
Research Inventy: International Journal of Engineering And Science 

Vol.6, Issue 9  (October 2016), PP :13-25 

Issn (e): 2278-4721, Issn (p):2319-6483, www.researchinventy.com 

13 

 

Control of metabolic activities of E.coli and S. aureus bacteria by 

Electric Field at Resonance Frequency in vitro study 
 

Sahar E.Abo-Neima
1
*, Yasser I.Khedr 

1
, Metwaly M.Kotb

2
, Ahmed Elhoseiny

3
 

and Hussein A.Motaweh
1
 

1
 Department of physics, Faculty of Science, Damanhur University, Egypt 

2
 Department of Medical Biophysics, Medical Research Institute, Alexandria University, Egypt 
3 
Master Student at Department of physics, Faculty of Science, Damanhur University, Egypt. 

*corresponding author E-mail:Sahar_amr2002@yahoo.com 

 

Abstract: Low electric currents generated using conductive electrodes have been used to increase the efficacy 

of antibiotics against bacterial biofilms, a phenomenon termed “the bioelectric effect” that formed metal ions 

and free radicals which can inhibit the growth of planktonic Staphylococcus aureus (S.aureus)  and Escherichia 

Coli  (E.Coli) the effect is amplitude and frequency dependent, the aim of present study to define the parameters 

that are most effective against bacterial growth also to investigate the comparative study through inactivation of 

metabolic activities, growth rate, morphology, bacterial conductivity and antibiotic sensitivity between gram 

negative E.Coli and gram positive S.aureus bacteria by extremely low frequency electric field (ELF-EF). In this 

work, the frequency of electric impulses that interfere with the bioelectric signals generated during E.Coli and 

S.aureus cellular division is investigated in order to compare cell viability, number of colony forming units 

(CFU) and growth rate (optical density at 600nm) bacterial conductivity and antibiotic susceptibility. Also 

morphological cellular structure was investigated by transmission electron microscope (TEM). The results 

revealed that a highly significant inhibition effect occurred when S.aureus and E.Coli was exposed to resonance 

of 0.8, 0.5 Hz square amplitude modulated waves (QAMW) respectively for 2hours exposure .Moreover, 

exposed cells became more sensitive to the tested antibiotics compared to control. Significant ultra-structural 

changes occurred as observed by TEM which indicated morphological changes. It will be concluded that, the 

use of 0.8, 0.5 Hz QAMW in controlling the biological activity of S.aureus and E.coli respectively seems to be a 

new and promising medical activity. 
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I. Introduction 
In the modern society, greater use of technologies leads to increasing exposure to extremely low-

frequency electromagnetic fields ((ELF-EMFs) generated by structures and appliances such as power lines and 

ordinary devices used inside house and work places. As consequence, the effects of ELF-EMFs on the 

biological functions of living organisms represent an emerging area of interest with respect to environmental 

influences on human health. In latest years, several studies have been performed to verify direct effects exerted 

by ELF-EMF on cell functions. Although results have been somewhat controversial, a variety of cell responses 

have been observed involving proliferation and differentiation [1,2], gene expression [3,4], modulation of the 

membrane receptors functionality [5,6], apoptosis [7,8], alteration in ion homeostasis [1,9,10,11,12], and free 

radicals generation [13,14,15]. 

Bacteria have also been used in the studies with ELF-EMF [16,17]. In particular, it has been 

demonstrated that ELF-EMF can negatively [18, 19, 20, 21, 22] or positively  [21, 23, 24, 25, 26] affect 

functional parameters cell growth , viability and bacteria antibiotic sensitivity depending on physical parameters 

of the EMFs (frequency and magnetic flux density) applied, the time of the exposure, and/or the type of bacteria 

cells used. 

The use of physical means as an aid for modern medicine in the continuous battle against pathogenic 

microorganisms holds new prospects that only recently have begun to be widely recognized. Light sources of 

various types are being used for photodynamic therapy in dentistry and dermatology [27, 28, 29].Ultrasound 

waves are used for human  dental plaque removal [30] and, in combination with antibiotics,  for the eradication 

of bacterial biofilms in vitro and in vivo [31, 32, 33, 34].  

