
Gombined etfect otzine ions and
cation ic antibacteriaf agents on

Objective: Volatile sulphur compounds (VSC) are major components of
oral matodour. As both zinc ions and cationic antibacterialagents inhibit
the formation of oral VSC, this study aimed to determine whether these
agents combined have synergistic anti-VSC actions. Methods: Baseline
oral VSC measurements of mouth airfrom 10 volunteersfollowing cysteine
rinsing {GmLl, pA 7-2} were obtained using gas chrornatography (GC).
Subjects rinsed for 'l min with 1 0m! of the test solutions, 0.37" ziinc acetate
(Zn),O.O25% chlorhexidine (CHX), 0.025"/"cetyl pyridinium (CPC), and the
combinations Zn+CHX and Zn+cPC. Cysteine rinses were repeated at t h,
2h and 3h and VSC measurernents reccrdec. Three subjects rinsed with
the Zn+cHX combination and fasted for th, undergoing cysteine rinses and
VSC measurements at 3h intervals. 10prl of the test solutions were also
added to lmlaliquots of human whole saliva (n=8). Following incubation at
37'C tor 24h VSC levels in the saliva he.adspace were measured by GC.
lnhibilion of VSC formation and the frac{ional inhibitory index indicating
synergy were calculated. Results: Zn+GHX mouthrinse had a synergistic
anti-VSC effect, and was etfective for at least th. Zn+cPC mouthrinse was
less effective. Both combinations showed a synergistic inhibiting effect
in-vitro. Conclusions: Synergy between Zn and the antibacterial agents
confirms different mechanisms of operation.

Key words: volatile sulphur compaunds, oral malodour, zinc ions, cationic
anti bacterial agents, peiodontal disease
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It is well established that rhe majority

of cases of oral malodour are

caused by Gram ncgative, anaero-

bic bacteria locatcd in the crypts at

the back of the tongue, or in Perio-
clontal pocketsr-1. These bacteria

are proteolytic and produce volatile

sulphur compounds SSQ bY cata-

bolisation of organic substratcs, in

oarticuiar cysteinea. The VSC have

Ln unole^sant  odour evcn in

.*rrarrt'.ly low conccntrations, and

are the maior comPonerit of oral

malodourt's'6. The main VSC are

hydrogen sulphide and methYl

mercaptan, but small amounts of

dimethyl sulphide maY also be

presentl.'  
It is also well established rhat

VSC are able to Penetlate the

dssues in penodontal pocketsT, tlrat

they have a direct deleterious effect

on the synthesis o[ Proteins in

gingival fibroblastss, and that for

thesc reasons VSC maY be imPor-

tant in the aetiology of periodontal

diseaseT-to.
It is furthermore known that

certain metal ions, in parcicuiar zinc,

can be used to reduce or inhibit

oral malodour, and that along with

other metal ions, zinc inhibits the

formation of VSC8'1r-r] '  There may

be several  mechanisms involvcd:
.  The z inc ions ( in  aqucous solu-

t ions or  as d issolvable tablets)

in teract  , 'v i th  the sulohur  in  r l r -
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substtate or in precursors of Mouth rinse experiments term effect of a single mouthrinse
vSC, fonningrnsoluble sulP"1*, Collection of samples and VSC *i,llTg 0,3 percent zinc acerate

:llfi;'iloi:.:L:iftTl.:il iiiri'ii oi,itf ii ;:.1"0;0,1fl:.;.1:#.:ffi:1'.
groupsi rest subjects consisted or ten ;'::1T J1'itl'tir'*,11f:;

'  Heavy metal ions such as zinc I 
volunteers(4males,6females,aged above. Subjects rinsed for 1 min

rlirertt' inFihir .hiol proieit "s- | 30 to 72 years) recruited from rhe with 1gml oI the test solurion.l r f t r t u l l  L r !

acavity related to VSC produc- | yff al theDenal Faculty, Utv91: Cysteine rinsing and mouth air
rionn. I siry of Oslo. The volunteers did analyses *.r. ,Jp.^ted at 3h, 6h
Cerain antibacterial agents such not complain of oral malodow and and th. Subjects did not eat or

as chlorhexidin. o, ."ryI ;t"dld; 
had no obvious rnedical history that drink during the entire test period.

