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Ionic Detoxification Reduces Obesity and Fatty Liver in Rats Fed a High-

Fat Diet
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Abstract

Background: lonic detoxification (ID) or ionic water bath treatment is a simple alternative method to improve
health but lacks scientific evidence. It is hypothesized that regular ID treatment can increase the excretion of toxic
molecules from the body and improve metabolic disorders including obesity.

Methods: To investigate the effect of ID treatment on high-fat diet-induced obesity and fatty liver, male Wistar
rats were fed a low-fat control diet, a high-fat (HF) diet, or a HF diet with ID treatment (3 times/week) for 11 weeks.
Triglyceride contents and fatty acid metabolic genes in perirenal adipose tissue and liver were determined.

Results: Rats fed the HF diet had significantly higher body weight, liver weight, and adipose tissue (perirenal
and epididymal) weight than did animals fed the low-fat diet. ID treatment significantly reduced body weight and
perirenal adipose tissue weight induced by the HF diet. In addition, ID treatment reduced hepatic cholesterol and
triglyceride contents. In liver, ID treatment reduced fatty acid synthesis (acetyl-CoA carboxylase and fatty acid
synthase mMRNA) more significantly than fatty acid oxidation (carnitine palmitoyl-transferase 1 and acyl CoA oxidase
mRNA). In perirenal adipose tissue, ID treatment increased the lipolysis rate and reduced the triglyceride level.
However, ID treatment had no significant effects on lipogenesis gene expression or adipose size in perirenal adipose
tissue.

Conclusions: The results of this study suggest that regular ID treatment may have beneficial effects on reducing

obesity and fatty liver.
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Introduction

Humans are now regularly exposed to electromagnetic pollution
from indoor electrical equipment and outdoor electrical appliances.
Studies suggest that exposure of the human body to electromagnetic
pollution can lead to electrical imbalances and the production of
electrostatic forces in the body and may be responsible for reducing
physical activity, oxygen uptake, and immune system function and
potentially increasing stress and some degenerative illnesses [1].
Recent evidence suggests that exposure to electromagnetic fields (e.g.,
high-frequency voltage transients, dirty electricity) is contributing
to the worldwide epidemics of obesity and diabetes [2]. Also, excess
accumulation of small positively or negatively charged particles (or
molecules) in the body derived from exogenous electromagnetic
stimulation or endogenous electrostatic forces may attract charged
molecules in some tissues, resulting in the development and progression
of diseases such as cardiovascular disease [3]. The electron charge in
the body may remain until it can be reduced by means of an electrical
current or electrical discharge.

Tonic detoxification (ID), also called ionic water bath treatment, is
bathed the local or whole body in warm water with electrolysis of water
and considered to be a simple way to improve health in many countries,
but rigorous scientific evidence is lacking. The hands, feet, or body are
bathed in warm water while an ion generator (a stainless steel spring)

produces a stream of positive (H+) and negative (OH-) ions from the
cathode and anode, respectively. The ion streams may attract oppositely
small charged molecules to the ion generator and thus balance electricity
in the body. Therefore, by continuously transmitting a microcurrent
through the entire body for a period a time, ID treatment may reduce
the accumulation of excessively small charged molecules in the body.
After ID treatment, the amount of precipitates (neutralized molecules)
can be observed in the water as various colors and unfavorable flavors
from different individuals. However, it is still unclear what kinds of
molecules are excreted from the body during ID treatment.

In addition to oxygen gas, abundant hydrogen gas is produced
in the water (hydrogen-rich water) during electrolysis and lowers
the oxidation-reduction potential (ORP). The hydrogen-rich water
bath may provide electricity to the body and lower the body’s electric
potential similar to the action of grounding. Grounding is known to
reduce the alternating current electric potential at the surface of the
body and lower perturbations in electric charges of molecules inside
the body [4]. Grounding can normalize the function of all body systems
and improve sleep, relieve chronic pain, increase the respiratory rate
and blood oxygenation, and reduce blood glucose, red blood cell
aggregation, and inflammation [4,5].
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We hypothesized that ID treatment may normalize cell function
by reducing electrical potential and electrical imbalances in the
body, which may increase cell detoxification and improve metabolic
disorders. In this study, we investigated the possible anti-obesity effect
of ID treatment in a diet-induced obesity model, which mimics the
pathogenesis of human obesity [6].