Antimicrobial resistance is a public health threat, which is being caused by inappropriate use of anti-

infective drugs in human and animal health as well as food production, together with inadequate measures to 

control the spread of infections [35]. Because the use of an antibiotic inevitably selects for resistant microbes, 

there is a continuing need for new drugs to combat the current generation of resistant pathogens [36]. Frequent 

misuse of antibiotics leads to bacterial evolution to Multidrug-Resistant Strains (MDR), spreading in human 
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populations. Therefore, considerable efforts have been made towards the development of alternative method for 

the treatment of bacterial infections. 

Over the last few years, bacteria were subjected to many experimental procedures to evaluate how such 

unicellular systems may be controlled by EMFs [37,38,39,40,41] However, the medical application of the 

majority of this work is quite limited due to the need of very high field strengths of several KV/cm and very 

high temperatures. Recently, the efforts were devoted to control cellular activities using electromagnetic waves 

of very low field intensity and frequencies which resonates with bioelectric signals generated during a particular 

metabolic activity. These trials succeeded to control the growth of Ehrlich tumors in mice [42, 43] and fungi 

[44] .In this study, a trial was made to find out the resonance frequency of the electromagnetic waves that can 

inhibit the activity of bacteria and its ability to make division, as well as to investigate the changes that may 

occur at the molecular level as a result of exposure to ELF-EMFs. 

The use of an additional physical means, weak electric currents, to inhibit bacterial growth was 

suggested by Rosenberg et al. [45], who observed that electrolysis resulted in the arrest of Escherichia coli cell 

division. Further investigation of this phenomenon revealed that transition platinum complexes produced at the 

platinum electrodes during electrolysis were responsible for the bacterial growth inhibition.  

In the years to follow, it was demonstrated that low-intensity electric currents,  mostly direct current 

(DC) [46,47,48,50,51],as well as alternating electric fields of as much as 10 MHz [52,53], can enhance the  

efficacy of antibacterial agents  against  bacterial biofilms. In all of these studies, the electric currents were 

generated using conductive electrodes, allowing for the formation of metal ions and free radicals at the electrode 

surface these products are toxic to human cells, and therefore the use of such electric currents was limited. We 

have therefore attempted to investigate the possible influence of ELF-EMF on growth and antibiotic sensitivity 

of reference strains. To this end, we exposed E. coli and S.aureus to SAMW at resonance frequency. These 

representative strains were chosen as examples of well-characterized Gram-negative bacteria, widely distributed 

in the environment and clinically relevant in nosocomial infections. Therefore, we evaluated the in vitro effect 

of electric fields on the metabolic activities of these. 

                    

II. Materials and methods 

 
Test strains and growth conditions 

          The S.aureus (ATCC# 25923) and E.Coli (ATCC# 25922) cells used in the present study were supplied 

by Ocology center in Damanhour, Egypt. Muller-Hinton broth (Becton Dickinson, U.S.A) and Muller-Hinton 

agar (Becton Dickinson, U.S.A) were used as a culture media. Muller-Hinton broth contains beef extract 

powder, and acid digest of casein, and soluble starch. Muller-Hinton agar contains agar in addition to the above 

reagents mentioned in Muller-Hinton broth composition [54, 55]. All other reagents used were of the purest 

grade commercially available. All strains were grown in Liquid Broth (LB) medium (1.0% Bacto tryptone, 0.5 

% yeast extract,  1.0%  NaCl). Broth  cultures  of freshly plated  bacterial  strains  were grown in 3ml of 

liquid medium at 37°C for 16 h in an orbital shaker (220 rpm; New Brunswick Scientific, NJ) and diluted  in 

fresh  LB broth to a predetermined absorbance at  600nm (Biowave cell density meter; WPA, United  

Kingdom), which yielded the desired Cfu/ml. 

Exposure Facility System 

          Fig.1. indicates sketch diagram for synthesized function generator of the exposure facility of the bacterial 

culture, Samples of E.Coli and S.aureus were exposed to different modulating frequencies of Square Amplitude 

Modulated Waves (SAMW). The modulating waveform was square. The carrier and modulating carried wave 

were generated by synthesized arbitrary function generator type DS345 manufactured by Stanford Research 

System. The amplitude of the wave carrier was 10Vpp and the modulating depth was ±2V. Electric field 

strength at the samples was about 200 V/m. The samples in autoclaving tube were exposed to the AMW through 

two parallel cupper disk electrodes, each of diameter 8 cm and the distance between two electrodes 1.5 cm. 

