ORIGINAL SCIENTIFIC PAPER Lib Oncol. 2023;51(2-3):85-96
doi: 10.20471/L0O.2023.51.02-03.13

o080

EFFECTS OF HYDROGEN-RICH WATER ON HAMSTERS
WITH EXPERIMENTAL MYELOID TUMOR

RENETA TOSHKOVA', NIKOLAI NESHEV?, IGNAT IGNATOV?, FABIO HUETHER?,
ALEXANDER I. IGNATOV? and IVAN ANGUSHEV®>

!Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences, Sofia, Bulgaria;

*Faculty of Physics, Sofia University St. Kliment Ohridski, Sofia, Bulgaria;
*Scientific Research Center of Medical Biophysics (SRCMB), Sofia, Bulgaria;
*Evodrop AG, Ziirich, Switzerland;
>Medical University-Sofia, Sofia, Bulgaria

Summary

This paper presents the results of an in vivo study of the antitumor effect of hydrogen-rich water in hamsters with ex-
perimental myeloid tumors. Hydrogen-rich EVOdrop water (HEW) with a molecular hydrogen (H,) concentration of 1.2
ppm. pH=7.3, and oxidation-reduction potential (ORP) of (-390 mV) as basic parameters were obtained with the EVOboost-
er apparatus. The myeloid tumor was implanted subcutaneously on the back of Golden Syrian hamsters used for the experi-
ment. The effect of HEW on biometric parameters of tumor growth, namely 18 hematological parameters and some hema-
tological biomarkers (indices) was evaluated. The blood sera from experimental and control animals were analyzed using
the Non-equilibrium energy spectrum (NES) and the Differential non-equilibrium energy spectrum (DNES) spectral meth-
ods. The results showed a protective antitumor effect of HEW seen by a decrease in tumor uptake rate, a decrease in mortal-
ity, an increase in survival time, a normalizing effect on hematological parameters and biomarkers (N/LR, WBC/LR, PLT/
LR), and an increase in energy between water molecules in blood serum in hamsters with experimental myeloid tumor.
The results show that HEW has anticancer potential that could be used with conventional chemotherapeutics to develop
new treatment strategies as well as cancer prevention.
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INTRODUCTION volved in several different processes(3). The stud-
o _ ies proved the anti-inflammatory, anti-oxidative,

Cellular redox (oxidation-reduction) homeo- and anti-tumor effects of molecular hydrogen (H,)
stasis is associated with aging processes and vari- (4). The role of H, and H" in oxidative stress out-
ous diseases such as hypertension, neurodegen- lines the potential anticancer activity of this en-
erative diseases, atherosclerosis, diabetes, cardio- dogenous ion and different types of H, donors(3).
vascular diseases, reproductive system diseases, The hydrogen (H") and hydroxylz (OH) ions

and oncological diseases(1). With an increase in
the level of reactive oxygen species (ROS) or oxi-
dants, there is a deviation from the redox balance,
whereby the cell cannot have a stable antioxidant
defense(2). Cytoplasmic pH and hydrogen trans- Corresponding author: Ignat Ignatov, Scientific Research

port influence cell growth and tumorigenesis. Pro- Center of Medical Biophysics (SRCMB), 2 Maria Mihailova st.
tons (H*) and molecular hydrogen (H)) are in- entr. V apt. 1, Sofia 1111, Bulgaria. e-mail: mbioph@abv.bg

play a critical role in the cells for biological pro-
cesses(5). Cells maintain intracellular pH (pH,) in
anarrow range (7.1-7.2) by controlling membrane
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Technical data

Weight 2500 g
Size 260/185/100 mm
Hydrogen concentration 900-1200 ppb
0.9-1.2 ppm
Oxidation-reduction potential (ORP) -450 ~ -580 mV
Maximal water production 720 L/24 hours
Maximal capacity 20 000 L
Water supply pressure 4.2 kgf.cm-
F Electrical parameters U=110; 220 V
e e v=50; 60 Hz

Fig. 1. EVOdrop booster for hydrogen-rich water (HEW)

proton pumps and transporters whose activity is
determined by intra-cytoplasmic pH sensors. The
transport of protons (H+) through the plasma
membrane is a key process for maintaining the pH
value. For cancer cells, the extracellular pH is 6.7-
7.1 while the cytoplasmic pH is greater than
7.4(3,6). Mitochondrial function is related to the
transfer of hydrogen (H') ions across its inner
membrane and the formation of a charged layer of
H* ions in the cytosol around mitochondria. The
actual electric potential of the fully functional mi-
tochondria evaluated from the transfer of H* ions
is about —140 mV, and that of the dysfunctional
mitochondria is about —70 mV(7).