Materials and Methods

Ionic detoxification (ID)

The ID system, which included a main engine and a stainless steel
spring array (ion generator), was purchased from Health and Medical
Sales, Inc (USA). The salt (NaCl) concentration in the water bath was
0.04%. The microcurrent was approximately at 1 A. The temperature
of the water bath was set at 32°C. For this study, rats were fixed in a
plastic bag and each rat tail was bathed in the ID system for 8 min,
as plotted in Figure 1. The concentration of dissolved molecular
hydrogen in the water bath during electrolysis was measured with an
ENH-1000 electrode (TRUSTLEX Inc, Osaka, Japan). The ORP value
was determined by use of an MP-103 electrode (Gondo Electronic Co.,
Ltd. Taipei, Taiwan). The concentration of molecular hydrogen and the
ORP value in water bath during electrolysis were monitored with gentle
stirring.

Animals and treatment

Ten-week-old male Wistar rats (BioLASCO Taiwan Co., Ltd., Ilan,
Taiwan) were randomly divided into three groups: (a) the control group
(Control), which was fed a standard laboratory rodent diet; (b) the high-
fat diet group (HF), which was fed a high-fat diet; and (c) the high-fat
diet group with ionic detoxification (HF+ID), which was fed the high-
fat diet and underwent ID treatment. The high-fat diet contained 17%
lard, 2% soybean oil, 0.5% cholesterol, 0.05% cholic acid, and 80.45%
standard laboratory rodent diet. For ID treatment, rats were fixed in
a plastic bag and each rat tail was bathed in warm water in the ID
apparatus for 8 min (at 15:00 pm). The same treatment was conducted
three times (Monday, Wednesday, Friday) weekly. After ID treatment,
the ammonia concentration in bathed water was measured (Randox
Laboratories, Crumlin, UK), and then the bathed water was heated in
an oven at 100°C to remove the moisture. The residue was extracted
with ethanol and the resulting extract was vacuumed dry as the lipid
content of residue.

The rats were housed in plastic cages in a room kept at a temperature
of 23 + 1°C and relative humidity of 60 + 5% with a 12 h light-dark
cycle. Food and drinking water were available ad libitum for 11 weeks.
Body weight was measured once per week. At the end of the 11 week
experimental period, food intake was measured and feces were collected

for 2 days. Rats were fasted for 12 h before being sacrificed (at 8:00 AM).
The rats were sacrificed by exsanguination via the abdominal aorta
while under carbon dioxide (70%/30%, CO,/O,) anesthesia. Heparin
was used as the anticoagulant. Plasma was separated from the blood
by centrifugation (1750 xg) at 4°C for 20 min. The liver and adipose
tissues (epididymal and perirenal) from each animal were excised and
weighed. In this study, we found that perirenal fat pads were reduced by
ID treatment more significantly than epididymal adipose tissue weight.
Therefore, epididymal adipose tissue was used for further histological
and biochemical examinations. Parts of the liver and perirenal fat pads
were excised and fixed in 10% neutral formalin followed by dehydration
in ascending grades of alcohol, clearing in xylene, and embedding in
paraffin wax. Liver sections and perirenal fat pads were stained with
hematoxylin and eosin (H&E) for the histological examination [7]. The
other parts of liver and adipose tissues were immediately stored and
frozen at -80°C.

This study was approved by the Animal Center Management
Committee of China Medical University. The animals were maintained
in accordance with the guidelines for the care and use of laboratory
animals as issued by the Animal Center of the Ministry of Science and
Technology, Taiwan.

