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Effects of low—frequency positive square wave voltage on putative
periodontal pathogen Aggregatibactor actinomycetemcomitans
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Young Seok Jang’, Min Ho Lee’, Tae-Sung Bae®
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The extremely low frequency-electromagnetic field (ELF-EMF) refers to the frequency range of 0-300 Hz. It has been reported
that it causes biological effects on cell survival, growth, and function, Structural changes were observed in the cell membranes
of bacteria exposed to a certain intensity of ELF-EMF, indicating that exposure of bacteria to ELF-EMF can directly affect the cell
membrane and affect the survival and growth of bacteria, The purpose of this study was to investigate the effect of the application
of low frequency square wave positive voltages on Aggregatibactor actinomycetemcomitans (A. actinomycetemcomitans), a putative
pathogen of periodontal disease. A square wave positive voltage output of 20 V or less at low frequency (0-300 Hz) was applied to A,
actinomycetemcomitans in a range of 60 minutes, Changes in the population of bacteria were observed by absorbance measurement,
colony forming unit (CFU/ml) evaluation, and high-resolution field-emission scanning electron microscopy (HR FE-SEM), The results
show that the most effective offset and frequency in inhibiting bacterial growth are 0,7V and 7.83 Hz (Schumann resonance). As the
applied time increased and the voltage increased, it was effective in inhibiting bacterial growth. These results led to the conclusion
that bacterial growth can be inhibited even at low frequencies below 10 Hz, and it was experimentally proven that the frequency,
voltage setting, and exposure time of ELF-EMF have a significant effect on reducing the growth of A, actinomycetemcomitans.
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Figure 1, Generator for positive square wave voltage.
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Figure 2, An example of positive square voltage waveform with an offset applied to set it as positive voltage,
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Figure 3, Relationship between the output voltage of a generator
and the broth voltage.
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Figure 4, Absorbance changes when applying a Broth voltage of
5.3 Vto A.a at 7.83 Hz for one hour with offsets of 0.4 V, 0.7 V,
0.8V, and 1,15 V. (UT: Untreated Control Group)

Molecular Devices, San Jose, CA, USA)& 600 nmo]|
A AR B S St

4. CFU (colony forming unit)

2h £ 10°0.2 3)As}e] AujA]
BEsla w2 24417 5 JEeE gels)
Frh, AR = N FHIR] (BAP)Z (55)HET] Q0] A]
gt A2k A% (CFU/mD)S th2-2] 4

97 uE Heke] 4 x 1

9 o498 HEsHITt o] I Tukey T}
7} 5t Abo 9] ZJo| & v akgirt,

i
=2
ol
o~
el
[‘_\.l mlo
o
52
jus)
o
oZ
ofr
-
Kl
o
EN
Ol
i

18

0.7
—=—UuT
| —e— Offset OV

0.6 | —&— Offset 0.7V
E 05
o
o
©
g 04
[0}
2
0.3
o]
—
o
302
Lo

0.1

0.0 T T T T T T T T T T

0 1 2 3 4 5 6
Time(Hours)

Figure 5, Absorbance changes when applying a Broth voltage of
6.5V to A, a at 7.83 Hz for one hour with offsets of OV, 0.7 V (UT:
Untreated Control Group)
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Figure 6. Images observed after culturing 100 ul bacterial solution for one hour with positive square wave voltage of frequency 7.83 Hz
and Broth voltage 6.5 V under untreated control group (al, a2) and conditions with offset 0 V (b1, b2) and offset 0.7 V (cl1, ¢2) for four

hours in a 37 ° C, 5% CO, incubator.,
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Figure 7. The colony-forming unit (CFU) results examined 24 hours after applying positive square wave voltage with an offset of 0.7 V, a
Broth voltage of 6.5 V, and a frequency of 7.83 Hz for one hour(P < 0.01).
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Figure 8, Absorbance changes when applying a broth voltage of
5.3 V with an offset of 0.7 V to A, a for one hour at frequencies of
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Figure 10, Absorbance changes when applying positive square
wave voltage with an offset of 0.7V and a frequency of 7.83 Hz,
with Broth voltages ranging from 2.7V to 6.5V for one hour, (UT:
Untreated Control Group)
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4V, 5.3V, and 6,5V with an offset of 0.7V to A.a for one hour at
frequencies of 4 Hz and 7.83 Hz. (UT: Untreated Control Group)
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Figure 11, Absorbance changes over time when applying
positive square wave voltage with an offset of 0.7V, frequency of
7.83 Hz, and a broth voltage of 6.5V for 15 minutes, 30 minutes,
and 60 minutes, (UT: Untreated Control Group)
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Figure 12, Images observed 24 hours after applying positive square wave voltage with an offset of 0.7 V, frequency of 7.83 Hz, and a

broth voltage of 6.5 V for 15 minutes, 30 minutes, and 60 minutes, (a) UT (Untreated Control Group), (b) 15 min, (¢) 30 min, (d) 60 min,
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