Molecular hydrogen (H,) is administered in
practice by inhalation as a gas(8,9), orally, dis-
solved in water as Hydrogen-rich water (HRW)
(10-12), and intravenously, as a hydrogen-rich
saline solution(13,14). Hydrogen-rich water has
antioxidant properties against hydroxyl radicals
(‘OH)(15,16).

The active species of HRW are hydrogen
molecules and atoms. H, can penetrate cell mem-
branes and reach subcellular components to pro-
tect nuclear and mitochondrial DNA(3). In cellu-
lar processes, the following reactions with H, and
H*is valid(3):

2H*+2e o H,

Increased intracellular Ca** and changes in
H* transport are critical for tumor development
and metastasis. The acid-base balance is con-
trolled by a different approach in cancer cells than
in normal cells(12). Carbon monoxide dehydroge-
nase (CODH) of biological reactions oxidizes CO,
and electrons are released. As a result of this reac-
tion, coupled hydrogenase reduces the released
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electrons to H,(17). HRW has antioxidant proper-
ties against hydroxyl radicals of hydrogen(18,19).

Hydrogen-rich water can be produced by
placing a metal magnesium rod in drinking water
where the following chemical reaction occurs(15):

Mg +2H,0 — Mg(OH), + H,

HRW can also be produced using the Proton
Exchange Membrane (PEM)(20). We used EVO-
booster with PEM and additional activation to en-
rich water with hydrogen in our research(12).
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Fig. 2. Hydrogen EVOdrop water (HEW). Relation of electric
current per dissolved concentration.

The present study aimed to investigate the
effects of hydrogen-rich EVOdrop water (HEW)
as a potential antitumor agent in an experimental
tumor model system in vivo, by evaluating tumor
growth parameters, hematological parameters, in-
dices, and hydrogen bonding parameters between
water molecules in blood serum through spectral
analysis.
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MATERIALS AND METHODS

Preparation and characterization of Hydrogen-rich
EVOdrop water (HEW)

Hydrogen-rich EVOdrop water was pre-
pared by electrolysis of deionized water using
EVO booster apparatus with a Proton exchange
membrane (Figure 1). Hydrogen EVOdrop water
(HEW) is enriched with hydrogen molecules in a
concentration of 1.2 ppm (Figure 2).

Deionized water was obtained by filtering
tap water on a TOB-DBW-SYS-10L/H device with
parameters of 99.99% desalination and electrical
conductivity of 3uS.cm-1.

Effect of oral administration of HEW on hamsters
with experimental myeloid tumor

Experimental animals

Golden Syrian hamsters weighing 80-100 g,
two months old, and from both sexes were used
for the experiments. The Bulgarian Academy of
Sciences, Breeding Facility, Kostinbrod, Bulgaria,
supplied the hamsters. After a 7-day acclimati-
zation period in the vivarium of the Institute of
Experimental Morphology, Pathology, and An-
thropology with Museum, Bulgarian Academy of
Sciences (IEMPAM-BAS), the animals were ran-
domly assigned to plastic cages and reared with
free access to chow pellets and water with 12 hour
light/dark cycles. All procedures were carried out
in accordance with the national regulation No
20/01.11.2012 regarding laboratory animals and
animal welfare and European directive 2010/63/
EU of the European Parliament and of the Council
of 22 September 2010 on the protection of animals
used for scientific purposes.

Experimental Myeloid tumor model

Graffi’s virus-induced(21,22) myeloid tumor
in newborn hamsters was adapted and main-
tained in sexually mature hamsters at the IEM-
PAM-BAS (Toshkova, 1995)(23). The tumor was
maintained monthly in vivo by subcutaneous (s.c.)
inoculation of 10° viable tumor cells. In the present
experiment, tumor transplantability was achieved
by s.c. inoculation of 2x10* viable tumor cells into
the interscapular area of the animals(24,25). This
amount of cells ensures 100% occurrence of tumor
and inevitable 100% animal mortality as estab-
lished in our previous studies(23-27).
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Experimental design

All animal experiments were approved by
the Animal Experiments Ethics Committee of
IEMPAM-BAS.

