Naturally occurring deuterium is essential for the normal growth rate of cells
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The role of naturally occurring D in living organisms has been examined by using deuterium-depleted water (DDW) (30-100 ppm) instead of water containing the natural abundance of D (150 ppm). DDW significantly decreased the growth rate of L929 fibroblast, HT-29 colon, A4, MDA and MCF-7 breast, PC-3 prostate, M19 melanoma cell lines. The inhibitory effect was more significant when the D-concentration of the culture medium was gradually decreased in 3-5 steps. To investigate the anticancer effect of DDW in vivo, human breast adenocarcinomas; MDA and MCF-7 were transplanted into CBA/Ca mice. The drinking water of the animals in the treated group (17) was replaced with DDW (30 ppm) one day after transplantation. Eighty days after the transplantation all mice in the control group perished (10) except one, meanwhile 70% of the animals (12) were still alive in the treated group. In an other experiment, PC-3 tumorous prostatic cells were transplanted into CBA/Ca mice. The DDW treatment started on the 18th day. Twelve days later the tumors were removed from mice and histologically examined. Cells being in mitosis and apoptosis were counted. It was found that in the control group, that received water with normal (150 ppm) D-content, 3.6% of the cells were in mitosis and only 1% in apoptosis. The ratio was almost the opposite in the treated group, where only 1.5% of the cells were in mitosis, while 3% of the cells were in apoptosis. In order to reveal the molecular background of the inhibitory effect of DDW COX-2 gene expression was investigated in healthy myometrial and HT-29 colon tumorous cell line in medium with 20-80-150-200-500-1000 ppm D. It was found that deuterium depletion inhibited COX-2 expression and the inhibition correlated with the D-concentration. At the same time there was a strong correlation between the COX-2 expression and the intracellular prostaglandin concentration. When the prostaglandin was added back to the culture medium it diminished the inhibitory effect of DDW. The application of DDW also proved to influence the expression of genes encoding different kinases using nanocapillary quantitative real-time PCR analysis technique and to modify the activity of amilorid- sensitive Na+/H+ antiport system.  

We suggest that cells are able to regulate the D/H ratio and its changes can trigger certain molecular processes. One possibility to modify the D/H ratio is the activation of the     H+-transport system which prefers to eliminate H+ resulting in a higher D/H ratio within the cell. We suggest that the changing D/H ratio can simultaneously regulate the expression of certain genes and the activity of enzymes having key role in cell cycle regulation and in other molecular mechanisms. We suppose that the naturally occurring D is the key element of a hitherto unknown sub-molecular regulatory system (SMRS).
Physiological Effects of Heavy Water
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Since the discovery of deuterium on Thanksgiving Day, 1931, the effect of heavy water (D2O) on various living organisms has been widely investigated. The availability of heavy water in the mid-1950’s in quantities of hundred tons at a reasonable price greatly facilitated the research on the effects of deuterium in biological systems. The physiological effects of heavy water will be demonstrated on some selected examples.

 There are some striking effects of heavy water on simple organisms. While early experiments indicated that the incorporation of deuterium into algae was incompatible with life, it turned out later that by gradually changing the deuterium concentration of water in media used for growing algae can be fully adapted to growth in D2O. Another example is the mold Aspergillus niger which grows well in media containing D2O, but loses its ability to synthesize its characteristic black pigment and becomes alabaster-white.

Whereas simple organisms can be adapted to grow in D2O, higher (vascular) plants as well as animals resist full deuteration. Experiments carried out with mice showed that animals drinking 30% D2O, and deuterated to about 25% in the body fluids, live normal life span, however their reproductive capacity becomes severely impaired. Deuterium content of 15-20% in the body fluids was found to be the threshold for toxicity in animals. Since deuterium substitution results in a decrease of the rates of reactions the question arose already at an early stage after the discovery of deuterium whether the growth of tumors could be inhibited by the administration of heavy water. Experiments carried out on mice with lyphosarcoma and mammary cancer showed that although the administration of 40% D2O decreased the growth rate of the tumors, the mice treated died more rapidly due to the toxic effects of deuterium.