Determination of plasma biochemical parameters

Plasma concentrations of glucose, total cholesterol, and triglyceride
were determined by enzymatic methods with kits purchased from
Audit Diagnostics (Cork, Ireland). Plasma insulin was determined by
using a rat insulin enzyme-linked immunosorbent assay (ELISA) kit
purchased from Mercodia (Uppsala, Sweden). High-density lipoprotein
(HDL) cholesterol was measured after the removal of very-low-density
lipoprotein and low-density lipoprotein cholesterol by heparin-
manganese precipitation (Randox Laboratories, Crumlin, UK). Plasma
alanine aminotransferase (ALT) activity was determined by using a
commercial kit purchased from Randox Laboratories (Antrim, UK).

The homeostasis model assessment (HOMA) was used as an index
of insulin resistance [8]. It was calculated by the formula

HOMA=fasting glucose [mmol/L] xfasting insulin [({U/mL]/22.5.
Determination of liver, adipose tissue, and fecal lipid contents

Total lipids from liver, adipose tissue (perirenal), and feces were
extracted with chloroform/methanol solution (v/v, 2:1) according
to the method of Folch et al. [9]. Triglyceride and cholesterol in the
solvent extract were emulsified by the addition of Triton X-100 [10] and
their contents were determined by use of commercial enzymatic kits
(Randox Ltd, Antrim, UK).

Figure 1: Rat was bathed in ID system with electrolysis of water.
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Determination of fatty acid metabolic genes

Total RNA was extracted from homogenized liver tissue by
using TRIZOL reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturers instructions. Total RNA (1 pg) was reverse-
transcribed into first-strand cDNA by using 200 units of MMLV-RT
(Promega) in a total volume of 20 yl. For real-time PCR, a SYBR system
with self-designed primers and 12.5 ng ¢cDNA was used. The self-
designed primers were as follows: peroxisome proliferator-activated
receptor ([PPAR-a] forward: GGCTCGGAGGGCTCTGTCATC;
reverse: ACATGCACTGGCAGCAGTGGA), acyl CoA oxidase
([ACOX] forward: GGATAACGGCTACCTGAAGATG; reverse:
GAACAAGGTCGACAGAGGTTTAG), carnitine palmitoyl-
transferase 1 ([CPT-1] forward: TATGTGAGGATGCTGCTTCC;

reverse: CTCGGAGCTAAGCTTGTC), acetyl-CoA carboxylase
([ACC] forward: ACCGGCTGAGTGATGGTGG; reverse:
GGGAGCGCATTACAGACGG), fatty acid synthase
([FAS] forward: GCGGCTTCTGTGCCTGTTG; reverse:
TCGGCAGCCCAGGCTAAGG), and sterol regulatory
element-binding transcription factor 1 ([SREBP-1]
forward: ACGAGCTACCCTTCGGTGA; reverse:

TGTGTCTCCTGTCTCACCCC). Amplification using 40 cycles of 2
steps (95°C for 15 s and 60°C for 1 min) was performed on an ABI
Prism 7900HT sequence detection system (Foster City, CA, USA).

Determination of lipolysis rate in adipose tissues

The lipolysis rate was analyzed according to the procedure of Berger
and Barnard [11]. Glycerol release from adipose tissue was expressed as
the lipolysis rate. Perirenal adipose tissue was rinsed in a 0.85% NaCl
solution, patted dry, and weighed. A total of 0.2 g of adipose tissue was
added to 1.0 ml of prewarmed TES [N-tris (hydroxymethyl) methyl-2-
aminoethanesulfonic acid] buffer (containing 1 mM isoproterenol) and
incubated at 37°C for 1 hour. After incubation at 70°C for 10 minutes,
the reaction mixture was centrifuged at 100 xg at room temperature
for 30 s. The resulting supernatant was used to determine the glycerol
concentration (Randox Diagnostic, Crumlin, UK). The lipolysis rate is
expressed as pmol glycerol/g/h.