The experimental animals were randomly
divided into three groups (n =8 in Group 1 and
Group 2, n=3 in Group 3) and treated as follows:
(1) Group 1 - Tumor-bearing hamsters (TBH)
drinking Hydrogen-rich EVOdrop water (HEW)
ad libitum; (2) Group 2 - TBH drinking deionized
water (positive control, DW) and (3) Group 3 -
healthy hamsters without tumor drinking deion-
ized water (negative control). Five days later, my-
eloid tumor cells were aseptically obtained from
tumor pieces, suspended in PBS, and 2x10*
cells/200 pl PBS were injected s.c. into the dorsal
region of each hamster from Groups 1 and 2. In
experimental Groups 1 and 2, hamsters drank
HEW and DW, respectively, starting 5 days before
myeloid tumor cell engraftment and continuing
for 25 days after tumor cell inoculation: Fresh
HEW and DW water were prepared daily, and the
oxidation redox potential (ORP) of HEW was -405
mV <ORP <-390 mV.

On day 25 of the experiment, three hamsters
from each group were randomly selected regard-
less of gender for analysis of hematological pa-
rameters, biomarkers, and spectral analysis of
blood sera. Tumor growth parameters were deter-
mined in the remaining five hamsters of Group 1
and Group 2.

Protective effect - Evaluation of biometric parameters

The efficacy of HEW therapy was assessed by
measuring the tumor growth parameters(16,20).
Tumor appearance (transplantability) in hamsters
was recorded daily by skin palpation at the injec-
tion site. Tumor size (mm) was measured at regu-
lar intervals until day 30, using a digital caliper in
two perpendicular dimensions. Survival and mor-
tality rates were expressed as percentages. Mean
survival time was also determined. Tumor param-
eters of experimental hamsters were compared
with those of controls.

Evaluation of hematological parameters
and biomarkers

Hamsters were euthanized after administra-
tion of general anesthesia, and peripheral blood
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was collected from the jugular vein on day 25 after
tumor transplantation.

A portion (2.0 ml) of peripheral blood was
collected in a vacutainer containing anticoagulant
and analyzed using an automatic hematology an-
alyzer (BC-2800 Vet machine blood cell analyzer,
Mindray, China). The serum was separated from a
portion of the blood after the blood had clotted.
The clot was removed by centrifugation, and the
serum (supernatant) was carefully removed using
a Pasteur pipette.

Hematometric biomarkers/indexes reflecting
the quantitative ratio of neutrophils and lympho-
cytes (N/LR), leukocytes and lymphocytes (WBC/
LR), and platelets/lymphocytes (PLT/LR) were
calculated(28-31).

Evaluation of physicochemical parameters of
blood serum from control and experimental
hamsters by spectral methods NES and DNES

NES and DNES Spectral Analyses

The methods of Non-equilibrium Energy
Spectrum (NES) and Differential Non-equilibrium
Energy Spectrum (DNES) for the measurement of
hydrogen bond energy distribution were applied
to research serums from hamsters. The device in-
vented by A. Antonov(32-34) for spectral analysis
with NES and DNES methods is based on an opti-
cal principle(35,36).

The energy (E) of hydrogen O..H-bonds
among H,O molecules in the water sample is mea-
sured in eV. The function f(E) is called the spec-
trum of distribution according to energies. The
energy spectrum of water is characterized by a
non-equilibrium process of water droplets evapo-
ration and this is a non-equilibrium energy spec-
trum (NES) and is measured in eV'. DNES is de-
fined as the difference

Af(E) = f (sample of water) —
— f (control sample of water)

where f(*) denotes the evaluated energy(32-37).

