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INTRODUCTION
Oncological diseases rank second in terms of incidence and mortality, 
second only to cardiovascular diseases. According to the WHO 
estimates1, about 10 million people die from cancer each year, and 
according to the World Cancer Research Fund (WCRF) estimates, 
cancer mortality may exceed 20 million people per year by 20302. 

Natural water is a mixture of molecules containing stable isotopes 16О, 
17О, 18О, 1Н, 2Н. The ratio of the number of deuterium atoms to protium 
D/H in fresh and sea waters is 132-156 ppm (µg/g)3,4. The content of 
individual isotopic modifications of water is comparable to the content 
of the most important trace elements in sea water and human blood 
plasma5. Taking into account that the mass of protium H is two times 
lower than the mass of deuterium D, the isotopic effect arising from 
the replacement of isotopes cannot but affect biological systems, 
for example, the rates of chemical reactions between substances 
containing them may differ by 5 - 10 times6-8. Due to the use of the 
heavy water (D2O) in the nuclear industry, the effect of the increased 
deuterium content on its structure, physical and chemical properties, 
and physiological processes was studied in detail9-11. The replacement 
of protium with deuterium by 50% leads to the death of mammals12.

Numerous publications of the last 20 years are devoted to the study 
of the role of deuterium in natural (12 mmol) or reduced content in 
the human body13. For example, it is known that water depleted of 
stable heavy isotopes (deuterium and oxygen 18O) reduces the risk of 
γ-irradiation14-15 and exposure to stress16 of the mammals.

It is proved that the light water, i.e. deuterium depleted water (DDW), 
exhibits antidote properties of individual and combined effects of 
pharmaceutical substances and excipients of finished dosage forms17-21. 
The mechanisms of such influence are due to the structure, physical and 
chemical properties of the “light” water and changes in ligand-receptor 
interactions in biological objects of different hierarchical levels3. Tumor 
cells are extremely sensitive to deuterium depleted water: the use of 
light water leads to tumor regression and, in some cases, necrosis22-25. 
At the same time, healthy cells are able to adapt to lower deuterium 

For more than 20 years, since 1993, the Hungarian National Institute 
of Pharmacy and Nutrition has been conducting a research on the 
mechanisms of antitumor activity of light water (deuterium depleted 
water – DDW). Long-term randomized clinical trials in numerous treatment 
centers in Hungary in compliance with the Good Clinical Practice (GCP) 
indicate a high sensitivity of tumor cells to lower levels of deuterium (D) in 
the body. The replacement of the ordinary water (D)/H = 140 ppm) by the 
“light” one (D/H = 20-105 ppm) is accompanied by a decrease in the size 
of the tumor, gradual necrosis of tumor cells, an increase in the median 
survival of cancer patients (prostate cancer, breast cancer, lung cancer, 
etc.). The content of deuterium in the body at the level of 10-12 mmol is 
an order of magnitude higher compared to essential trace elements, which 
makes it possible to predict its key role in biochemical processes. Indeed, 
mass-spectrometric analysis shows that deuterium bioaccumulation in the 
human body depends on its phenotype. In contrast, when drinking water is 
replaced with DDW, the deuterium content in aqueous extracts of biological 
blood samples, muscle and liver tissues of laboratory animals goes down. 
The use of DDW as a prophylactic agent and many experimental results 

obtained in vitro and in vivo in China, Japan, the USA, Romania, and the 
Russian Federation make it possible to recommend DDW for use as a safe 
additional agent in the treatment of cancer.
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ABSTRACT

content in water. The light water increases the rate of photosynthesis, 
promotes the growth of plants and aquatic animals26-27. In Europe, the 
USA, Japan, China and Russia, the deuterium depleted water is used for 
preventive and curative purposes28-29.

STUDIES ON CELL CULTURES
Preventing the proliferation and migration of tumor cells is a priority 
of cancer therapy30. In the study of nasopharyngeal cancer cell lines 
(CNE-1, CNE-2, 5-8F, 6-10B, Sune-1), inhibition of tumor cell 
proliferation was observed as the isotopic D/H ratio (150, 100, 75 and 
50 ppm) decreased22. At the same time, the proliferation of normal, 
non-tumor cells, on the contrary, increased (Figure 1).

Identical results were obtained in the study of cell proliferation of 
human prostate cancer lines PC-3, breast MCF-7, and melanoma 
M-1431. The culture medium was prepared by replacing the ordinary 
water with DDW with a D/H ratio = 90 ppm. Daily kinetics indicate 
inhibition of cell division by 10-25%.