Statistical evaluation

Statistical differences among the groups were calculated by using
one-way ANOVA (SAS Institute, Cary, NC, USA) and were considered
to be significant at p<0.05, as determined by Duncan’s new multiple-
range test.

Results

As shown in Figure 2, during electrolysis of water, the concentration
of molecular hydrogen in water bath increased with time. The
concentration reached up to 1041 ppb at 8 min (Figure 2A). In contrast,
the ORP value in water bath decreased with time (Figure 2B). The ORP
value at 8 min was -237 mv.

As shown in Figure 3, body weight increased in rats fed the high-
fat diet compared with that in rats fed the low-fat control diet after 10
weeks of feeding (p<0.05). At the end of the study (11 weeks), daily food
intake was lower and relative liver weight and relative epididymal and
perirenal adipose tissue weights were higher in rats fed the high-fat diet
than in rats fed the low-fat control diet (p<0.05; Table 1). ID treatment
reduced (p<0.05) body weight and relative perirenal adipose tissue
weight in rats fed the high-fat diet. There was no significant difference
(p>0.05) in relative liver weight between the HF and HF+ID groups.

Table 2 show the plasma biochemical parameters, including glucose,
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Figure 2: Changes in molecular hydrogen (H2) (A) and oxidation-reduction

potential (ORP) (B) in water during electrolysis. Results are expressed as the
mean of 3 determinations. The detection method is described in the Methods.

insulin, total cholesterol (TC), triglyceride, HDL-cholesterol, TC/
HDL-C, ALT, and HOMA values, in rats among the groups. The plasma
insulin concentration and HOMA, an index of insulin resistance, were
significantly higher (p<0.05) in the HF group than in the control group.
These results indicated that rats fed the high-fat diet developed insulin
resistance. However, there were no significant differences (p>0.05)
in glucose, insulin, or HOMA values between the HF and HF+ID
groups. No significant changes in plasma lipids (total cholesterol, HDL-
cholesterol, triglyceride) or ALT were observed among the groups.

Figure 4 shows the histological examination of liver with H&E
staining and hepatic triglyceride and cholesterol contents in rats. Rats
fed the high-fat diet had significantly higher numbers of oil droplets
(Figure 4B) and increased cholesterol (Figure 4D) and triglyceride
(Figure 4E) contents (p<0.05) in liver than did animals fed the
control diet. ID treatment reduced oil droplet numbers (Figure 4C)
and triglyceride and cholesterol contents in rats fed the high-fat diet
(p<0.05).

Table 3 shows the fecal excretions of cholesterol and triglyceride in
rats. Rats fed the high-fat diet had significantly higher fecal cholesterol
and triglyceride levels than did rats fed the low-fat control diet
(p<0.05). There were no significant differences in fecal triglyceride and
cholesterol levels between the HF and HF+ID groups (p>0.05).

The gene expression of PPAR-a SREBP-1, ACOX, CPT-1, ACC, and
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Figure 3: Effects of ID treatment on body weight gain in rats. *Significantly
different from the control group at p<0.05. #Significantly different from the HF
group at p<0.05. Control: normal control diet group (o); HF: high-fat diet group
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Figure 4: Histopathological alterations (A-C) and cholesterol (D) and
triglyceride (E) contents in livers of rats after ID treatment. (A-C) H&E stain,
400X. (D,E) Results are expressed as mean + SD for 4 to 6 rats. *Significantly
different from the control group at p<0.05. #Significantly different from the HF
group at p<0.05. Control: normal control diet group (n=4); HF: high-fat diet
group (n=6); HF+ID: high-fat diet + ID treatment group (n=6).
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Table 1: Body weight, tissue weight, and food intake in rats fed the control diet, the
high-fat diet, or the high-fat diet with ID treatment?.

