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ABSTRACT
Objectives

This study determined the antimicrobial potency of colloidal silver against
Escherichia coli, Staphylococcus epidermidis, Staphylococcus aureus, and Bacillus subtilis
compared with that of tobramycin, lomefloxacin, and moxifloxacin eye drops.

Methods
Three concentrations of colloidal silver (10, 20, and 30 ppm) were impreg-

nated in filter paper discs placed on the surface of agar inoculated with test
organisms, namely, Escherichia coli, Staphylococcus epidermidis, Staphylococcus
aureus, and Bacillus subtilis. Antibacterial-activity testing (ABAT) and Kirby
Bauer disc diffusion were employed to test the antimicrobial potency of
colloidal silver against ophthalmic antibiotics (tobramycin, lomefloxacin, and
moxifloxacin). Resulting zones of inhibition of the antimicrobials tested were
compared with those of the control antibiotic ampicillin. Sensitivity and
resistance of the different pathogens were determined.

Results
Twenty-two-millimeter zones of inhibition in the Kirby Bauer were observed

in the 30 ppm preparation of colloidal silver for both S. aureus and B. subtilis,
showing strong inhibitory activity compared with ampicillin (16 mm and 10
mm respectively). A 12-mm zone of inhibition was measured for S. epidermidis,
showing slight inhibitory activity. ABAT showed that E. coli, S. epidermidis, S.
aureus, and B. subtilis were resistant to the different concentrations of colloidal
silver but sensitive to ampicillin, tobramycin, lomefloxacin, and moxifloxacin.

Conclusions
Kirby Bauer disc-diffusion test demonstrated that S. epidermidis, S. aureus,

and B. subtilis were sensitive to the 30-ppm concentration of colloidal silver.
On the other hand, ABAT yielded negative results for colloidal silver at 10, 20,
30 ppm when tested against these organisms.
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SINCE the early 1900s, medical practitioners have used
colloidal silver orally, topically, and intravenously as
treatment for various conditions caused by viruses, bacteria,
and fungi.1, 2 It has been considered a “cure all” therapy by
others.3, 4 Silver has since been available in different
preparations such as silver nitrate for neonatal ophthalmia
prophylaxis and silver sulfadiazine for burn injuries.5, 6  With
the advent of more potent antibiotics, silver became less
popular. Adverse effects of chronic exposure to silver, like
systemic argyria and to some extent ocular argyrosis, have
also been noted. This may be due to inferior-quality
preparations further contributing to toxicity.1, 3, 7  In the field
of alternative medicine, however, there is a resurgence in
the use of colloidal silver. It is now being prescribed for
numerous illnesses, including conjunctivitis.

Colloidal silver is composed of nanoparticles of silver
suspended in solution. The silver particles are so minute
that they are not affected by gravity while evenly dispersed
in water.3 Hence, no sediments are seen in superior-quality
colloidal-silver preparations. The particle size of silver is
essential, ideally ranging from 0.05 to 0.01microns. The
particulate size of silver affects its ability to be absorbed
by the body without causing any cell damage to human
tissue at low doses. The only adverse effect is argyria.
Colloidal silver, the more biologically active form of silver,
is readily absorbed by the body.3

The mechanism of action of silver on microbes is said
to be at the cell-membrane level. It affects the function of
membrane-bound enzymes, such as those involved in the

respiratory chain, through binding with the thiol groups.8

Recent electron microscopic studies such as that of
Yamanaka, Hara, and Kudo,8 however, suggest that
antimicrobial action occurs within the cell cytoplasm.
Silver appears to penetrate through the ion channels
without causing cell-membrane damage.6 Silver denatures
the ribosomes and suppresses the expression of enzymes
and proteins essential to ATP production, eventually
causing cell death.8

Despite these studies, there are many conflicting reports
on the potency of colloidal silver. Some studies claimed
that colloidal silver does not possess any antimicrobial
property. In a recent study by Van Hasselt, Gashe, and
Ahmad,9 colloidal silver was tested against similar groups
of organisms using well-diffusion (ABAT) and disc-
diffusion test (Kirby Bauer). These tests showed no effect
on the growth of the test organisms, suggesting that the
antimicrobial effect of colloidal silver may be more myth
than fact. In this study, we aimed to independently verify
these claims.

METHODS
A stock solution of colloidal silver (30 parts per million,

ppm) was used for this study. This stock solution was
diluted with sterile water to produce 20, and 10 ppm
colloidal-silver preparations. To preserve the silver in its
particulate state, these were stored in capped, sterile,
amber-colored bottles, avoiding direct exposure to light
and electrical currents. The colloidal-silver solutions were
tested against cultures of Escherichia coli, Staphylococcus
aureus, Staphylococcus epidermidis, and Bacillus subtillis using
antibacterial-activity testing (ABAT) and Kirby Bauer disc
diffusion.

