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Abstract

Introduction: Study the electrical properties of microorganisms is a great importance to control their hostile
effect especially, some organisms such as Pseudomonas aeruginosa (PA), when infection with this type of bacteria
causes high percentage of patients' mortality in hospitals. Depending on interaction differences between bacterial
cell with electrical current and human cell with electrical current, bactericidal effect may be achieved. This study
observed the behavior of PA when it was exposed to different frequency values of clinically safe alternative current
to prove the capacitive characteristic of bacterial membrane and find difference between powers consumed by
bacterial sample for each frequency value.

Method: PA isolates were activated by using Trypticase Soya Broth (TSB), 10 percent of 3.24 x 108 cfu/ml of PA
mixed with agarose and poured in petri dish to solidify at room temperature. Electrical current of 20 fop applied to
the sample via movable Nichrome electrodes or built in Nickel electrodes, 2 cm apart between anode and cathode
electrodes, electrical current measured and recorded during stimulation using multi-function voltmeter.

Results: The results proved that in general when the frequency of electrical current increased (analysis of
variance (ANOVA) P>0.05), the current pass through PA samples increased relatively which refer to decrease in
samples' impedance due to increase in frequency from 0.366 Hz and reach maximum at 40 KHz where it become
constant until 60 KHz then began to reduced again until it reaches constant value at 120 KHz.

Conclusion: Clinically accepted electrical current values of different frequencies values interact in different
manner with PAsamples, and the electrical current consumption by PA affected and in general increased by increasing
its frequency. This study also shows that there is different impedance values to different electrical current frequencies
values which prove some part of impedance affected by frequency change which prove that PA membrane has a

capacitive effect.
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Introduction

A lot of evidence indicates that electrical stimulation (ES) enhanced
the wound healing process (WHP) by inhibition of bacterial growth
[1]. Bacterial cells, as do all living cells, depend on physical criteria like
membrane potentials [2] or their principle metabolism of a living vitality,
and it is reasonable to expect that precise cellular memebrance electrical
potential may be damaged by the effect of an exterior electric field. It
has been shown that exterior fields can impact the a-helix composition
[3,4] and direction [2] of membrane proteins in eukaryotic bacterial cell
and the electrophoretic movability across its membrane proteins [2,5].
Electric fields can be used to impact the electro insertion of particular
proteins into the membranes of bacterial cell [6,7].

The use of low power clinically safe electrical current to aid in the
treatment of bacterial infections, especially for antibiotic resistance
pathogenic bacterial strains such as PA is of great importance to
improve patients' survival rate that infected with these bacteria. Scientist
prove that human cell own capacitive impedance [8] which create an
additional impedance to alternative current. This capacitive impedance
also exists in bacterial cell [9]. By finding the suitable frequency to inhibit
bacterial growth and avoiding human cell an opportunity will be added
to conventional anti-bacterial therapeutic techniques for treatment of
infected subjects.

When human body (which may contain bacteria) subjected to the
passage of alternating current (AC) it acts as both R-C series and RC
parallel circuits as represented in Figures 1 and 2.

Figure 1: RC series circuit.
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Figure 2: RC parallel circuit.

In series RC circuits the total impedance of the circuit can be
calculated using the following equation

(1

For the parallel RC circuits the total impedance of the circuit is
calculated using the following equation

Z="R+(-X?¢)
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The possible path of electric current as shown in Figure 3, the
extracellular path represented by Resistance R2, while the intracellular
path represented by the compensation of capacitor “ the outer part of
the cell is cell membrane and work as a capacitor® and resistance R1. The
reactance of capacitor depends on the frequency of the applied current
as clarified in equation 3:

1
210fc @)

So there will be two paths to current to pass through, it will pass in
one of them or both according to differences in resistivity and capacitive
impedance.

Reactance = X =

Materials and Methods

1. Digital Function Generator (FeelTech FY 3200S Dual channel/
made in China).

DC regulated power supply (OJE/QJ3005XII)
Digital Multimeter 1 (VICTOR VC97) China.
Digital Multimeter 2 (TOTAL TMT46001) China.

Nichrome wire electrodes.
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Nickel electrodes (VacPac electrodes).

Intracellular Path

Path-1

Path-2
Extracellular Path

Figure 3: Shows the possible path of electric current, Resistance R2 represent
the extracellular path and the capacitor and resistance R1 represent the
intracellular path [9].

PA isolates suspension, is prepared by dissolving A 6 g of broth
powder dissolved at 200 ml of distilled water (concentration 30 gm/L)
in a beaker, sterilized at 121°C for 15 min, the broth cooled at room
temperature, 1 ml from PA stock (3.24 x 10® cfu/ml) poured in the
prepared broth and mixed gently manually, then the cultured broth
incubated at 37°C and 200 rpm for 20-22 h using shaker incubator.

A 4.93 g of PBS (concentration of 9.86 g/L) dissolved in 500 ml of
distilled water and mixed well manually, adding 1.5 g of agarose to 150 ml
of the prepared PBS solution and mixed well manually, then completely
dissolved and sterilized using microwave for about 140 s. After cooling
to about 37°C at room temperature, 10% (i.e. 15 ml) of activated PA in
TSB added to the mixture and mixed gently, finally the cultured agar
poured in 60 mm diameter petri dishes and cooled at room temperature
until solidification.

