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Abstract

The objective of the current study was to evaluate the influence of deuterium-depleted water (DDW) consumption on healthy an-
imals and animals with hepatorenal toxicity. The influence of deuterium-depleted water on hepatorenal toxicity was investigated
in Wistar rats. Deuterium-depleted water consumption during 42 days caused changes in isotopic D/H composition of rats’ plasma
and lyophilized tissues of internal organs (liver and kidney). Moreover, deuterium-depleted water influenced plasma biochemical
parameters. Concentration of creatinine and bilirubin, as well as aspartate aminotransferase and alanine aminotransferase activ-
ities were reduced in plasma of rats with hepatorenal toxicity. Deuterium-depleted water consumption during 42 days influenced
the body and internal organ weights while integral index of chronic intoxication did not increase in rats with chronic intoxication.
It was also revealed that deuterium-depleted water consumption did not display any toxic effects.
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1. Background

Stable isotope concentrations of biogenic elements in
food depend on its origin (1-3). Therefore, isotope concen-
trations are strongly fluctuated in animal organism (4).
Nowadays, analysis of stable isotope concentrations is a
new method for assessment of food trophic structure and
animal diets (5).

Fractionation during water Earth cycle caused changes
of deuterium concentrations in natural waters (6, 7).
Therefore, the relationship between water consumers and
sources as well as the study of stable isotope concentra-
tions in tap water is an important subject.

Deuterium-depleted water (DDW) is 1H2
16O water iso-

topologue formed by light stable isotopes of hydrogen and
oxygen. Furthermore, international standard mean ocean
water (SMOW) and SLAP recorded the basic standards of
isotopic composition in hydrosphere, including concen-
tration of water molecules containing heavy isotopes (D,
17O, 18O). According to the SMOW, absolute content of deu-
terium (D/H) in the ocean water is 155.76 ± 0.05 ppm or
0.0%, while in the SLAP standard, the mean is 89.00 ppm
or -428.0%.

Deuterium-depleted water consumption leads to re-

duction of deuterium concentration in liquids and tissues
of organisms due to isotopic exchange reactions. These
reactions may impact cellular cycle and cell proliferation
(8), stimulate the reproductive function and have radio-
protective response without any toxic effects on the organ-
ism (9). Deuterium concentration in the plasma of healthy
animals is enriched with 3 to 6 ppm compared with drink-
ing water (10). Ordinary water replacement to “heavy” re-
sults in electrical conductivity reduction in electrolyte so-
lutions, and changes in structure and properties of DNA
and proteins molecules. Dynamic short-term hydrogen
(including deuterium) bonds are the most important for
macromolecular structure and function. Structural and
dynamic properties of cell membrane depend on qualita-
tive and quantitative lipid composition and can be modi-
fied in the presence of heavy water (11).

Biochemical reactions leading to toxic substances ac-
cumulation in the body have a significant role in the devel-
opment of hepatorenal toxicity. Previously, it was revealed
that DDW could neutralize toxic effects of chromium, cad-
mium, and manganese (12).

Pathophysiological mechanisms of D/H isotope com-
position that effect uncontrolled free radical reactions in
organisms during hepatorenal toxicity are still not investi-
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gated. Therefore, the study objective was to evaluate the in-
fluence of DDW consumption on healthy animals and ani-
mals with hepatorenal toxicity.

2. Methods

The study was carried out on 50 male Wistar rats (260
± 25 g) aged about 3 months old. Animals were kept under
standard conditions (temperature of 20 ± 3°C, humidity
48± 2%, day/night (from 6:00 to 18:00/from 18:00 to 6:00),
no more than six rats were placed in plastic cages (TECNI-
PLAST type IV S), and water and standard food (Labkorm,
Russia) were available ad libitum. Hepatorenal toxicity
was induced by intraperitoneal injection of 55% carbon
tetrachloride oil solution at a dose of 0.5 mL/kg of body
weight per day during 7 days. On the eighth day, gentam-
icin solution was intraperitoneally injected at a dose of 25
mg/kg of body weight per day during the following 7 days.
Nephropathy and chronic hepatitis leading to kidney and
liver failure were reproduced on the 15th day. The experi-
ment lasted for 42 days and started at first injection. All the
animals were cared under ethical considerations and the
experimental protocol was duly approved by the bioethics
commission (Protocol No 7/2015, approval dated 3.11.2015).
Rats were randomly divided to 5 groups:

