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A multicomponent evaluation of the oxidative con-
sumption of salivary biomolecules by a commercially-
available oral rinse preparation containing an
admixture of the stable free radical species chlorine
dioxide (ClO,) with chlorite anion (C10;7) has been
investigated using high resolution '"H NMR spec-
troscopy. The results obtained demonstrated that
ClO; and/or ClO;" present in this preparation effected
the oxidative decarboxylation of salivary pyruvate (to
acetate and CO,). Experiments conducted on chemical
mode] systems confirmed the oxidative decarboxyla-
tion of pyruvate by this oral rinse, and also demon-
strated that urate, thiocyanate anion, and the amino
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.

Keywords: Chlorine dioxide, chlorite anion, human saliva, 'H
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INTRODUCTION

Chlorine dioxide (ClO5) 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
(Amax. 360 nm, € = 1,150 M~ cm™'"?) in which it
can remain intact for considerable periods of time,
a phenomenon critically dependent upon pH and
the availability of appropriate “stabilisers” "l

ClO; is a powerful oxidant (redox potential +
0.96V at pH 4-7"!) with potent bactericidal,!*!
viricidal,*®! sporocidal ! cysticidal " algicidal, "
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 Cl,
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 OCI” 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;")
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,-i;auding 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);??! (7) 1,4-dihy-
droxybenzenes (hydroquinones) which form
corresponding quinones without any detectable
aromatic ring chlorination;®2! (8) Further amino
acids such as methionine, proline, hydroxypro-

line, histidine and tr han.™ Clearly, the
oxidative consumption of critical biomolecules
by ClO;" 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 biocidal 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 rinses, 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 1072 mol.dm™)
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 a mean period
of 3.4 months.”” Moreover, 71.85% of bleeding
observed at probing sites was curtailed between
two dental hygiene visits with a mean value of
6.9 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 solutes 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 periodontitis 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 level toler-
ance investigation in which 50 human volunteers
drank an aqueous solution containing 7.41 x 10
mol.dm™ ClO, 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] to ascertain the
chemical composition of a commercially-avail-
able ClOy—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 o-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, thisis 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
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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. Ltd., Poole,
Dorset, U.K.) were prepared in 4.00 x 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 ml 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 ml aliquots of each solution treated with an
equivalent volume of doubly-distilled H,O 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 in Table II),
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 thiocyanate 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 2H,O
was added to provide a field 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,] propi-
onate (TSP; 8 = 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 s
pulse repetition rate, the latter to allow full spin-
lattice (T,) relaxation of the protons in the sam-
ples investigated. Exponential line-broadening
functions of 0.20 Hz were employed for pur-
poses of processing. »

The relative intensities of selected signals were
determined by electronic 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 et al. 18 with 2,048 data
points in the , dimension, 256 increments of ¢;, 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 a 1.00 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
HCI or NaOH.

Electron spin resonance spectra of oral rinse
samples were recorded using a Varian E-9 spec-
trometer at a temperature of 77 K in a liquid N,-
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.

2.4 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./!
HPLC was conducted using an Applied Chroma-
tography Systems (ACS) 351 isocratic pump cou-
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pled to a Rheodyne injector fitted with a 2011 loop.
A Spherisorb 55-ODS 1 guard column was used to
separate urate from other detectable salivary
supernatant components. The mobile phase was
88% (v/v) 3.00 x 10 mol.dm™ sodium cit-
rate/2.77 x 10 mol.dm™ sodium acetate buffer
(pH 4.75) and 12% (v /v) methanol at a flow rate of
1.00 ml/min. continuously sparged with He gas
during elution. Urate was detected with a variable
wavelength electronic absorption detector (ACS
750/16), at 292 nm. Identification of the urate peak
in chromatograms of human salivary supernatant
ultrafiltrates was based on its wavelength-depen-
dence (plots of peak height versus wavelength for
salivary supernatant ultrafiltrates closely matched
those of authentic urate calibration standards in
the 220-320 nm wavelength range). Calibration
standards of urate were injected into the sample
loop by microsyringe, and plots of peak height
versus calibration standard concentration were
linear with zero intercept (r = 0.9998).

2.5 Time-Dependent Spectrophotometric
Monitoring of the Reaction of Salivary
Urate with RetarDEX® Oral Rinse
Oxohalogen Oxidants

The rate of the reaction between salivary urate
and oxohalogen oxidants present in the oral rinse
preparation investigated was monitored by dif-
ference spectrophotometry at a temperature of
22°C and pH 5.96 (a value very close to the mean
pH of unstimulated human saliva®). For this
purpose, a twin reference quartz cell was
employed. To the first split reference cell com-
partment, a mixture of 0.40 ml of salivary super-
natant and 0.60 ml of 4.00 x 10 mol.dm™
phosphate buffer (pH 5.96) was added; to the sec-
ond cell compartment, a mixture of 0.40 ml of
RetarDEX® oral rinse and 0.60 m} of 4.00 x 102
mol.dm™ phosphate buffer (pH 5.96) was added.
Subsequently, 0.40 ml of the same salivary super-
natant sample and 1.20 ml of the above phos-
phate buffer solution were added to the sample
(reaction) cell and the reaction initiated by the

addition of 0.40 ml of RetarDEX® oral rinse [this
reaction mixture was thoroughly mixed prior to
acquisition of the first difference spectrum (ca.
10 s after mixing)]. Difference spectra (230-330
nm wavelength range) were recorded on a
Unicam UV-2 PC-controlled spectrophotometer
at 30 min. intervals thereafter for a total period of
9.5 hr. The rate of the ClO, /ClO,-mediated
oxidative consumption of salivary urate was
spectrophotometrically monitored in a total of 5
separate salivary supernatant samples.

