HX g% of EMmcao t — tmt e #a00 GERS opnz t o Mo
T ox ) h ~ (’)tl ‘HttoSapxn O @ - m _.mco ’“’E'o“*e . _ o o e . m 0
a oe; t o h e - coth e Y ‘Ht*oe to~ mo "~ Meoe 0™ 700 ~ ee ot oa m
ch*r;thm;“;( 0" a } 0<h"'*"\'Ee o*a o'co"‘”‘ m_*”'”“t'< ’“'<‘ Wé[f”_kNI
mxc he~t~eto —mTQe . To " oy I' po o*h~=* =t . =~
xh= eo "~ 7 ch ~ tt a.c _effmoxypn ooq g o > c¢co™ h ) ’
. c o TXx . ee . x T'Et h ~ ) TVEt h ™~ ot ) " L h ) - ’\* .o ® L mt
npn a mxc he™t™ eto m Qe S oFh~*% ot ~ee . H_ ., .
o * h “X h ™" te oa ’ e e x T'Et h ~ T'Et h o ~ e e t "~ a
r:1o ~*“ m o ”’eé <3"<09jth0:\< ' Y ""l°*o 0 mm °x<<ao 0*(
x h - t o E 0 c o_m - - ,m( e Y m_ c o a o' 'E’(S o h - T 'Ee.o (; c
et o;m* "”"”’oe*t*mf‘h**[t:"'Ee‘o @|é{t/hQ|Qz"'\p‘Lht mTNe . 0F mtm*'e°*h
choe(eteo( me*’(e*< ., 0 _oee(eth“e* :100%)."1099 rpgmt
° “~c "~ o e Ht o) chog ete o) e T, e O*A’Yme’y‘tm' "'*r
e’: ;”A’Eeo *oe C<eth“" c. . x h ~ t =~ . OHU ""“'Et<he"‘t*“e
e “ch a h 3 ¥ o Tox 3 UNP a’(he)ex O U dCD, /MC|go ccmo m 7 o e e
o_ . m "* t ) T 'Ee o o c o th ) ¥ ’“< e Y xh™*t” m T Qe (@) th5g6 ac h
oetho ™ ho o m ocoarnoc"‘<’i’® hho"’lbetoomat(et h *m*ez’*< e“* : ~a o ;""‘a) <’
o . HdJH* . E)aﬁ(im*aam""Ee . et t e e o0y 00 Tyt *ext® h t emo .o (
X ’“* Loe ag h #g)lpiwae”ea*.”" ~Ee . e ; e Y B "* e .o e s
c o To " e Y xh ™ot~ ¥ - co®t h>" e m coao 'EO m
c h (; o " e a wm To ’eomt 'E x & E™ 'e e'Y Cc0H H. Jfi€o e’ aoe’b‘e"'YAHY(g fi
m e *Oh ; e e a ) m c t h v i 'Ea a“z ;i; o ® _i i) *cot;"m h o "™ e e o) H™
°;eoﬁo omm*t*e”‘<: 0" o) *0“ m o **—’io_ *eo *c“h moo”"h*”’te( e<
c o om t“'i é"9 my't c h ; . «éce ho( 2)/]519( h* e<_r'n t ”' o H_m< c ;1“ X a‘ . e<t - <’“'E*e <3
c h o ° ~ c o TRt " MGEIQY 7 “C|Qp()c(fp m h "o Teeo .o 0 .m T t  TUge o




m Qe . ) “ h ’E* h o
"eomt 'EQD
°c_,m7, CIQ/TIQz ¢

mC O mOo

Cc

h

~

h

p
t

X

ZM

‘E
O ol

*

0 cxzop ;
m Qe exohaox

2 m m

- *



S ydie _wmpa 1
P

(- = « "
SCN' nsSMn a@’:"Ef(%.g mt“O
t*oe*“e“t’y n_""‘l*om"‘teo

| Tx o h . MZpH P MAa ao T«
‘ co"x;(ee.< com"( o]
'H T e te .a o™ A a

R h(() "eeo* T

® r;wt . :""\* t; 0 ~2Lm e Z(p_”o e tho ™

oTh T T ko e _ T Y, Y

h t ~RetarDE®@P ~ ¢ ;e .~ mec

co_"'”’e.(p eth("‘b*) e ™

X A “ 0Ot e h o e *em

o_'e """C)"' o) <h 'XA’Et

clg/cign t o grtebeICHN 6
).