1- Group A - animals with hepatorenal toxicity model
(negative “-” control) consumed water (-37% deuterium)
during all 42 days of the experiment;

2- Group B - animals with hepatorenal toxicity model
consumed DDW (-743% deuterium) during all 42 days of
the experiment;

3- Group C - animals with hepatorenal toxicity model
consumed DDW (-743% deuterium) previously for 14 days
and during all 42 days of the experiment;

4- Group D -intact animals (positive “+” control) con-
sumed DDW (-743% deuterium) during the 42 days of the
experiment;

5- Group E - intact animals (control) consumed water
(-37% deuterium) during the 42 days of the experiment.

On the 42nd day, all rats were euthanized by gas dis-
placement with carbon dioxide, according to the animal
welfare rules. Body and internal organs were weighted;
blood samples were collected for biochemical assays. Inte-
gral index of chronic intoxication (IICHI) were calculated
for the liver and kidneys (13).

Isotopic composition of lyophilized organs was deter-
mined by a mass spectrometer DELTAplus provided with
equipment for sample preparation of isotope hydrogen
analysis H/Device (Finnigan, Germany) (13).

Deuterium-depleted water (-743%) was obtained on the
plant created by the Kuban State University (13). Mineral-
ization of DDW was conducted by addition of mineral salts

(mineralization 314 - 382 mg/L: hydro carbonates 144 - 180
mg/L, sulfates < 1 mg/L, chlorides 60 - 76 mg/L, calcium 6
mg/L, magnesium 3 mg/l, sodium 50 - 58 mg/L and potas-
sium 50 - 58 mg/L). Furthermore, DDW mineral composi-
tion was identical with -37% deuterium content water (14).
Filtered standardized tap water (-37%) was prepared on wa-
ter treatment plant EMD Millipore RiOs™ 50 (Merk Milli-
pore, Germany).

Deuterium concentration in water and plasma were
determined on impulse NMR spectrometer, JEOL JNM-ECA
400 MHz (10).

Biochemical investigations were carried out with the
semiautomatic analyzer BioChem SA (USA), according to
the manufacturer’s instructions (BioChem SA, High Tech-
nology INC, Walpole, MA USA). Concentration of total
protein, creatinine, total bilirubin and activities of as-
partate aminotransferase (AST), alanine aminotransferase
(ALT) and alkaline phosphatase (ALP) were evaluated in rat
plasma.

Statistical processing of the data was carried out by
methods of variation statistics, and evaluation of the re-
liability of the differences in the average values (M) be-
tween groups was performed using non-parametric U-test
(Mann-Whitney test, significant difference was considered
for P < 0.05).

3. Results

The daily water consumption was 18 to 27 mL per rat
in all groups of animals. Deuterium concentration in rat
plasma on the 42nd day is presented in Figure 1. The most
significant deuterium reduction was observed in plasma
of groups B, C and D (DDW consumption) compared with
groups A and E (water with -37% deuterium content). The
revealed reduction was accompanied by significant re-
placement of protium to deuterium in plasma and tissues
on the 42nd day (Figure 1).

On the 42nd day, isotopic hydrogen composition in
lyophilized tissues was also studied. Deuterium decrease
was noticed in groups B, C and D compared with control
group E. Deuterium concentrations decreased 4.4, 4.3 and
1.6 times in lyophilized liver tissue and 3.7, 3.9, 1.5 times in
lyophilized kidney tissue, respectively.

Observed dynamics corresponded to active isotope ex-
change reaction occurring between the body fluids and bi-
ological molecules in tissues of animals in the B, C and D
groups (deuterium concentrations in tissues were in 1.5 to
3.3 times higher than in plasma).