During our trials to find out the resonance frequency of the modulating waves, samples were exposed for 60 min 

(The test exposure time) to each frequency. After finding the resonance frequency a trial was made to evaluate 

the most effective exposure time. 
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Fig.1. sketch diagram for electric exposure facility system. 

 

Growth curves of bacterial cells  

 

          Bacterial growth was determined via two by two methods the first for measuring absorbance and the 

second by counting colonies developed on agar plates (standard plate count).To study the bacterial growth, 

standard calibration curve was plotted between the absorbance of the samples at 600 nm (using clean broth 

medium as reference sample) [56] and the concentrations of the cells (Cfu/mL) as determined by plate counting 

technique [57]. The optical density was chosen at 600nm (OD600) because this wave length is preferable to UV 

spectroscopy when measuring the growth over time of a cell population because at this wave length, the cells 

will not be killed as they would under too much UV light, the absorbance of the samples was measured through 

the use of a spectrophotometer model (UV/visible spectrophotometer LKB-Nova spec, made in England). In this 

technique, appropriate dilutions of the bacterial cells were used to inoculate nutrient agar plates.  Inoculated 

plates then incubated at 37
0
C for 24hr. By counting the number of colonies developed after incubation and 

multiplying it with the dilution factor the number of cells in the initial population was determined with Cfu /ml, 

Pipette 0.1mL from the sequence of dilutions onto plate count Agar using the spread plate method. When the 

surface of the plate count agar becomes dry, invert the plates and incubate at 37°C for 24hours then count all 

plates which contained 20 to 300 colonies and calculate the total plate count per ml. 

Application of electric field to bacteria 

 

          Overnight bacterial cultures were diluted in fresh LB broth to an optical density (OD) 

corresponding to bacterial counts of 1×107Cfu/ml. A broth subculture was prepared by inoculating a test 

tube containing 5ml of sterile nutrient broth of pH 7.1 with two single colonies of bacteria from nutrient agar 

Plate, followed by incubation at 37°C for 24 h. Standard inoculums was used to inoculate 500 ml screw-capped 

flasks containing 150 ml of sterile nutrient broth to reach a final concentration of 10
6
Cfu/ml. The cultures were 

then incubated at 37°C, but the incubation was interrupted each one hour, as sample was taken for absorbance 

measurement (using sterile broth medium as reference) at wavelength 600 nm using a spectrophotometer model 

(UV/visible spectrophotometer LKB-Nova spec, made in England), and the concentration of cells (number of 

cells Cfu/ml) was determined by plate counting technique [57] and appropriate dilutions of the bacterial cells 

were used to inoculate nutrient agar plates. 

          Inoculated plates were then incubated at 37
°
C for 24 h by counting the number of colonies developed after 

incubation and multiplying it with the dilution factor the number of cells in the initial population is determined 

with Cfu/ml. Each experiment was repeated three times and the average was considered. The culture was left to 

grow of E.Coli & S.aureus then a part of the sample was taken to mix with clean broth medium. After mixing 

process (time t=0 h) the new culture was divided into eleven groups, one control, the others were exposed to 

SAMW for different frequencies in the range 0.1 to1 Hz in steps of 0.1Hz for 60 min (the test exposure time) in 

order to determine the resonance  frequency of growth inhibition. The morphological changes of control group 

and group exposed to 0.8 Hz square electric pulse (resonance frequency will be discussed latter in more details) 

have been determined using transmission Electron Microscope (TEM). The bacterial samples were prepared for 

imaging by the TEM through some processing [58].TEM investigation was done in TEM unit, Faculty of 

Science, Alexandria University. 
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Growth curve of bacterial cells treated with electric field 

To study the growth curves of bacterial cells exposed to electric field at resonance frequency, Muller–

Hinton broth was used, and the bacterial cell concentration was adjusted to 106 Cfu/ml [59]. Each culture was 

incubated in a shaking incubator at 37oC for 24 h. Growth curves of bacterial cell cultures were attained through 

repeated measures of the optical density (O.D) at 600nm using a spectrophotometer model (UV/visible 

spectrophotometer LKB-Nova spec, made in England), and the concentration of cells (number of cells Cfu/ml) 

was determined by plate counting technique and appropriate dilutions of the bacterial cells were used to 

inoculate nutrient agar plates. Inoculated plates were then incubated at 37°C for 24h by counting the number of 

colonies developed after incubation and multiplying it with the dilution factor the number of cells in the initial 

population is determined with CFU/ml [60].  