c o "~ .0 e ¢ eth™ ¢ Y x hl.o0oe ¢ eth” ¢ Y X
— ; e ,Y cr)évm ‘0 com/—\ — . ¢
(10% o TER” a oco T"m_ RétatDEK{102
6ao’“'E'%*a
1 41 21
2 47 3
3 165 112
4 2 0
5 75 2
" s x , " s oD .0oe g eth™ ¢ x h ~ t ™ m Qe ) com ™
wSiFNB9-3 _*_ oc m¥eo “CIG/CIT. ~ ¥ dm”* hge = go* TFEe a ¥ h
c hoh™® T'Ee . a oco T m ~ e '3a oa"ZEﬁ{)qjijGe TYCthTEAn Fh Mino
c o ao EO ¢° v gh ~ = ~° - HCDI'IUZ 2 % o0 * h mt h h o ”
® X 9 ot * T'Ee . 9 oc h "t T e h CDC\OH ¢ x e och ® ~ e
e ™ Tt : m 0 m mt a momt ~ - MZI’I::CD
|'|CD 'E'mX; ) e
e o o] 0oacoe e men 7 ° o :”"e Y o} m ot T 'Ee o ()Zt h =~

c h c“h >t~ T 7Y o h* T UEe o o CQVCTQZ”‘ h""‘emmA(Etr‘no(eelm’ﬁ"' "o m
" oeoh m T"QDee . g H™ t hoeo o} coth * YOt m Y .
] m t t T 'Ee o I s to “m ™~ tm "y <c¢h “"mt — ee . g “ee . g
m T 1Qe e ommt¢t ¥ eo ct h"™xm ~@©h ¢ T*e ¥ Ot x ho e ClQ/CIg-
ocomh "o e eo ) 0 m — ot T 'Ee o o) c o h > " e st ¢ h*¥ o;’“a
'H t e * Y )fha”te@/bz x to. “ 'Y mh T e oe g eth™ ¢
m T Qe : SCGN. R R “xhgt 5) c mt e ) TF xo"> t* ~ tm™ VMy’E ; 1D’ ek
e thT T e o m Tt TEeo o T, mpd hY, 0T TEe TgEe © o

hoe Yt hao mEDm. _;sTof /b " 600t Y ClgR ., %3 heham T b0
ch*mxtmt~x<t ) _oee<eth C*'YOZ T omt to;e.g : Y 'H
o0 o ;.m a _ommt eo t Ya 3 ot _a c*hx“

- to. om Tt et 'Ya oh ™ T 'Ee o 0 oco 7" mo Hh e tY o’“aYaenecp —d
m a m 'E MY Mmh@oh*™ B 'Ee oo o g cco % m ~ e Y mo m T 0e oClQ —o
/ICIQ 7,40 * 10°6¢c h . ax " @QQy . e®och xm S0 3y "e” "o :reo0 o
T 7Y c o Tom e Y ht”™ mh ™~ °x com ™ c hoh™ T'Ee o 0 c h a
c h mx t mt x 0" o] m o * o e o . o] m ot - Tox tox ot
- t eomt B "M o htnh o e o (0} ] m t t " 'Ee o I com ™ X t
m_ohomt* . ‘oen h( _G**Z X mt“x'O"<m . mootn<tmt"
e ” to ¥ cto ommt * e o t ~EX c h mx tmt x 0" chhy ot
¢ mt e S xh~*tpy t~ ’ Fox ot t c o toh ThT Nt EmCY T e e m oy
c o c ho E”‘aa"’"@;"’ (o} c ho" x t Y e . co Tomt

mm — %o e (0]

ot h e c mt cle™ K €Igt aoe te ™" ~ T 'Fe ’ -

— e : m 0 c“ho " oe CHSHe H,S 5 ec dim ho TOEMXY ) ‘Ht 9 -

a t o} ;<m a c xt 'yYa ¥ ; m t x 0" a h a ot h c t

* < ® - * - + * <




c h "mt ™ ~ry ot mo * o cho @ nmyxs ohtao he .t . c MO:; ™ ht ° x t -

< - < o << - —e

c mt e ™ "o c mt e ™ | m h emx TE hx*xH23§°mmxh’“’E"Uqb"‘

” . * -~ — —~ - -~

et<h<meoz to ch< . h*t< Eeo< *mm . o e*<z
t(h c<..t,;(m_0< “'“<’Y<ceo* (omc_h(ec* Yy ~“cto omt* h t > mo (h
(1,48 *10°2 0 TR I e~ ;. ot T'Eeo me " 't oegg eth=g¢ +{ /3
h t x ha exet*hoaz cx 0 ﬁxx;'(p@(e_t)tmo“ m xeh(oﬂe "Yat*< H]ge* 9*e<étho* Yt e
mt'E53{3|ae“/Mnn a — o " " x g~ co Tomt ht ™ )