Biochemical changes of all studied parameters had the
same tendency and degree of development during the ex-
periment. Persistent injuries of liver and kidney were con-
firmed with biochemical assays plasma of rats from group
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Figure 1. Deuterium concentration in plasma and lyophilized internal organs after the 42nd Day

A. Concentration of creatinine and activity of AST, ALT, and
ALP in plasma of group A rats were increased by 57.1%, 42.9%,
58.5%, and 178.0%, respectively (Table 1).

It was also found that less serious metabolic disorders
were observed in rats consuming DDW (groups B and C)
than in negative controls (group A) (Table 1).

Autopsy examination on the 42nd day revealed that in
internal organs of groups B, C, D, and E, pathological pro-
cesses were absent. The liver had homogeneous maroon
color and elastic consistency. Liver of rats from group A was
slightly enlarged and had homogeneous color.

The weight of liver and kidney was different between
groups of experimental and control rats (Figure 2).

0

20

40

60

80

100

120

140

Group «A » Group «B » Group «C » Group «D » Group «E »

 Kidney
 Liver

R
el

at
iv

e 
C

h
an

ge
 in

 K
id

n
ey

s 
an

d
 L

iv
er

 M
as

s,
 %

Figure 2. Weight of internal organs on the 42nd day. Note. * - P < 0.05 compared
with group E, as 100%.

On 42nd day, integral indexes of chronic intoxication
of liver and kidney were increased in both animal groups
A (+43.2% and +20.1%) and B (+7.3% and +31.8%) when com-
pared with the intact control group E (Table 2).

4. Discussion

The significant effect of isotope D/H composition on
internal organs of rats, which had consumed DDW, was a
finding of this research. This result can be explained by the
theory of hydrogen isotope exchange reactions in macro-
molecules. The thermodynamic disparity of isotopic com-
pounds can lead to uneven distribution of hydrogen iso-
topes at equilibrium as a result of isotope exchange reac-
tions in the tissues, moreover, another reason is the pre-
ferred accumulation of protium or deuterium (15). Iso-
topic exchange reactions in biological systems may cause
variations in thermodynamic and kinetic parameters of bi-
ological molecules (1). Selective changes in active and al-
losteric site of enzymes are associated with exchange of
hydrogen isotopes in dissociating groups (-OH, -SH, -NH2,
= NH). This phenomenon is related to the increase of pro-
tium concentration in these groups, that is caused by mod-
ifications of enzyme conformations and can lead to change
in the rate of a chemical reaction, because the activation
energy of the molecule transition states in the implemen-
tation of biocatalytic reactions is reduced. Intermolecular
and intramolecular kinetic isotope effects are summarized
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Table 1. Biochemical Analysis of Plasma After 42 Days

Parameters Experimental Animals

Group A, Negative Control Group B Group C Group D, Positive Control Group E, Control

ALT, U/L 158.5 ± 49.4a 128.2 ± 25.7a 116.6 ± 21.2 81.5 ± 24.3 100.0 ± 12.4

AST, U/L 142.9 ± 25.8a 123.8 ± 18.1a 127.5 ± 14.3a 105.6 ± 18.4 100.0 ± 17.8

Total bilirubin, µmol/L 246.4 ± 20.9a 179.5 ± 49.6a 171.6 ± 45.1a 161.6 ± 25.2a 100.0 ± 13.1

ALP, U/L 278.0 ± 66.2a 224.3 ± 27.4a 258.8 ± 28.9a 142.7 ± 36.3a 100.0 ± 16.0

Total protein, g/L 104.5 ± 18.6 98.6 ± 16.7 102.3 ± 20.6 89.0 ± 17.1 100.0 ± 12.9

Creatinine, µmol/L 157.1 ± 29.3a 129.3 ± 17.2a 140.9 ± 16.4a 108.7 ± 21.6 100.0 ± 19.3

a - P < 0.05 compared with the group E, as 100% (ALT - 48 U/L, AST - 163 U/L, total bilirubin - 6 µmol/L, ALP - 66 U/L, total protein - 53g/L, Creatinine - 46 µmol/L).

