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SUMMARY

The dispersive effects of ethylenediaminetetraacetic acid

(EDTA) and ultrasound on bacterial aggregates in an anaerobic

environment were studied. Pooled supragingival plaque samples

were placed into reduced transport fluid (RTF) containing I mmol,

10 mmol, 100 mmol EDTA, or EDTA-free RTF for dispersion, and

colony forming units (cfu) were determined after culture at 37C

for 72 hours. Mean colony forming units were increased 42.7% and

54.4% respectively in I mmol and 10 mmol concentrations of EDTA

and decreased when plaque was disperseu in lO0mmol concentrations

of EDTA. Fusobacterium nucleatum was cultured in broth medium,

placed into RTF containing no chelating agent, and sonicated for

either 0, 5, 15, or 30 seconds. Sonication at the lowest power

setting produced a statistically significant (p<.Ol) increase in

CFU after 5 seconds. This trend did not continue when time of

sonication was increased. The effect of sonication at medium or

high power settings was variable, and factors affecting varia-

bility are discussed. EDTA and sonication may enhance the quan-

titation of oral microorganisms.



INTRODUCTION

The microbiota of dental plaque has been classified and

quantitated by a variety of methods (Rosebury, MacDonald and

Clark 1950; Loesche, Hockett and Syed 1972; Loesche and Syed

1973; Williams; Pantalone and Sherris 1976; Weiner, et al 1978).

In all instances, one essential step was the disaggregation and

dispersion of plaque samples. Because of the tendency of plaque

bacteria to, adhere to each other (Gibbons and Nygard 1970), to

red blood cells (Falkler and Hawley 1975), and to other

eukaryotic cells (Falkler, Smoot and Mongiello 1982) the ability

to isolate pure cultures for identification and the accurate

quantitation of some bacterial species may be compromised. In

addition, the use of extreme means of dispersal may destroy cer-

tain bacteria, such as certain gram-negative species, thus lead-

ing to a gross underestimation of their numbers in a given plaque

sample. It is thus evident that the precise identification and

quantitation of the bacteria in dental plaque depends upon (1)

the degree of microbial dispersion achieved prior to culture and,

(2) the effect of dispersion techniques on the cultivability of

these organisms in vitro.

In the past, the most common dispersive technique has

involved the mechanical agitation of plaque samples in a

suspending medfum. Other methods have provided dispersion

&a'g. o=. -" ,



through the use of a hypodermic syringe (Williams et al. 1976) or

a blender (Loesche and Syed 1973). Recent studies have shown the

value of the divalent cation chelator, ethylenediaminetetraacetic

acid (EDTA) (Loesche et al. 1972) or sonic oscillation (Loesche

and Syed 1973 and Robrish et al 1976).

The purpose of this study was to demonstrate the effects of

various concentrations of EDTA and modifications of sonic tech-

niques on the dispersion and cultivability of plaque bacteria.

MATERIALS AND METHODS

EDTA As A Bacterial Disaggregant

Figure I shows the processing scheme for plaque samples with

which chelator-associated dispersion was evaluated. Using a

curette, supragingival dental plaque was obtained from six

patients and placed immediately into chelator-free RTF (Loesche

et al 1972). The samples were pooled and placed into an

anaerobic chamber (Coy Laboratory Products Inc., Ann Arbor,

Michigan) containing 10% H 5% CO2, a-d 85% nitrogen (Aranki et

al 1969). Serial tenfold dilutions of the pooled plaque were

then carried out in unmodified RTF or in RTF which contained

either 1 mmol, 10 mmol, or 100 mmol EDTA. (Sigma Chemical Co.,

St. Louis, Missouri). Aliquots (0.1 ml) of each dilution were

spread in triplicate on prereduced Schaedler agar plates that

were supplemented with 50 ml/L defibrinated sheep blood (Flow

Laboratories, McLean, Virginia) and 0.5 g/ml menadione. The

plates were c,,ltured for 72 hours anaerobically (<-140 my) at 37C
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and the number of colony forming units (CFU) per aliquot was

determined for aliquots showing 30 to 300 colonies per plate.