3 RESULTS

3.1 Spectrophotometric Analysis of
Oral Rinse Preparations

Figure 1a shows the electronic absorption spec-
trum of a typical intact sample of the oral rinse
preparation investigated here (pH 6.5), together
with those of 1.00 x 102 mol.dm™ aqueous solu-
tions of sodium chlorite and sodium chlorate in
4.00 x 10~ mol.dm™ phosphate buffer (pH 7.00).
Clearly, little or no CIO, (Amax. 360 nm) is
detectable in the spectrum of the oral rinse prepa-
ration which has broad absorption maxima_cen-
tered at ca. 260 and 290 nm. This spectrum is very
similar to that of aqueous chlorite solution (A max
262 nm, £ =84 M™' cm™, with a broad overlapping
side-band at ca. 285 nm) and, without allowing for
absorbance contributions arising from any alter-
native components present [e.g., hypochlorite
anion (OCI")], the absorbance of the oral rinse
preparation at 262 nm corresponds to a ClO,” con-
centration of 1.34 x 10 mol.dm™, a value close to
that of its specified ClO, level of 0.10% (w /v) (1.48
% 102 mol.dm™). These data indicate that CIO," is
the predominant oxidant present in this commer-
cially-available oral rinse. However, the electronic
absorption spectrum of this material deviates
from aqueous solutions of chlorite in that it (1) has
significant absorption in the 320-380 nm wave-

length range (presumably ascribable to very low

levels of ClO;" present, Section 3.2) and (2) appears
to contain additional absorption bands located at
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FIGURE1  Electronic absorption spectra of (a) intact RetarDEX® oral rinse (pH 6.50), and 1.00 x 107 mol.dm * aqueous solutions of
sodium chlorite and sodium chlorate in 4.00 x 107 mol. dm™ phosphnte butter (pH 7.00); (b) RetarDEX® oral rinse obtained at pH
values of 6.50 (unrreated), 5.15 and 2.20; (¢) 1.00 x 10 > mol.dm™ aqueous solutions of sodium chlorite adjusted to pH values of 9.00,
7.00, 5.50, 4.00, 3.00, 2.50, 1.50 and 1.25. The pH of these samples was modified with aqueous HCl or NaOH and, for the results
shown in (b) and (c), samples were equilibrated at ambient temperature for a period of 60 min. prior to recording spectra.

Abbreviations: C1O-, chlorine dioxide (A, 360 nm); ClO4", chlorite anion; CIOy7, chlorate anion. The arrows in {c) denote decreases
or increases in absorbance observed with decreasing pH value. (See Color Plate I at the back of this issue.)
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Color Plate I (See page 214, Figure 1) Electronic absorption spectra of (a) intact RetarDEX® oral rinse (pH 6.50), and 1.00 x 10~
mol.dm? aqueous solutions of sodjum chlorite and sodium chlorate in 4.00 x 107 mol.dm™ phosphate buffer (pH 7.00); (b)
RetarDEX® oral rinse obtained at pH values of 6.50 (untreated), 5.15 and 2.20; () 1.00 x 1072 mol.dm™ aqueous solutions of sodium
chlorite adjusted to pH values of 9.00, 7.00, 5.50, 4.00, 3.00, 2.50, 1.50 and 1.25. The pH of these samples was modified with aqueous
HCl or NaOH and, for the results shown in (b) and (c), samples were equilibrated at ambient temperature for a period of 60 min. prior
to recording spectra. Abbreviations: ClO, , chlorine dioxide (A, 360 nm); ClOy", chlorite anion; ClO,, chlorate anion. The arrows in
(c) denote decreases or increases in absorbance observed with decreasing pH value.
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ca. 235 and 292 nm which are conceivably ascrib-
able to detectable levels of HOCI (Amax 235 nm, &
=100 M~ em™) and OCl™ (Amax 292 nm, £ = 350
M~ ecm™ at pH 9.5) present, predominantly the
former in view of the pKa value of HOCI (7.40).
Indeed, a corresponding second-derivative spec-
trum of the oral rinse preparation contained a
small minimum located at 292 nm, a result further
suggesting that this material contains trace levels
of aqueous Cl,. Consistent with these observa-
tions, Fukayama ef al.* have reported that com-
mercially-available preparations of stabilised
ClO5 also contain HOCI, OCI” and small amounts
of molecular Cl,, together with ClO,", chlorate
(ClOs7) and chloride.

ment of the oral rinse prepara-
tion with HCl (pH 2.20) gave rise to an absorption
spectrum with an intense 360 nm band attribut-
able to ClO; liberated from chlorite present via the
disproportion of chlorous acid (equations 1 and 2).