£ . mc t hom o cC Y m . mo a h ™~ " h ’ e a m o

ot oh .o t aeo o c h ax " mt c o m h ~ e e O m o
a t o *a 5 com o T'E «xt Mo o “e t CEo - oM"Y o 5 e e -
mm — %o e aeo’ m t - oacoe eto S c¢h mx tmt x O~
S T L L L
mm ™ o ~ e ) DHESt h % x tm 'y e *o TE’ o - e x T

e *;baaq)< to o ¥ T e ;.. Y o9, @& , m_o o m-o > mo
c h mx t mt x 0" m c t h™ 5 £l t "~ o} a e o o] 0Oacoe
ao x 7 'Yh e o e oha™ ¢ oteom t T 'Ee o o e ™ h x -
9 a : m 9 " m t ()

N c ho-“ a oemth h o “ e o0 ‘Ht o a mm o] ~ e S :
aeo 0 0 acoe et e 9 o €eo - ao " m a S c h th X tmt tx
_oaa(h;<m . om¢t xce . 9 ch(c h t o) Yco‘xowm_(em*e(Y“h)
’ B o m(=t e ) m ot ~'Ee o 0 8 “h & o™ m fM™  hcoh ~ae m NE
Cclo /thch c ™ h ™t 7Y coo0oToMme €cea Y h tnt 'ES mmWxT Tt X e
c h : ~Y" s c¢h a h o a 'Ht o o 3 ot oh . a o’ t a t
a 9" e a <K_o_oho(rg’m’EH*Yrq)t‘c(eEcoth( e Y oeoho
VSC o) c h o m te o e en ~o ot *ac h x “t ) o} m ot ~'Ya c
co ~om e Y ht” oth>>~ t 0 m ot “T'Ee x O mcomo e o I
L. e0a ey @& 0", Jo7E0teoe® e » tHMCCct L oM M3,

Reduction
Cyst-S-S-Cys! 2 Cyst-SH
Cystine Cysteine
Deamination/Decarboxy\ation
Cyst-SH = CHySH
Methyl mercaptan
Desulphydration
H,;S + serine
CXEMA 1, lNexnepauns CH3SH # H2S nytem meTabonuama aMWHOKWCNOT LMCTENHE W UMCTHA hepMEeHTaMu,
NPUCYTCTBYIOWWMU B rPaMOTPULIATENEHEIX MUKPOOPIaKnamax.
Reduction Reduction
Met-S-CH, CH,SH H;S+ CH,
Methicnine Methyl
Mercaplan
CXEMA 2. lenepauns CH3SH # H2S nytem metabonuama aMnHOKACNOTE! METHOHNHA hepMeHTamu,
NPUCYTCTBYIOWWMK B rPaMOTPULIATENBHBIX MUKPOOPrasuamax
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Multicomponent Spectroscopic Investigations of
Salivary Antioxidant Consumption by an Oral Rinse
Preparation Containing the Stable Free Radical Species

Chlorine Dioxide (ClO5)

EOWARD LYNCH", ANGELA SHEERIN®, ANDREW W._ 0. CLAXSON", MARTIN D. ATHERTON",
CHRISTOPHER ). RHODES', CHRISTOPHER J. L. SILWOOD®, DECLAN P NAUGHTON",

and MARTIN GROOTVELD"*

*Cwyvar tnewt of Conseroation Densésery and Mliganmnition Kesarach Grong, Se B thaloueses i the Roai? Lowdon Misgoenis Sctood of
Medicane wid Devtestey, Turmer Streed, Lowvdos ET ZAD, LA Dy twennt of Chiewistiy, Queres Marew and Wiestfach? Cfiie,

Lheimwrsity of Lowelonr, Mile Einef Road. Laurdog E1 NS, UK
Accepted by Professor C Rice-Evans

(Reoritval 24 Neovwiler 1995, Revdserd 3O Augnst 1996)