may also inhibit ota rrirtiio* rnd colld relate in any way to oral Due ro thiength of fastiig, the
vSt forrnationr4,rs. Io beagre dogs, malodour'-Al1 test subjects took number of tJst subjects" was
zinc ions have been ,h"o*o 

",o part in .the experiments with Imited.
enhancetheplaque-inhibitof.ff..t, infotmed consent' after having

of cetyl pyiiaini.,- chloride'.. A received an explanarion of the

similarenhancement of the effect protocol approved by an ethics aas chromatography

of mouthwashing with chlorhexi- cornmittee. on test days, the The VSC analysis system included
dine..was show-n with zinc in subjectswereinstructcdtorefrain a GC-14B gas chromatograph

humanstT. If zincions and cationic from their normal oral hygiene (Shimadzu,Japan) equipped with
antibacterial agenrs operate by routine following breakfast and a_flamc photomerric detector, a
differentmechirisms w'irhr.n*i Present at the dinical research l2-Et x 1/8 inch Teflon colurnn
to oral VSC inhibition. it is .o.r| irr- Iaboratory at 9.00em. The cysteine packed with 5 per cent polyphenyl
ablerhatthecombinarionofthese challenge model according to ether-0.05percentphosphoricacid

agents m^y also provide ^n fieinb5rqandCodipillyrswas'used 
ot 40/60 mesh Chromosorb T,

eihan..d oi ,yr.rgirlc anti-VSC for inducing oral malodour in the and an auto-iniection sysrem with a
effect. The aim-of tf,e present st rdv subjects. This involved the subjects 3ml sa"mple loop. Column condi-
vras Eo examine this c'oncept. fh. rinsing for 30s with 5ml of 6mM tions were column temperaure
hypothesis to be tested -^"s th.r, !:.y.,fu: 

so]1gon (pH 7.2) Gi$tt^ 70"C, nitrog-en gas flow rate 32
that zinc and a cadonic antibacte- Chernicals, USA). Subjects then ml,/min, hydrogen gas flow rate
rial agent have synergisric effects kept their mouth dosed for 1 min 125m1/min, air flow rate 43ml/.
when combined in ^6,r.oos sol.r- 30s, aftet which mouth air samples min, according to Yaegaki and
tion and used as a mouthrinse ro were taken (baseline/conttol meas- Sanadaz.

inhibit orai VSC formation. urements)'

Materials and methods

Test solutions

Thc solutions tcstcd included 0.3
per cent zinq acetate Z-hydrate (Zn)
(Reidel-deHadn, Germany), 0. 025
per cent chlorhexidine diacetate
mohohydrate (CHX) (Fluka
Chemie, Switzerland), 0.025 per
cent cetyl  pyr idinium chlor ide
rnonohydrate (CPC) (Sigma-
Aldrich, Germany) and the combi-
nadons: 0.3 per cent zinc acerate *
0 .025 per  cent  ch lo rhex id ine
(Zn+CHK1, and 0.3 per ce nt z inc
acetate + 0 025 Per cent cetylpyr i-
d in ium ch lo r ide  (Zn+tPC) .  A l l
so lu t ions  were  made 'w i rh  de- ion-
ised water.

Mouth air samples were aspirated
using a 1Oml syringe connected to
the oudet of the auto-injector, and
analysed for VSC directly it a gas
chromatograph as described below.
Immediately after this procedure,
the subjects rinsed for 1 min with
1Oml of one of thc test solurions.
Cysteine rinsing and rnouth air
analyses were repeated at th, 2h
and 3h after rinsing with the
respective solutions. Although the
srudy wab not double blind, the
different test solutions were given
at random to the test subjects on
different days without the subjects
knowing which mouth rinse s they
were uslng.