It is an interesting question how toxic deuterium or heavy water is to humans. If it is accepted on the basis of animal experiments that the “critical” deuterium concentration (the double of which would cause severe physiological effects) is about 10%, then one can easily estimate that a person of 70 kg may drink 4.8 liter heavy water without serious consequences. Thus heavy water cannot be considered toxic to humans. This is an important conclusion since heavy water is widely used for the estimation of total body water. 

It has been shown that the effect of heavy water, and thus of increased deuterium concentration, on various physiological processes has been extensively investigated. However, until 1993, when it was demonstrated by Somlyai and his co-workers  that sub-normal deuterium concentration leads to the inhibition of cell division in cultured proliferating animal cells, very little was known about the sensitivity of biological processes to deuterium depletion. 

Environmental deuterium and cell proliferation: implications in radiobiology
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Knowing the radio-mimetic effects of deuterated water (heavy water) and having a tool for achieving the partial depletion of deuterium (deuterium-depleted water), the effects of chronic administration of this water were tested in animals, which were then subjected to irradiation with gamma radiation in various doses.

Deuterium depleted water (DDW) demonstrated to be an effective way to significantly reduce the deuterium concentration in animals subjected to prolonged treatment. Deuterium concentration decreased to about 90 ppm, compared to a normal concentration of about 140-145 ppm deuterium/protium.

Prolonged treatment with DDW significantly protects animals from irradiation with  radiation at LD50 dose. The dose modifying factor (DMF) could be calculated at 1.41. The association with the strongest current chemical radioprotective (amifostine) did not increase significantly the effects of treatment with DDW. Protective effects were present also while administrating LD50 of a chemical radiomimetic preparation derived from nitrogen-yperite (hydrochloric embihine).

The antioxidant action is present but not strong enough to explain the radioprotective effects reported. The strongest action was unspecific stimulation of immunologic parameters. 

The investigation of the mechanisms by which the stimulatory action could take place in the rapidly proliferating cellular compartments (hematopoetic and gastrointestinal mucosa) using DDW as medium for normal and neoplastic cells in culture showed significant effects of cell proliferation stimulation. The study of the mechanisms that stimulate proliferation demonstrated the possible involvement of K+/H+ ATP-ase in the mechanisms that regulate cell division. 

In conclusion, DDW can be regarded as a radiobiologically active substance.

Recovery  and use of deuterium-free  water in extended  space expeditions
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On long space flights (for example, the Lunar or Martian program) substance circulation based life-support systems will be used. Such systems will include the higher plants, single-celled seaweed and other heterotrophs. This creates need for the development of non-standard technologies for the cultivation and gathering of food products with improved medicinal and biological values. 

Long space expeditions will be subject to high levels of radiation, which creates the need to develop new methods of radiation shielding.

Besides, cosmonauts, being only human, can be exposed to diseases. The search for methods that increase the efficiency of the immune systems of cosmonauts is one of the major factors in lengthy space expeditions. . 

In the State Scientific Center of  Russian Federation-Institute for bio-medical problems 

of the Russian Academy of Sciences long term research has shown that in the solution of these problems deuterium free water shows promising results and has positive medicinal and biological qualities. With this goal in sight we have developed the technology for its obtainment, based on the electrolysis of distilled water with the subsequent transformation of received gases (hydrogen and oxygen) in water with the lowered concentration of deuterium. In the first stages of the decomposition of water on the cathode, a light isotope of hydrogen is formed: protium, as a result of this oxidation, deuterium-free water is produced.

Deuterium-free water has been used by us for: 

1). Cultivation of the higher plants, 2). Breeding of birds – quails, 

3). Research of anti-tumoral properties, 4). Research of radiation shielding properties.

Cultivation of the higher plants shows that seed production in higher plants such as the thale cress (Arabidopsis thaliana, Dijon) and field mustard (Brassica rapa) increases by 150-200% after being watered with «deuterium-free» water.

In quails (the Japanese quail: Coturnix coturnix japonica) an increase in growth rate and organ weight of the birds, in particular the reproductive organs, is seen.

Research of deuterium-free water as an anti-tumoral substance showed decrease in growth rates of some tumors, and decreases in metastasis speed have been revealed, as well as an increase in the life  duration  of animals. 