Group® Control (n=4) HF (n=6) HF+ID (n=6)
Glucose (mg/dL) 158.0 12.6 186.2 +51.0 172.8 +41.9
Insulin (pg/L) 0.2+0.0 0.5+0.2* 0.5+0.2
Total cholesterol (mg/dL) 61.5+14.4 73.0 19.0 63.5+18.5
Triglyceride (mg/dL) 722+274 70.2+22.1 77.8+21.8
HDL-cholesterol (mg/dL) 26.5+25 23.3+6.7 222+51
TC/HDL-C 23+0.3 3.2+08 28+0.7
ALT (U/L) 52.3+6.2 48.8+13.4 483+ 121
HOMA 156.3£29 38.3+14.7F 443+£19.5
@Values are mean + SD of 4 to 6 rats; ® Control: control group; HF: high-fat diet
group; HF+ID: high-fat diet with ID treatment group; * Significantly different from
the Control group at p<0.05.

Table 2: Plasma parameters in rats fed the control diet, the high-fat diet, or the
high-fat diet with ID treatment?.

differences in ACC or FAS mRNA levels (Figures 6D and 6E) between
the HF and HF+ID groups (p>0.05). A higher triglyceride content and
lower lipolysis rate in perirenal adipose tissue was found in rats fed
the high-fat diet (p<0.05; Figures 6F and 6G). Notably, ID treatment
reduced the triglyceride content and increased the lipolysis rate in
perirenal adipose tissue (p<0.05).

Discussion

In this study, ID treatment was shown to reduce body weight,
adiposity, and lipid accumulation in the liver of rats fed a high-fat
diet. Our results also suggested that ID treatment reduced fatty acid
synthesis (ACC and FAS gene expression) more significantly than fatty
acid oxidation (CPT-1 and ACOX gene expression) in liver, resulting
in a lower triglyceride content. A higher lipolysis rate and a lower
triglyceride content were observed in perirenal adipose tissue after ID
treatment, which might, at least in part, explain the anti-obesity effect.
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Figure 5: Changes in PPAR-a (A), SREBP-1 (B), ACOX (C), CPT-1 (D), ACC (E), and FAS (F) gene expression in rats. Results are expressed as mean + SD for 4
to 6 rats. *Significantly different from the control group at p<0.05. #Significantly different from the HF group at p<0.05. Control: normal control diet group (n=4); HF:

high-fat diet group (n=6); HF+ID: high-fat diet + ID treatment group (n=6).

In this study, regular ID treatment (3 times/week) for 11
weeks reduced the accumulation of relative adipose tissue
(epididymal+perirenal; -20.1%) and body weight (-12.3%) induced
by the high-fat diet. However, ID treatment had no significant effect
on plasma biochemical parameters including plasma lipids, glucose,

insulin resistance (HOMA), and ALT. These results indicated that
ID treatment can reduce adiposity without affecting other plasma
biochemical parameters in this model. In addition, daily food intake
and fecal lipid excretion were not changed after ID treatment, indicating
that energy intake was not affected by ID treatment. In this study, ID
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Figure 6: Histopathological examination with H&E staining (A-C), ACC and FAS gene expression (D,E), triglyceride content (F), and lipolysis rate (G) in perirenal fat
pads in rats. Results are expressed as mean + SD for 4 to 6 rats. *Significantly different from the control group at p<0.05. #Significantly different from the HF group
at p<0.05. Control: normal control diet group (n=4); HF: high-fat diet group (n=6); HF+ID: high-fat diet + ID treatment group (n=6). H&E stain, 400X.

treatment had no effect on lipogenesis in perirenal adipose tissue as
indicated by no change in ACC and FAS gene expression. It is therefore
suggested that the reduced adiposity after ID treatment may be due to
an increased lipolysis rate in perirenal adipose tissue, resulting in lower
triglyceride content.