 

Transmission electron microscopy (TEM) 

A log phase culture of S.aureus & E.Coli in Mueller–Hinton broth was split into 1.5 mL aliquots. The 

cells were collected by centrifugation (10000 rpm, 5 min) and suspended in peptone water. Six samples were 

prepared; two untreated, two treated with SMAP29 (4lg/mL) and two treated with OaBac5mini (64 lg/mL). The 

samples were incubated at 37oC for 1h. The cells were collected by centrifugation (10000 rpm, 5 min) to 

remove the peptone water. To fix the cells, 2% glutaraldehyde in 0.1 M cacodylate was added and the samples 

were incubated at 4oC for 1 h. The cells were collected by centrifugation (10000 rpm, 5 min) and washed twice 

with 0.1 M phosphate buff er. To postfix the cells, 1% osmium tetra oxide was added and the samples were left 

at room temperature for 1 h. The samples were dehydrated with graded ethanol solutions (30% ethanol for 10 

min, 60%ethanol for 10 min, 90% ethanol for 10 min, 100% ethanol for 10 min, 100% ethanol for 1h), 

embedded in Procure 812 resin and left to polymerise (over the weekend). From each sample 10 thin slices 

(approximately 100 nm) were cut with a diamond knife and stained with uranyl acetate and lead citrate on grids. 

Each of these sections was examined with a Philips EM201 80 kV Transmission Electron Microscope and 

images were taken with a 35-mm camera [61, 62]. 

 

Antibiotic susceptibility test (AST) 

S.aureus and E.Coli bacterial cells were tested for their in vitro susceptibility to various antibiotics 

using the agar diffusion method. The antibiotics used in this study were chosen to represent different modes of 

action. These discs were Amicacin [AK(30µg)], Ampicillin [AMP (10µg)], Ceftriaxone [CRO (30µg)], 

Cefuroxime [CXM (30µg)], Ceftazidime [CAZ (30µg)], Amoxicillin/Clavulanic acid [AMC (30µg)], 

Ampicillin-Sulbactam [SAM(30µg)] and Cefazolin [KZ (30µg)] which inhibit cell wall synthesis. Also, 

Ciprofloxacin [CIP (5µg)], Ofloxacin [OFX (5µg)], and Norfloxacin [NOR (10µg)] which are inhibitors for 

bacterial DNA, in addition to [E (15µg)], and Chloramphenicol [C (30µg)] which are inhibitors for proteins. 

After plate inoculation and incubation at 37oC for 24 h, the diameters of the inhibition or stimulation zone of 

exposed and unexposed cells were measured in mm. 

 

Statistical analysis 

All experiments were repeated at least three times and the statistical significance of each difference 

observed among the mean values was determined by standard error analysis. The results were represented as 

means ± SD. Data from bacterial growth studies were compared using Student T-test and ANOVA analysis, the 

level of significance was set at p < 0.05, which was considered statistically significant [22, 23]. 

 

III. Results 
Survival Curve of bacteria 

          Fig.2a,b. indicated the variation of the number of microorganisms of S.aureus and E.Coli respectively in 

CFU / ml as a function of the sample absorbance measured at 600 nm. The results show linear dependence of 

the absorbance on the number of microorganisms in count /ml. 

 

          Fig3a,b. illustrates the growth characteristic curve for control S.aureus & E.Coli bacteria. From the plot it 

is clear that the lag phase ended at 5hr followed by the exponential growth period started after 6h and ended at 

9hr followed by the stationary phase for two microorganisms 
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Fig.2a,b.Calibration curve between the number of bacteria (cells/ ml) and Absorbance at 600nm for S.aureus 

(Fig.2a) and E.Coli (Fig.2b) respectively . 
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Fig3a,b. Growth characteristics curve for control bacteria S.aureus (a) and E.Coli(b)  . 