ClO, +H'=HCIO, 1)

4HCIO, - 2CI0, +ClO; +CI' +2H" +H.,O (2)

The stoichiometry, kinetics and mechanism of
this process are very complex??! and the reaction
depicted in equation 2 is catalysed by chloride
ion, a reaction product (equation 2). The pKa
value of chlorous acid is 231, and hence at pH
2.20 there are only relatively small concentrations
of unprotonated chlorite present. However, small
but significant levels of unstable HCIO, are also
expected at pH values of ca. 5 and we were able to
detect low levels of ClO," generation (i.e., small
increases in absorbance at 360 nm) when the pH
of the oral rinse preparation was adjusted to 5.15.
The 240-315 nm region of the spectrum of this
material obtained at pH 2.20 is clearly more simi-
lar to that of chlorite anion, indicating the con-
sumption of one or more interfering components
present, presumably the protonation of OCI™ pre-
sent (Amax.292 nm) to form HOC],

Figure 1c shows a spectrophotometric titration
of an aqueous solution containing 1.67 x 107

mol.dm™ chlorite with hydrochloric acid (HCI).
Clearly, as the pH of the sample is lowered from
9.00 to 1.25, high levels of CIO,” (Amax 360 nm) are
generated with a corresponding reduction in the
level of ClO,™ (the latter represented by a decrease
in absorbance in _the 250-300 nm wavelength
range). In the spectrum acquired at a pH value of

1.25, the absorbance at 360 nm corresponds to a

ClO, concentration of 2.61 x 10~ mol.dm™ (i.e.,

31% of the total level expected from equation 2).
Interestingly, the spectra shown in this figure
demonstrate that small but significant levels of
ClO, are generated from aqueous chlorite at pH
values of 5.5 or more, data indicating that this free
radical species is likely to be liberated from the

oral rinse preparation in the acidotic oral environ-.
ment (the mean pH value of unstimulated human

saliva is 5.98™).

3.2 ESR Analysis of Oral Rinse Preparations

The results outlined in Section 3.1 were confirmed
by electron spin resonance (ESR) spectroscopic
analysis of the oral rinse preparation. The ESR
spectrum of the untreated (pH 6.50) material [Fig.
2a] contained a weak ClO, signal, confirming its
presence at a very low concentration. As
expected, acidification of this sample gave rise to
a prominent ClO," signal which was markedly
intensified on further decreasing the pH from 2.90
to 1.20 [Fig. 2b and c]. These ESR data further
demonstrate the liberation of this stable free radi-
cal species from the disproportionation of unsta-
ble chlorous acid (HCIO,). The ClO; signal
present in the spectra exhibited in Figs. 2b and ¢
shows clear hyperfine couplings to both *Cl and
¥Cl nuclei, the intensities of which reflect their
isotopic ratio of approximately 3:1 (°CL:¥Cl).

3.3 1H NMR Analysis of RetarDEX®
Ora] Rinse

The 600 MHz 'H NMR spectrum of a typical
sample of the C1O,”/ClO;-containing oral rinse
is shown in Figure 3. As expected, this spec-
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FIGURE 2 ESR spectra of RetarDEX® oral rinse acquired at pH values of 6.50 (untreated), 2.90 and 1.20. The pH of these samples
was adjusted as described in Figure 1. Clear hyperfine couplings to **Cl and VCl nuclei are indicated in spectra (b) and (c).
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trum contains intense resonances arising from
citrate [characteristic AB coupling system (dou-
blet of doublets, 8 = 2,63 ppm)]. However, fur-
ther 'H resonances are also notable, i.e.
ethanol-CH; and -CH, group signals (triplet
and quartet located at & = 1,20 and 3.66 ppm
respectively) together with acetate-CH, and
formate-H group singlets (6 = 1.92 and 8.45
ppm respectively). Moreover, a prominent sin-
glet at 3.37 ppm assignable to the -CH, group
protons of methanol is also present in the spec-
trum. The acetate, formate, ethanol and

(@)

agm E) 8

T T T T T T T e T —ie 7oty
4 3

methanol detectable are presumably impurities
present in the commercial samples of
ClO, /CIOy, citric acid, trisodium orthophos-
phate (Na;PO;12H,0) and/or flavour and
colour added to the oral rinse by the manufac-
turer. The concentrations of the above compo-
nents in a typical RetarDEX® oral rinse
preparation are given in Table I. The presence of
low levels of ESR-detectable ClO, radical in this
oral rinse was not found to significantly
increase the line-widths of any of the resonances
present in its "H NMR spectrum.

Meth A
l Eth-CH; TSP

}

S

2 1 0

FIGURE 3 (@) Complete, and (b) expanded 0.50-4.00 ppm regions of a 600 MHz 'H NMR spectrum of a sample of RetarDEX® oral
rinse. A typicai spectram is shown. Abbreviations: A, acetale-Cl Iy Cit, Citrate-CH-; Eth, ethanol-CHy; Meth, methanol-CH5; Form,

Formate-H; TSP, Sodium-3—trimethylsi1y]~[2,2,3,3-:H.I-prupiunate (added as an internal standard)
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FICURE 3 Continied

3.4 Multicomponent Evaluations of the many sharp, prominent resonances which arise
Oxidative Consumption of Salivary from a wide variety of low-molecular-mass
Components by ClO,- and/or C10,- components. Indeed, signals assignable to n-
Present in the Oral Rinse Preparation butyrate, propionate, iso-butyrate, 3-D-hydrox-

-ybutyrate, lactate, acetate, pyruvate, succinate,
Figure 4a shows the 'H Hahn spin-echo NMR  creatinine and glycine are present in the high
spectrum of a typical control (untreated) field (0.00-4.50 ppm), aliphatic regions of spec-
human saliva sample. This spectrum contains tra acquired, and those of fumarate, formate,
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TABLE 1 Concentrations of citrate, acetate, formate, methanol
and ethanol present in a typical sample of RetarDEX® oral
rinse, determined by 'H NMR spectroscopy.

