
The effect of some cationic antiseptics on the 
acidogenicity of dental plaque in vivo 

RUI VICENTE OPPERMANN* 

Departments of Periodontology and Pedodontics. Dental Faculty, Uni- 
versity of Oslo. Oslo. Norway 

Oppermann. R.V. The effect of some cationic antiseptics on the acido e- 
nicity of dental plaque irr i i i ~ ~ .  Acta Orlorrlol. Scarid. 1980, 38, 155 - 167 

Two series of experiments were performed in order to compare the ability 
of different cationic antiseptics to inhibit the acid roduction in plaque: In 
addition an attempt was made, to evaluate the iniuence of oral retention 
on the acid-inhibiting properties of these agents. In one series of experi- 
ments acid production, following sucrose applications on plaque, was 
measured irr sitr, prior to and at given time intervals after rinsing with the 
individual arents. In  a second series the effect of ,eluting,the antiseptics 
retained in t i e  oral cavity by means of 5 consecutive acetic acid (6 mM) 
rinses wiis evaluated. The results showed that chlorhexidine (0.5 mM) was 
more effective than benzilkonium chloride ( 1  mM) and piperazine 
( I m M ) .  Cet Ip ridinium chloride (ImM) was the least effective. Acidic 
elution m;irkeA reduced the inhibitory effect of single rinses of chlor- 
hexidine (0.5 rnh), benzolkonium chloride ( ImM) and cetylpyridinium 
chloride ( I  mM). This effect was less pronounced with a higher concen- 
tration (2.2rnM) of chlorhexidine. The results gave support t.0, the view 
that retention of an agent in the mouth and in plaque is o significance for 
its ability to inhibit acid production of dentnl plaque. 
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I t  has been shown previously that the 
cationic chlorhexidine has a marked and 
prolonged effect on the acidogenicity of 
dental plaque ( I  I). Uncharged or anionic 
antiseptics with comparable antimicro- 
bial activity against plaque bacteria did 
not display similar effects (12). It was 
suggested in these studies that the long- 
lasting effect of chlorhexidine on the acid 
production in dental plaque might be re- 
lated to the oral retention of this agent. I t  
would, therefore, be of interest to investi- 
gate whether other cationic agents known 

to be retained in the mouth, such as some 
quaternary ammonium bases (3), would 
exhibit a similar inhibitory effect. 

The aim of the present study was to 
compare the inhibiting effect of chlor- 
hexidine on the acid production in  dental 
plaque with that of some other antiseptics 
having common chemical properties 
with chlorhexidine. An attempt was also 
made to estimate the significance of the 
retention of the agents in the oral cavity 
for this effect. 
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MATERIAL A N D  METHODS 

7 C w  punel 

Nine subjects aged averagely 23 years, 
with full dentitions and healthy gingival 
conditions participated in the experi- 
ments. Clinical and radiographic exam- 
inations showed no carious lesions 
among the participants. 

7est agetits 
C‘hlorhexidine solutions were prepared 
from a ?-O?/cr aqueous solution of chlor- 
hexidine di-gluconate (HIBITANEn’, 
ICI, MacClesfield, England). Cetylpyri- 
dinium chloride (PYRISEPP)  was ob- 
tained from WElFA Pharmaceutical In- 
dustries, Oslo, Norway. Benzalkonium 
chloride was purchased from Deno- 
chemo A/S (Copenhagen, Denmark) 
and piperazine [ 1,4-bis-(hexylcarbamyI- 
guanidinopronyl) piperazine dimethane- 
wlfonic acid] was obtained from Cooper 
Laboratories, Inc. (New Jersey, USA). 
The latter is referred to in this paper by its 
generic name piperazine. 

p I-/ meusurements 
Plaque pH measurements were perfor- 
med in .situ with the aid of an lngold flat 
hurface glass electrode. Two contralateral 
teeth in each jaw were selected for 
measurements. Changes in plaque pH, 
following an application of 50 u l  og 15 YO 
w/v  sucrose solution on the tooth sur- 
face. were recorded every I5 seconds for 
;I period of  5 minutes. The method has 
been described more extensively else- 
where ( 1 I ). 

Ciivrcv .ill cvpuin  i e r  I t ii I dij.cigii 
Each experiment lasted for 4 days di- 
\sided i n  a pre-experimental period of 3 
days and an experimental period of 24 
hours. At the start of the pre-experinien- 
la1 period the participants had their teeth 
~ A e d  and polished to remove supra- 
gingival deposits. All mechanical oral 

hygiene was then suspended until the end 
of the experiment. Sucrose (15 ‘%I w / v )  
rinses were carried out every other hour 
from 8:OO a.m. to 8:OO p.m. during the 
three first days in order to enhance pla- 
que formation (7). The participants dis- 
continued the sucrose rinses and avoided 
further sucrose intake 12 hours prior to 
and throughout the experimental period. 
Plaque pH readings were performed at 
least 0.Sh after any food intake to mini- 
mize the influence of meals on the 
measurements. 