Sonication As A Bacterial Disaggregant

The effect of sonication on bacterial disaggregation and

viability was examined in the same controlled anaerobic environ-

ment. The gram-negative anaerobic bacterium, Fusobacterium

nucleatum (ATCC 23726) (American Type Culture Collection,

Rockville, Maryland) an organism shown to be sensitive to the

effects of sonication (Williams and Eickenberg 1952; Robrish et

al 1976 and Aranki et al 1969) was cultured in Brewer

thioglycollate medium (Becton Dickenson and Co., Cockeysville,

Maryland) for 48 hours at 37C. This organism was utilized based

on known difficulty in dispersion and its tendency to bind

galactose sensitive receptors on eukaryotic cells (Mongiello and

Falkler 1979). Aliquots (2.Oml) of the broth culture were placed

into sterile 12x75 mm serologic test tubes (Falcon Plastics,

Oxnard, California) for dispersion testing.

A sonic oscillator (Kontes Cell Disruptor, Vineland, New

Jersey) with a 4 and 1/2 inch titanium magnetostrictive probe was

used at low (#I), medium (#4), and high (#8) power settings. The

power output for these settings was given by the manufacturer as

292, 541, and 1200 Watts per sq.inch, respectively, and the tip

frequency for this unit was rated at 23,500 cycles per second

with a displacement of 100 u meters double amplitude. Two sets

of trials were performed. In the first experiment, sonication



was performed for 0, 5, 15, and 30 seconds in three trials at

each of the designated power settings. In a second experiment

sonication was performed for 0, 5, and 15 seconds, in five

trials, using only the lowest power setting. After sonication,

1.0 ml aliquots of each test were subjected to tenfold dilutions,

spread on duplicate Schaedler supplemented agar plates, and

incubated at 37*C in the anaerobic chamber. After incubation of

72 hours, viable counts were determined of dilutions demonstrat-

ing 30-300 CFU per plate.

Throughout the study all sampling or dilution procedures were

preceded by a 30 second vortex (Vortex-Genie, Scientific

Industries, Queens Village, New York) in order to obtain a

uniform distribution of the bacterium in both control and

experimental samples.

Statistics

Statistical methods consisted of the analysis of variance of

plate counts in square root transform as usually applied to

stabilize the variance in Poisson variates. Treatment-comparisons

were made as sensitive as possible by utilizing the principle of

blocking to remove trial-to-trial variation. The principle is

analogous to the paired comparison concept in the t-test,

generalized in the analysis of variance.

RESULTS

Three concentrations of EDTA in RTF were used to test the

effect of EDTA on the disaggregation of plaque bacteria. The



resulting CFU were compared to CFU obtained from RTF which

contained no EDTA (Table 1). Mean CFU were averaged for all

trials and are shown graphically in log transform (Figure 2).

Dispersion by vortex was used in all samples during dilution.

The mean CFU from six plaque samples increased 42.7% (185.2) and

54.4% (204.3) over nonchelated controls (129.8) in 1 mmol and 10

mmol concentrations of EDTA, respectively, and CFU decreased

14.1% (111.5) below controls when plaque was dispersed in 100

mmol EDTA. A statistical analysis of variance met the p<.08

level of probability for all groups. When the paired t-test was

used, mean CFU for 10 mmol EDTA and the non-chelated control

group showed differences which were statistically significant

(p<.02). The differences between the control without EDTA and

experimentals with 1 mmol or 100 mmol EDTA were not statistically

significant (p>.1O).

In the first sonication experiment, the combined effect of

instrument power setting and sonication time was determined for

the number of cultivable F. nucleatum in three trials (Figure 3).

Mean CFU of triplicate cultures were transformed to square roots

and tested for significance. Analysis of variance showed no

significant differences between mean CFU produced with 5, 15, or

30 seconds of sonication or between mean CFU obtained from each

of the three instrument power settings at any sonification time.