Component Concentration (mol.dm™)
Citrate 6.134 x 107
Acctate 431 %107
Formate ca. 6 x 107
Methanaol 1.71 % 107
Ethanol 7.64 %107

histidine and tyrosine are detectable in the low
field (6.00-9.00 ppm), aromatic regions. The
organic acid anions detectable (e.g. n-butyrate,
propionate etc.) reflect, in whole or in part, the
growth of potentially pathogenic micro-organ-
isms such as P. gingivalis!’® and hence serve as
chemotaxonomic markers of disease activity.

A further notable feature of these spectra is a
broad,resonance centred at 2.04 ppm which is
attributable to the acetamido methyl group pro-
tons (-NHCOCH,) of N-acetylsugars present in
the molecularly-mobile, branching carbohydrate
side-chains of ‘acute-phase’ glycoproteins (i.e.
salivary mucins). This resonance underlies a
number of sharper acetamido-CHj group signals
assignable to low-molecular-mass N-acetylsug-
ars such as sialates and N-acetylglucosamine-
containing  saccharide fragments which
conceivably arise from the actions of bacterial-
derived neuraminidase and hyaluronidase
respectively. Moreover, both methanol and
ethanol were detectable in the great majority of
human saliva samples examined by 'H NMR
spectroscopy. Although ethanol is a bacterial-
derived catabolite, we have recently demon-
strated that the methanol present is derived from
the inhalation of cigarette smoke (i.e. direct or
passive) via the combustion of tobacco lignin
which contains many methoxy groups in its com-
plex, macromolecular structure.

Two-dimensional COSY 'H NMR spectra of
typical human saliva samples [Fig. 4b] showed
clear connectivities between the multiplet reso-
nances present, e.g. linkages between the propi-
onate-CH; and -CH, group signals (triplet, & =

1.04 ppm and quartet, § = 2.17 ppm respectively),
the ethanol-CHj and -CH, groups and the tyro-
sine aromatic ring protons (doublets located at
6.88 and 7.17 ppm).

600 MHz "H Hahn spin-echo NMR spectra of a
human saliva sample obtained prior and subse-
quent to treatment with RetarDEX® oral rinse in
vitro (Section 2) are shown in Figure 5. Clearly,
addition of the ClO, /ClO;-containing oral rinse
gives rise to the complete disappearance of the
pyruvate-CH; group signal, an observation
reproducible in all samples examined (n = 10).
These data are consistent with the oxidative con-
siimption of salivary pyruvate by CIO,” and/or
ClO; radical. Indeed, pyruvate acts as a powerful
endogenous reductant (i.e, a water-soluble
antioxidant) and is oxidatively decarboxylated to_
acetate and CO, on reaction with hydrogen per-
oxide'”?! (equation 3), a reactive oxygen species
present in certain alternative commercially-avail-
able oral rinses.

CH,COCO, +H,0, > CH,CO, +H,0  (3)

Further modifications to the salivary 'H NMR
profiles observed on addition of the ClO,7/
ClO,-containing oral rinse included the oxida-
tive consumption of 3-D-hydroxybutyrate in
samples in which it was NMR-detectable prior
to treatment (n = 3}. Moreover, in two of the
saliva samples investigated, a singlet resonance
of unknown identity (8 = 1.72 ppm) was gener-
ated in spectra following in vitro treatment with
the oral rinse.

As expected, elevations in the intensities of
resonances arising from components also pre-
sent in the oral rinse preparation (acetate, cit-
rate, formate, methanol and ethanol) were also
observed, those of the citrate and methanol sig-
nals being substantial. However, the increase in
the acetate-CHj; group signal intensity is also
partially ascribable to the ClO,/ClO;,-medi-
ated oxidative decarboxylation of pyruvate
described above.
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Color Plate IT (See page 221, Figure 4) (a) High Field (aliphatic) region of the 600 MHz 'H Hahn spin-echo NMR spectrum of a
human salivary supernatant, and (b) 400 MHz two-dimensional shift-correlated '"H NMR (COSY) spectrum of the supernatant
obtained from a further human saliva sample. Typical spectra are shown. Abbreviations, as Figure 3, with Bu, 3-D-hydroxybutyrate-
CHj; n-But-CHj, B-CH,; and a-CH,, n-butyrate-CHj, B- and a-CH; groups respectively; Gly, glycine-a-CHy; iso-But, iso-Butyrate-
CHjy; Lac-CHj and -CH, lactate-CHj; and -CH; N-Ac-CH,, acetamido methyl groups of both high- and low-molecular-mass
components (e.g., N-acetylsugars presents in the molecularly-mobile, branching carbohydrate side-chains of N-acetylated glycopro-
teins, and oligosaccharides derived from the depolymerisation of hyaluronate, respectively); Prop-CH, and -CHj, propionate-CH; and
-CHy; Pyr, pyruvate-CHy; Suc, succinate-CHy; Cn, creatinine N-CHj; Tyr, tryosine aromatic ting protons; His, histidine imidazole ring
protons; Phen, phenylalanine aromatic ring protons; Form, formate-H; Ala, alanine-CH,.
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3.5 Chemical Model Studies of the Reactions
of Salivary Electron Donors with C1O2~
and ClO; Present in the Oral Rinse
Preparation