Deuterium depleted water affects not only the proliferation of cancer 
cells but also their structural organization, shape, and size32.

In environments prepared using deuterium depleted water, there is also 
observed a decrease in the colony-forming ability of tumor cells and an 
increase in the number of colonies of normal preosteoblasts (Table 1).

Cell migration required for tumor growth and metastasis is significantly 
reduced with a decrease in the D/H ratio in water, which was 
demonstrated in five cell lines of nasopharyngeal cancer (CNE-1, CNE-
2, 5-8F, 6-10B, SUNE-1). With a change in the deuterium/protium ratio 
from 150 to 50 ppm, there is a noticeable decrease in the number of cells 
in the S phase of the cell cycle (Table 2), in which the DNA replication 
takes place.

One of the causes of tumor development is DNA damage by free 
radicals and reactive oxygen species33. With a decrease in the relative 
content of deuterium in the medium, the activity of NADP(H) – 
quinone oxidoreductase 1 (NQO1), a cytosolic enzyme that protects 
cells from oxidative stress22.
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Figure 1: Kinetics of NPC(A) tumor cell death and MC3T3-E1 (B) preosteoblast growth in waters 
with different isotopic D/H ratios (ppm) (based on results22).

Cell cultures
(Cancer Research Institute of Southern Medical University)

Number of colonies at different D/H ratios in water
150 ppm 75 ppm 50 ppm

CNE-1
(nasopharyngeal carcinoma) 228.0±18.0 23.5±4.5 23.0±4.0

5-8F
(nasopharyngeal carcinoma) 137.0±7.0 86.0±6.0 27.0±3.0

MC3T3 - E1 (normal preosteoblasts) 49.5±4.5 83.0±3.0 75.0±4.0

Table 1: Dependence of the number of cell colonies on the deuterium content in water according to22, n=3, M±SD.

M: mean; SD: standard deviation; ppm: parts per million.

Cell lines D/H, ppm
Number of cells in different phases of the cell cycle

G1 G2 S

Sune-1

150 73.91±2.18 12.55±0.88 13.55±0.93
100 65.71±1.98 24.2±1.01 10.08±0.81
75 60.90±1.90 33.40±1.12 5.70±0.31*
50 71.45±2.01 24.65±0.68 3.90±0.27*

6-10B

150 13.43±0.65 15.20±0.78 71.37±2.36
100 30.90±1.50 0.24±0.01 68.86±1.75
75 38.81±1.64 0.31±0.01 60.88±1.56*
50 44.15±1.83 15.05±0.75 40.80±1.32*

MC3T3-E1

150 39.70±1.47 12.30±0.91 48.00±1.52
100 49.80±1.65 9.29±0.85 40.90±1.41*
75 49.00±1.63 7.33±0.70 43.60±1.49*
50 46.90±1.55 9.99±0.87 43.10±1.49*

Table 2: The dependence of the number of cells in the phases of the cell cycle on the D/H ratio in water used for the preparation 
of the culture medium (according to22, n=3, M±SD; *p<0.05).

G1: cell growth; G2: cell growth; S: DNA synthesis; M: mean; SD: standard deviation; ppm: parts per million.

DDW has been proven to stimulate cancer cell apoptosis32 and suppresses 
gene expression34-35, which play a key role in tumor formation36.

RESEARCH ON LABORATORY ANIMALS
The effect of DDW (D/H=94 ppm) on tumor growth was studied in 
human prostate cell PC-3 transplantation to immunosuppressive mice 
line CBA/Ca37. At a relatively late stage of tumor development (32 days 
after transplantation), drinking water (D/H=150 ppm) was replaced 
by DDW (D/H= 94 ppm). In the control group, tumor size increased 

in all mice, while the experimental group four mice showed complete 
tumor regression, seven – partial regression, and eight animals showed 
an increase in tumor size. The life expectancy of animals in the 
experimental group increased by 40% compared to the control. At an 
earlier replacement of drinking water with DDW (18 days after tumor 
cell transplantation), a 40% reduction in tumor size was observed 
compared to the control.

When drinking water was replaced with DDW in the group of 
animals subcutaneously injected with tumor cells H460 (human 
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lung carcinoma), inhibition of growth rate (30%) and tumor weight 
reduction were found (Table 3).