In a second mouth rinse experi-
ment ,  rhree heal thy p. t ron,  (on.
female aged 41 years and nvo males
aged 45 and 73 years) were used as
test  sub jecrs to exarnine the loog-

Salivary putrefaction
experiments

Eight of the volunreers participat-
ing in the clinical experiments also
provided saliva samples (2 rnales
and 6 females, age range 30 to 46
years). Behreen 9.00 and 10.00arn,
1-2h following normal daily dietary
intal<e and oral hygiene rourines,
each subiect chewed a paraffin wax
tablet for 1 min while swallowins
normally, before collection of 10m'i
whole sal iva.  Sal iva samples were
shaken thoroughl ;u fo l lowing
collection prior to 1ml aliquoti
being p ipet ted in to separate rest
tubes with screw lids. l05rl aliquots
of thc test solutions were added to
the 1ml safi.va aliquots. The samples
were incubated overniqht  at  37"C.'fwo 

untreated saLrva samples -ere
inc luded  [o r  eech .  t es t  sub jec t .
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After 24-30 h incubation the tubes
were shaken for 15s according to
I(leinberg and CodipillyrE, a sample
of the saliva headspace was with-
drawn from the test tube using a
1Oml sytinge, and the sample was
analysed for !'SC direcdy in the
gas chromatogtaph.

Calculatlon of synergy

Data from the mouth rinsing
experiments were calculated as
percentage oIthe original concen-
tration of HrS (control), at each of
the measuremerit times for each
test subject. Data from the salivary
putrefaction experiment was also
calculated as perccnt of thc control
VSC. The mean values for the
results for all test subjects were used
to evaluate possible synergisric
effects according to the fractional
inhibitory index fIC index) as
described by Berenbaumle and
used in similar studiesa2t:

A  t R  A + B
FIC index 

-  4r  I  !

A B
A = effect of antibacterial agent, B
= effect of zinc,A + B = effectof
the combinat-ion of an antibacrerial
agent and zinc. A FIC index of <1
indicates a synergistic (or complimen-
tary) effecq FIC =1, an additive
effect, and FIC )l an antagonistic
effect.

Results

Figxre / shovrs the results of mouth
rinsing with the different test solu-
rions. 0.3 per cent Zn had ^ very
strong anri-VSC effect after th, but
tlus effect diminished relatively fast.
0.025 per  cent  CHX had only a
moderate anti-VSC effect after th,
but this effect diminished only
slightiy with tirne. A sir-ri i lar resuit
was seen for  0.025 per  cent  CPC
after th, but the effeit of this agenr
deter iorated more rapid ly .  The
anr i -VSC ef fect  of  the combina-
t ion oI  Zt  and CHX was surpr is-
i ng l y  markec l  and  l ong  l as i i ng .
Scarcely anv reduction in anti-VSC
e f fec t  r ' . , es  obse rvab le  a f t e r  3h ,  i n

Figure l.lnhibition of l'rydrogen sulphide production (mean percent ol control H,s, 12 s.d.)
at 1' 2 and 3h after mouth rinses wlth individual test solutions and combinatlons. Test
solutions: 0.3 per cent zinc acetate (zn), o.02s per cent chlorhexidine diacetate (cHX),
0.05 per cent cetyl pyririinium cfitoride (cpc) and combinations qf zn + cHX and Zn + cpc.
A lower per cenl of control value indicates a r|ore effective anti-VSC agent (control value= 100 per cent). Synagistic antFVSC effeci, * FIC < 1 .
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contrast to the effect of Zn alone.
The combintion of Zn and CPC
had a good anti-YSC effect after
th, but minimal anti-VSC effect
above that of Zn alone at all three
measurement times. Slnetgy: The
FIC indices for the mouth rinse
combination Zn + [fl11-ere 0.56,
0.35 and 0.38 at t, 2 and 3h re-
spectively, the combination thus
having a synergistic effect (see * in
Figare l) at zll three measuring
periods. The Zn + CPC mourh
rinse combination had FIC indices
o (  7 .45 ,0 .88  and  1 .13  a t  I ;  2  and
3h respectively, thus on-ly synergistic
atZh.