Aqueous solutions of pyruvate were treated with
the RetarDEX® oral rinse to provide further infor-
mation regarding the nature and mechanism of
the ClO,™- and ClO, -mediated oxidation of this ¢~
keto acid anion in human saliva. '"H NMR analy-

sis demonstrated that reaction of pyruvate in an -

aqueous phosphate-buffered solution with
ClO, /ClO, present in the above oral rinse at pH
7.20 gave rise to an almost complete transforma-
tion of the a-keto acid anion substrate to acetate
and CO, (Fig. 6). Indeed, >99% of the pyruvate
was oxidatively decarboxylated to acetate and
CO, under the experimental conditions
employed, and a singlet resonance attributable to
an impurity present in the commercially-avail-
able pyruvate sample utilised (8 = 1.50 ppm) was
eliminated from the spectrum following treat-
ment with the oral rinse. Intriguingly, this reac-
tion was accompanied by the liberation of
copious amounts of green-coloured chlorine gas
(Cl,) and samples containing mixtures of pyru-
vate and the oral rinse preparation had the char-
acteristic malodour of this halogen. Hence, the
above data appear to be consistent with the reac-
tions depicted in Equations 4 and 5.

4CH,COCO, +2ClO," —
4
CH,COCO, +ClO, -
CH,CO," +CO, +OCI )

Of course, dissolution of Cl, in aqueous sys- .

tems yields hypochlorous acid/hypochlorite
anion (HOCI1/OCI") together with chloride ion,
and the HOC1/OCI" generated can also effect the
oxidation of many endogenous or bacterial-
derived salivary biomolecules. For example,
chlorination of the f-amino acid taurine
(detectable in the "H NMR spectra of many of the
human salivary supernatant samples examined

in this investigation) yields N-mono- and N-
dichloroamines.

L-cysteine was chosen as a model thiol com-
pound for these investigations since it is present as
an amino acid residue in many salivary proteins
and hence results obtained from such experiments
serve to provide further useful information
regarding the reaction mechanisms of, and the
molecular nature of products arising from the
interactions of ClO,™ and ClO," with thiol com-
pounds which contribute substantially towards
oral malodour™! [e.g. methylmercaptan (CH;SH)
which accounts for ca. 60% of the volatile sulphur
compounds (VSC) detectable]. Reaction of Lcys-
teine with ClO,™ and/or ClO; present in the com-
mercially-available oral rinse preparation (Section
2) yielded the disulphide cystine as a major prod-
uct (Fig. 7), providing evidence for the oxidation
of thiols by the consecutive, two-step reaction
sequence involving ClO," (Equations 6 and 7),
and/or a reaction involving ClO,” (Equation 8),
the latter presumably representing the predomi-
nant process. However, further resonances pre-
sent in the 3.25-3.35 and 3.45-3.80 ppm regions of
600 MHz "H NMR spectra of oral rinse-treated L-
cysteine solutions (Fig. 7c) demonstrated that
alternative, minor oxidation products are also
generated. Such products may include cysteine
sulphinate, cystine disulphoxide and cysteate, and
further experiments to determine their precise
chemical nature are currently in progress.

RSH+CIO," 5 RS' +ClO, +H*  (6)
2RS’ — RSSR )
4RSH +ClO, — 2RSSR +Cl" +2H,0  (8)

'"H NMR analysis also revealed that the
thiomethyl group (-5-CHjs) -containing amino acid
L-methionine was also oxidatively consumed by
ClO;™and/or ClO; present in the oral rinse prepa-
ration, yielding a wide range of products, pre-
dominantly methionine sulphoxide (-50-CHj
group singlet, d = 2.725 ppm) with lower levels of
methionine sulphone (data not shown).
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TABLEIl 'H NMR-determined [acctate] - (|acetate] + [pyruvate])™ concentration ratios of reac-
tion mixtures containing specified levels of pyruvate, cysteine, urate, thiocyanate anion and
ClO,1CIOY, the latter oxohalogen oxidants added as RetarDEX® oral rinse formulation. The above
reaction mixtures also contained 7.60 x 10 * mol.dm™* phosphate bufter (pH 7.10), and samples
were equilibrated at 37°C for a perind of 30 min. Acetate concentrations were carrected for trace
levels of this component present in the added oral finse preparation (Table I). Control samples for
reaction mixtures (5)—(8) (i.e., those with an equivalent volume of doubly-distilled H.O added in
place of RetarDEX® oral rinse) gave [Acetate] - (|Acetate] + Pyruvate])™! values ot 0.00-0.03.

Sample Code

Composition of Reaction Mixture [Acetate]

{Acetate] + [Pyruvate]

W) 4.00 x 10" mol.dm *

pyruvate

) 1.60 x 107  mol.dm™’

pyruvate

0.00, 0.01

(.01, .03

3

()

Q)

Y]

®

4.00 x 10 " mol.dm " pyruvate;
2.96 x 10 10, /1C10O,"

1.60 % 10 * mol.dm ¥ pyruvate;
2.96 x 10" mol.dm ' CIO,/CIO,"
1.60 x 10 mol.dm™ pyruvate;
8.00 x 10 * mol.dm' " cysteine;
4.00 x 10~ mol.dm™* urate;

2.96 x 10 * mol.dm * ClO,-/C10-"

1.60 % 10" mol.dm * pyruvate;
8.00 x 107 mol.dm " cysteine;
4.00 x 107" mol.dm ' urate;

8.00 x 10 ¥ mol.dm P SCN;

296 x 10~ mol.dm™* CIO-7/ClO,"
1.43 x 107 mol.dm* pyruvate;
1.43 x 107 mol.dm * cvsteine;
3.57 % 107 mol.dm * urate;

4.23 x 10 mol.dm™ ClO-7ClO,"
1.43 X 10 * mol.dm " pyruvate;
1.43 x 107 mol.dm™ cysteine;
3.57 x 10 * mol.dm ' urate;