CBA/Ca mice were transplanted with breast adenocarcinoma tissue 
MDA-MB-231 and MCF-738. The day before transplantation, drinking 
water was replaced with DDW (D/H=30 ppm), which led to an increase 
in animal survival (Table 4). In the case of MDA-MB-231, on 65 days 
80% of control animals died against 11% in the experimental group. 
The MCF-7 xenotransplantation killed 67% and 12% of the control and 
experimental groups of animals, respectively.

In the experiments on the Wistar line rats with experimental Walker 
tumors 256 (standard tumors for pre-clinical trials of anticancer 
agents), DDW with a D/H ratio = 30, 60, 100 ppm was used as drinking 
water and tap water (D/H=144 ppm) was used for the control group39. 
In addition, 2 ml of water were injected daily subcutaneously. The 
following parameters were estimated in the experiment: tumor growth; 
latent period of tumor formation; average life time of animals, as well 
as anatomical and clinical indicators. The results indicate a positive 
dynamics in all monitored parameters using DDW, including an 
increase in animal survival: on the 40th day on average by 75%, and on 
the 60th day on average by 35% (Table 5).

The prophylactic injection of “light” water (30 days before the 
transplantation of tumor cells) is also accompanied by an increase in 
the survival of the experimental animals; at the same time, all animals 
show inhibition of tumor growth and 25-40% of animals show complete 
tumor regression39.

The inhibitory effect of water with low deuterium content in models 
with transplantable tumors (Lewis lung carcinoma, uterine sarcoma 
Cm 322 and cervical cancer CC-5) was studied in mice of line BDF1 and 
CBA40. Animals in both groups started taking light water on the day 
of tumor transplantation. The inhibitory effect of DDW was judged by 
tumor volume and animal life expectancy. Water with low deuterium 
content had a statistically significant inhibitory effect on the growth of 
tumors studied by 43% on average (p=0.05).

In the experiment on two models of transplantable tumors – Lewis 
lung carcinoma and cervical cancer CC-541, mice began to receive water 
with low deuterium content a month (4 weeks) before transplantation. 
Taking into account that the complete renewal of water in the body 
takes 3 weeks, it was possible to create a “deuterium-free background”. 
The mass spectrometric analysis of the aqueous extracts of biological 
samples of blood, muscle and liver tissues of Wistar rats indicates 
bioaccumulation of deuterium in the body39.

For Lewis lung carcinoma41, the metastasis inhibition coefficient was 
estimated. For this purpose, 2 experimental groups of 20 animals and 3 
controls (two groups of 20 and one group of 30 animals) were used. The 
animals of one of the experimental and one control groups were kept 
until natural death, the animals of the other two were killed on the 17th 
day after transplantation. The third control group (10 mice) was taken 
to determine the average lung mass of intact animals. To analyze the 
inhibitory effect of water with low deuterium content, the criteria used 
to evaluate anticancer agents were used. In the experimental conditions, 
it was noted a statistically significant increase in the time of appearance 
of the first nodules at the site of transplantation of both tumors in the 
experimental groups. In addition, inhibition of tumor node growth was 
observed at all periods of measurement of transplanted tumors.

In all groups of animals treated with low deuterium water, there was an 
increase in life expectancy compared to the control by 19 % on average.

In the experiment with Lewis lung carcinoma 12% inhibition of 
metastasis was observed (p<0.05). 

Thus, the strengthening of the inhibitory effect of water with a low 
content of deuterium on the transplanted tumors by creating a 
“deuterium-free background” was confirmed.

Successful results were obtained in dogs when drinking water was 
replaced with DDW with natural (non-experimental) breast tumors 
(7 animals)37. The dose of DDW (D/H=90-95 ppm) was in the range 

Isotopic composition of water, D/H, 
ppm

Survival at different stages of observation, %
30 days 40 days 60 days

144 0 - -
100 100 70 30
60 100 80 40
30 100 75 35

ppm: parts per million.

Table 5. Survival of the Wistar line rats with experimental Walker tumors 256 using water of different 
isotopic compositions (according to 39).

Days after transplantation
MDA-MB-231 MCF-7

ordinary water (control) DDW (30 ppm) ordinary water (control) DDW (30 ppm)
20 5 9 6 8
50 5 9 6 8
65 1 8 2 7
71 0 8 2 7
80 0 7 1 5
87 0 6 1 5

ppm: parts per million.