A multicomponent evaluation of the oxidative con-
sumption of salivary blomolecules by a commercially.
available oral rinse preparation contalning an
admixture of the stable free radical ies chlorine
dioxide (CI0O,} with chlorite anion (C10;7) has been
investigated using high resolution 'H NMR spec-
troscopy, The results obtained demonstrated that
Cl0;" and /or C1O;” present in this preparation effected
the oxidative decarboxylation of salivary pyruvate (1o
acetate and CO,). Experiments conducted on chemical
moded systems confirmed the oxidative decarboxyla

tion of pyruvate by this oral rinse, and also demon-
strated that urate, thiocyanate anion, and the aming
acids cysteine and methionine (precursors to volatile
sulphur compounds responsible for oral malodour),
were oxidatively consumed. The biochemical, peri-

odontal and therapeutic significance of the results are
discussed

Ka@vnds Chlonne dioxide, chlorite anion, buman sohva, 'H
NMR, periodoatology, halitosis
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INTRODUCTION

Chlorine dioxide (ClO.') is a stable free radical
species which, unlike NO,', exhibits little or no
tendency to dimerise in view of an effective delo-
calisation of its unpaired electron, It is readily sol-
uble in water forming a yellow-coloured solution
{(kmax. 360 nm, & = 1,150 M~ cm™71) in which it
can remain intact for considerable periods of time,
# phenomenon critically dependent upon pH and
the availability of appropriate "stabilisers” !

CIOY is a powerful oxidant (redox potential +
0.96V at pH 4-7"") with potent bactericidal,'!
viricidal,** sporocidal,” cysticidal, ™ algicidal, "V
fungicidal™ and organoleptic™ properties, and
has found much use as an effective deodorising
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and bleaching agent."! Its excellent biocidal
actions are more effective than those of chlorine
{Cl) in aqueous solution [i.e., hypochlorous acid
(HOCI)/hypochlorite anion (OCI7)] since it is a
stronger oxidant when present at an equivalent
concentration.!!! Indeed, it has also frequently
been employed for purposes of water disinfesta-
tion and, unlike the applications of aqueous Cly
in this context, does not appear to give rise to a
range of chlorinated organic products (e.g.
chlorophenol and chloroform) on reaction with
trace levels of phenolic adducts and alternative
organic precursors present (chloroform is gener-
ated via haloform reactions involving the attack
of OCl" on humic and fulvic acid derivatives'");
such chlorinated organic components pose a
major hazard to human health.

In view of its powerful oxidising properties,
ClO; has a rich chemistry. In aqueous solution, it
readily accepts an electron from single electron-
transfer reductants to form chlorite anion (ClO,7)
which also has the ability to act as a reactive oxi-
dant." Previous investigations have established
that ClO; readily oxidises a variety of biomole-
cules, including products derived from bacterial
metabolism. Notable examples are the oxidations
of (1) the carbon-carbon double bonds of unsatu-
rated aliphatic organic compounds, including
unsaturated fatty acids; ™! (2) aldehydes to their
corresponding carboxylic acids;” (3) thiols such
as the amino acid cysteine together with inor-
ganic and hydrogen sulphides;"! (4) phenols
including the amino acid tyrosine, and thiophe-
nols (producing the corresponding disulphide,
disulphoxide and sulphonic acid derivatives—
the disulphides also react with ClO;' to generate
further disulphoxide and sulphonic acid);'* (5)
secondary and tertiary amines (both aliphatic
and aromatic),*'" (6) alcohols and carbohydrates
(relatively slow reactions which can yield car-
boxylic acid functional groups);?2% (7) 1,4-dihy-
droxybenzenes (hydroquinones) which form
corresponding quinones without any detectable
aromatic ring chlonination;”? (8) Further amino
acids such as methionine, proline, hydroxypro-

line, histidine and 1) Clearly, the

oxidative consumption of critical biomolecules
by C10O;" accounts for its broad-spectrum biologi-
cal activity, and specific permutations of the
above processes (with each reaction system
involved operating either individually or in con-
cert) serve as potential mechanisms for one or
more of its many biccidal properties,