Experimental series 
The effect of the test agents on acid for- 
mation in plaque was compared in a 
series of experiments with three subjects 
participating. The experimental period 
started with the application of sucrose 
and recording of acid production by pH 
measurements. These results were con- 
sidered the individual’s base line data. 
The participants then rinsed for 1 minute 
with 10 nil of one of the following sub- 
stances: Chlorhexidine (0.5mM), cetyl- 
pyridinium chloride ( 1  mM), benzalko- 
nium chloride (ImM) or piperazine 
( I mM). Plaque pH measurements, fol- 
lowing new sucrose applications, were 
then performed 0.5, 2,4, 6, and 24 hours 
after the rinsing. All participants were 
tested with all agents. 

In order to test the effect of acidic elu- 
tion of the antiseptics a second series of’ 
experiments was carried out with cetyl- 
pyridinium chloride ( ImM), benzalko- 
nium chloride ( I  mM) and chlorhexidine 
(0.5 mM and 2.2 mM). Two groups, with 
three participants each, constituted tlic 
test panel. One group tested the quater- 
nary ammonium compounds and the 
other group chlorhexidine. After the ba i t  
line readings the participants rinsed for I 
minute with 10 ml of the test agents follow- 
ed by S consecutive rinses with acetic 
acid pH 3.0 (6 mM) according to a 
method described by Gjermo et a1 (8). 
Acid formation upon new sucrose appli- 
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cations was then monitored after the time 
schedule of the first series up to the time 
when the acid production corresponded 
to the base line data. At this time an extra 
rinse with the original concentrations of 
the antiseptics was performed as a final 
control. The acid production in the pre- 
sence of sucrose was then measured after 
0.5 and 2 hours. The experimental design 
in illustrated in Fig. 1 .  

S~atis~ical analyses 
The mean pH drop ( A  pH) was expres- 
sed as the difference between the initial 
pH values and the pH values observed 5 
min after the sucrose challenge (1 1). The 
statistical significance of the results was 
tested by an analysis of variance employ- 
ing a pooled standard deviation (4). 

RESULTS 
Table I shows the results of the first series 
of experiments where the inhibitory ef- 
fect of the different test agents was com- 
pared. Chiorhexidine (0.5 mM) was the 
most effective agent, showing statistically 
significant differences from the control 
values 6h after rinsing. Benzalkonium 
chloride (1 mM) and piperazine ( I  mM) 
had a comparable effect up to 4h after 
treatment. Cetylpyridinium chloride 
( 1 mM) was the least effective, yielding 
statistically significant reduction 2h after 
rinsing. The same agents prevented pH 
from dropping below 5.50 for 4h, 2h, 2h 
and 0.5h respectively. 

Acetic acid elution markedly reduced 
the inhibitory effect of chlorhexidine (0.5 
mM), cetylpyridinium chloride (1 mM) 
and benzalkonium chloride ( 1  mM) 
(Table Z I. The pH drop observed at 0Sh  
after treatment approached the base line 
values. No differences could be observed 
between the pH values obtained 2h after 
treatment and those of the base line. The 
inhibitory effect observed following extra 

SCALE I P O L I S H  

3 DAIS W I T H  NO ORAL H l G l E l i E  
AH0 

SUCROSF R I N S E S  E V E R Y  2nd HOUR 

PRE-EXPERIMENTAL 

# 

+ E X P F R I I I E X I A L  

pH MEASUREMENTS FOLLOYIWG L SUCROSE A P P L I C A T I O N  

\ 
2nd S E R I E S  

R I N S E  W l H  1Hf AGENTS PLUS 

/ 
, s t  S E R I E S  

R I N S E  W I T H  THE AGENTS 

pH HEASUREMENTS AFTER NEW 
SUCROSE APPLICAllONS pn I IEASUREREKlS AFTER NEW 

# A C E T I C  A G I O  AFTER R I N S E S  
# 

# 

# 

SUCROSE APPLICbTIONS 

I N H l B l T O R I  EFFECT NO LONGER 

OBSLRVEP 

E X T R A  R I N S E  

pB H L A S U R t M d T S  AFTER YEW 

SUCROSE A S P L I C I T  IONS 

Fig. I .  The experimental design 

rinses with the test agents was similar to 
that observed in the first series of experi- 
ments. Acetic acid after rinses did not 
markedly reduce the effect of a 2.2 mM 
chlorhexidine rinse up to 6h, but the in- 
hibitory effect was lost after 24 hours 
(Table 2). A control experiment with ace- 
tic acid rinses alone did not influence the 
acid production as measured following a 
sucrose application 0.5 h after the rinsing. 