Statistical analysis

Student’s t-test was used to calculate the sig-
nificance of differences between the mean values
of hematological parameters of experimental and
control hamsters, with p-values set at p <0.01 and
p <0.05.
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Statistical analysis of the NES and average
hydrogen bond energies was performed with the
Mann-Whitney U test at p < 0.05 due to the ex-
perimental and control samples” deviation from
the normal distribution. According to the estab-
lished practice, the reported results include the
medians of the compared samples (groups), the
value of the calculated U statistics, the p-value,
and the acceptance (H,) or rejection (H,) of the
null hypothesis(38).

The null hypothesis H is formulated as fol-
lows: the two samples are from the same general
population. Alternative H, is the opposite. The
SPSS package was used for the evaluation.

Ethical aspects

All experiments were performed following
the European Convention for the Protection of
Vertebrate Animals used for Experimental and
other Scientific Purposes (O] L 222) and approved
by the national regulation No. 20/01.11.2012 re-
garding laboratory animals and animal welfare of
the National Veterinary Service, Bulgaria.

RESULTS AND DISCUSSION

Parameters of hydrogen-rich EVOdrop
water (HEW)

HEW was prepared for this research by elec-
trolysis of deionized water (DW) and had the fol-
lowing parameters: concentration of hydrogen
molecules was 1.2 ppm (Figure 2); the oxidation-
reduction potential (ORP) has changed from +260
mV in DW before electrolysis to -390 mV after 30
minutes of electrolysis (indicating an intensifica-
tion of the reducing power), the pH evolved with-
in a narrow physiological range of approximately
7.0 to 7.3.

Effect of oral administration of HEW
on tumor-related parameters

This tumor model had 100% transplantabili-
ty, 100% mortality, and a lack of spontaneous re-
gression. Typically, after 7 to 15 days of inocula-
tion, tumors develop as a solid subcutaneous mass
approximately 5 mm in diameter, which usually
grows to about 5-6 cm in diameter and causes the
death of hamsters on days 30 to 35.
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In the present experiments, tumor appear-
ance was daily recorded by skin palpation on the
hamster’s back at the injection site from day 7 after
the beginning of the experiment until the day the
tumor was detected in all animals. The data are
shown in Figure 3.

Transplantability (%) of Myeloid tumor in hamsters
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Fig. 3. Transplantability (%) of the myeloid tumor (MT) in ham-
sters receiving Hydrogen EVOdrop water - HEW (Group 1) and
hamsters receiving deionized water - DW (Group 2)

In Group 1 of hamsters receiving HEW, tu-
mors were palpable between days 15 and 22. In
the positive control group of hamsters (Group 2)
receiving DW, tumors appeared between days 13
and 16. Tumor compaction (tumor 1-2 mm) was
measured at regular intervals until day 30 after
myeloid tumor cell transplantation, and the aver-
age data are presented in Figure 4.

Tumor size (mm) of Myeloid tumor in hamsters
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Fig. 4. Myeloid tumor size (mm) in Hydrogen EVOdrop water
(HEW)-treated hamsters (Group 1) and deionized water (DW)-
treated hamsters (Group 2)
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In the hamsters from positive control Group
2 (receiving DW), the tumors grew to a mean size
of 20.8+3.3 mm, while in the hamsters of Group 1
(drinking HEW) the tumors reached a mean size
of 16.7+4.7 mm on day 30. The graph illustrates
that in both groups the tumor progressively in-
creased. The mean tumor size in Group 1 receiv-
ing HEW was smaller, which can be explained by
the therapeutic effect of the HEW used. The pho-
tographs shown in Figure 5 support the obtained
metric data.

Fig. 5. Photographs of hamsters from Group 1 drinking HEW
(first row). The second row is of positive control Group 2 drink-
ing DW. Photos are from day 24 after myeloid tumor transplan-
tation. Tumors in each hamster are delineated with dotted lines.

Mortality data for the two experimental
groups are presented in Figure 6.

There was lower mortality in Group 1, ham-
sters drinking HEW compared to positive control
hamsters receiving DW (Group 2). In Group 2,

Letality (%) of Myeloid tumor-bearing hamsters
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-# Gr.2 MT + DW

Lethality (%)
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Fig. 6. Percent lethality (%) of myeloid tumor-bearing hamsters
(MT) drinking Hydrogen EVOdrop water - HEW (Group 1) and
hamsters drinking deionized water- DW (Group 2)
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100% mortality was observed by day 40 after my-
eloid tumor cell transplantation. In Group 1, mor-
tality was 20% at day 40 and increased to 100% at
day 57. The 17-day difference in mortality rate in-
dicates an effect of HEW.

