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Background: A silver anode, but not a cathode, has a broad spectrum
antibacterial and antifungal effect at low electric current levels. In this study, the
antifungal effect of the silver anode has been studied at a cellular level in order to
establish a basis for treatment of mycoses.
Methods: Candida albicans cells were exposed to 15 A of anodic direct
current with silver electrodes in a culture medium for 24 hours. Yeast cells near the
anode and untreated controls were examined using a transmission electron
microscope. Then, the plates were incubated at 37 °C for 4 more weeks without
electricity.
Results: Vesicle formation in the cytoplasm which began at the center of
the cell was observed in the silver anode treated cells. Cytoplasmic leakage out of
the cell occurred which was probably due to osmotic imbalance caused by an
alteration of the cell membrane permeability even though the original ultrastructure
of the cell wall was intact. In the plates which had been incubated longer, there
was no growth inside the inhibition zone around the silver anode.
Conclusion: Silver anode treated C. albicans cells showed a clear damage
which was irreversible. Ann Med Sci 1997; 6:88-92
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The fungitoxicity of metals occurs
in the following descending order: Ag >
Hg > Cu > Cd > Cr > Ni > Pb > Co > Zn >
Fe > Ca. It has been found that silver
compounds are able to inhibit many fungi
in lower concentrations (≈100 g/ml) than
1
those of other metals. On the other
hand, when a pure silver metal is
anodized by a low electric current, free
silver ions are emitted from the electrode
surface. Silver cations released into
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medium are capable of inhibiting the
same fungi in a lower concentration (≈ 1
g/ml). In fact, electricity only aids
2,3
emission and diffusion of silver. It is not
the key component, because the effect of
silver anode continues even after the
2-4
electric current was discontinued. All of
the other metals tested lacked this
1
property.
Moreover,
silver
is
antibacterial,
antiviral,
nonallergic,
5,6
noncarcinogenic and minimally toxic.
For this reason, the silver anode has
been safely used in orthopaedics.
Persistent deep bone infections can be
7-9
healed by silver anode therapy.
It is possible that the silver anode
can be used in treatment of mycoses as
well.
In
the
literature,
electrical
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parameters that can be used on the skin
has been defined as being between 0.1 10
2 coulombs per day. However, the
cellular effect of anodic silver on yeast
cells has not been studied. We carried
out an electron-microscopic study of
Candida albicans in order to have a
better understanding of the mode of
action of the silver anode and the
permanence of antifungal effect of
anodic silver ions.
MATERIALS and METHODS
Experimental setup: C. albicans, the
identity of which was confirmed by a
positive germ tube test, was isolated
from clinical samples and purified. An
exponential-phase yeast cell suspension
was prepared in 3 ml of nutrient broth
(GIBCO) (optical density at 510 nm, 20;
5
6
10 -10 CFU). The yeast solution was
inoculated into 40 ml of cooled
Sabouraud agar. The medium was
equally divided into two standard petri
dishes one of which contained a pair of
99.9% pure silver electrodes (2.2x0.8x3.0
cm). Electric current was applied using a
11
described
method.
Both
were
incubated at 37 °C for 24 hours. An
inhibition zone appeared around the
anode, but not at the cathode site. The
radius of the zone was recorded.
Yeast colonies were taken from
the inhibition zone boundary, because
cells inside the zone could be found to be
fully distorted, and cells far from the
anode could be found to be minimally
affected. On the other hand, untreated
yeast colonies were collected from
indeterminant areas of the surface of the
control plate.
We wanted to determine whether
or not the antifungal effect was
temporary. In order to resolve this, the
plates were further incubated at 37 °C for
4 more weeks without electricity in order
to determine any possible decrease of

the radius of inhibition zone. Samples for
cultures were taken from inside and
outside the zone before and after further
incubation.
Preparation of samples for
transmission electron microscopy:
Samples were fixed separately for 1 hour
at
4°C
in
solutions
of
2.5%
glutaraldehyde (5 ml; pH, 7.4). Fixed cells
were washed with 0.05 M phosphate
buffer containing 0.8 M sorbitol, then
postfixed for 1 hour at 4 °C in 0.5%
OsO4, dehydrated through an ethanol
series, embedded in resin, stained with
5% uranium acetate for 3 min, and with
lead citrate for 1 min. They were
examined using a transmission electron
microscope (Zeiss EM 900) at 40 kV.
RESULTS
Total charge delivered was 1.29
coulomb per day. (medium impedance,
604 ± 11 ; battery operated constant
current, 15 A). This amount of charge
was found to be harmless for mammalian
6,10
tissues.
After
the
experiment,
corrosion or discoloration was not seen
on either of the electrode surfaces. No
color changes and gas bubbles were
present in the agar medium at either of
the anode and cathode sites. The colony
morphology of C. albicans on the both of
the plates was the same. The radius of
the inhibition zone present around the
anode was found to be 11 mm. Samples
for culturing were taken from inside the
zone and no growth was occurred. This
result emphasized not only the presence
of a fungistatic effect but also that of a
fungicidal effect. After further incubation
of the plates, subculturing was repeated
from inside and outside of the inhibition
zone. The area inside the zone was
found to be sterile, and any decrease in
radius of the zone was not detected even
though cells taken from outside the zone
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remained alive. This finding shows the
presence of an irreversible killing
mechanism.
Electron
microscopically,
the
following results were seen in the yeast
cells exposed to the silver anode:
Vesicle formation begun at the
center of the yeast cells after silver
anode treatment (Fig.1C). The cytoplasm
migrated to the periphery of the cell and
leaked out. This was probably due to an
osmotic imbalance caused by an
alteration of the cell membrane
permeability.
Thus,
cells became
12
fragile. Numerous cells were found to
be in a terminal or apparently lytic
13
phase.
Lysis of intracytoplasmic
organelles such as the nucleus,
mitochondria, and endoplasmic reticulum
14
occurred. For this reason, amorphous
material appeared in the lytic cells
(Fig.1E). Budding was inhibited in the
14
terminal phase (Fig.1E). On the other
hand, the cell wall usually retained the
12
original ultrastructure , except for the
budding site (Fig.1F). Cytoplasmic
membrane was disrupted only in certain
14
areas.
DISCUSSION
Vesicle formation, enhanced membrane
permeability and leakage of cytoplasmic
content out of cell were distinct clues
showing the antifungal mechanism of
anodic silver. It is difficult to determine
whether these ultrastructural changes
originated mostly from electric current,
free silver or both. It has been previously
demonstrated that an external electrical
application to bacterial cells without silver
may cause leakage of the cytoplasmic
content due to enhancement of
15
membrane permeability.
Our results
confirm this finding. Also, Brower and
16
Mcintosh used an electric field with
non-silver (Pt) electrodes on Micrasterias
denticulata in a culture medium. They