Table 4: Effect of DDW on CBA/Ca mice survival after transplantation of breast adenocarcinoma tumor cells MDA-MB-231 and MCF-7 
(according to 38).

Group of animals Tumor weight, g
Control (D/H= 150 ppm) 10.64±0.83

Experimental (D/H=50 ppm) 7.36±0.78*

M: mean; SD: standard deviation; ppm: parts per million.

Table 3: Mass of tumors in BALB/c mice two months after transplantation of human lung 
tumor cells H460 (according to32 n=8, M±SD; *p<0.05, t-test).
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of 0.01-0.02 kg per kg of body weight per day. Already in the first 3 
weeks, two animals showed a decrease in tumor volume by 60-70%. The 
complete disappearance of the tumor was recorded in one animal after 
8 months of using DDW.

In 200842, the use of DDW as an additional component of chemotherapy, 
which is able to reduce the toxic effects of cytostatics on the liver, 
kidney, and blood-forming organs of animals, was patented. DDW 
with ratio D/H = 60 ppm43 is assumed to be used 60 days before the 
removal of the tumor and 700 days in the postoperative period. The use 
of DDW in the indicated dose reduces the toxicity of cytostatic agents 
(cyclophosphamide, 5-fluorouracil, farmorubicin, vinblastine) by 41% 
on average. Due to a decrease in the general and specific toxicity of 
chemotherapy, there is an increase in the median survival of animals. 
Due to the absence of side effects, DDW can be used as an adjuvant in 
both animals and humans37.

DDW APPLICATION IN THE TREATMENT OF ON-
COLOGICAL PATIENTS
Currently, DDW is being registered as a therapeutic agent44. The 
Hungarian National Institute of Pharmacy and Nutrition has issued 
a permission45 of the compassionate use of DDW by patients with 
advanced cancers (lung cancer, prostate cancer, breast cancer). The 
studies were carried out on the basis of 16 medical institutions in 
Hungary44-46 in accordance with Good Clinical Practice (GCP). Patients 
were provided with all available information on the effects of DDW45. 
In a double-blind placebo-controlled study, there was used water 
obtained by diluting DDW with mineral water containing necessary 
(essential) trace elements to a deuterium/protium ratio of 105 and 85 
ppm. Patients ingested the water. Regardless of the nature of the main 
therapy, the aim of the study was to investigate the effect of reducing the 
level of deuterium in the body on the tumor process. The dose of DDW 
was selected taking into account the daily volume of water consumed 
and body weight. The method of treatment took into account the need 
to gradually reduce the deuterium/protium ratio in water – by 10-20 
ppm monthly for 6-10 months – and maintain deuterium in the body at 
the lowest possible level.

Lung cancer
Lung cancer is the most common cause of death in cancer patients1. 
The standard treatment for lung cancer is chemotherapy. The lung 
cancer has a high metastatic activity, which increases the number 
and mortality of oncological patients44. Taking into account that most 
cases of the disease are diagnosed at the inoperable or conditionally 
operable stage of the tumor process, when there are metastases, the 
main treatment is chemotherapy47. The average life expectancy of 
patients in this group is limited, which leads to the choice of aggressive 
treatment with serious side effects. According to most clinical studies, 
the median survival (MS) for patients with brain metastases in case 
of lung cancer is 4-6 months44. In most cases, the blood-brain barrier 
may prevent conventional chemotherapeutic agents from entering the 
brain metastasis, so treatment strategies are limited. While deuterium 
depleted water can affect the central nervous system, easily penetrating 
the blood-brain barrier16.

The life expectancy of patients in the experimental group was much 
higher than the average values for patients with brain metastases and 
amounted to 10-55 months. During the treatment, complete regression 
of metastases and primary tumor was observed in two patients, one of 
the patients did not have a relapse of lung carcinoma within the next 
two years after the treatment, the progression of multiple brain tumors 
was stopped in some patients, and the volume of the primary tumor 
significantly decreased. In addition, increased intracranial pressure and 
symptoms of thrombophlebitis decreased. Thus, in the absence of side 
effects, the quality of life of oncological patients increased.