A higher mean overall survival time (OS)
was found for Group 1, with a 46.4+8.1 days com-
pared with 35.0+4.1 days in positive control Group
2 (Figure 7).

The Kaplan-Meier Long-rank test shows a
statistically significant difference (p<0.05).

MST of Myeloid tumor-bearing hamsters

= Gr.1 MT + HEW
=3 Gr.2 MT + DW

GrA Gr.2

Fig. 7. Mean survival time (in days) of myeloid tumor-bearing
hamsters (MT) receiving Hydrogen EVOdrop water - HEW
(Group 1) and deionized water - DW (Group 2).

Survival rate of Myeloid tumor-bearing hamsters
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Fig. 8. Individual survival rate (in days) of myeloid tumor-bear-
ing hamsters (MT) receiving Hydrogen EVOdrop water - HEW
(Group 1) and hamsters receiving deionized water - DW (Group
2, positive control). Twenty percent (20%) of the hamsters sur-
vived 57 days in Group 1 while in Group 2 they survived 40
days (p<0.05)
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Effect of HEW on blood values and indices

Table 1 illustrates the values of blood param-
eters(43) of hamsters (Groups 1, 2, and 3) on day
25 of the experiments with Hydrogen EVOdrop
water.
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From Table 1 it can be seen 3-fold higher plate-
let values in Group 2 (hamsters, drinking DW)
compared with those in Group 1 (hamsters drink-
ing HEW) as well as in the group of healthy ham-
sters (Group 3). Statistically significant differences
were found between WBC, PLT, PDW, and PCT
blood parameters values of hamsters from Group 1
and Group 2, represented by asterisks. The differ-
ence in means for three of these indicators is high:
99% (0.01™) and for one it is 95% (0.05").

To evaluate the impact of various antitumor
drugs and therapeutic regimens applied in cancer
treatment, various parameters related to tumor
occurrence and development, survival, mortality,
changes in hematological indices, etc. are most
commonly measured. Total WBC (white blood
cell) count, neutrophil count, and lymphocyte
count can be statistically significant predictors of
5-year survival (or mortality) in individuals with
malignancy(29), while higher platelet concentra-
tion increases the risk of lethal thromboses(40).

In our experiments, the WBC/LR, N/LR, and
PLT/LR indices(36) with Hydrogen-rich water
(HRW) of type Hydrogen-rich EVOdrop water
(HEW) indiees were monitored and data are pre-
sented in Figure 9.

It could be seen that the WBC/LR index of
Group 1, Group 2, and Group 3 had values of
10.5,12.0, and 10.8, respectively. A similar correla-
tion was found for the N/LR index, which in
Group 2 had a value of 10.9, and in hamsters of
Group 1 and Group 3, similar values were estab-
lished (9.3 and 9.0). The same relationship was
found also for the PLT/LR index, with the highest
value of 40.4 in Group 2, which was about 3.5
times higher than values in Group 1 and Group 2,
respectively (12.4 and 12.3) (Figure 9). It is note-
worthy, however, that the values of all three indi-
ces in hamsters from Group 1 and Group 3
(healthy hamsters) were approximately the same.
This fact can be explained by the normalizing ef-
fect of HEW on blood parameters during tumor
progression.