 

 

Growth characteristics curve for control and exposed bacteria 

          The growth curve for S.aureus & E.Coli was measured for different samples after the exposed to SAMW 

for a period of 60 min (the test exposure time) at different amplitude modulating frequencies. This experiment 

started with a pilot study where the frequency of the applied electric waves was changed to cover the frequency 

ranges from 1.0 to 50 Hz in steps of 5 Hz. There was no change in the growth curve for the samples exposed to 

SAMW in the frequency range from 1.0 to 50Hz for two microorganisms. The change of absorbance at 10 hr 

incubation time with respect to control as a function of SAMW frequency in the range 0 Hz up to 1.0 Hz is 

shown in Fig.4a,b 

 

 
 

 
Fig.4a,b. Changes in the absorbance post 10 hr incubation with respect to control as a function of frequency for 

S.aureus (a) & E.Coil (b) respectively . 
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control was significant (p<0.05).The concentration of the samples in (Cfu/mL) was calculated and given in 

Table (1). It is clear from the table that the population intensity of the bacterial sample at the stationary phase 

has been reduced for sample exposed to resonance frequency for two microorganisms as compared with control. 

The difference from control was highly significant (p<0.001). 

 

Table.1 Concentration of S. aureus and E.Coli  in (cfu/ml) before and after exposure to 0.8, 0.5Hz SAMW 

respectively. 

 
 

Effects of exposure time 

In this experiment the effect of exposure time on the growth characteristics of the microorganisms was 

done. The samples were exposed continuously to 0.8, 0.5Hz SAMW for the assigned periods for S.aureus and 

E.Coli respectively. Fig.5,6 revealed to viable count of S.aureus and E.Coli received continuous exposed to 

resonance frequency for different periods. The results show that as the exposure time increase, the inhibition 

effect of the bacterial culture increase (the maximum inhibition effect occurred at 120 min exposure) for 

S.aureus and  E.Coli. The difference from control was very high significant (P < 0.0001). 

 

 
Fig.5. Viable count of S.aureus received continuous exposed to 0.8 Hz SAMW for different periods 

 

 

 
Fig.6. Viable count of E.Coli  received continuous exposed to 0.5 Hz SAMW for different periods 
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Effect of electric field on the Sensitivity of Bacteria to the Antibiotic 

Fig 7 & Fig 8. Shows Histograph of inhibition zone diameter for S.aureus and E.Coli bacterial sample 

for unexposed and exposed to 0.8, 0.5Hz SAMW for 120 min respectively. In Table.2 & Table.3. Indicates the 

antibiotic sensitivity test results of bacteria which are tabulated for both control and exposed samples to 0.8, 

0.5Hz SAMW for 120 min. In this test 15 different antibiotics having different biological actions on the 

microorganisms. 

 

 
Fig.7. Histograph of inhibition zone diameter for S.aureus sample unexposed and exposed to 0.8 Hz SAMW for 

120 min respectively. 

 

 
Fig.8. Histograph of inhibition zone diameter for E.Coli unexposed and exposed to 0.5 Hz SAMW for 120 min 

respectively. 
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Table.2 Antibiotic sensitivity of E.Coli before and after exposed (Mean inhibition zone diameter in mm). 

 
Antibiotics Before treated treated  

Cell wall inhibitors 

AMP 10 8 

CRO No inhibition zone 8 

CXM 8 8 

AMC No inhibition zone 8 

AK 8 8 

SAM 8 9 

KZ 8 8 

CFR 0 8 

Protein inhibitors 

C 20 20 

E 27 26 

DNA  inhibitors 

NOR 27 36 

CIP 29 29 

OFX 26 26 

 

 

Effect of EF on the ultra-structure of bacterial cells 

Fig.9 depicts the TEM images for the ultra-structure it is clearly shown in Fig.9a. for control S.aureus 

this photo agreement with sahar, et al [63]in which the cell membrane smooth, The untreated S. aureus cells 

appears a dark area where the sample had a high electron density. retained their coccal morphology and the 

appearance of peptidoglycan layer and cytoplasmic membrane,   but the morphological investigation after 

exposure to 0.8Hz SAMW Fig.9.from b to d, it turned significantly rough, the coccoidal shape of treated 