The difference between the apparent increased dispersion observed

at low power settings after five seconds and the decreased dis-



persion noted at the two other power settings (Figure 3) was

tested statistically and found to be significant at the p<.05

level of probability.

In the second sonication experiment, five dispersion trials

were performed at the low power setting only. CFU of triplicate

plates were again transformed to square roots and analyzed in a

random block design by the analysis of variance. As shown in

Figure 4, five second sonic disaggregation of F. nucleatum was

effective in producing a 66% increase in CFU (242.7) over the

number of CFU obtained without sonication (160.3). Again,

dispersion by vortex was used in all samples during dilution.

These differences were statistically significant at the p<.OI

level of probability. Sonication at the low power setting

between 5 and 15 seconds did not result in statistically

significant changes in CFU.

Because of similarities in the dispersion profiles at the low

power settings, the data obtained at 0, 5, 15 seconds during the

first experiment (n=3) (Figure 3) was combined with parallel data

obtained during the second experiment (n=5) (Figure 4). Figure 5

graphically shows the overall 73.3% increase in recovery of

viable F. nucleatum after a five second sonication (p<.O).

Again, the significance of differences in CFU obtained between 5

and 15 second sonication at the low power setting were

statistically indistinguishable.

DISCUSSION



A previous study (Loesche et al. 1972) showed that the use of

a I mmol solution of EDTA resulted in a twofold increase in the

microscopic count of plaque bacteria. In the present study, CFU

counts from supragingival plaque were used to evaluate the

disaggregating effects of EDTA. At I mmol and 10 mmol concen-

trations of EDTA, there appeared to be increased disaggregation

of plaque bacteria. A one mmol solution of EDTA showed a mean

increase of 42.7% in CFU over controls without EDTA, and 10 mmol

concentrations of EDTA yielded CFU counts 57.4% higher than the

same controls. At 100 mmol concentrations, CFU counts were

decreased below control levels, which suggested that EDTA had a

bactericidal, or growth inhibiting effect, on plaque organisms.

This growth inhibiting effect may have been due to a chelator

associated disruption of external cell envelope components such

as the reported alterations in lipopolysaccharide structure of

gram-negative bacteria (Birdsell and Ceta-Robles, 1967; Reynolds

and Pruul, 1971) or the reported disassociation of cell wall

associated essential enzyme systems (Schlesinger, 1968; Torriani,

1968). The magnitude of any detrimental effect of 1 mmol and 10

mmol EDTA on CFU could not be evaluated in this investigation

since it was probably obscured by the significant increases in

plaque CFU produced at these concentrations of EDTA. However,

the marked difference between the 200% increase of microorganisms

previously observed microscopically (Loesche et al, 1973), and

the 42% to 54% increase in cultivable bacteria reported here may



have been due, in part, to an EDTA associated effect upon

microbial viability. Therefore, these results probably reflect

the effect of both bacterial aggregate 4ispersion in I mmol and

10 mmol EDTA and suspected variations in microbial physiology.

The results presented here do suggest that 10 mmol EDTA may be

useful in enhancing the disaggregation of dental plaque samples,

and the benefits of enhanced cell dispersion at this con-

centration probably outweigh any potential negative effect of 10

mmol EDTA on bacterial growth.

Variables involved in sonication procedures are frequently

unrecognized or ignored, and they should be given greater con-

sideration. Investigations have shown that ultrasonic disruption

of bacteria may be affected by the volume and viscosity of the

sample, the size and rigidity of the container, the area of air

interface, and the ultrasonic probe depth within the medium.

Also, the use of ultrasonic probes with high end velocities, or

the use of excessively high power settings, in relation to the

volume sonicated, can result in fluid turbulence (cavitation

unloading) (Hughes, 1961).

In this study, every attempt was made to hold these factors

constant, except that a consistent probe depth could not always

be maintained. It is believed that the turbulence caused by

cavitation unloading produced the rapid changes in surface levels

and in relative probe depths observed during our high energy

sonication tests. The production of turbulence was particularly
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evident when sonicating at medium and high power settings, and

was observed to be dependent upon the level of the probe within

the bacterial suspension.

