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Abstract Intermediate frequency and low intensity static electric field have been developed for
non-invasive cancer therapy nowadays. The evaluation of the vital organs, one of which is kidney
and liver, is necessary for pre-clinical safety assessment. This research aimed to evaluate the
effect of the intermediate frequency (150 kHz) and low intensity (18 Vpp) static electric fields in
kidney tissue of rats induced by DMBA (7,12-Dimethylbenz [a] anthracene). This study was
carried out in breast tumor models using Sprague Dawley (SD) rats induced with 7,12-
Dimethylbenz [a] anthracene (DMBA) by 20 mg/kg body weight of dose ten times over five weeks.
Twenty-four rats were divided into four groups, namely: Non-induction Non-therapy (NINT), Non-
Induction Therapy (NIT), Induction Non-Therapy (INT), and Induction Therapy (IT) groups. Static
electric field therapy is carried out for 10 hours (resting 2 hours after 5 hours exposure) per day
using the Electro-Capacitive Cancer Therapy (ECCT) individual enclosure for 21 days. The blood
samples were collected before and after therapy for AST, ALT, and Creatinine measurement. The
samples of liver and kidney were processed using Paraffin Method and Hematoxylin-Eosin
Staining for histopathological observation. The histopathological score was determined using the
ordinal method and post-examination masking. This study reveals that the 150 kHz and 18 Vpp
static electric field therapy doesn’t significantly induce histopathological injuries on the liver and
the kidney. Furthermore, it also does not have a negative impact on the creatinine, AST, and ALT
levels of blood plasma.

Keywords: Static electric field, liver, kidney, histopathology.

Introduction

Breast cancer becomes the most common cancer case along with lung cancer, and it dominates the
cancer case in women in 2018 [1]. The alternative cancer therapies using electric field exposure have
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been widely developed and show encouraging results on inhibiting the growth and spread of cancer cells
[2]-[4] with the induction of cytotoxic T cells and has a potency in wound healing [5] Moreover, several
studies showing that electric field exposure for cancer therapy may bring some negative effects on other
organs, but it still a way less harmful compared to chemotherapy [6]-[8].

In Indonesia, a 100 kHz and 18 Vpp non-contact static electric field therapies have been developed and
have a positive effect on inhibiting the growth of cancer cells [3], [9]. In this study, we increased the
frequency of static electric field up to 150 kHz for the DMBA-induced breast tumors model of rats. The
safe use of these higher frequencies needs to be studied on other organs to determine their side effects.
Therefore, this study aimed to know the effect of the intermediate frequency (150 kHz) and low intensity
(18 Vpp) static electric fields in kidney and liver tissue of rats induced by DMBA (7,12-Dimethylbenz [a]
anthracene).

Materials and Methods

Ethics

This study was performed using an experimental procedure approved by the Ethical Clearance
Committee of Integrated Laboratory for Research and Testing of Universitas Gadjah Mada with ethical
clearance number: 00029/04/LPPT/2018

Specimens

Twenty-four 5-weeks-old female Sprague Dawley rats (Rattus norvegicus, Berkenhout 1769) with 50-80
gram of weight were used in this study. The rats were acclimatized in polypropylene cages for one week
with a controlled environment. The rats were divided into four groups based on a combination of DMBA
induction treatment and static electric field therapy. They were NINT (Non-Induction Non-Therapy), NIT
(Non-Induction Therapy), INT (Induction Non-Therapy), and IT (Induction Therapy).

Tumor Induction

The INT and IT groups were orally administered with 20 mg/Kg BW of dose DMBA (7,12 dimethylbenz
[a] anthracene) for breast tumor induction. The DMBA administration was done ten times for five weeks.
Subsequently, tumor nodules development was observed by palpation until they reached 1 cm of
diameter. The NINT and NIT groups were only given corn oil as a DMBA solvent.

Static Electric Field Therapy

The NIT and IT groups were exposed to 150 kHz and 18 Vpp non-contact static electric fields for 10
hours per day for 21 days. The rats were left to rest for 2 hours after 5 hours of exposure. The static
electric field therapy was started after the tumor nodules of IT groups reached 1 cm of diameter. The
NINT and INT groups were only put into treatment cages without turning it on. The rats were fed with
cucumber during the therapy period as a substitute for drinking water.

