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In the course of development of chemotherapeutic or pre-
ventive agents, it is usual to assess their potential effective-
ness before reaching the obvious end point of a clinical
study. For example, in a clinical trial to determine the
therapeutic effect of an antimicrobial agent, it is not un-
common to monitor levels of the test material in appro-

~ priate body fluids. In addition, various specimens are
obtained to determine whether the infectious agent is being
eliminated or brought under control. Similarly, in the
development of vaccines, it is usual to ascertain antibody
response to either the whole cells or a defined antigen, and
eventually attempt to correlate antibody response to pro-
tection. Thus, it is frequently possible to predict the out-
come of a clinical trial on the basis of laboratory tests long
before the conclusion of the investigation. .

However, in the conduct of clinical trials in dentistry
to determine the effect of a cariostatic agent, we have been
content to assess effectiveness, for the most part, on the
basis of the number of new caries lesions in control and
test children. In rare instances, biochemical (Birkeland
et al, 1971) and microbiological studies have been con-
ducted concurrently, and these will be referred to below.

Because so few laboratory tests have been carried out
in conjunction with clinical trials, we find that little in-
formation is available on fluoride levels in plaque and saliva
from subjects who participate in fluoride mouthrinsing
trials and dentifrice studies. The net result is that we now
find ourselves conducting a series of ad hoc clinical trials
to. determine the effect, for example, of various fluoride
regimes continuing for at least two years, costing several
hundred thousand dollars. Because of declining caries
increment rates, difficulty in obtaining suitable popula-
tions, and increasing expense, it is imperative that appro-
priate laboratory tests be used to ensure that clinical trials
do not continue longer than is essential. Monitoring of
biochemical changes can in many instances be used to test
whether subjects are using the test preparations appro-
priately; in some clinical trials, perhaps we are measuring
compliance with a regimen and not therapeutic efficacy.
Use of laboratory tests will often help to elucidate the
mechanism of action of the test substance. Satisfactory
use of laboratory tests and, indeed, perhaps trials in animals
could eventually obviate the need for the presently re-
quired two clinical trials necessary for FDA approval.

In assessing the potential effect of any substance for
prevention of dental caries, we can attempt to examine its
effect on the tooth and/or plaque or saliva. Any proposed
test must not only be simple to carry out but also must
clearly not require complicated procedures in the field.
Sources of material upon which to carry out a laboratory
test are limited. Clinical information is usually limited to
presence or absence of caries or tooth staining. Routine
enamel biopsies of teeth, even if they are informative,
probably are not practical to carry out in clinical trials
(Mellberg et al, 1973). Saliva and dental plaque are the
only materials readily available to us on which to conduct
laboratory tests. Because dental plaque is without a doubt
related to the pathogenesis of dental caries, we are for-
tunate that we can carry out direct biochemical and bac-

teriological examinations. Saliva usually provides more
indirect information, largely because we do not know bio-
chemical values of salivary constituents associated with
susceptibility, onset, and progress of dental caries (Mandel,
1978). However, in contrast, there is a growing amount of
microbiological information which appears to show that
there is a good correlation in populations between numbers
of Strep. mutans and Lactobacilli in saliva and the preva-
lence and incidence of dental caries. Estimations of popula-
tions of these micro-organisms are routinely used in the
cariology clinic in the University of Gd&teberg to identify
highly-caries-susceptible subjects and to monitor the effect
of cariostatic procedures (Zickert et al, 1982). I believe
that the use of salivary counts of these “indicator” orga-
nisms could lead to selection of more homogeneous study
populations, and I suspect that by including only those who
appear to be most susceptible, the number of subjects re-
quired in a clinical trial could be reduced. The procedures
required are simple, relatively non-time-consuming, and are
readily available in most microbiological laboratories.