The results of the salivary putre-
faction experiment for methyl
mercaptan are shown in Figare 2. A
similar pattern of VSC inhibition
could be observed as for rhe mouth
rinsing, whereby Zn was the most
effective of the individual agents,
and both combinations @n + CllX
and Zn + CPC) -iv-ere more efiec-
tive than the individnal agents. The
results for inhibition of hydrogen
sulphidc product ion werc in  l inc
with the clinical results and are not
shown. SlnergV: Both mouth rinse
comb ina t i ons  showed  syne rg i s t i c
ant i  VSC ef fects,  showing FIC
i n d i c e s  o (  0 . 6 3  a n d  0 . 2 6 .  [ o r

Zn+CHX and Zn+CPC, respec-
tively (sce * in Figuc l.

F;grn 3 shows the results of the
exiended mouth rinse experimcnr.
The combination of 0.3 per cent
zinc acetate and 0.025 per cenr
chlorhexidine diacetate had a
rnarked anti-VSC effect even
after th. It should be noted rhat
the mouth rinsing experimenrs,
performed using cysteine rinses
acco.rding to the cysteine challeoge
modelrs, provided informaddn
almost exclusively related to one
VSC componeng hydrogen sulphide,

Discussion

Previous studies have shown a
correlation between oral malodour
measured organolept ica l ly  and
measurements of VSC by gas chro-
matography5.22 thereby indicatinq
the televance of VSC *."trr..r.,..t!
to oral malodour. Similar correla_
tion has been sho-q;n using the
p ortable sulphide monitor2lz-G.

Cadaverine and putrescine have
not been demonsttatcd as comoo-
nents of  ora i ,  malodour per  ie2r .
Previously, Tonzetichzs i id no,
f ind any non-sulphur  compounds
irrvr:lved in oral malodour. More
recently Tonzetich2e sugqested rhat
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Ftgure 2.lnhibition of methyl rnercaptan production in incubated saliva (mean per cent of
control CH"SH, +2 s.d.) by test solutions and combinations. Test soluuons: 0.3 per cent zirc
acetate (Zn), 0.025 per cent chlorhexidine diacetate (CHX), 0-025 per cent cetyl pyridinium
chloride (CPC) and combinations of Zn + CHX and Zn + CPC. A lower per cent ol control
value indicates a more effective anti-VSC agent (control value = 1OO per cent). Synergistic
anti-VSC effect, ' FIC < .1. 
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Figure 3.Inhibition of hydrogen sulphide production in three test subjects (mean per cent of
control H,S) over t h, by the combination of 0.3 per cent zinc acetate and 0.025 per cent
chlorhexidine diacetate. Control = l 0O per cent.
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minor components that are unable
to produce oral malodour thern-
sel'res, occurr.ing in arnounts below
rhe  th resho ld  o f  o rgano lep t i c
pe rception can st.i l l  alter the inten-
siry and quality of oral malodour in
combinat ion wi th VSC The rat io
o f  H,S and CH,SH is  known to
cont ibute to thc qual i ty  of  ota l
r -na lodou r .  a t  l eas t  i n  oe r i odon ta l

patients2. It is also known that zinc
ions that inhibit oral nalodour also
inhib i t  VSC, as ment ioned above.
The experimental data cited above
indicates that rhe method involving
the use of oral VSC measurements
by gas chromatography can be
considered as val id  and d i rect ly
related to oral maloclour.

Mou th  r i nses  u i rh  cvs re ine  to

e nhance formation of oral VSC in
the test panel were used in the
present studyrs. Tnis method lends
itself to clinical testing of inhibitors
of oral VSC production and oral
malodour, as discussed by these
authors. The reduction in VSC
formation subsequent to a single
rinse with an inhibiting agent is
compared wrth the original VSC
value observed, and any reduction
taken as caused by the inhibitor.
Additional cysreine rinses ar an
hourly interval, challenge the effect
of the inhibitor and provide data
concerning the durit ion of the
effect. A limitation of this rnethod
is thar only hydrogen sulphide is
formed in rhe oral cavity immedi-
arely foliowing cysteine rinses, as
mentioned previouslya,l3'r7. Hovr-
ever, supplementing the clinical
experiments with salivary putrefac-
tion experiments can compensate
for this limitation. This involves
measnrement of the effect of an
oral malodour inhibitor on the
product ion of  both hydrogen
sulpfude and methyl mercaptan in
incubateci human saliva- The resuits
for methyl melcaptan can be seen
tnFigure 2.