Thus, also in clinical practice, some primary
hematometric indices like N/LR, WBC/LR, and
PLT/LR are used as diagnostic and prognostic
tools in patients with cancer and leukemia(28-30).
For example, the quantitative neutrophil to lym-
phocyte ratio — N/LR index is important for pre-
dicting higher survival of cancer patients. N/LR
values < 2.0 have been associated with higher sur-
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Table 1.
Values of blood parameters of hamsters (Groups 1, 2, and 3) on day 25 of the experiments.
Hamsters Wit.h n_1ye|oid Han:ztﬁzs},ﬁ':&:?xg ot Healthy hamsters
Parameters Units tumor, drinking Deionized without tumor
Hydrogen EVOdrop water Water (Group 3)
(Group 1)
(Group 2)
WBC (Leukocytes) 100.L 102.9 94.8** 102.7
Lymphocytes 100.L 9.8 7.8 9.5
Monocytes 10°.L" 2.4 2.2 23
Granulocytes 10°.L" 90.7 84.8 85.1
Lymphocytes % 9.5 8.2 8.5
Monocytes % 2.4 23 23
Granulocytes % 88.1 89.5 88.3
RBC (Erythrocytes) 10°.L 5.16 5.40 5.03
HGB (Hemoglobin) g.L? 269 279 265
HCT (Hematocrit) L.L? 0.273 0.291 0.282
MCV (Mean red blood cell volume) fL 53.1 53.9 55.8
MCH (Average HGB content in erythr) pg 50.7 51.6 53.2
MCHC (mean con cog Hb) g.L? 959 958 947
RDW (Red cell distribution width) % 131 13.5 12.7
PLT (Platelets) 10°.L 122 315** 17
MPV (means volume platelets) f.L? 6.3 6.1 7.4
PDW (Platelet distribution width) % 18.6 19.6* 18.5
PCT (Procalcitonin) % 0.076 0.192** 0.071

* Statistically significant difference is at p<0.05
** Statistically significant difference is at p<0.01

vival for breast cancer patients, and N/LR >5.0 has
been associated with lower survival for patients
with breast cancer, gastric cancer, etc.(41). In re-
cent years, new results have been reported for
WBC/LR(31), PLT/LR(29), and N/LR(42).

The biological effects of hydrogen-rich water
with concentrations of 0.08-1.5 ppm have been de-
scribed(44, 45). Feeding mice with H,-water (0.08
- 1.5 ppm [w/w] H,) significantly reduced the loss
of dopaminergic neurons in this chemically-in-
duced mouse(44). Hydrogen-rich water adminis-
tered to improve mood, anxiety, and autonomic
nerve function in everyday life had an H, concen-
tration of 0.08-1.5 ppm(45).

Effect of HEW on blood serum hydrogen bonds
energy distribution investigated with NES
and DNES spectral methods

The Non-equilibrium Energy Spectrum (NES)
of 5 blood serum samples from each group: experi-
mental myeloid tumor-bearing hamsters receiving
Hydrogen EVOdrop water - HEW (Group 1), my-
eloid tumor-bearing hamsters receiving deionized

Hematometric indices WBC/LR, N/LR, PLT/LR
in Myeloid tumor-bearing hamsters
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Fig. 9. Hematometric indices of myeloid tumor-bearing (MT)
hamsters receiving Hydrogen EVOdrop water - HEW (Group
1), MT hamsters receiving deionized water - DW (Group 2), and
healthy hamsters without tumor (Group 3). Hematometric indi-
ces represent the quantitative ratio of leukocytes and lympho-
cytes (WBC/LR), neutrophil and lymphocytes (N/LR) and plate-
lets and lymphocytes (PLT/LR)

water - DW (Group 2), and healthy hamsters with-
out tumor (Group 3) is shown in Figure 10.
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Fig. 10. Non-equilibrium Energy Spectrum (NSE) at each value of hydrogen bond energy. Medians of the experimental
MT-HEW (Group 1), control group MT-DW (Group 2), and group of healthy hamsters (Group 3). Statistically sig-
nificant differences compared to the control group, with p<0.05, are marked with an asterisk

Non-equilibrium Energy Spectrum (NES)
and Differential Non-equilibrium Energy
Spectrum (DNES)

The comparison between the Non-equilibri-
um Energy Spectrum (NES) of the control MT-DW
and the healthy animals in Group 3 (Figure 10)
shows a general shift of hydrogen bond energy
distribution towards lower levels. It is markedly
expressed as depletion of (-E) at 0.1387, 0.1362,
0.1237, 0.1212, 0.1137, and 0.1037 eV levels as well
as the appearance of (-E) at 0.1162 and 0.1037 eV
ones in the lower half of the spectrum due to the
myeloid tumor. Thus, statistically significant dif-
ferences between these NES are observed at 9 out
of 15 energy levels.

