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Effects of Low Alternating Current on Growth of the
Trichophyton tonsurans and Microsporum canis
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Background: A large number of studies have been focused on bacterial growth but limited number of literature
has been reported regarding modification of fungal growth.
Objective: This study aims to investigate effects of low alternating current on Microsporum (M.) canis and
Trichophyton (T.) tonsurans growth.
Methods: Inoculums of M. canis and T. tonsurans were applied to twenty-four PDACT (potato dextrose agar-corn
meal-Tween 80) plates with a sterile spreader. Petri dishes were allocated into 8 groups according to the fungi
species and the amperage delivered to these dishes. Group A, B, C and D were M. canis group and E, F, G, H were
T. tonsurans group. The given amperage of electric current was 0.5 μA in group A and E, 2 μA in B and F, 4 μA in
C and G. No electric current was given in group D and H.
Results: In groups A, B, and C the average time elapsed for colony appearances were 42 hours, 43.17 hours, and
40.5 hours respectively. The average time elapsed in the control group D was 88.67 hours. In groups E, F, and G
the average time elapsed for colony appearances were 63.67 hours, 61.83 hours, and 64.17 hours respectively.
The average time elapsed in the control group H was 90.60 hours.
Conclusion: With electric current, faster fungal growth was observed in the amperage range used in this study.
Based on these results, we hypothesized that microcurrent helps the fungal growth.
Key Words: Electric stimulus, Fungal growth, Microcurrent, Microsporum canis, Trichophyton tonsurans

INTRODUCTION

is time consuming and defers appropriate time for diagnosis.
In respect to this matter, stimulating fungal growth without

Dermatophytosis is a commonly encountered condition
that is recurrent in its nature, further engendering public

fungicidal effects has been suggested to affect the growth
and reduce the time required for the appropriate diagnosis.

health concerns. The optimal method of identifying fungal

Despite the gravity of clinical impact of fungal infection,

infection is through culture study, where the specimen is

the majority of researches in relation to modifying the growth

incubated in a specific culture medium. However, this measure

of pathogens are focused on its concurrent antibacterial
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effects. However, recent studies suggest possible modification
1

of fungal growth through electric current stimulation .
2

A pilot study by Kwon et al. showed faster fungal growth
with microcurrent electric stimulation. The involved species
in that study was Trichophyton (T.) rubrum, one of the most
common fungal pathogen responsible for tinea pedis and
onychomycosis.
The primary aim of our study was to confirm the results of
the previously described pilot study using the same microcurrent to stimulate the fungal growth. The secondary aim
was to evaluate the effects of microcurrent effects on the
growth of other fungal species, such as Microsporum (M.)

canis and Trichophyton (T.) tonsurans which also are common
3-6

causes of dermatophytosis .

MATERIALS AND METHODS
1. Materials
1) Culture media
All culture media were obtained from Catholic skin clinic,
Daegu, Republic of Korea. Nutrient agar was prepared by
supplementing potato dextrose agar with corn meal, peptone,
Tween 80 (PDACT). To prevent the contamination, we added

Fig. 1. (A) Electric device with electrodes-inserted Petri plate
(B) A diagram of the electric device

-1

antibiotics to the media (chloramphenicol 500 mg L and
-1

cycloheximide 500 mg L ).

2) Fungal organisms

2. Methods

Standard sized inoculums of M. canis and T. tonsurans

All procedures were conducted aseptically to prevent con-

derived from the spore suspension were applied to PDACT

tamination. Two pieces of stainless steel electrodes were

plates. The spore suspension was prepared by applying 5 mL

used (1 mm in diameter and 2.5 cm long) as cathode and

of distilled water to a 1-week-old M. canis and 2-week-old T.

anode electrodes. They were inserted at the top portion of

tonsurans cultures. The inoculums were gently withdrawn by

the sterile Petri plate with 2.5 cm apart (Fig. 1B). Alternate

using a sterile pipette and were applied to twenty-four PDACT

currents of 0.5 μA, 2 μA, or 4 μA was applied to assigned

plates with a sterile spreader. Twenty-four Petri dishes were

groups of Petri plates for 30 minutes at room temperature.

allocated into eight groups according to the fungi species

The given amperage of electric current was 0.5 μA in groups

and the level of amperages delivered to these dishes. Groups

A and E, 2 μA in B and F, 4 μA in C and G respectively. No

A, B, C and D were the M. canis group and E, F, G, H were

electric current was given in groups D and H. After electric

the T. tonsurans group.

stimulation, each Petri plate was incubated at 25℃, under
natural light with 60~70% of humidity provided by the in-

3) Electric device

cubator. The plates were analyzed by interval of every one
hour.