Dental plaque, the other easily accessible material, has,
under certain well-defined circumstances, biochemical
properties which are apparently associated with lack of
pathogenicity. Plaque from persons or sub-human primates
which receive their entire diet by gastric intubation lacks
the ability to lower the pH of sugar solutions (Bowen, 1974;
Littleton et al, 1967). Plaque from persons or primates
with restricted sugar intake has less acid-producing ability
than that from other subjects. Indeed, the acidogenic po-
tential of plaque probably provides the explanation of dif-
ference in caries scores in two populations in Colombia,
S.A. Sugar solutions prepared in water from the low-caries
town lowered the pH of plaque little, compared with sugar
solutions in water from the high-caries town (Bowen et al.,
1977).

Other chemical and biochemical procedures can provide
useful information. Several epidemiological studies have
shown that there is a strong inverse relationship between
concentration of fluoride in dental plaque and the preva-
lence of dental caries (Dawes er al, 1965; Stiles ef al,
1979). Although the determination of fluoride in dental
plaque is not as easy to carry out as are microbiological
counts in saliva, nevertheless, the procedure is not difficult.
There is also some epidemiological evidence which suggests
that the concentrations of calcium and phosphate in dental
plaque are inversely related to the prevalence of caries
(Ashley and Wilson, 1977; Ashley, 1975). Although this
relationship appears to be somewhat dependent on the sites
in the mouth from which plaque is removed, the association
is nevertheless clear.

From the foregoing, it is apparent that the potential,
at least, exists to use several laboratory tests during the
course of a clinical trial. These might be helpful in pre-
dicting the outcome and provide supporting data for
clinical observations which frequently are subjective. Fur-
thermore, they might reduce the costs associated with
having large populations.

The laboratory tests selected must, for the most part, be
determined by the predicted mode of action of the thera-
peutic agent. The value of the laboratory tests will clearly
be enhanced if they have been used in-forming the study
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groups. For example, if populations have been selected on
the basis of the number of Strep. mutans or Lactobacilli
that they harbor, then treatment effects reflected in changes
of these populations will be readily detected.

Overall, disappointingly few clinical trials have used
laboratory data to support their clinical observations or
to predict the outcome of studies. There are, however, a
few studies available which serve to illustrate the manner in
which laboratory tests may be used and also their potential
value in clinical studies. One of the best examples can be
found in studies related to the introduction of calcium gly-
cerophosphate as a cariostatic agent (Bowen, 1969 and
1972). Although this material may not be the best cario-
static agent available, its manner of introduction serves as
a useful model.

Several years ago, we observed that the inclusion of
calcium glycerophosphate in a sugar solution prevented
pH fall in monkey plaque. Based on that observation, we
included calcium glycerophosphate in sugar fed between
meals to a small group of primates. We observed a signifi-
cant reduction in caries over a three-year period. Perhaps
just as interesting as the effect detected on caries were
the differences in the volume and biochemical composition
of plaque that we saw in the primates. We noted that the
calcium content of plaque was enhanced.

Subsequently, investigators attempted to raise the con-
centration of calcium and phosphate in human plaque by
having small groups of humans allow tablets or lozenges
containing calcium glycerophosphate to dissolve slowly
in their mouths (Brook et al, 1975). Elevated levels of
calcium and phosphate were detected in plaque. A clinical
trial (Naylor and Glass, 1979) was conducted in which the

effects of a fluoride dentifrice containing calcium gly-

cerophosphate were compared with those of a fluoride
dentifrice containing calcium carbonate. In a subset of the
study population, differences in the composition of plague
were detécted (Duke ef al, 1979). Two examiners showed
that the calcium glycerophosphate-containing dentifrice
gave consistently higher protection than did the control,
even though the difference was not statistically significant.

The combination of laboratory tests (Forward et al,
1979) with the clinical observation leads one to be confi-
dent that calcium glycerophosphate is having a protective
effect. Furthermore, based on observations that there are
elevated calcium and phosphate levels in plaque from
animals (Bowen, 1974) that receive their eatire diet by
gastric intubation, it could be predicted that any agent
that results in enhanced levels of these elements in plaque
would be cariostatic.