On the other hand, the comparison between
the NES of the experimental MT-HEW and the
healthy group (Figure 10) demonstrates the effect
of hydrogen-rich water consumption as an ab-
sence of the lowest at E= -0.1037 eV or (A=11.96
um; ¥=836 cm™) energy level as well as less deple-
tion of the at E=-0.1087 (A= 11.41um; V= 877 cm™)
and -0.1137 eV ones. Moreover, the highest mea-
sured at E=-0.1387 eV or (A=8.95 um; ¥=1119 cm™)
level shifts from statistically significant depletion
in the case of the MT-DW control group into an
absence of statistically significant difference. In
general, differences between the MT-HEW and
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healthy NES are observed below at E=-0.1287 eV
or (A= 9.63 um; v= 1038 cm™), thus pointing to a
stabilizing effect of hydrogen-rich water con-
sumption on hydrogen bonds energy distribution
(there are statistically significant differences at 5
out of 14 energy levels).

It should be pointed out that the -0.1162 eV
energy level, not being populated in the control
group, becomes equally populated in both experi-
mental groups. That is why it could be considered
a myeloid tumor diagnostic marker in hamsters.

The comparison between the NES of both MT
groups (Figure 10) shows a tendency towards a
greater population of the hydrogen bonds energy
levels in the upper half of the spectrum due to
hydrogen-rich water consumption. Along these
lines, statistical analysis was performed on the av-
erage hydrogen bond energy of all samples calcu-
lated with their corresponding NES. The results
are shown in Table 2.

These findings clearly demonstrate that the
average hydrogen bond energy in the MT-DW
control group is lower than that in the healthy
group, while that of the MT-HEW group is higher.
And, the comparison of both experimental groups
confirms a markedly higher average hydrogen
bond energy in the hydrogen-rich water-consum-
ing group than that in the deionized water-con-
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Table 2.
Statistical comparison of the average hydrogen bond energy of all samples
SPL No. 1 2 | 3 | 4 | s
Average Energy [-eV] Median ] p Hyp
MT-DW 0.121 0.120 0.121 0.120 0.121 0.121 0 0.01 H1
Healthy 0.122 0.123 0.122 0.123 0.123 0.123
MT-HEW 0.124 0.124 0.125 0.123 0.124 0.124 0.02 H1
Healthy 0.122 0.123 0.122 0.123 0.123 0.123 1.5
MT-HEW 0.124 0.124 0.125 0.123 0.124 0.124 0 0.01 H1
MT-DW 0.121 0.120 0.121 0.120 0.121 0.121

suming one. Consequently, the consumption of
hydrogen-rich water appears as an active factor to
counteract the lowering of average hydrogen
bond energy in the blood serum due to myeloid
tumor development.

DISCUSSION

The study conducted in 2012 compared
groups of oncology patients and healthy individu-
als. The results showed significant differences in
energy levels related to hydrogen bonds in the
blood serum of these two groups. The energy lev-
els were measured in millielectronvolts (meV),
with oncology patients having E=-1.6 meV and
healthy individuals having a result of E=-9.1 meV
(p <0.05)(46).

Furthermore, our previously published study
also looked at hamsters with myeloid tumors,
comparing them to healthy hamsters. Statistically
significant differences were observed in energy
levels (-E)=0.0937; 0.1187; 0.1212; 0.1337; 0.1387
eV(39). Additionally, there were observations re-
garding the effects of hydrogen-rich water (HRW)
consumption on hydrogen bond energy distribu-
tion. Specifically, consumption of hydrogen-rich
water appeared to stabilize the energy distribu-
tion of hydrogen bonds, with statistically signifi-
cant differences observed at 5 out of 14 energy lev-
els(47).

The spectral results and parameters suggest
that hydrogen-rich water may have preventative
applications(48,49). The results of the effects of
HRW on patients with chemotherapy were pub-
lished. Results demonstrated that hydrogen-rich
water (HRW) could mitigate oxaliplatin-induced
hyperalgesia. HRW reduces microbial diversity
while altering the gut microbiota structure. It re-
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stores the balance of inflammatory cytokines and
oxidative stress. HRW decreases the expression of
LPS and TLR4(49,50). There are effects against
thioacetamide-induced cholangiofibrosis(51) and
ovarian cancer(52).