1.43 x 107 mol.dm * SCN ;

423 x 10 *mol.dm * ClO,/CIO-"

1.00, 1.00
(1.98, 0.99

0.65

0.32

0.66, (1.58

0.08, 0.08

3.6 Multicomponent In Vitro Evaluations of
the Reactions of Salivary Electron Donors
with Oral-Rinse-Containing C1O,/ClO,’

High resolution NMR spectroscopy was also
employed to determine the ClO, /ClO, scaveng-
ing capacity of competing antioxidants/electron
donors present in human saliva. For this purpose,
selected reaction mixtures containing pyruvate
(0.40, 1.43 or 1.60 x 107> mol.dm™), urate (3.57 or
4.00 x 10~ mol.dm™), cysteine (0.80 or 1.43 x 107}
mol.dm™), thiocyanate anion (0.00, 1.43 or 8.00 x
10~ mol.dm™), and RetarDEX oral rinse prepara-
tion [initial ClO, /ClO; concentration 2.96 or 4.23

x 10~ mol.dm™ (predominantly ClO,)] in 7.60 x
10~ mol.dm™ phosphate buffer (pH 7.10) were
prepared and equilibrated at 37°C for a 30 min.
period. Results obtained from these experiments
are documented in Table II. These data clearly
indicate that the oxidative consumption of pyru-
vate by ClO,”/ClO," oxidants present in the oral
rinse formulation is inhibited by cysteine and thio-
cyanate anion (SCN"). Indeed, the "H NMR spec-
tra acquired on these reaction mixtures confirmed
the complete oxidation of cysteine to its corre-
sponding disulphide (cystine) by the above added
oxohalogen compounds, in accordance with
Figure 7. When expressed relative to the
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FIGURE 6 0.00-4.00 ppm regions of 400 MHz 'H NMR spectra of a 1.00 x 107 mol.dm™ agueous solution of sodium pyruvate in
4.00 x 10~ mol.dm™ phosphate buffer (pH 7.10) obtained subsequent to treatment with equivalent volumes of (a) de-gassed doubly-
distilled H,O (control) and (b) RetarDEX® oral rinse. Typical spectra are shown. Abbreviations: as Figures 3 and 4. The arrow in spec-
trum (a) denotes a singlet resonance (8 = 1.50 ppm) ascribable to an impurity present in the commercially-available sample of
pyruvate utilised.



227

CHLORINE DIOXIDE SALIVARY ANTIOXIDANT

“AJaARAdSOI QULSAY PUE AUISA-T SUNUISAIdAT 154D - §-§-154D) PUL HS-164D) YIM “C ALY S€ ISUOLLPLAIQIY “UMOYS dIe el
-sads earda () ur umoys wigsads ay 1o uoBar widd gg 050 papuedxy ‘() (ZHIN €100y Souanbay Sunerado tajowoipads) asut [e10 @XIFIAIN (Q)
pue (ZHIA £1°00F Asuanbayy Supeiado 1arawonads fonuod) OFH pajsip-Aqnop passed-ap (2) 10 sawmnjoa yuajeamba yitm juawieds Jumo[(og pauieiqo
(012 Hdy 1a3ng oreydsoyd | wprjow __gL x 00+ U 2RS0T JO LOUN|OS snoanbe . wprjow - ot x 0L © jo endads YN H; uounjosal y3i 2 DM

ao %0 o 't g2 52 0€ 5 € or S 05 3% a9 %9 ae 5z 98 S b
' Lissasciaade Praad lassaasaian Lasea ael ol i 1 i e s Ly PRI FUTOUT 1 dadecausaiaady Loae
—— ——
=T
!
Lyl
[1
HO-




228

E. LYNCH et al.

Cit

()

Cyst-§-8-Cyst

T o

(b)
|
I
i
Cyst-S-S-Cyst
o o
i L]
LL—LM-U.._.‘JL ; - ot
e e I T IR S Al i e s e I A AL ALE e e e R Bl s ]
npm 9 B 7 4 2 1

Cit

ogm a0 ER-] 3.0

FIGURE 7 Continued



CHLORINE DIOXIDE SALIVARY ANTIOXIDANT 229

ClO; /ClO;, scavenging capacity of pyruvate, cys-
teine is preferentially consumed in redox reac-
tions involving these oral rinse oxidants.
However it should be noted that in view of the rel-
atively low salivary levels of thiols (cf. oral mal-
odour precursors, mean value apparently 3.6 x
10° mol.dm™),** this class of antioxidant is
unlikely to offer pyruvate [mean + standard error
(s.e.) salivary level 9.0 + 0.7 x 10° mol.dm™ (n =
12)] a significant level of protection gainst
ClO, /ClO, -mediated oxidative damage in vivo.
Further experiments involving *C NMR
analysis of aqueous reaction mixtures containing
the salivary electron donor thiocyanate anion
(present in human saliva at concentrations of up
to 1.24 and 2.74 x 10~ mol.dm™ in non-smokers
and smokers, respectively!®!) and RetarDEX®
oral rinse (initial SCN™ and ClO,~/ClO, concen-
trations 5.00 x 10 and 7.40 x 107> mol.dm™,
respectively) demonstrated the oxidative con-
sumption of SCN™ after a 30 min. equilibration
period at 37°C. Indeed, reproducible reductions
in the intensity of the characteristic SCN™ 1C res-
onance at 220.5 ppm were accompanied by the
generation of new signals located at 112.7 and
120.8 ppm (Fig. 8). These new signals donot arise
from citrate present in the oral rinse preparation
[aqueous solutions of trisodium citrate in *H,O
have "C NMR signals located at 485
(-CH,COy"), 78.0 (HO-C-CO;7), 182.2 (-CH,CO;")
and 184.8 ppm (HO-C-CO,") when expressed rel-
ative to TSP (8 = 0.00 ppm)]. .
No 'H NMR-detectable products arising from
the ClO,/ClO;-mediated oxidative damage to
urate were observed in the above samples, nor
simple reaction mixtures containing urate and
RetarDEX® oral rinse (initial urate and
ClO,/ClO, concentrations 4.00 x 10 and 2.96 x
10~ mol.dm™, respectively) in 7.60 x 107
mol.dm™ phosphate buffer (pH 7.10). Therefore,
HPLC utilising a reversed-phase column was
employed to monitor the consumption of this
salivary antioxidant by oxohalogen oxidants pre-
sent in Retardex® oral rinse. For this purpose,
aliquots (0.50 ml) of human salivary super-