Table 2. Integral Index of Chronic Intoxication (IICHI) on the 42nd Day

Index IICHI A IICHI B IICHI C IICHI D IICHI E

Kidney 0.412 ± 0.015a 0.355 ± 0.008 0.314 ± 0.011 0.335 ± 0.008 0.343 ± 0.010

Liver 4.180 ± 0.216a 3.134 ± 0.139 3.088 ± 0.125 2.548 ± 0.109a 2.919 ± 0.146

a - P < 0.05 compared with group E. IICHI for groups A, B, C, D, and E presented in units calculated by dividing weight of rat organ by the animal body weight.

in biological objects due to complexity of high-molecular
compounds (proteins, nucleic acids) and their solvation
capacity, and hence the isotopic exchange reactions of hy-
drogen between chemical dissociating groups and hydra-
tion shell of macromolecules. Such changes lead to fluc-
tuation of energy during an enzyme-substrate interaction
(intermolecular effect) and can be accompanied by dif-
ferent rates of intramolecular conformational rearrange-
ments (enzyme-substrate complex) (16). These effects may
lead to a decrease of time within the individual stage of
biocatalytic transformation or acceleration recovery of en-
zyme to active form after single catalytic cycle, thereby in-
creasing the activity of biochemical processes (17).

Presumably, DDW is able to change the speed of bio-
catalytic processes in cells of detoxification system organs
due to reduction of activation energy of active enzymes
groups. Moreover, DDW may effect transcription and pro-
tein translation by isotope exchange reactions during ther-
modynamic fluctuations in DNA and its hydration shell.
These changes can enhance the DNA ability to interact
with transcription factors, and this leads to an increase of
proteins contenting in nonspecific defense systems (heat
shock proteins and enzymes with antiradical activity (18)),
and therefore stimulate resistance to stress influences (19),
e.g. during intoxication related to hepatic-renal insuffi-
ciency. Furthermore, DDW can quickly penetrate through
cell membranes and reactively derive the metabolites (20).

It was revealed that irregularities in the nonspecific de-
fense system leads to morphological changes in detoxifica-
tion organs and impair the adaptive capacity of the organ-
ism under typical pathological conditions.

Only liver IICHI in group C was higher (+5.8%) than in
group E, while kidneys’ IICHI was not significantly differ-
ent. This data confirmed DDW cytoprotective effect un-
der stress conditions development of humoral and cellu-
lar defense systems by deuterium content reduction in the
organism. However, the liver IICHI in group D had lower
results by 12.7% compared with group E. The obtained re-
sults also indicated an increased capacity of detoxification
system of animals that had consumed DDW. The highest
means of liver IICHI and kidney IICHI were noted in group
A: +43.2% and +20.1%, respectively, compared to IICHI of in-
tact group E, and were higher than similar indexes of rats
that had consumed DDW.

4.1. Conclusion

The received data of morpho-functional status corre-
lated with clinical and biochemical parameters in all ex-
perimental groups. The revealed correlation confirmed
the possibility of DDW influence on the nonspecific de-
fense system by isotope D/H exchange reactions.

Dynamics of studied parameters in group D indicated
that DDW did not possess cumulative effect, yet could stim-
ulate its own effects in the chronic experiment (group C).
The observed tendency can correspond with the DDW abil-
ity to influence the thermodynamic state of nucleic acids
in cells as well as speed of transcription and translation.
Recovery of biochemical parameters was revealed in group
B and C, in which animals consumed DDW before and
throughout the experiment. Furthermore, DDW consump-
tion did not increase body weight (rats of group D), there-
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fore its use is more reasonable in pathological and specific
physiological conditions.

The ability of DDW to improve function of detoxifica-
tion system was revealed under conditions of hepatorenal
toxicity. Deuterium-Depleted Water can be applicable for
correction of metabolic processes in different functional
states due to isotope D/H exchange reaction’s ability to ac-
tivate the non-specific defense system.

This work was supported by the Russian Science foun-
dation (project No 15-16-00008).
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