Our research shows that the anti-inflamma-
tory effects of hydrogen-rich water are primarily
associated with the peak at E=-0.1212 eV(39). The
same peak was observed in the medical drugs for
diabetes(53). The findings indicate that consum-
ing hydrogen-rich water (HRW) effectively reduc-
es elevated levels of glucose and total cholester-
0l(54,55).

CONCLUSIONS

The following conclusions can be drawn
from the application of HEW obtained with the
EVOdrop booster as an antitumor agent.

1. Daily HEW ingestion for 25 days after tu-
mor cell transplantation resulted in a protective
antitumor effect in the experimental hamsters that
was expressed by:

— An extension of the latency period and a
decrease in the tumor uptake rate (trans-
plantability) (Figure 3),

— A reduction in the tumor growth rate (Fig-
ure 4 and Figure 5),

— Anincrease in the average (Figures 6 and 7)
and individual (Figure 8) survival of ham-
sters with experimental myeloid tumor.

2. Statistically significant results were ob-
tained for the normalizing effect on PLT and WBC
blood values and on hematological indices- N/LR,
WBC/LR, PLT/LR.

3. Statistically significant results were ob-
tained with NES and DNES spectral methods,
showing an increase in energy between water
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molecules in the blood serum of hamsters with
myeloid tumor drinking HEW.

4. The positive effects observed in hamsters

with experimental myeloid tumor may be ex-
plained by a therapeutic antitumor effect of HEW.
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Sazetak

UCINCI VODE OBOGACENE VODIKOM NA HRCKE S EKSPERIMENTALNIM MIJELOIDNIM TUMOROM
R. Toshkova, N. Neshev, I. Ignatov, F. Huether, A.I. Ignatov, 1. Angushev

U radu su prikazani rezultati in vivo istrazivanja antitumorskog ucinka vode obogacene vodikom na modelu hrcka s
mijeloidnim tumorom. U eksperimentu je koriStena voda obogacena molekularnim vodikom (H,) u koncentraciji od 1.2
ppm, pH=7.3, s oksidacijsko-redukcijskim potencijalom od -390 mV dobivena elektrolizom deionizirane vode pomocu ure-
daja EVObooster. Suspenzija stanica mijeloidnog tumora injicirana je subkutano u podrudje leda hréaka koji su nasumicno
svrstani u dvije skupine: 1) skupina u kojoj su hréci pili vodu obogacenu vodikom (HEW); 2) skupina u kojoj su hréci pili
deioniziranu vodu (DW); dok su 3) skupina zdrave zivotinje (kontrola). 25. dan nakon inokulacije mijeloidnog tumora zr-
tvovane su po tri zZivotinje za procjenu ucinka HEW na biometrijske parametre rasta tumora i 18 hematoloskih parametara.
Ostale zivotinje su ostavljene za pracenje veli¢ine i brzine rasta tumora te ukupnog prezivljenja. Serumi zivotinja analizirani
su i spektralnim metodama neravnoteznog energetskog spektra (NES) i diferencijalnog neravnoteznog energetskog spektra
(DNES). Rezultati su pokazali antitumorski u¢inak vode obogacene vodikom kroz smanjenje stope rasta tumora, produlje-
nje prezivljenja te normalizaciju hematoloskih parametara. 30. dan eksperimenta prosjecna veli¢ina tumora u skupini HEW
je 16.7+4.7 mm, u usporedbi s 20.8+3.3 mm u skupini DW. Ukupna smrtnost Zivotinja postignuta je 40. dan eksperimenta u
skupini DW te 57. dan u skupini HEW. Dobiveni su statisticki znacajni rezultati uc¢inka vode obogacene vodikom na norma-
lizaciju vrijednosti limfocita i trombocita u krvi te hematoloskih indeksa (PLT/LR). Spektralnim metodama utvrdeno je sta-
tisticki znacajno povecanje energije izmedu molekula vode u serumu hréaka s mijeloi¢nim tumorom koji su pili HEW. Mo-
zemo zakljuciti da voda obogacena vodikom ima antikancerogeni potencijal koji bi se mogao koristiti s konvencionalnim
kemoterapeuticima za razvoj novih strategija lijecenja, kao i za prevenciju raka.

KLJUCNE RIJECT: voda obogacena vodikom, mijeloidni tumor, kroni parametri, NES i DES spektralne analize
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