DI SCUSSl ON 
The choice of the test agents used in the 
present study was based on data from 
different sources concerning their respec- 
tive plaque inhibiting effect, oral reten- 
tion and antimicrobial activity ( I ,  3 ,  6, 7, 
18, 19). Piperazine was included because 
it is claimed to have plaque-inhibiting ac- 
tivity comparable with chlorhexidine, 
and because it is cationic ( I  5). In the orig- 
inal work where chlorhexidine was elu- 
ted from the mouth by means of acidic 
rinses no other agents were tested (8). 
Since the oral retention of chlorhexidine 
has been ascribed to its cationic nature (2, 
5 ,  14), it was assumed that other cationic 
antiseptics, such as the quaternary am- 
monium bases, would also be similarly 
released by acid. 
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The results of the present study showed 
that the test agents inhibited acid produc- 
tion in dental plaque at significant levels 
when compared with their respective 
base line. The test agents, following su- 
crose applications, kept the pH values for 
different time periods after treatment 
above 5.50. This effect may be of clinical 
interest, since this pH value is within the 
pH range where enamal demineral- 
ization does not occur (9). Previous stu- 
dies have shown that anionic or neutral 
antiseptics failed to inhibit acid produc- 
tion in plaque to the same extent ( 1  2, 17). 
The present observations showed that the 
inhibitory effect, previously observed for 
chlorhexidine ( 1 I ), is shared with other 
cntionic agents with some common 
chemical properties with chlorhexidine. 
Among them the well recognized anti- 
bacterial activity of chlorhexidine and 
the quaternary ammonium compounds 
(1iJr review see 13) cannot be disregarded. 
The comparable in vitro activity against 
oral bacteria displayed by these agents 
can, however, hardly explain the differ- 
cnces in the duration of the inhibitory ef- 
fect observed in the present study. I t  
should, however, be recognized that in 
Lilro tests have obvious limitations in pre- 
dicting events in the oral cavity. Pharma- 
codynaniic differences in the oral reten- 
tion and release of chlorhexidine and 
some quaternary ammonium bases have 
been reported, the latter being released 
more rapidly than chlorhexidine (3 ) .  A 
correlation thus appears to exist between 
the oral retention and release of the indi- 
vidual cationic agents and their ability to 
exert a long lasting influence on plaque 
metabolism. Similar observations have 
previously been made concerning the ca- 
pacity of these agents to inhibit plaque 
formation ( 3 ) .  

The results obtained in the second 
series of' experiments confirmed that the 
oral retention of the antiseptics is of im- 
portance for their inhibitory effect. Ace- 
tic acid after rinses markedly reduced the 

duration of the inhibitory effect of chlor- 
hexidine (0.5 mM) and of the two quater- 
nary ammonium bases ( 1  mM) on the aci- 
dogenicity of dental plaque. Thus, the in- 
hibitory effect of these agents cannot be 
due only to an irreversible change of the 
plaque bacteria. On the other hand, ace- 
tic acid after rinses did not induce a si- 
milar reduction on the inhibitory effect 
of a 2.2 mM chlorhexidine rinse up to 6h 
after treatment. It appears that a bacteri- 
cidal effect may prevail at this concen- 
tration. However, a certain effect of the 
acidic elution was observed also in this 
case because the pH drop after 24 hours 
(following a sucrose application) was 
more marked than when acidic after rin- 
ses were not performed ( 1 1 ). 

The mechanisms by which these agents 
inhibit the acid production in dental pla- 
que are yet unclear. The long-term bacte- 
riostatic milieu provided by the oral re- 
tention of these agents (10, 14) is of im- 
portance., Antibacterial agents, once re- 
tained in plaque, may interfere with bac- 
terial metabolism in different ways. One 
interesting possibility may be a direct in- 
hibition of the carbohydrate transport 
into the bacterial cell. Some evidence for 
this has been provided by the observation 
that chlorhexidine and benzalkonium 
chloride inhibit the glucose phospho- 
transferase system of Streptococcus mu- 
fans ( 16). 

In conculusion the results of the pre- 
sent study support the view that the oral 
retention and release of an antibacterial 
agent is of significance for its potential to 
influence the metabolic activity in dental 
pl.aque for a prolonged period of time. 
These properties should thus be con- 
sidered of importance for the observed 
inhibiting effect and not only the imme- 
diate antibacterial activity of the agents 
per se. 
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