There is unequivocal evidence that the concentrations
of fluoride in dental plaque and saliva are related to the
presence of fluoride in drinking water, and furthermore
that fluoride in dental plaque contributes to the levels of
fluoride in enamel (Jenkins and Edgar, 1977; Klimek et al,
1982; Charlton et al, 1974). Nevertheless, it has been
difficult to find studies in which the levels of fluoride in
plague and saliva have been monitored in the course of a
clinical trial to determine the effect of a topical application
of fluoride preparation (Birkeland et al., 1971). It appears
inconceivable that serum levels of a drug undergoing a
clinical trial to determine its effect on, for example, a
systemic infection would not be monitored. Nevertheless,
in caries research, for the most part we appear satisfied
to determine the final clinical result without determining
the level of the therapeutic agent in oral fluids (Poulsen
et al, 1981). Indeed, the plethora of clinical trials com-
paring the effects of various topical fluoride regimens
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might well have been circumvented if such studieg
been conducted in the past.
The evidence calling for systematic studies is overwhely,.

haq

_ing. Significantly higher levels of fluoride were foung in

plaque (Dawes et al, 1965) from subjects residing ip an
area where the water contained 2 ppm ﬂuoride,compared
with that found in subjects from a low fluoride are,
Stiles et al. (1979) have also observed high levels of ﬂuoridé
in plaque from subjects residing in areas where water con-
tained up to 4 ppm fluoride. We have shown that monkeys
(Bowen, 1973) given 2 ppm fluoride in their drinking Water
for five years had three to four times more fluoride in thej,
plaque than did control animals.

All the available evidence appears to suggest that the
level of protection against caries from fluoride is for the
most part dependent on the ambient levels of fluoride in
the oral environment (Birkeland and Lokken, 1972). Studieg
conducted in rodents by Larson ef al. (1976) and by Mirtp
et al. (1982) using fluoride-releasing devices are consistent
with this hypothesis. A clinical trial conducted by Stephen
and Campbell (1978) — who achieved over 80% protection
against caries using fluoride tablets — is also consistent with
this concept. Indeed, McCall er al. (1981) showed that by
allowing unflavored tablets to dissolve slowly in the mouth
(as opposed to sucking or chewing them), protracted eleva-
tion of the fluoride levels could be achieved, and they
attributed the high level of protection to this phenomenon
in saliva. Unfortunately, fluoride levels in plaque were not
determined.

A fine example of the use of laboratory data can also be
found in the Turku sugar studies (Makinen and Scheinin,
1974). In this investigation, a group of humans had most
sucrose in their diet substituted by xylitol. A range of bio-
chemical and microbiological tests on oral fluids was con-
ducted, all of which were aimed at both determining the
effects of xylitol on the physiology of the mouth and cor-
relating any observed phenomena with reduction in the
prevalence of caries.

Several notable effects were observed long before any
effect on caries could be recorded. There was a marked
decline in the acidogenic flora of the saliva. In addition,
in a comparatively short period, ingestion of xylitol was
followed by an increase in the concentration of salivary
lactoperoxidase. This enzyme is believed to contribute to
the antimicrobial properties of saliva. Proteinases and
transaminases increased in saliva together with the con-
centration of amino acids. The ratio of protein to carbohy-
drate in plaque increased during the consumption of
xylitol. Thus, it is apparent that in the Turku studies the
ingestion of xylitol resulted in increased nitrogen metabo-
lism in plaque and whole saliva, a phenomenon clearly
associated with cariostasis. Subsequently, it was observed
that other sugar alcohols have comparable effects.

Although we have not yet reached the stage of clini-
cally testing a caries vaccine, it is clear, nevertheless, that
before we conduct a full-scale trial, the antibodies reactive
with cariogenic organisms will have to be monitored in
saliva in small groups of subjects. Furthermore, if a full
clinical trial is conducted, the antibody response will be
determined in the study population. The appropriate route
of administration will have to be determined before trials
are initiated. We will never have the luxury of determining
in a full clinical study whether an immunogen is more
effective given orally than when given intramuscularly or
by a combination of routes.

There is a growing interest in the development of safe
and effective antimicrobial agents for oral use (Luoma ef al,
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