Breast cancer
The antitumor effect of DDW was found during clinical studies in 
patients with breast cancer (n=232)44,48. The average time from the 
diagnosis to initiation of DDW taking was 36 months, the average 
duration of the treatment was 25 months. During 90 days, the ordinary 
drinking water was replaced with DDW, keeping the standard treatment 
regimen. After 2-3 months, DDW was temporarily discontinued. The 
regimen was repeated after 4-6 months from the beginning of the 
treatment. A retrospective study of life expectancy shows an increase 
in patient survival with DDW compared to other clinical groups. Thus, 
the average life expectancy of patients was: 148 months (12.3 years) 
from diagnosis. It should be taken into account that 56% of patients had 
stage 4 cancer. The survival of patients at an early stage of the disease 
was 217 months (18.1 years) and 52 months (4.3 years) for patients in 
later stages.

In addition, a subgroup of 74 late-stage patients was selected to assess the 
effectiveness of DDW. The average time from the diagnosis to initiation 
of DDW treatment was 181 days (5.9 months); the average duration of 
DDW treatment was 402 days (13.2 months). As a result of the use of 
DDW in addition to conventional treatment, 16 patients (21%) had a 
complete remission and 27 patients (36.5%) had a partial remission; 
12 patients (16.2%) showed the stop of the tumor progression; in 19 
patients (25.7%) it was recorded a progression of the disease.

It was found that the effectiveness and result of the treatment depend 
on the dose of DDW. The majority of patients, whose condition did not 
change or who had a progression of the disease, took DDW in a lower 
dose and/or irregularly. The complete tumor regression was recorded 
when DDW was consumed in higher doses. For them, the median 
survival (52 months) was 2-3 times higher than in the group receiving 
the standard treatment only (12-31 months).

Prostate cancer
Prostate cancer ranks third among the causes of death of men with 
cancer49. Clinical trials indicate that the median survival with this 
disease is in the range of 15 to 21 months45. The treatment regimens 
were consistent with the treatment standards. The criteria for evaluating 
the effectiveness of the adjuvant therapy were: changes in the condition 
of the tumor, complaints about urination, PSA level. Patients' health 
was monitored for a year after the completion of DDW taking.

A homogeneous group of 32 people with bone metastases was selected 
for the statistical analysis. Due to the short duration of treatment (4 
months), none of the patients had complete tumor regression. However, 
seven of 22 patients had a partial regression. The disease progressed in 
four patients. The prostate volume decreased in 18 patients.

In the first year after the treatment, 2 people died (9%) in the group of 
patients who consumed DDW, and 9 people (41%) in the control group. 
The inverse correlation between PSA level and DDW dose was found.

Thus, the consumption of DDW at early stages of prostate cancer can 
slow down the progression of the disease. At the same time, almost two 
decades of research have not found any adverse effects of light water on 
the body, in particular, no significant changes in blood tests, even when 
taking maximum doses of DDW.

Preclinical Toxicity Studies50, prospective and retrospective clinical 
studies indicate the absence of adverse body reactions when taking 
DDW with a deuterium/protium ratio of 25 to 105 ppm. Inclusion of 
DDW in the existing treatment regimens at any stage of the disease51 
increases survival, delays tumor progression, improves the quality of 
life of oncological patients.

In recent years, attempts have been made to substantiate the molecular 
mechanisms of the action of “light” water on biological objects52. 
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In particular, the results were obtained on reducing the amount of 
deuterium in individual organs and tissues of mammals when replacing 
drinking water with DDW39,43.

The results of our research show that the processes described in the 
review can find an explanation not only by the kinetic isotope effect, 
which is manifested in the acceleration of native reactions in aqueous 
media with low deuterium content53-55 but also by changing the chiral 
properties of biological media while reducing the ratio of hydrogen 
isotopologues D/H56,57. One of the possible mechanisms of DDW 
influence on tumor processes is associated with a decrease in the 
migratory activity of cancer cells, as shown by human lines A549 and 
HT2958. It should be particularly emphasized that the mechanisms of 
deuterium action on biological systems in vivo and in vitro have not 
been fully understood.

CONCLUSION
The positive effects of using deuterium depleted water make it possible 
to consider it as a promising adjuvant antitumor agent. Despite the 
increasing number of scientific publications related to the use of 
deuterium depleted water, its mechanisms of action have not been 
completely clarified. The inclusion of deuterium depleted water in the 
treatment of cancer and other diseases requires randomized studies of 
its safety according to the approved Protocol for the bioequivalence 
evaluation of generic and patented therapeutic agents. To control the 
content of deuterium in the human body and its influence on the 
biochemical processes, it is necessary to develop complex techniques 
based on modern analytical methods: NMR, chromatography mass-
spectrometry, AES-ICP.
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