S.aureus with 0.8Hz SAMW was lost and not preserved and deformations/identations of the cell surface can be 

observed, this is an indicator  for cell death is the result of the extensive loss of cell contents, the exit of critical 

molecules and ions, or the initiation of autolytic processes [64] 

From the TEM images, it is particularity that S.aureus cells were killed by using 0.8 Hz SAMW. The 

morphological changes of E.Coli bacterial cells were observed by TEM. Fig.10a revealed the TEM of untreated 

E.Coli which shows normal structure of cell membrane but E.Coli exposed to 0.5 Hz SAMW electric field 

(Fig10b,c,d) showed several cells with a roughness of the cell surface can be observed. This increase in 

roughness and amorphous mass could be associated with the perforation of the cell wall with release of 

intracellular material and subsequent cell wall deformation and cell wall thickening [65].Disruptions with 

release of intracellular material associated to E.Coli cells losing their cytoplasm (empty and flaccid cells) were 

also observed. Cell ghost is an empty intact cell envelope structure devoid of cytoplasmic content including 

genetic material. The distortion of the physical structure of the cell could cause the expansion and 

destabilization of the membrane and increase membrane fluidity, which in turn increases the passive 

permeability and manifest itself as a leakage of various vital intracellular constituents, such as ions, ATP, 

nucleic acids, sugars, enzymes and amino acids. Cell wall perforation with release of significant intracellular 

components, projections of the cell wall and release of membrane vesicles were observed. Accumulations of 

membranous structure in the cytoplasm of the biocides treated cells, and there is granularity with regions where 

DNA fibrils are evident. Also coagulate material were seen inside the treated cells. The light area show where 

the sample had a low electron density, extrusion of the cytoplasmic content, disruptions with release of 

intracellular material and losing their cytoplasm changes took place in its membrane morphology that produced 

a significant increase in its permeability aff ecting proper transport through the plasma membrane, leaving the 

bacterial cells incapable of properly regulating transport through the plasma membrane, resulting into cell death. 

It is observed that electric field have penetrated inside the bacteria and have caused damage by interacting DNA. 
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Fig.9. internal structure of S. aureus observed by TEM. (a) Untreated bacteria.  Images from (b to d) represent 

treated cells of S.aureus exposed to 0.8 Hz SAMW electric field. 

  

 
Fig.10.  internal structure of E.Coli  observed by TEM. (a) Untreated bacteria.  Images from (b to g) represent 

treated cells of E.Coli  exposed to 0.5 Hz SAMW electric field. 

IV. Discussion 
In this study, a new method for controlling the growth of S.aureus and E.Coli by using ELF-EMFs was 

studied. The main objective of this work was to find out the frequency of the ELF-EMFs that resonates with the 

bioelectric signals generated from microbe during cell division and studying the changes that may occur in its 

cell membrane structure. 

In the present work a new method for controlling the growth of S.aureus and E.Coli by using 

electromagnetic therapy was studied, S.aureus and E.Coli was chosen to be model of study for many reasons, 

their rapid growth rate, its widely distributed in the environmental and pathogenic microorganism which is a 

series disease difficult to be treated with conventional drugs because the multiple drug resistance (MDR) 

problem as well as the side effects of the used antibiotics. 

Biological systems, in vivo, generate electric currents and signals associated with magnetic signals, 

resulting from the running physiological mechanisms. In these mechanisms, ionic current loops are involved 

which are responsible for all bioelectric signals generated. The form, frequency and amplitude of the resulting 

bio-electric signals are specific and characterize the running physiological processes. Resonance interference 
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between two EM Waves can occur when two waves of the same frequency superimpose and the resultant is the 

algebraic summation of the two waves. 

Based on this understanding, an applied EMW can interfere with bioelectric signal when they are in 

resonance and the resultant is the net summation of the two waves which may cause either enhancement or 

inhibition of the running physiological process   

The present findings indicated that there is a destructive resonance interference of the applied square 

wave at 0.8 Hz for S.aureus and 0.5 Hz for E.Coli (Figs 4a,b) with the bioelectric signals generated during the 

microbial cellular division. The application of these waves may cause the deflection of the ions involved in the 

mechanism from their normal pass ways for cellular division, and hence caused the deterioration of the process. 