Blood sample collection

The blood samples were collected before and after therapy. The rats were anesthetized by intramuscular
injection of ketamine (70 mg/kg of body weight) to blood sample collection. The blood was drawn through
the orbital sinus using microhematocrit and collected in a microtube that previously added with EDTA.
The blood was then centrifuged at 5000 rpm for 10 minutes to separate plasma and blood cell
components. The plasma was subsequently used for creatinine, Alanine Transaminase (AST) and
Aspartate aminotransferase (ALT) analysis.

Creatinine, AST, and ALT analysis

The measurement of creatinine, AST, and ALT were performed by spectrophotometry using kits provided
by Diasys (Holzheim, Germany) complying with the manufacturer's protocols. The absorbance
measurements were performed with a 492 nm of wavelength for creatinine measurement, and 340 nm
of wavelength for both AST and ALT measurements. The data were analyzed in SPSS using
ANOVA(a=0.05) and Tukey test (p<0.05).

Histopathological studies of Kidney and Liver

The rats were euthanized using an overdosed intramuscular injection of ketamine (150 mg/kg of body
weight). The left kidney and one of the liver lobes of all groups were collected by necropsy and
transversally incised into 3-5 mm of thickness. Afterward, the samples were then fixed with Neutral
Buffered Formalin (NBF) and processed using the paraffin method and Hematoxylin-Eosin staining
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procedure adapted from Bancroft and Cook Protocols [10] with some adjustment.

Histopathological conditions of the kidney and liver were examined and captured under a Leica DM750
photomicrographic microscope. The histopathological scoring was done using post-examination
masking combined with ordinal scoring method [11]. The scoring system of the kidney included
glomerular injury, tubular injury, interstitial injury, and congestion (Table 1), while the scoring system of
the liver comprised cellular injuries, hemorrhage, and congestion (Table 2). The results of
histopathological scoring were statistically analyzed in SPSS using the Kruskal-Wallis test which then
proceeds to the Mann-Whitney test (0=0.05).

Table 1. The histopathological scoring system of the kidney

Category

(7]
(2]
o
=
o

Injury

Glomerular

No injuries

Thickening of Bowman capsule

Retraction of the glomerular tuft

Glomerular fibrosis or glomerular segmentation

Interstitial

No injuries

Inflammation and/or hemorrhage

Inflammation and/or hemorrhage with necrosis in tissue less than 25%

WIN|=~O|WIN|~|O

Inflammation and/or hemorrhage with necrosis in the tissue between
25%- 60%

Inflammation and/or hemorrhage with necrosis in tissue more than 60%

Tubular

No lesion

reversible injuries

reversible injuries with necrosis in tissue less than 25%

reversible injuries with necrosis in the tissue between 25%- 60%

reversible injuries with necrosis in tissue more than 60%

Congestion

No congestion

Congestion occupy less than 12,5 % of the area

Congestion occupy between 12,5% - 25% of area

Congestion occupy between 26%-50% of the area

BIWOIN 2O WIN I~ O

Congestion occupy more than 50% of the area

Table 2. The histopathological scoring system of the liver.

Category

(7]
(2]
]
=
o

Injury

Cellular

No cellular injuries

reversible injuries with necrosis in tissue less than 15%
reversible injuries with necrosis in the tissue between 15%-40%
reversible injuries with necrosis in the tissue between 41%-70%
reversible injuries with necrosis in tissue more than 70

Hemorrhage

No hemorrhage

Hemorrhage occupy less than 15% of the area
Hemorrhage occupy between 15-40% of the area
Hemorrhage occupy between 41%-70% of the area
Hemorrhage occupy more than 70 of area

AWIN=2ORWIN-~O

Congestion

Number of Congestion

Results and Discussion

Effect of 150 kHz And 18 Vpp Static Electric Field Exposure on Kidney

High-voltage electric field exposure may cause many cases of renal failure and myoglobinuria [12], [13].
However, the electric field exposure for cancer therapy, both static and dynamic, is adjusted to be low in
intensity and medium in frequency [3], [14]. We specifically set the non-contact static electric field device
to 150 kHz and 18 Vpp. We then examined the histopathological structure of the kidney to look for
deleterious effects.

A histological section of the kidney (Figure 1) reveals that the thickening of Bowman’s capsule is a
common injury found in the glomerulus. This thickening can also occur naturally due to aging, or to
ischemia [15]. In this study, the thickening of Bowman’s capsule might have been induced by nephrotoxic
activity of DMBA [16] and electric field exposure [7], [17]. The thickening may contribute to filtration
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leakage so that the proteins can escape to the filtrate [18]. Moreover, the filtration leakage may lead to
proteinuria if the excreted protein reaches = 3.5 g/d [19]. Nevertheless, the mean values of the
glomerular injury score (Figure 2) were not significantly different among the treatments. Accordingly,
neither DMBA induction nor electric field exposure are responsible for the glomerular injuries reported in
this study.