ClO;" exerts a powerful pathogenic action
towards micro-organisms which contaminate
fish and plant-derived foodstuffs,”” and, of spe-
cial reference to this investigation, is frequently
utilised in toothpastes and oral ringes, together
with deodorant/detergent and antiseptic prepa-
rations. Oral rinses containing ClO;" have been
utilised in dental practices for more than 30 years
and recently, a number of patients have used
twice daily a 0.10% (w/v) (1.48 x 1077 moldm™)
ClO;" oral rinse solution (RetarDEX®) in combi-
nation with a toothpaste (RetarDENT®) contain-
ing the same ClO; content. In a clinical report on
pocket reduction, 67% of 2,085 pockets were
reduced from 24mm to <3mm in 2 mean period
of 34 months.™ Moreover, 71.85% of bleeding
observed at probing sites was curtailed between
two dental hygiene visits with a mean value of
69 months (p < 0.01). In addition to exerting a
powerful antimicrobial activity, the above oral
rinse formulation has also been shown to (1)
oxidatively consume volatile sulphur com-
pounds (VSCs) responsible for halitosis, (2) ele-
vate the O, tension in both saliva and plaque, (3)
remove residual organic selutes and (4) suppress
the activity of bacterial proteolytic enzymes.!™!
Therefore, the therapeutic application of ClO,—
containing oral health care products appear to
serve as an effective means of preventing or com-
bating periedontitis and maintaining a high level
of oral hygiene.

To date, no adverse effects associated with the
use of ClO;" have been reported. Indeed, Lubbers
et. al* conducted an increasing dose leve! toler-
ance investigation in which 50 human volunteers
drank an aqueous solution containing 7.41 x 10°*
mol.dm™ CIO; for a period of 12 consecutive
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weeks, and a range of appropriate clinical and
laboratory indices were found to be unaffected
by its ingestion.

In this study we have (1) employed a variety of
analytical techniques [electronic absorption, elec-
tron spin resonance (ESR) and nuclear magnetic
resonance (NMR) spectroscopies| 1o ascertain the
chemical composition of a commercially-avail-
able ClO,'—containing oral rinse preparation
(RetarDEX®]} and (2) conducted a multicompo-

nent evaluation of the oxidising actions of this
therapeutic agent towards biomolecules present
in human saliva using high resolution proton
{'"H) NMR spectroscopy. Where appropriate, the
reactions of oxidising components present in this
oral rinse preparation with salivary electron
donors (the a-keto acid anion pyruvate and the
amino acids cysteine and methionine, thio-
cyanate anion and urate) were also investigated
in chemical model systems. To the best of our
knowledge, this 1s the first scientific report detail-
ing a multicomponent biomolecular evaluation
of the therapeutic actions of a stable free radical
species in the treatment of periodontal diseases
and dental caries.

2. MATERIALS AND METHODS

2.1 Sample Collection and Preparation

Unstimulated human saliva samples were
obtained from a total of 10 healthy volunteers (7
male, 3 female). Subjects were seated comfort-
ably and then asked to collect all saliva into a cup
for a period of 10 min, Immediately after collec-
tion, all samples were centrifuged at 16,000 g for
a 30 min, period to remove debris,

1.00 ml aliquots of each salivary supernatant
were removed, and an equivalent volume of
RetarDEX® oral rinse (D.D.S. Ltd, Scottsdale,
Arizona, US A)) was added. The mixture was
incubated at a temperature of 37°C for a 30 min.
period and then stored at -20°C for a duration of
18 hr prior to '"H NMR analysis, Further 1.00 ml
aliquots of each salivary supernatant sample

treated with an equivalent volume of doubly-
distilled H,O {previously sparged with helium
gas for a 30 min. period) and then incubated and
stored in the same manner served as controls.

Aqueous solutions containing 1.00 x 107
mol.dm™ sodium pyruvate, L-cysteine or L-
methionine (Sigma Chemical Co. Lid,, Poole,
Dorset, U.K.) were prepared in 4,00 » 107
mol.dm™ phosphate buffer (pH 7.00) which was
rigorously deoxygenated by purging with
helium gas prior to use (30 min. at ambient tem-
perature), 1.00 m] aliquots of these solutions
were then treated with an equivalent volume of
RetarDEX® oral rinse, the samples equilibrated
at a temperature of 37°C for 30 min. and stored at
=20°C for a period of 18 hr prior to 'H NMR
analysis as described above for control and oral
rinse-treated salivary supernatants. Additional
1.00 m] aliquots of each solution treated with an
equivalent volume of doubly-distilled H,0O and
then incubated and stored in the same manner
served as controls,

Similarly, aqueous solutions containing indi-
vidual or mixtures of electron donors (antioxi-
dants) known to be present in human saliva
(pyruvate, cysteine, thiocyanate anion and urate)
were prepared in de-oxygenated phosphate
buffer solution (pH 7.10) and aliquots of each
sample were treated with appropriate volumes
of RetarDEX® oral rinse to yield a range of initial
reactant concentrations (details given im Table IT),
equilibrated at 37°C for a period of 30 min. and
then stored at -20°C for a duration of 18 hr. prior
to 'H NMR analysis, Matching antioxidant solu-
tions treated with equivalent volumes of doubly-
distilled water in place of the oral rinse
formulation, equilibrated at 37°C and stored in
the same manner, served as controls,