The electric device was operated to generated a series of

Statistical analysis was done using the Statistical Package

alternative current of which, the intensity was changeable

for the Social Sciences (SPSS) version 19.0 (SPSS, Inc., Chicago,

®

(9 V, frequency: 8 Hz, Granthe ; Cosmic Co., Seoul, Korea)

IL, USA) with significance level of < 0.05. Mean and standard

(Fig. 1A, 1B).

deviation is presented in the described data of the paper.
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Fig. 2. Petri slides with Mycosporum canis fungal culture in group A (A1~A3), B (B1~B3), C (C1~C3), and D (D1~D3) after 0,
24, 48, 72, 96 and 120 hours of incubation arranged chronologically. (Abbreviations: G, growth; NG, no growth)

Two sample t-test was used in the study for analysis between

groups E, F and G showed statistically significant level of

the experimental and the control groups.

results indicating a shorter time required for colony appearance
compared to the control group H (p-value < 0.05).

RESULTS

Unlike other reported cases, production of gas bubbles,
discoloration, liquefaction, and depression around the electrodes was not observed in this study. The results are sum-

In this study, the experimental groups A, B, C, E, F and G

marized in Fig. 2 and Fig. 3.

showed faster fungal growth than the control groups D and
H, similar with the previous study results by Kwon et al (Fig.
2, 3). However there was no significant difference in the

DISCUSSION

level of thickness and onset time of the visible fungal colonies
accordingly to the different levels of amperages.

2

In the previous study by Kwon et al. , colonies exposed to

In the M. canis groups of A (0.5 μA), B (2 μA), and C (4 μA)

nano- or microcurrent electric stimulation showed faster

the average time elapsed for colony appearances were 42

fungal seeding than the control groups, which received no

hours, 43.17 hours, and 40.5 hours respectively. The average

electric current. The colonies exposed to the lower level of

time elapsed in the control group D was 88.67 hours. All

electric current showed faster fungal growth with denser

groups A, B and C showed statistically significant level of

fungal colonies compared to the colonies exposed to the

results indicating a shorter time required for colony appearance

higher level of electric current. There are, however, some

compared to the control group D (p-value < 0.05). In the T.

limitations in respect to this finding. First of all, the sample

tonsurans groups of E (0.5 μA), F (2 μA), and G (4 μA) the

size was small and the study investigation was limited to a

average time elapsed for colony appearances were 63.67

single fungal species, T. rubrum. These factors poorly conclude

hours, 61.83 hours, and 64.17 hours respectively. The average

the effect of alternating electric currents on growth of more

time elapsed in the control group H was 90.60 hours. All

general population of fungi and its diversity in equal matter.
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Fig. 3. Petri slides with Trichophyton tonsurans fungal culture in group E (E1~E3), F (F1~F3), G (G1~G3), and H (H1~H3) after
0, 24, 48, 72, 96 and 120 hours of incubation arranged chronologically. (Abbreviations: G, growth; NG, no growth)

Fig. 4. Mechanisms of the fungi-stimulatory activity of electricity (A) ATP generation induced by electricity (B) Increased amino
acid (aa) availability to cause more protein synthesis.

In this study, we sought to determine whether low alternating

growth after application of microcurrent electric stimulation.

current could stimulate growth of other fungal species. The

The underlying mechanism of electric stimulation of fungus

results of our study clearly indicate that significantly less in-

growth still remains unclear. However, Cheng et al. reported

cubation time was required for M. canis and T. tonsurans

that electric currents could stimulate cell growth. The stimula-
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tory effects of electric current began at 10 μA and inhibitory

was not derived. Further supporting studies in relation to the

effects began at 750 μA. In our study, only 0.5 μA to 4 μA

effects microcurrent electric stimulation on fungal growth

levels of electric currents had stimulated the fungal growth.

should be carried out with wider ranges of intensity and

The mechanism of electric current stimulated cellular growth

larger samples sizes with various fungal species to prove more

can be proposed in several manners. Adenosine-5'-triphosphate

validity to our findings.

(ATP) generation can play an important role in stimulating
cell growth.

In conclusion, electric current retains certain level of stimulatory effects on fungal growth at very low amperages (0.5 μA

When electric current is delivered, the electrons interact

to 4 μA). Based on the results of our study, microcurrent electric

with water and produce hydroxyl ions on the cathode side

stimulation may be applied to fungal culture and generate

and protons on the anode side of the electrodes. Conse-

potential clinical benefits in respect.

quently, a proton gradient is formed between the anode and

In elaboration, the time elapsed for colonization of fungus

the cathode interface, leading a shift of proton from anode

could be considerably reduced and provide appropriate man-

side to the cathode side within the formed electric field. As

age to the patients in more prompt manner. Additionally,

the protons reach mitochondrial membrane-bound H+-ATPase,

since fungus and its versatile application has been noted in

8,9

ATP is likely formed . With increased ATP levels, energy re-

modern manufactured products such as food, beverages,

quired for metabolic activities such as protein synthesis is

antibiotics and chemical products, electric current stimulation

sufficed and greater amount of proteins could be synthesized

can be utilized for commercial enhancement,

(Fig. 4A). The increased ATP generation is partially responsible
10,11

for the increased protein synthesis

. Another mechanism

of enhanced protein synthesis through electric current stimu-
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the contrary, Kalinowski et al. suggested that low-voltage
direct current electrostimulation acts as a fungicide in a
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