The difference between the percentage of inhibition in cellular division of exposed bacterial cells as 

measured by absorbance and viable plate counting techniques may be due to the fact that counting of microbial 

cells reflects real number of active micro-organism, while the absorbance technique did not differentiate 

between dead, inactive or active cells. Exposure of the microorganism to this frequency for two hours gave the 

maximum inhibiting effect for the microbial cellular division. The exposure to this frequency and for two hours 

caused both cellular membrane damage (as noticed from the TEM). 

Based on the Metabolic Bio-magnetic Resonance Model (BMRM) suggested by Fadel [66], to control 

physiological functions in biological systems, it is necessary to apply an electric impulse that resonates with the 

bioelectric signals generated during the specific metabolic activities process that interferes. The resultant of the 

interference is the algebraic summation of the two waves which may be instructive and destructive, i.e. 

enhancement or inhibition respectively for the running process [67].The bioelectric signals generated during 

metabolic activities of cells are known to be in the extremely low frequency range [67].  

The difference between the percentage of inhibition in cellular division of exposed bacterial cells as 

measured by absorbance and viable plate counting techniques may be due to the fact that counting of microbial 

cells reflects real number of active micro-organism, while the absorbance technique did not differentiate 

between dead, inactive or active cells. As can be noticed from the TEM photos the effect of the exposures of the 

microorganisms to the resonance frequency QAMW in the rupture of the microbial cellular membrane which 

caused the release of the intercellular constituent for flow of ions to inside the cells these ions may cause some 

sort of chemical recombination with the DNA which results in the measured molecular alterations. 

The biological cellular membrane is composed of phospholipids bilayers molecules imbedded in 

between protein molecules (intrinsic and extrinsic), the effect of exposures to resonance frequency QAMW may 

cause the disturbance of the intermolecular forces between the macromolecules forming the cellular membrane, 

and hence it’s packing properties. All there may result in the formation of concentrated intermolecular forces 

that result in the formation of a phenomenon like islands which may lead to the cellular membrane rupture. 

Since biological cellular membranes are constructed of phospholipid bilayer macro-molecules in addition to 

protein molecules imbedded over and within the surface of the membrane, one may say that the highly 

significant increase in the electric charges are mainly due to changes in the charge distribution upon the protein 

molecules of the cellular membrane which can be indicators for structural changes in the cellular membrane. 

It will be concluded that exposure of S.aureus to 0.8 Hz  and E.Coli to 0.5 Hz QAMW caused changes 

in the structure properties of the protein synthesis which may affect the metabolic activity of the micro-organism 

and hence cell to cell communication. These analyses are supported by the antibiotic sensitivity test which is 

inhibitors for cell wall. This result indicates that the effect of 0.8 Hz AMW on the microbe is not only the 

inhibition of the cellular division of a 95% but also its activity for excreting toxins. This analysis seems logic 

since the exposure of the microbe in vitro caused apparent changes in the inter constituents of its cell as shown 

on by TEM. This results leads to a promising future of the finding vaccine for infection with S.aureus. 

 

V. Conclusion 

It may be concluded from the present findings that  

 The new method applied in this work seems successful for the treatment of the infections with S.aureus and 

E.Coli. 

 The advantage of this technique eliminating the side effects of treatments with antibiotics as being 

nondestructive,  non-expensive,  safe  and fast,  where  only  120 min  are  needed  for  the exposure  of  the  

infected   to  stop  the microbial  activity  and  to  avoid  secondary  harms used  by  prolonged  treatments  

with  antibiotics and health complications that follow treatments.. 

 The present findings can lead to smiling future promisis of the preparation of finding a vaccine for the 

infections of S.aureus and E.Coli 

 It has the advantages over the running treatments of being non-invasive, fast, safe and non-expensive and 

can be used for the treatment of human infections, pasteurization and sterilization of food products. 

However, we still have some running work on the application of this technique in in vivo studies to evaluate 

its applicability for medical treatments of infection with S.aureus and E.Coli. 
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