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a procedure is presented for the in vitro
growth of Streptococcus mutans in a dextrose-
beef extract medium. Growth was estimated
spectrophotometrically. The amount of amal-
gam, alloy, or mercury that was added to the
sealed test tube influenced the rate and ex-
tent of growth.

The association of the plaque-forming micro-
organism Streptococcus mutans with dental
caries in both animal and human subjects
is well established' although the exact mech-
anism for caries formation is not fully under-
stood.

Perhaps the most commonly used restora-
tive material is dental amalgam. In addition
to silver and mercury, the alloys certified by
the American Dental Association (ADA)
that comprise amalgam contain about one-
part tin to three-parts silver and small
amounts of copper and zinc.2

Differences in the incidence of secondary
caries associated with restorations that con-
tain different materials are reported3; about
9% secondary caries are reported after
amalgam restoration. Noonan4 has reported
that silver amalgam is not antibacterial, but
other investigators have reported contrary
results.5,6 For some bacteria and some
metal ions, low concentrations of the metal
ion may accelerate or be compatible with
bacterial growth, although higher concentra-
tions may inhibit growth.
The purpose of this investigation was to

develop a procedure to allow estimation of
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the effect of amalgam and its components on
S mutans growth in vitro, under controlled
experimental conditions.

Materials and Methods
BACTERIUM.-S mutans HS-6a was used in

all of the studies. This oral strain was re-
ceived frozen and kept several months in the
frozen state. Before being used in the ex-
periments, portions were thawed, placed in
the medium, and incubated at 37 C. After
thawing, a subculture of the strain was made
in a new medium every second day during
the first week. The same procedure was
followed daily during the second week. The
bacteria were then ready to be used in the
experiments.
MEDIUM.-The medium used to make the

stock culture and for the growth experiments
consisted of 3 gm of beef extractb and 20
gm of dextrose brothe per liter of distilled
deionized water. Before use, the medium
was sterilized by autoclaving 15 minutes at
slow exhaust.
TEST AGENTS.-A spherical alloyd in pellet

form was used for amalgamation. This ma-
terial is listed in the ADA List of Certified
Dental Materials. Triple-distilled mercury
was used in all amalgamations.e An ultra-
violet lamp,f encased in a small box (6 X 6 X
9 inches), was used to sterilize the metal

a Supplied by Dr. Albert T. Brown, School of Den-
tal Medicine, Hartford, Conn.

b Difco Bacto beef extract, standardized, Difco, De-
troit, Mich.

c Difco Bacto-Dextrose broth, dehydrated, Difco, De-
troit, Mich.

d Batch 11431309, Kerr Manufacturing Co., Detroit,
Mich.

e Rx Mercury, ACS-VSP-CP-NF, Codesco Inc., Phoe-
nix, Ariz.

f Mineralight Ultra Violet Lamp, Ultra-Violet Prod-
ucts, Inc., San Gabriel, Calif.
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samples. The samples were placed about 6
inches below the surface of the lamp. The
short wave length range of the lamp was
used.
SAMPLE PREPARATION.-The appropriate

amount of mercury was added to the alloy
by means of a dispenserg adjusted to give
50% mercury. For all amalgams, trituration
was done mechanically' for 18 seconds, with
two pellets and the appropriate amount of
mercury in the capsule. After trituration,
slightly flattened cylinders 1 mm in diameter
and about 3.5 cm in length were prepared
for the largest samples by rolling the amal-
gam in a sheet of filter paper. Appropriate
amounts of the amalgam were obtained by
cutting different lengths of the cylinder be-
fore setting. These cylinders were then
placed under the ultraviolet lamp for 20
minutes on each side.
The alloy was used as it came from the

producer. Appropriate amounts were ob-
tained by cutting the pellets. The steriliza-
tion procedure was the same as the pro-
cedure used for the amalgams.
TEST PROCEDURE.-Ten milliliters of me-

dium was pipetted into 15 x 125-mm test
tubes.i Sterilization was done by autoclaving
for 15 minutes at slow exhaust, and the tubes
and contents were allowed to cool to 37 C.
They were then inoculated with an 18- to
20-hour-old culture of S mutans by pipetting
1 ml culture into each test tube under a
laminar flow hood. The test metals were
also put in each test tube under asceptic
conditions. The test tubes were sealed with
sterile rubber stoppers, the tops covered with
sterile aluminum foil, and all samples were
incubated at 37 C. The experimental con-
trols used included medium, no bacteria, no
metals; medium plus bacteria, no metals; and
medium plus metals, no bacteria.

Spectrophotometric readingsi expressed as
percentage of transmittance (%T) at 520
nm were used to estimate growth. Normal
saline was used as the 100% transmittance
standard. Before these readings were taken,
each test tube was placed on a mechanical
mixer to ensure homogeneity of the liquid
phase. The first reading was taken im-

g Kerr Spheraloy Proportioner, Kerr Manufacturing
Co., Detroit, Mich.

h Wig-L-Bug Amalgamator, Crescent Dental Mfg. Co.,
Chicago, Ill.

Corning Pyrex Laboratorv Test Tubes, Cat. No.
9800, Corning Glass Works, Corning, NY.