The effects of sonication on CFU depended upon the duration

and intensity of sonic energy employed. The tendency of CFU to

decrease precipitously following a five second exposure to the

medium or high power setting (Figure 3) may have been due to the

lethal effects of sonic energy on previously unaggregated test

organisms. As sonication time increased to 15 and 30 seconds,

the same high power settings were noted to generate cavitation

unloading in the samples. It is thought that the rapid degassing

and turbulence of the fluid medium may have neutralized the

expected bactericidal effect of sonic energy and thereby affected

the observed increase in CFU after five seconds at both medium

and high power settings. Cavitation unloading was not evident

during trials at the low setting, and there was a marked (66%)

increase in CFU observed after five seconds of sonication (Figure

4). Sonication from 5 to 15 seconds at the low power setting did

not significantly affect changes in bacterial counts (Figure 4).

At 30 seconds the combined effect of low energy sonication and

duration of exposure on bacterial viability produced a more

apparent reduction in CFU (Figure 3).

It has been demonstrated that differences occur in

sensitivity of organisms to lethal damage during sonic treatment,

and that susceptibility is greater with gram-negative organisms,



including F. nucleatum (!obrish, et al, 1976). Others have

reported that less than 30 seconds sonication may adversely

affect cultivable numbers of oral bacteria (Torriani, 1968:

Spiegel, 1978). fInder the conditions of this study, it has been

shown that counts of cultivable gram-negative organisms may

increase after five seconds of low energy sonic treatment. These

results also indicate that the previously reported lethal effect

on F. nucleatum was not observed after 15 seconds of exposure to

low energy sonic oscillation. This study, therefore, suggests

that many of.the previously reported differences regarding the

lethal consequences of sonic energy may reflect manifestations of

any number of the variables listed earlier (volume, viscosity,

and air/fluid interface). These data also stress the importance

of duration and intensity of sonic energy to the cultivability of

F. nucleatum

In conclusion, we have shown that the divalent cation

chelator, EDTA, can be employed to significantly increase the

number of cultivable plaque bacteria. Enhanced dispersion in the

presence of EDTA could be important to investigations where it is

essential to identify and/or quantitate the plaque organisms

related to oral disease processes. In addition, it was apparent

that low energy sonication from 5 to 15 seconds can be used to

produce significant dispersion of normally sonication-sensitive

gram-negative organisms such as F. nucleatum. Studies which will

explore the combined effects of EDTA and low energy sonication

*~** %* * .** *** * * *- S.



are being planned.

Commercial materials and equipment are identified in this

report to specify the investigative procedures. Such identifi-

cation does not imply recommendation or endorsement or that the

materials and equipment are necessarily the best available for

the purpose. Furthermore, the opinions expressed herein are

those of the authors and are not to be construed as those of the

U. S. Army Medical Department.



LEGENDS

Figure 1. Method of Processing Plaque Samples in Various Chela:or

Concentations to Test for Bacterial Dispersion.

Figure 2. The Effect of EDTA Concentration on Bacterial Disaggregation

(Mean + Standard Error).

Figure 3. The Effect of Time and Sonicator Power Setting on Cultivable

Numbers of Fusobacterium nucleatum.

Figure 4. The Effect of Sonication at Low Power Setting on Cultivable

Numbers of Fusobacterium nucleatum. Mean + Standard Error.

Figure 5. The Effect of Time at Low Sonicator Power Setting on Cultivable

Numbers of Fusobacterium nucleatum. All (n-8) Trials. Mean +

Standard Error.
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TABLE 1. Mean counts of colony Forming Units in 0.1 ml

Aliquots From Supragingival Plaque Treated With EDTA.

I mmol 10 mmol 100 mmol

Trial Control EDTA EDTA EDTA

1 235 411 316 205

2 198 300 243 111

3 72 50 156 31

4 106 152 253 35

5 133 163 204 251

6 35 35 54 36

Mean 129.8 185.2 204.3 111.5

Standard

Error 30.9 59.6 37.0 39.0
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