natants (n = 5) were treated with an equivalent
valume of the oral rinse, equilibrated at a tem-
perature of 37°C for a 24-hr. period, ultrafiltered,
and the ultrafiltrates obtained subjected to HPLC
analysis (corresponding 0.50 m! aliquots of sali-
vary supernatants treated with an equivalent vol-
ume of doubly-distilled water and then
equilibrated and ultrafiltered in the same manner
served as matched controls for each sample
investigated). Table III displays salivary urate
levels prior and subsequent to treatment with
RetarDEX® oral rinse. Clearly, the endogenous
antioxidant urate is oxidatively consumed by
ClO,7/ClO;, the mean (t standard error) per-
centage decrease in its salivary concentration
being 74 + 14% (range 32-100%). The wide range
of these percentage values is ascribable to
“between sample” variance (“scatter”) of (1) the
initial urate concentration, and (2) those of alter-
native, competing salivary antioxidants (e.g., thi-
ols, SCN", pyruvate etc). The time-dependence of
the ClO, /ClO;-mediated oxidative consump-
‘tion of salivary urate at ambient temperature
(22°C) and pH 5.96 was monitored by difference
spectrophotometry, and clear decreases in
absorbance at 292 and 239 nm (Amax. values for
an authentic standard sample of urate™!) with
increasing time were notable (Fig. 9). Minimum
wavelength values (Amin.) for the decrease in
urate absorbance observed were confirmed by
first- and second-derivative spectrophotometry
[the complexity of the decreases in absorbance in
the 230-320 nm wavelength range is explicable
by synchronous spectral modifications arising
from the salivary electron donor-mediated
reduction of oxohalogen compounds present in
the oral rinse preparation (predominantly
ClO,)]. Under our experimental conditions, half-
life (t,,,) values for the ClO, /ClO, -mediated
oxidative consumption of salivary urate ranged
from 5.1-6.9 hr (n = 5). These results indicate that
endogenous urate has the ability to offer salivary
pyruvate only a low level of protection against
attack by ClO;/ClO;" oxidants present in the
ora] rinse preparation investigated.
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FIGURE 8 150 MHz “C NMR spectra of 0.10 mol.dm™ aqueous solutions of potassium thiocyanate in 1.52 x 107" mol.dm™ phos-
phate butffer (pH 7.10) obtained after treatment with equivalent volumes of (a) de-gassed doubly-distilled H,O (control sample) and
(b) RetarDEX® oral rinse. Typical spectra are shown. The arrows in spectrum (b) indicate resonances of products arising from the
reaction of ClO, /ClO," with thiocyanate anion (SCN7).
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TABLE 11 Salivary urate concentrations prior and subsequent to treatment with RetarDEX®
oral rinsc as described in Section 2.4 {initial ClO. /C1O5" levels for the oral rinse-treated samples
were 7.40 x 10 mol.dm™). Urate concentrations were determined by HPLC (Section 2.4) and
each value documented represents the mean of two separate determinations. The “between

231

determination” coefficient of variation for this assay system was 1.4%.

Salivary urate concentration

prior to treatment
(baseline control)

Salivary urate concentration
subsequent to treatment
with RetarDEX® oral rinse

Sample code (10 mol.dm™) (10 mol.dm™)
1 41 21
2 47 3
3 165 112
4 2 0
5 75 2

4 DISCUSSION

Multicomponent 'H NMR investigations of the
oxidising (‘therapeutic’) capacity of the
ClO, /ClO; -containing oral rinse preparation
examined here demonstrated that salivary elec-
tron donors are readily consumed by the above
oxohalogen oxidants. Indeed, with regard to data
presented, all further endogenous salivary
reductants tested offer pyruvate selective levels
of protection against ClO, /ClO;-mediated
oxidative damage, the amino acid cysteine being
more effective than SCN™ and urate in this con-
text. However, in view of the mean concentra-
tions of these electron donors in human saliva
(SCN™ >> urate > cysteine), SCN™ is expected to
play a major role in neutralising the oxidising
actions of oral rinse-derived ClO, and ClO,.
Hence, in facile thermodynamic terms, human
salivary SCN~ (although less reactive towards
ClO;™ and ClO; than cysteine) is present at con-
centrations sufficient to effectively compete with
alternative biological reductants therein such as
pyruvate, offering them a significant level of pro-
tection against oxidative consumption by oral
rinse oxohalogen oxidants. Nevertheless, a 1:1
(v/v) mixture of oral rinse to human saliva yields
a total C1O,"/ClO, concentration of 7.40 x 107
(predominantly ClO,"), and, assuming, a similar
dilution of this mouthwash preparation immedi-

ately subsequent to oral application, it is clear
that in concentration terms, the oxohalogen oxi-
dants present will effectively “swamp” all sali-
vary electron donor activity available. Indeed,
after making allowances for thermodynamic
equilibria and the rate of each reaction involved
under the appropriate physiological conditions,
this indicates that reductants present at relatively
low salivary levels (e.g., cysteine, urate) will also
be consumed (either fully or partially) during
oral rinsing programmes involving the
RetarDEX® oral hygiene product examined in
this study.