J Spectronic 20, Bausch and Lomb, Rochester, NY.
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1.-Growth characteristic of S mutans at

mediately before incubation. Test tubes
were inserted directly into the spectro-
photometer without breaking their seals.
GROWTH ABSORBANCE RELATIONSHIP.-The

relationship of absorbance to dry weight of
bacteria and metabolic products was deter-
mined by filtering the bacterial suspensions
through disposable filter unitsk that were
dried in a vacuum oven at 55 C for two hours
before weighing on an analytical balance.
DATA TREATMENT.-Subscripts O, t, and f

refer to initial time, time t, and final time,
respectively. Greek letters refer to uninocu-
lated samples. Capital letters refer to spectro-
photometric readings expressed as absorb-
ance, and lower case letters to spectrophoto-
metric readings expressed as % T. Therefore,

Ct = %T of inoculated control (no metal)
at time, t;

at = ST of inoculated alloy or amalgam
at time, t;
%t= ST of uninoculated alloy or amal-

gam at time, t; and,
Yt = %T of uninoculated control (medium

only) at time, t.
Similarly Ct, At, At, and rt may be defined
k MillexTM Disposable Filter Unit (0.22 gAm), Milli-

pore Corp., Bedford, Mass.
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FIG 2.-Dry weight of bacteria vs absorbance.
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FIG 3.-Influence of amalgam on growth. Amalgam sample weight per test
tube: open circles, 0.16 gin; open triangles, 0.39 gin; open squares, 0.78 gin;
solid circles, 1.17 gin; and, solid triangles, 1.56 gin. Dashed line indicates in-
oculated control (no metal).00
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FIG 3.-Influence of amlgamon growth. Amaloy sample weight per testtue
tb:open circles, 0.16gm; open triangles, 0.39gm; open squares, 0.78gm;soi
sldcircles,1.58 gm; adsolid triangles,1.78gm. Dashed line indicatesinoclae
ocltdcontrol (no metal).

0

50

I 90

40
730 4

0 0
LU 2

0

40J
3:
Cr30 10 2 30 4 50 6 70 8
(D~ ~ ~ ~ ~ TME OR
FIG2.Ifuneo lo o rwhlo0ape egtprts ue

cIrces 0.58In;lecsoli trangles,o0.78ogin. DAllyshedplie windicaertessinoulaed

control (no metal) .

259



260 NUNEZ, SCHMALZ, AND HEMBREE

in terms of absorbance rather than %T.
Furthermore, the equations

ACt = co Ct-yo + yt

Aat - ao at -z- O + kt

where act and Aat represent increased bacter-
ial growth greater than the initial inocula-
tion for controls (no metal) and alloys or
amalgams, corrected for changes in the me-
dium that are simultaneously occurring.
Spectrophotometric readings are expressed as
%T. The following relationships hold when
absorbance (A) rather than %T is used:

ACt = - CO + Ct + rO - Pt
AAt =- Ao + At + Ao- At.

The quantities Act, Aat, ACt, and AAt are
so defined that positive values are obtained
corresponding to bacterial growth for spec-
trophotometric readings expressed as either
% T or absorbance.
The growth of the inoculated control

group (no metal) may be expressed as a
percentage of final growth:

ACt X 100
%Rct =

AC,
and

%RCt 'ACt x 100
AC1

where %Rc, and %RCt represent relative
growth of control groups expressed as a per-
centage of final growth based on % T and
absorbance measurements, respectively.
The growth of bacteria in the presence of

amalgams or alloys may be expressed as a
percent of final growth of the control groups
(no metal),

%Rat Aat x 100

AC.

and

0/RA AAt X 100
&f

where %Rat and %RA, represent bacterial
growth in the presence of amalgams or alloys
expressed as a percent of control growth
based on %T and absorbance data, respec-
tively.

Results
The medium proved to be suitable for

growth of the HS-6 strain of S mutans at
37 C. A typical, normal growth curve is
shown in Figure 1. The relationship of

spectrophotometric data to the total dry
weight of bacteria and metabolic products is
shown in Figure 2.
The data seen in Figures 3 and 4 repre-

sent growth in the presence of amalgams and
alloys, respectively, expressed as the fraction
of the final normal growth, based on % T
data.

Discussion
Thioglycollate medium is commonly used

to grow S mutans in vitro. However, the
thioglycollate is frequently added to inacti-
vate mercurial preservatives. Since the effect
of amalgams on bacterial growth was the
object of the study, it appeared that thiogly-
collate medium was not suitable for our
purposes.

Conclusions
Bacto-Dextrose broth with beef extract is

recommended as a superior medium for cul-
tivation of streptococci.7 This medium pro-
vided a suitable environment for growth of
the HS-6 strain of S mutans.
Spectrophotometric measurements that

were used in our test procedure provide a
simple, quick, and nondestructive means of
monitoring the system during the growth
period without major disturbance. The
curve in Figure 2 shows that absorbance data
are directly related to growth expressed as
dry weight of bacteria and metabolic prod-
ucts.
When the data are expressed as %T vs dry

weight, a curve is obtained (not shown) that
is not as linear as the plot shown in Figure
2. However, when growth in the presence
of the test sample is expressed as relative
growth, that is, the ratio of the test sample
growth to final growth of the control, there
is little difference between growth curves
that are based on absorbance and %T data.

It can be seen in Figures 3 and 4 that the
growth response of the test procedure is sen-
sitive to the varying amounts of amalgam or
alloy added. It therefore provides an accep-
table means for comparison of different
amalgams on the in vitro growth of a strain
of S mutans.
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