A function generator used to stimulate bacteria by different sine wave
electrical current of frequencies from 0.366 Hz to 11 KHz using movable
Nichrome gage 24 electrodes while for higher frequencies starting by 20
KHz to 120 KHz voltage stabilizer circuit with 2 mm diameter Nickel
electrode were used to control voltage drop in function generator due
to high frequency so at these values since a voltage stabilizer was used
as shown in Figure 4, the effective voltage value considered to calculate
power consumption was

14 =21—0:7.07V

rms \/E

Results and Discussion

When 20 V, alternative electrical current applied to bacterial
samples at different frequencies from 0.366 Hz to 60 KHz it was clear
that more current pass through the sample as frequency increased which
refers to decrease in impedance to electrical current while the current
decreased, at frequency values of 80 KHz and more until it finally
reaches final constant value at 120 KHz and keep this value for higher
frequencies even to 1.1 MHz. Table 1 shows the applied alternative
current frequency values and their corresponding current and power
consumption (Equations 4 and 5) by the sample which clarified in
Figures 5 and 6.

Function
Generator

Figure 4: PA stimulation using Nickel electrodes and voltage stabilizer circuit.
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No. Frequency (Hz) Root mean squ?lre ;’alue of Current Root mean square value of voltage (V) Power (milliwatts)
1. 0.366 0.001 mA 1.2V 0.0012
2. 0.57 0.0044 mA 1.3V 0.00572
3. 1 0.0046 mA 137V 0.006302
4. 1 0.005 mA 1.5V 0.0075
5. 102 0.12 mA 42V 0.504
6. 202 0.12 mA 42V 0.504
7. 300.8 0.12 mA 46V 0.552
8. 401.5 0.12 mA 47V 0.564
9. 502.4 0.25 mA 4.0V 1
10. 11K 4.1 mA 0.6V 2.46
1. 20K 40 mA 7.07 V (using voltage stabilizer) 282.8
12. 40 K 70 mA 7.07 V (using voltage stabilizer) 494.9
13. 60 K 70 mA 7.07 V (using voltage stabilizer) 494.9
14. 80K 60 mA 7.07 V (using voltage stabilizer) 4242
15. 100 K 60 mA 7.07 V (using voltage stabilizer) 4242
16. 120 K 50 mA 7.07 V (using voltage stabilizer) 353.5
17. 1.1M 50 mA 7.07 V (using voltage stabilizer) 353.5

Table 1: Current pass through PA sample and their power consumption according to frequency increments.
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Figure 5: Relation between frequency increments and current values pass through PA sample.
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Figure 6: Relation between frequency increments and power consumption values pass through PA sample.
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Where:

V
_ 210 509 )

V. =
rms 2 2 2 2
232 )

P(watt)y=V,_ xI_

This experimental study aimed to prove the theoretical assumption
that there is electrical capacitive effect caused by bacterial membrane
and measure the power consumption for different AC frequencies
applied on PA samples and clarify that there is a differences between
samples impedance to AC according to the change in frequency
value and that this impedance decreased relatively to the increase of
frequency and so happened to the power consumption by bacterial
samples reaching their minimum value of impedance and maximum
value of power consumption at frequencies range (40-60) KHz which
prove the assumption of bacterial membrane capacitive characteristic,
According to electricity low in equation 6:

X -t (6)
¢ 2I0fC
Where: X : is the capacitive impedance in ohm (Q) units, f: is the

frequency in Hz, and C: is the capacitance vale in farad (F) units

But the value of impedance increased again slightly and relative to
that the value of power consumption decrease also slightly until reach
constant value at AC frequency value of 120 KHz and keep this value
until 1.1 MHz (maximum value of AC frequency used in this work),
This increment in impedance may be due to that super high frequency
values add inductance effect which increase impedance (equation 7) or
both extracellular and intracellular matrix began to work as one subject
which increase the total resistance of the sample.

X, =21f1 (7)
Where

X is the inductance impedance in ohm (Q) units, I: is the inductance
value in henry (H) units

The result also shows that the current passed through path-1
at high frequency AC current as reactance is inversely related to the
frequency, so path 1 will be less impedance at high frequency. But at
low AC current frequency the current will flow via path 2. Specifically

at a unique frequency, between low and high, current will flow via both
paths of the circuit. So it considers representing a band pass filter [10].

Conclusion

At low frequencies (0.3 Hz to 20 KHz) the impedance were high
because of bacterial membrane capacitive effect so most current pass
through extracellular matrix, as frequency increased the impedance
decreased and more current began to pass through bacterial cell, at very
high frequencies (40 KHz-60 KHz) the capacitive effect decreased to be
neglected and the PA cell act as pure resistance and maximum current pass
through it at these frequencies, while at higher frequencies (> 80 KHz )
the current decreased again due to resistance increase, may be because of
summation of both extracellular and intracellular resistance (both act as
one subject), and stabilized at moderate value of current passage at 120
KHz and keep stable to maximum used frequency at 1.1 MHz.
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