For ABAT, six wells were created using a sterile cork borer
punching holes into the agar equidistant from each other.
Each bacterial inoculum was swabbed over the agar surface.
One drop each of the concentrations of colloidal silver (10
ppm, 20 ppm, 30 ppm), ophthalmic topical antibiotics
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Table 1. Data comparison for sensitivity and resistance of bacteria.1

1National Committee for Clinical Laboratory Standards (NCCLS, 2001)

Table 2. Antibacterial-activity testing. 

Organism

S. epidermidis

S. aureus

B. subtillis

E. coli

10 ppm

0

0

0

0

20 ppm

0

0

0

0

30 ppm

0

0

0

0

Tobramycin

27 mm

24 mm

29 mm

25 mm

Lomefloxacin

31 mm

28 mm

34 mm

27 mm

Moxifloxacin

37 mm

33 mm

36 mm

32 mm

Ampicillin

20 mm

19 mm

12 mm

18 mm

Colloidal Silver

Table 3. Kirby-Bauer disc-diffusion test. 

Organism
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10 ppm

0
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tobramycin (Tobrex, Alcon Laboratories, Fort Worth, TX,
USA), lomefloxacin (Okacin, CIBA Vision Ophthalmics,
Basel, Switzerland), moxifloxacin (Vigamox, Alcon
Laboratories, Fort Worth, TX, USA), and ampicillin were
subsequently applied onto the agar well. Ampicillin was
chosen as the control antibiotic due to the susceptibility of
the test organisms to it.

For Kirby Bauer disc diffusion, sensitivity discs soaked
with each antimicrobial, were placed equidistantly on the
agar plate, which was inoculated with the test organism.
Different plates with different test organisms were incu-
bated for 24 hours at 35° Celsius. Drug sensitivity was
subsequently assessed by measuring the area of clearing
(in millimeters) around the antimicrobial tested or the
zone of inhibition (Table 1), and the measurements
compared with those of ampicillin to assess the resistance
or susceptibility to the drug.

RESULTS
No inhibitory activity was noted for the 10-, 20-, and

30-ppm colloidal-silver preparations against S. aureus, S.
epidermidis, B. subtilis, and E. coli on ABAT.  Strong
inhibitory activity was seen for tobramycin, lomefloxacin,
and moxifloxacin while complete inhibitory activity was
noted for ampicillin against the test organisms (Table 2).

Bacterial sensitivity to 30-ppm colloidal-silver
preparation was demonstrated on Kirby Bauer disc-
diffusion method (Table 3). The zone of inhibition of the
30-ppm preparation against S. epidermidis was noticeably
smaller than that of tobramycin, lomefloxacin, moxi-
floxacin, and ampicillin. The zone of inhibition of the 30-
ppm preparation against S. aureus was greater than that
of tobramycin and ampicillin, but smaller than that of
lomefloxacin and moxifloxacin. The zone of inhibition
of the 30-ppm preparation against B. subtilis was smaller
than that of tobramycin, lomefloxacin, and moxifloxacin,
but greater than that of ampicillin. The 10-, 20-, and 30-
ppm preparations of colloidal silver yielded no zones of
inhibition against E. coli. The test antibiotics tobramycin,
lomefloxacin, moxifloxacin, and ampicillin showed
significant inhibition against E. coli.

DISCUSSION
Colloidal silver at a concentration of 30 ppm demons-

trated significant inhibitory activity against S. epidermidis,
S. aureus, and B. subtilis on the Kirby Bauer disc-diffusion
method. This supports findings in previous studies that
silver effectively inhibits the growth of these organisms,
making colloidal silver an effective antimicrobial.

ABAT, however, yielded negative results which may  be
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due to conditions and agents that affect the stability of
colloidal silver. As recommended by the manufacturer,
colloidal silver should be stored in a capped, amber-
colored glass bottle to prevent direct contact with light.
Contact with plastic also triggers an ionic reaction, causing
particles of silver to start binding to each other instead of
being dispersed in the aqueous medium. This clumping
together of the silver particles produces an inferior-quality
colloidal-silver solution as evidenced by a change in its
color from light yellow to brownish. At this condition, the
therapeutic action of colloidal silver is compromised.

Clinical observation suggests that our laboratory tech-
nique may have contributed to the negative results in
ABAT. In the Kirby Bauer disc-diffusion test, the solution
was absorbed by the sensitivity disc, thereby prolonging
the action of colloidal silver over the agar plate by
extending its evaporation time in contrast to ABAT, where
the solution was dropped in a well on the agar plate. Future
studies should, therefore, address the factors affecting the
stability of colloidal silver.

In summary, this study demonstrated that the conflict-
ing results regarding the antimicrobial activity of colloi-
dal silver may be due to differences in study design and
factors affecting the stability of the colloidal-silver solu-
tion.
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