Consumption of cysteine and methionine by
ClO;™ and/or CIO; is of further importance to

~clinical periodontology since CH;SH and H,S are

generated from these amino acids via metabolic
pathways operational in gram-negative micro-
organisms™ (Schemes I and II), Scheme I beinga
process which involves the enzymes cystine
reductase (reduction of cystine to cysteine) and
serine sulphydrase (desulphydration of cysteine
yielding H,S and serine).

Interestingly, a preliminary investigation con-
ducted by Tozentich® showed that therapeutic
administration of an oral rinse preparation con-
taining 0.01% (w/v) (1.48 x 10 mol.dm™) ClO;’
significantly diminished the concentrations of
VSCs detectable in early morning mouth air
samples obtained from human subjects with
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FIGURE9 Time-dependent modifications in the difference electronic absorption spectrum of a reaction mixture containing a human
saliva supernatant (0.40 ml), RetarDEX® oral rinse (0.40 ml) and 4.00 x 10~ mol.dm™ phosphate buffer, pH 5.96 (1.20 ml) at a tem-
perature of 22°C. The initial concentration of CIO;/ClOy’ in the reaction mixture was 2.96 x 10~ mol.dm™ and the composition of
solutions present in the two compartments of the twin reference cell are given in Section 2.5. The first spectrum was recorded imme-
diately after mixing the added solutions (i.e., within 10 s), and subsequent spectra were recorded at 30 min. intervals. Typical data are

shown.

objectionable levels of these malodorous agents
(i.e., >5 mg CH,;SH per 100 ml mouth air), an
observation of much pertinence to the results
obtained here.

High resolution, high field '"H NMR spec-
troscopy is a technique which offers many
advantages over alternative time-consuming,
labour-intensive analytical methods since (1) it
allows the rapid, non-invasive and simultaneous
study of a multitude of components present in
biological samples (eg, biofluids such as human
saliva as outlined in this study) and (2) generally
requires little or no knowledge of sample compo-
sition prior to analysis. Moreover, chemical shift
values, coupling patterns and coupling constants
of resonances present in '"H NMR spectra of such
multicomponent systems provide much valuable
molecular information regarding both endoge-
nous and exogenous chemical species detectable.

As demonstrated in this investigation, the tech-
nique is of much utility concerning multicompo-
nent evaluations of the interactions of
therapeutically-active agents present in commer-
cially-available mouthwash preparations with
human saliva [or gingival crevicular fluid (GCF)]
biomolecules, and the oxidative decarboxylation
of salivary pyruvate by an admixture of C1O,” and
(IO, radical in the oral rinse preparation investi-
gated here serves as a fundamental, prima facie
example of this which may be of some relevance to
one or more of its mechanisms of action. The rate
and extent of salivary electron donor consumption
(e.g., that of VSCs, their amino acid precursors,
and pyruvate) by oxidants present in oral rinse
preparations reflects the oxidising capacity of such
commercially-available materials, a phenomenom
of much significance with regard to their thera-
peutic and aesthetic roles. Hence, high resolution
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Reduction
Cyst-S-S-Cyst 2 Cys\-Sﬂ
Cystine Cysteine
Deamination/Decarboxylation
Cyst-SH CH\SH

Desulphydration

Methyl mercaptan

SCHEME [
negative micro-organisms.

Reduction

H,S + sefine

Generation of CH,SH and Ha,S via metabolism of the amino acids cysteine and cystine by enzymes present in gram-

Met-S-CH,

Methionine

SCHEME 1I
Micro-organisms.

"H NMR analysis of human saliva or appropriate
chemical model systems serves as a very useful
method for the in vitro testing of oral rinses, and
we have recently found that it also provides much
useful information concerning the molecular
mechanisms underlying the therapeutic actions of
active agents present in commercially-available
dentifrices. Indeed, the multicomponent analyti-
cal ability of high field "H NMR spectroscopy per-
mits evaluations of the nature, rate and extent of
chemical modifications arising on equilibration of
human saliva or GCF samples with intact denti-
frice preparations, data which will be presented in
detail elsewhere.

'H NMR analysis of human saliva samples col-
lected prior and subsequent to the administration
of oral rinses or dentifrices to patients with peri-
odontal diseases (i.e., in vivo assessment) may
demonstrate a reduction in the levels of bacterial-
derived salivary components (eg, short-chain
non-volatile carboxylic acid anions such as n-
butyrate, propionate, fumarate, formate, etc),
reflecting the removal of potentially pathogenic
micro-organisms following treatment, and recent
pilot studies conducted by the authors have
shown that the technique is readily applicable to
investigations of this nature.

Reduction
CHySH H,;S+ CH,
Methyl
Mercaptan

Generation of CH3SH and H,S via metabolism of the amino acid methionine by enzymes present in gram-negative
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