A comparison of the anti-VSC
results for the individual agenrs and
those flor the combinations, showed
that the combination of zinc ions
and chiorhexidine had a berter anti-

lSC effgct tha11 thaq of zinc ions
or chlorhexidine alone (Fzgare /).
The hypothesis to be tested in the
present study was thus supported
for this combination- This was
confirmed by thc calculated FIC
index, demonstrating a synergisric
effecr ar 7,2 ar.d 3h after rinsing.
That result was further t.rpport.i
by the findings flrom the salivary
putrefaction experiment (Frgon 4
demonstrat ing that  rhe combina-
t ion of  z inc ions rv i th  both
cfLlorhexrdine diacetatc and cerylpy-
r id inrurn chlor ide showed
synergistic an{-VSC effecrs. In a
recent study on effect of antibacte-
rial agents on cariogenrc organtsms,
a d i f ferent  in terpretat ion of  drug
i n t e  r a r : t i t r ns  wn  s  t t se . l l 0  A  re  n . . 1 i . . .
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to Isenbergl, if the FIC index =

0.5 > x <1.0,  th is  is  descr ibed as

parrial synergy. Using this interpre-

iation in the Present studY, the

mouth rinse experiments showed

that the combinatio ns Zn + CHX

at 1h, and Zn + CPC at 2h were

pattially synergistic, while the in dtro

-xperiments dernonstrated partial

synergy for the Zn + CHX combi-

nation.
In the long-term exPeriment the

combination oF zinc and

chlorhexidure provided a reduction

of mote than 95 Per cent of the

baseline VSC Ievel even th after

rinsing (Fr7on X. This result should

be considered very satisfactory

especialiy taking into account the

low concentration of the ingtedi-

ents.  Each mouth r inse rv i th

cysteine appears l-ikcly to consume

rny zinc retaincd in thc mouth.

Under normal conditions without

cysteine challenges it maY be safe

to conclude that the mouth rinse as

tested in the long-term experiment

could be effecrive Eor 72 hours or

more.
The moderate ciinicai anti-!-SC

effect of the cationic antibacterial

agents alone rvas most l-ikely du5 to

the low concentrauons used in

otder to avoid untov/ard side

effects. Zirc has a metallic taste'

The 0.1 per  cent  and 0 '3 Per cent

zir,c acetate solurions used in this

experiment are dilute comPared
'with concentrations used in some

earlier cl-inical experiments (4 per

cent  or  more)  .  Pt lo t  exPer iments

by the current authors have shown

that even a combination of as low

as 0.1 per  cent  z inc and 0.0 i  Per
cent chlorhexidine had an anti-VSC

effect, though this was not as long

Ias t i ng  as  t he  P resen t lY  used

concentradons.
Ho.vever, desPite rhe relativel;r

Iow concentrations involved, it was

surpr is ing to observe how much

the cornbinat ion of  the ant ibacte-

rial agents improved the effect of

zinc ions, both in the mouth rinsing

and sal ivary putrefact ion exPer l -  .
mcn ts .  I r  app :a t s  l i ke lY  tha t  t he  I
s p e c i f i c  e f f e c t  o I  z i n c  a g a i n s t  I

sulphur and the unspeci{lc anubac-

terial effect against the bacterial

mernbranes, in particular telated to

chlorhexidine, are the mechanisms

behind the synergisrn of the

combination. However, previous

experiments have indicated that

antibactedal agents, and in particulat

chlorhexidine, can split disuiphide

bonds3z. Chlorhexidine is known

to be a strong denaturing agent. A

splitting of disulphide bonds wouid

be beneficial, as oral bacteria

mainly contain desulphydrases, as

demonstrated by the results of the

present experirnent. The splitting

of disulphide bonds could provide
an explanation for the observed
marked and long lasting effect of

the rnouth rinse containing an aqu€-

ous cornbination of chlorhexidine
and zinc ions.

It may be speculated that a

further beneficial effect of the anti-
bacterial agents could be to inhibit
any additional foul, volatile non-
sulphut bacterid Products in the
otal cavity. Zinc ions alone vrould
have ne8ligible effect on the forma-
tion oisuch Ptoducts.
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