Research of radio-protective properties of «deuterium-free» water has shown that its consumption by animals, irradiated with gamma rays from Cobalt-60, led to increased life duration, and a decrease in speed and count of cataract formations in the eyes. 

In long space flights deuterium-free water can be received with the use of regeneration systems from a condensate of atmospheric moisture, urine and other sources.

The results of the research received while developing space life-support systems can be used in medicine, fundamental biology, agriculture and other areas of science.
Protective Effects of DDW in a C.elegans model
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The nematode Caenorhabditis elegans is a unique model organism for studies on longevity and the aging process.  The worm is an attractive system because of its size (1mm in lenght), short life span (~ 20 days) and its homology to the human genome (60-80%). The knowledgebase obtained through genetic analyses strongly suggests that endocrine signalling plays a key role in many of the pathways that alter the aging process in C. elegans, including insulin/IGF-1-like signalling. In order to study the putative anti-aging effects of depleted deuterium water (DDW), we used a well-standardized manganese (Mn) model of toxicity in C.elegans, in which it has been demonstrated that Mn causes lethal osmoregulation defects, developmental delay, dopaminergic neurodegeneration and decrease in lifespan. In the present study we analyzed the ability of DDW to attenuate the Mn-induced effects. A synchronous population of N2 (wild type) worms was treated with 35 mM MnCl2 (4000 worms per tube in) for 30 minutes and then washed 3 times to remove residual Mn. Next, worms were treated for 48 hrs with a D-concentration of 150 ppm (M9 buffer in regular water), 120 ppm (M9 buffer prepared with DDW in a ratio 25: 75 of M9 in regular water) or 90 ppm DDW (M9 buffer prepared with DDW in a ratio 50: 50 of M9 in regular water). After the treatment, worms were washed and placed on plates for life span assay or prepared for protein extraction and immunoblotting. We observed that Mn caused a shortened lifespan in worms, which was reversed by DDW (120 and 90 ppm).  As lifespan is a direct measurement of aging and as DDW showed this anti-aging property, we decided to study the DAF-16 pathway in Mn/DDW treated animals.  Interestingly, we observed that DDW was able to restore the DAF-16 expression that had been reduced by Mn exposure. In addition, superoxide dismutase (SOD) and AKT, downstream and upstream proteins in the DAF-16 pathway respectively, were altered by Mn exposure; however, their expression was also restored by DDW treatment. Taken together, these results demonstrate that DDW may play a protective role against Mn toxicity and aging, likely by attenuating Mn-induced reactive oxygen species generation.  The effect of DDW is likely mediated by the DAF-16 pathway, as a transcriptional factor that increases the expression of antioxidants proteins and increase the lifespan in C.elegans. Further studies are necessary in order to clarify the exact molecular mechanisms of the anti-aging activity of DDW, especially whether it is only related to the DAF-16 pathway.
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Hydrogen atoms of water participate in virtually all ion axchange and substrate – product transport reactions through the cell membrane and hydrogen also acts as the reducing equivalent in energy producing as well as reductive macromolecule synthesis reactions in all living cells. Deuterium depletion of water in cell culture media or body fluids temporarily decelerates cell growth in vitro and induces tumor regression in vivo. The exact mechanism and the effects of deuterium depletion on mammalian cell intermediary metabolism are not fully known. Potential mechanisms of carcinogenesis include the following: 1) Deuterium incorporation from common water into DNA increases its fragility thus accelerates mutations, aging and cancer; 2) Deuterium affects the kinetics of reductive synthesis and the generation of NADP+ thus altering membrane fatty acid and cholesterol synthesis; 3) Deuterium alters tricarboxylic acid cycle and intermediary metabolism by altering carbon flow and the rate of product synthesis and energy production. Stable isotope-based metabolic profiling studies were performed to determine metabolic flux-modifying effects of deuterium depleted water (DDW: 100, 50 and 25 ppm) as compared to normal deuterium-containing water (150 ppm) on [1,2-13C2]-D-glucose metabolism in cultured pancreatic (MIA-PaCa), lung (H-441) and breast    (MCF-7) ductal carcinoma cells. Deuterium depleted water (DDW) did not significantly alter glucose uptake, oxidation and glycogen synthesis in any of the cell lines. Pentose cycle flux relative to glycolysis decreased in MIA-PaCa cells. RNA ribose synthesis and turnover also decreased in MIA-PaCa cells after 25 ppm treatment. TCA cycle substrate flux decreased in MCF-7 breast tumor cells. Lignocerate (C:24) and palmitate syntheses were decreased in MIA-PaCa cells and cholesterol synthesis was decreased in MCF-7 breast tumor cells. Based on these observations it is evident that decreased deuterium to hydrogen ratios regulate sterol and fatty acid precursor synthesis, which likely affects the rate of divisions and cellular proliferation via limited reductive synthesis and new membrane formation.
Cell physiological effects of reduced deuterium