Interstitial injury, similar to glomerular injury, is not significantly induced by DMBA induction or static
electric field exposure, based on the mean value of interstitial injury score (Figure 2). However, some
injuries can be observed in the interstitial tissue. These include inflammation, hemorrhage, and necrosis
(Figure 1). Inflammation is characterized by interstitial cell swelling caused by leukocyte infiltration of
antibody aggregates [20]. By contrast, the existence of blood cells can identify hemorrhage in a tissue
or outside blood vessels [21].

The static electric field exposure and DMBA induction seem to have different mechanisms of tubular
injury. The proximal part of tubular ren is sensitive to toxin exposure and to hypoxemia/ischemia [19].
Ischemia is capable of causing changes in cell polarity, which result in vasoconstriction of afferent
arterioles , decreased glomerular filtration rate, and epithelial cell damage [22]. Hence, tubular injury will
always develop due to the high rate of reabsorption by renal tubules even in non-treated rats; exposure
of the rat to toxic substances amplify the injury. The tubular injuries of the kidney are dominated by cloudy
swelling in the case of reversible injury; and pyknosis in irreversible injuries (Figure 1). Cloudy swelling
is a reversible injury caused by an imbalance of ions in the cell, dilation of the endoplasmic reticulum or
Golgi body, or influx of excess sodium and water [23]. If the reversible injury persists and continues to
irreversible injury, it will continue to necrosis or cell death [19].

Based on the histopathological score of tubular injury (Figure 2), the DMBA induction harms renal tubules
wherein the INT group has the highest damage score and is significantly different to the IT group. This
result demonstrates the nephrotoxic effect of DMBA to the renal tubules. DMBA interacts with genetic
material, such as DNA, and damages it, thus triggering necrosis or pyknosis[24]—[26].

On the other hand, static electric field exposure gives rise to decreasing tubular damage, as shown by
the significantly lowest tubular injury score of NIT treatment compared to the other treatments (Figure
2). The static electric field therapy possibly provides compensatory tissue repair of the damage caused
by DMBA. It may even give a better outcome for a control rat. The static electric field therapy can improve
kidney function by increasing circulation and suppressing sympathetic reactions if applied using high
tone electrical muscle stimulation (HTEMS) in acute kidney damage or acute kidney injury (AKI) [27].
Moreover, the electric field exposure can improve perfusion to the tissues and accelerate wound healing
[28], and this will decrease the ischemic condition that can induce cell swelling and necrosis [29], [30].

The histopathological score of congestion demonstrates an almost similar condition with tubular injury
(Figure 2). The DMBA induction is significantly upsurged the congestion while the electric field exposure
potentially reduces the congestion for the NIT group. Several studies using microcurrent electricity [31]
and NMES (neuromuscular electrical stimulation) electricity [32] reveals that electric therapy is capable
of increasing blood circulation in the limbs. However, when it comes to the combination of DMBA
induction and static electric field therapy, the congestion becomes much more severe (synergic effect).
The respective roles of DMBA induction and static electric field therapy in promoting congestion cannot
be ascertained because the congestion score of the NIT group and INT group are not significantly
different. However, the sure things are DMBA may damage the endothelium [33], and heating due to the
electric field may cause congestion [34].
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Figure 1. Histopathological images of rat kindey sections. A. NINT (Non-Induction Non-Therapy); B, NIT (Non-Induction Therapy); C,
INT (Induction Non-Therapy); D, IT (Induction Therapy). TBC, thickening of Bowman’s capsule; CS, cloudy swelling; P, pyknosis; Hem,
hemorrhage; Kx, karyorrhexis; ES, epithelial sloughing; P, pycnosis; In, inflammation; Co, congestion.
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Figure 2. Histopathological score of rat kidney. NINT, Non-Induction Non Therapy; NIT, Non-Induction Therapy; INT, Induction Non-
Therapy; and IT, Induction Therapy. *Statistically significant differences between treatment groups on each row/category (Mann-Whitney
test; a=0.05).