Potassium thiccyanate and uric acid were also
obtained from Sigma, and sodium chlorite (80,
(w/w)] and sodium chlorate were purchased
from Aldrich Chemical Co Ltd (Gillingham,
Dorset, UK). All other chemicals were of the
highest possible grade and obtained from com-
mercially-available sources,
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2.2 Proton NMR Measurements

Proton ('H) NMR measurements on the above
samples were conducted on Bruker AMX-600
[University of London Intercolleigate Research
Services (ULIRS), Queen Mary and Westfield
College Facility, University of London, UK] or
Bruker AMX-400 (ULIRS, King's College
Facility, University of London, UK) spectrome-
ters operating at frequencies of 600,13 and 400.13
MHz respectively and a probe temperature of
298 K. Typically, 0.60 ml of sample was placed in
a 5-mm diameter NMR tube, and 0.07 ml of *H,0
was added to provide a lield frequency lock.

The intense water signal was suppressed by
presaturation via gated decoupling during the
delay between pulses. For control and oral
rinse-treated salivary supernatants, the broad
protein resonances were suppressed by the
Hahn spin-echo sequence (D[90°x-t-180%y-t-col-
lect])®! which was repeated 128 times (t = 68
ms). Chemical shifts were referenced to exter-
nal sodium 3-trimethylsilyl [2,2,3,3-*H,] prop:-
onate (TSP; & = 0.00 ppm). Where present, the
methyl group resonances of alanine (8§ = 1.487
ppm) and lactate (8 = 1.330 ppm) served as sec-
ondary internal references for the saliva sam-
ples examined.

For single-pulse (1D} spectra acquired on con-
trol and oral rinse-treated solutions of pyruvate,
L-cysteine and L-methionine, typical pulsing
conditions were 32 free induction decays (FIDs)
using 32,768 data points, 72° pulses, and a 3 &
pulse repetition rate, the latter to allow full spin-
lattice (1)) relaxation of the protons in the sam-
ples investigated. Exponential line-broadening
functions of 020 Hz were employed for pur-
poses of processing,

The relative intensities of selected signals were
determined by clectronic integration, and the
concentrations of components detectable in a
typical sample of the oral rinse preparation were
determined by comparing their resonance areas
with that of an added TSP internal standard
(final concentration 3.03 x 10 mol.dm™).

Two dimensional shift-correlated NMR
{COSY) spectra of human saliva were recorded
on the Bruker AMX-400 facility using the stan-
dard sequence of Aue ¢f al,®* with 2,048 data
points in the t; dimension, 256 increments of ¢y, a
3.00 s relaxation delay, and 64 transients.

150 MHz “C NMR spectra of control
{untreated) and RetarDEX® oral rinse-treated
aqueous thiocyanate solutions were acquired on
the Bruker AMX-600 spectrometer. Pulsing condi-
tions were 6,144 FIDs using 65,536 data points,
67.5° pulses, a 0.655 s acquisition time and a1.00 s
pulse delay.

2.3 Spectrophotometric and ESR Analysis of
Oral Rinse Preparations

Zero-order and second-derivative electronic
absorption spectra of RetarDEX® oral rinse,
together with aqueous solutions of sodium chlo-
rite and chlorate were recorded on a PC-
Controlled Unicam UV-2 spectrophotometer
(scan rates 120 and 30 nm/min. for absorption
and second-derivative spectra respectively).
The pH of these samples was adjusted to the
desired value prior to analysis with aqueous
HCl or NaOH.

Electron spin resonance spectra of oral rinse
samples were recorded using a Vanan E-9 spec-
trometer at a temperature of 77 K in a liquid Ny
filled finger Dewar. Where appropriate, the pH
of the sample was adjusted to values of 2.90 or
1.20 with aqueous HCl prior to ESR analysis.

24 HPLC Determination of Salivary Urate

Control and RetarDEX® oral rinse-treated sali-
vary supernatant samples were ultrafiltered at
5,000 x g for 30 min. at 5°C using Millipore ultra-
filtration devices with a molecular mass cut-off of
5 kDa, and the ultrafiltrate obtained subjected to
urate analysis by HPLC according to a modifica-
tion of the method of Grootveld and Halliwell 1!
HPLC was conducted using an Applied Chroma-
tography Systems (ACS) 351 isocratic pump cou-