observed that the cell wall was thinner at
the cathode site than at the anode site,
but vesicle formation was not showed.
However, we found a homogenous
thickness in the cell walls. This finding
suggests that the major component of
antifungal mechanism of the anodic silver
was not electricity but may be the free
silver. In fact, the silver is known to be an
17
enzyme inhibitor.
When a silver
compound is used alone for killing of
bacterial cells, a high percent of the silver
binds to bacterial DNA (40 mol Ag per
18
100 mg of DNA) , ultimately causing
respiratory and energy metabolism
17,19
collapsing of bacterial cells.
Spadaro
6
reported
that
some
mesosomal
dysfunctions were present in bacterial
cells after silver anode treatment. This is
early sign of cellular damage. In this
experiment, in which silver and electricity
were combined, the silver ion emission
from the anode surface was amplified by
external electricity. Thus, large amounts
of silver accumulated inside the zone and
caused a superior fungitoxic effect on the
C. albicans cells.
Minimum inhibitory concentrations
of silver emitted from anode were
1
determined for 6 Candida species.
According to their results, 4.7 g/ml or
less of anodic silver fully inhibited all
species.
The
exact
Candida
concentration of silver released from
anode surface to the zone is
questionable. With the method reported
here silver concentrations have been
found to range between 0.9 and 280.3
g/ml depending upon the distance from
11
the anode. The threshold (4.7 g/ml)
was exceeded near the anode, judging
by a sharp inhibition zone which
appeared around the anode.
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In the silver anode treated cells,
vesicle formations, damage of the
cytoplasmic membrane and lysis of the
cell reminds us of the effect of the
lipopeptide group antifungals, such as
Iturin A. Thimon et. al. used Iturin A on C.
albicans cells and showed that
invaginations
of
the
cytoplasmic
membrane disappeared and vesicles
20
appeared. These are similar effects to
those reported here. Our results confirm
this destructive pathway for C. albicans
cells.
The presence of vesicles and
defective budding that we observed can
be explained by a disruption of the
dynamic relationship between ergosterol
and chitin synthesis. In yeasts, chitin
synthesis is regulated by ergosterol.
Chitin is concentrated (90%) in the cell
wall, septa and bud scars. A defect of
chitin leads eventually to lysis of the
21
yeast cell.
The antifungal action of silver
anode affecting chitin is similar to that of
two groups of antifungal agents. One of
3
the first of these groups, N -(4methoxyfumaroyl)-L-2,3diaminopropanoic acid (FMDP) is an
inhibitor of glycocyamine-6-phosphatase
synthase group of antifungal agents.
FMDP causes lysis of the yeast cell due
to inhibition of chitin synthesis and, also,
produces an abnormal cell shape due to
21
an extensive cell wall destruction.
However, in this study, such cellular
deformations were not detected even
though lysis was apparent.
The second group of antifungal
agents affecting chitin is the azole group.
Saperconazole is an azole derivate which
prevents budding of daughter cells by
inhibiting
chitin
synthesis.
Also,
inclusions appear under cell wall of C.

after
exposure
to
albicans
22
saperconazole. We also demonstrated
inclusions under cell wall (Fig.1E,F).
These findings show that the
antifungal mechanism of silver anode is
complex. The observed morphological
alterations in C. albicans cells exposed to
the silver anode are similar to the
cumulative effects of more than one
antifungal agent.
Yeast cells are not very different
from mammalian cells. This property led
us to consider whether or not the
destructive effect of anodic silver on
Candida cells might be reversible.
However, the sterility remaining at the
end of the 4th week inside the zone
simply reflects the retained effect of the
silver. If the yeast cells inside the zone
were only depressed, either the zone
radius would decrease with time or the
cultured material would not be found to
be sterile. Thus, lack of any decrease in
the radius of the zone shows that the
silver deposits near the anode and the
electrochemical products played an
important role in the killing mechanism.
The data support the idea that antifungal
effect of anodic silver is not temporary at
least for C. albicans. A selective but not
fully understood mechanism operates
around the anode, judging by the fact
that silver anode has a lethal effect on
fungi without any detrimental effects
upon normal mammalian cells when the
same electrical parameters are used. For
this reason, electrically released silver ion
therapy seems to be effective against
some infections caused by unicellular
eucaryotic organisms such as C.
albicans related mycoses.
Acknowledgement: Thanks to Dr.
Pauline Aksungur for corrections in the
manuscript.
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