Notably, a lower hepatic triglyceride and cholesterol level were
observed after ID treatment. This result indicated that ID treatment
could reduce fatty liver. Geelen et al. [12] indicated that de novo fatty
acid synthesis in liver could be reduced after high-fat diet feeding. In
this study, rats fed the high-fat diet had reduced ACC and FAS gene
expression with no changes in ACOX and CPT-1 gene expression
in liver. ID treatment reduced ACC (-44.7%), FAS (-60.7%), CPT-1
(-29.3%), and ACOX (-36.2%) gene expression, indicating that ID
treatment might suppress both the fatty acid synthesis and the fatty acid
oxidation pathways. However, ID treatment appeared to reduce fatty

acid synthesis more significantly than fatty acid oxidation. This result
may explain why ID treatment can lower hepatic triglyceride content.

The human body is a conductor of electricity. In our hypothesis,
during ID treatment, small positively or negatively charged molecules
in the body can be moved by means of continuously transmitted
microcurrents through the entire body and be attracted by the ion
generator. These actions may result in a lower level of exogenous or
endogenous charged molecules, thus balancing them and increasing
cell detoxification. In this study, we found unknown lipids (50 mg/rat)
and ammonia (0.67 mg/rat) in the bathed water after ID treatment.
It is thus suggested that parts of charged molecules excreted from
the body are lipophilic molecules. At physiological pH, most of the
ammonia molecules are protonated (NH4+). Therefore, ID treatment
may increase detoxification by removing small charged molecules
attracted by the ion generator. Finally, the neutralized molecules
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were precipitated or dissolved in water with unfavorable flavors and
colors (particularly in black in this study). Similar observations are
also found in humans after ID treatment. Our results suggest that ID
treatment may enhance cell detoxification by removing ammonia and
small lipophilic charged molecules from the body. The other route
of elimination of small toxic molecules during ID treatment may be
possibly through forward (direct) osmosis from the microvasculature
of the skin into warm water bath. Indeed, we recently found that ID
treatment (bathing the rat abdominal region) reduced the hepatic
activity of CYP1A1/1B1 (unpublished data), the enzyme that can be
induced by various carcinogens [13]. Therefore, ID treatment may
improve some metabolic disorders such as obesity and fatty liver after
elimination of toxic molecules.

The other explanation for reducing adiposity and fatty liver by
ID treatment may be related to the production of hydrogen-rich
water (containing abundant molecular hydrogen) during the process
of electrolysis (Figure 2). Hydrogen-rich water has a negative ORP
value that can provide electricity to the body and lower the body’s
electrical potential similar to the action of grounding [4]. Molecular
hydrogen is known to be the smallest molecule that can rapidly
penetrate biomembranes into cells and displays antioxidant and
anti-inflammation activities [14,15]. Even at low concentrations
locally or throughout the whole body, molecular hydrogen can act
as a signal to regulate cell function [14,16]. It has been shown that
drinking hydrogen water can reduce obesity by enhanced fatty acid
and glucose expenditure and stimulated energy metabolism [16].
Taking a hydrogen-rich water bath can also incorporate molecular
hydrogen into the skin and distribute it throughout the body via blood
flow within only 10 min [14]. Taken together, these data suggest that the
reduced adiposity and fatty liver caused by regular ID treatment may be
partially due to lower body electrical potential and increased molecular
hydrogen uptake from the hydrogen-rich water bath.

In summary, our results showed that ID treatment may have
beneficial effects on reducing adiposity through an increased lipolysis
rate in adipose tissue. In addition, ID treatment may lower fatty acid
synthesis and reduce fatty liver. These results may be attributed to the
ability to increase the excretion of toxic or charged molecules, lower
electric potential, and increase molecular hydrogen uptake during ID
treatment. Further study is needed to investigate the beneficial effects of
ID treatment on detoxification and metabolic disorders and the clinical
applications of ID.
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