We investigated creatinine levels for each treatment group at pre and post-treatment, as the results can
be seen in Figure 3. We also measured creatinine levels in non-treatment rats, the baseline group, of
which blood was collected with other groups. Creatinine is formed through the process of creatine and
phosphocreatine breakdown derived from muscle tissue and brain [35]. Moreover, the creatinine levels
can rise due to impaired kidney function [36]. Hence, the creatinine levels will be able to depict the kidney
function after being treated with DMBA induction or/and static electric field exposure.

The mean value of the creatinine level in the baseline group did not increase significantly, of which pre-
treatment and post-treatment results are 0.4 mg / dL and 0.45 mg/ dL, respectively. All treatment groups,
except the IT group, exhibit a significant increase in the creatinine level from pre-treatment to post-
treatment. The mean value of creatinine levels of NINT, NIT, and INT creatinine levels ranged from 0.32
to 0.34 mg / dL at pretreatment and increased to the range of 0.51 to 0.59 mg/dl at post-treatment. The
increase of creatinine levels can be caused by impaired function of the nephron in the kidneys, especially
in the glomerulus. Consequently, it will lead to blood filtration interference resulting in the lessening of
metabolic filtration in the blood, one of which is creatinine. The damage is allegedly due to ROS
escalation in blood plasma. The ROS can harm cells in the glomerulus by altering the membrane
structure, cytoplasm and nucleus biochemical compounds namely lipids, proteins, and nucleic acids ©.
For the NINT group, the increase of creatinine levels can be caused by muscle activity due to stress
conditions that may appear on treatment since the variation of muscle mass and activity can affect the
creatinine levels [37].

In contrary to the other groups, the IT group experienced a significant decrease in the mean value of
creatinine level from 0.55 mg / dL at pre-treatment and 0.34 mg / dL at post-treatment. It is possibly
caused by the continuous effects of DMBA induction with the different time intervals related to nodule
growth as a starting point for therapy. This corresponds to the fact that DMBA metabolism increases
ROS levels in the body through the enzymes CYP1A1, 1A2, and 1B1 [38].

However, based on comparisons between treatment groups, the mean value of creatinine levels in each
group do not demonstrate significant differences. Moreover, when referring to the normal range of rats
creatinine levels [37], the increase of creatinine levels in all treatment groups is still within the normal
range. Therefore, it can be said that static electric field exposure does not have an adverse effect on
kidney function.
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Figure 3. Level of creatinine in blood plasma before (pre) and after (post) exposure to non-contact electric fields. NINT: Non-Induction
Non-Therapy); NIT: Non-Induction Therapy, INT: Induction Non-Therapy, and IT: Induction Therapy. Normal range of plasma creatinine
concentration on rat is 0.3—1.0 mg/dL [37]. *Significant differences between treatment groups on each row/category (ANOVA; a=0.05
and Tukey test; p<0.05).

Effect of 150 kHz and 18 Vpp Static Electric Field Exposure on Liver

Histopathological image (Figure 4) and score (Figure 5) of the liver illustrate the insignificant difference
of 150 kHz and 18 Vpp static electric field and DMBA induction effect on the cellular injury of rat liver. All
groups share the close mean value of cellular injury score among them. The NIT group demonstrates
the highest necrosis although the degree of necrosis is not significantly different compared to the other
groups. This has possibly happened since a low-frequency electric field therapy (50 Hz) for ten weeks is
able to cause abnormalities in rat liver function due to increased oxidative stress [39]. The same condition
is also shown by a 900 MHz electromagnetic field exposure and even several diseases in humans such
as fatigue, headaches, decreased learning ability, and cognitive impairment, can be triggered by this
electromagnetic field exposure [40]. Nevertheless, the cellular injury caused by the static electric field is
still in a reasonable range since it is not significant from the NINT group.

The DMBA induction appears to have a significant role in inducing hemorrhage on rat’s liver. Endothelial
cells of blood vessels are very sensitive to oxidative stress caused by DMBA induction [16]. This
condition may lead to blood extravasation, or commonly called hemorrhage, due to blood vessels injury
[19]. This condition also may contribute to the occurrence of congestion, although the DMBA induction
had the lowest congestion score compared to the other groups in this study.

The congestion score of the liver exemplifies the synergic effect of static electric field exposure together
with DMBA induction on escalating the congestion. The IT group shows the significantly highest
congestion score among all groups. The congestion is induced by blood vessels vasoconstriction,
reduced blood fluidity, increased blood concentrations and viscosity. As mentioned before, DMBA
induction provides oxidative stress that possibly induces vascular injury. Moreover, Mendel et al. (2013)
state that low-frequency (1-10 Hz) medium voltage (150V) electric field exposure for three hours can
give rise to blood vasoconstriction which will lead to congestion and if it is getting worse, hemorrhage
[41]. The DMBA induction, accompanied by static electric field exposure, will have a cumulative effect
on making the congestion more severe.
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Figure 4. Rat liver histological sections. A, NINT (Non-Induction Non-Therapy); B, NIT (Non-Induction Therapy); C, INT (Induction Non-
Therapy); D, IT (Induction Therapy). N, normal; cs, congestion; kr, karyorrhexis; hr, hemorrhage; pn, pyknosis; ki, karyolysis.
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Figure 5. The histopathological score of rat liver. NINT: Non-Induction Non-Therapy, NIT: Non-Induction Therapy, INT: Induction Non-
Therapy, and IT: Induction Therapy. *Significant differences between treatment groups on each row/category (Mann-Whitney test;

0=0.05).

We also investigate the level of Aspartate aminotransferase (AST) and Alanine Transaminase (ALT) on
blood (Figure 6) for confirming the histopathological result. AST is an enzyme that catalyzes aspartate
transamination into alpha ketoglutarate to produce oxaloacetate and glutamate, while ALT is an enzyme
that transfers amino groups from alanine to a-ketoacid, such as a-keto glutaric acid, then subsequently
form pyruvate or other types of amino acids, usually glutamate [42], [43]. Furthermore, both enzymes
can be used as an indicator for a clinical diagnosis of liver diseases such as hepatitis, jaundice,
myocardial infarction, and even cancer when its activity increases sharply in the bloodstream [44]. AST
is not only found in the liver, but also heart, brain, and skeletal muscle tissues, even the increase of AST
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without ALT increasing indicate heart or muscle disease [45]. Hence, the AST analysis is usually carried
out together with ALT analysis, which is more concentrated in the liver.

The results of measurement of AST levels showed that there was a significant change in AST levels
between pre-treatment and post-treatment, both of which had increased or decreased. Nevertheless,
The value still in the normal range or close to the range of normal values, which is 45-154 U / L [43]. ALT
levels between pre-treatment and post-treatment also showed the same condition, but the post-treatment
ALT levels of all treatment groups exceed the normal range. The exceeded level of ALT might be related
to the acute stress condition that occurred due to the treatment. The acute stress can affect the liver
function [46], and since the ALT is more concentrated in the liver so that it will show a greater fluctuation
compared to AST.

AST levels in the baseline group were not significantly different from the NIT group and the IT group.
The INT post group and the IT post group have significantly different AST levels indicating that there was
a significant effect of treatment on rat blood plasma AST activity. It seems that there is a tendency in the
IT group to decrease AST levels from a slightly higher value back into the normal range. This
normalization also applies to ALT levels in the IT group, which demonstrate a decrease of mean value
after static electric field exposure on DMBA induced rats. The lower water, sodium, and potassium
content in cancer cells cause lower electrical resistance in cancer cells [47]. This lower electrical
resistance allows the static electric field to inhibit the formation of the spindle in cell division. Since the
spindle compiler protein subunits are charged compounds [48] so that the combination of static electric
fields with low cell electrical resistance can minimalize cell division of cancer cells resulting in decreasing
both AST and ALT levels in the blood. Thus, it can be said that exposure to static electricity in research
plays a role in decreasing the levels of AST and ALT in the blood of DMBA induced rats.

Meanwhile, the DMBA induction significantly increases both AST and ALT levels in rat blood. These
increases can be seen in the baseline group, which is significantly different from the INT group. The
DMBA works by releasing ROS (Reactive Oxygen Species) compounds. The presence of ROS in cells
may harm cell health and may lead to cell necrosis and release AST content into blood plasma [49].
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Figure 6. Level of AST and ALT in blood plasma before (pre) and after (post) exposure to static electric fields. NINT: Non-Induction Non-
Therapy, NIT: Non-Induction Therapy, INT: Induction Non-Therapy, and IT: Induction Therapy. The normal range of plasma AST activity
in rats is 45-154 U/L (according to [43]), while ALT activity is 5-40 U/L (according to [44]). *Significant differences between treatment
groups on each row/category (ANOVA; a=0.05 and Tukey test; p<0.05).

Conclusions

The150 kHz and 18 Vpp static electric field therapy do not significantly induce histopathological injuries
on the liver and the kidney. Furthermore, it also does not harm the creatinine, AST, and ALT levels of
blood plasma.
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