content in the leaves of Elodea canadensis
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The effect of reduced deuterium (D) concentration of water was studied on several important cell physiological parameters in intact isolated leaves of the aquatic macrophyte Elodea canadensis by incubating the leaves in nutrient solutions prepared with distilled water having natural (150 ppm) or low (87 ppm) concentration of D in the presence of light. In normal water Elodea leaves induced a gradual alkalinization of the external medium, whereas in low-D water an external acidification was detectable in the first 30 minutes, the rate of which decreased gradually, and after about 2 hours the external alkalinization recovered to a rate similar to that of the control. Associated fluorimetric studies using the potential-sensitive fluorescent probe 3,3'-dipropyl-thiacarbocyanine (di-S-C3-(3)) revealed an increase in the dye fluorescence, indicative of a higher resting membrane potential (hyperpolarization) of the cells. Since the time-course of the hyperpolarization and that of the external acidification was comparable, they both could be associated with an increased activity of the H+-ATP-ase present in the plasma membrane of the cells. These observations demonstrate the ability of Elodea cells to detect and respond to a reduction in the D-concentration of water. It is concluded that a sudden perturbation of the pre-existing intracellular D/H ratios might be responsible for the observed cellular responses. Importantly, these responses are of transient nature, and the physiological processes of the plant cells adapt to the altered conditions within hours.

Antiproliferative effects, cell cycle alterations and apoptosis induction of DDW on T47D and HT-29 human carcinoma cell lines.
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Cancer therapy is still a major obstacle among medical oncologists around the world. Failure in chemotherapy of tumor cells is mainly related to occurrence of drug resistance. Cell cycle alterations and or decreased apoptosis induction following chemotherapy are primarily due to molecular changes of cancer cells. Studying new compounds alone or in combination with potent chemotherapeutic drugs such as Doxorubicin can open new strategic approach in cancer therapy. Previous reports indicated the potential anticancer effects of Deuterium Depleted Water (DDW). Therefore, we studied the antiproliferative effects of 2 types of DDWs (A and B) produced by AEO on human breast T47D and colorectal HT-29 carcinoma cells in comparison to Doxorubicin (Dox) using MTT assay. Cell cycle alterations and apoptosis induction following exposure of cancer cells to DDWs (A and B) were also evaluated by flowcytometry using DAPI and Annexin V-FITC/PI reagents, respectively.  Both types of DDWs showed no apparent effects on proliferation of T47D and HT-29 cell lines. But the antiproliferative effect of Dox was slightly increased when prepared in DDWs in comparison to Dox alone. The S phase in cell cycle pattern of T47D cells was significantly increased only in Dox prepared in type A of DDW (Dox A). In the HT-29 cells, the G2/M phase of cell cycle was significantly increased in both Dox A and Dox B in comparison to Dox alone. The T47D cells exposed to Dox A and Dox B in comparison to Dox alone showed increased apoptosis and necrosis, respectively. Significant increase in apoptosis induction of HT-29 cells was observed following exposure to Dox A and Dox B in comparison to Dox.  In conclusion, these data supports the previously reported findings on significant potential of DDWs on cancer cells to enhance the effectiveness of chemotherapy.  
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Studies concerning DDW use for deuterium’s depletion in animal organism and for synthesis of new naphthoquinonic antitumoral compounds 
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Until the 90’s, it didn’t exist the possibility to reduce the quantity of deuterium in external or internal medium of living organisms. With the discovery of DDW (deuterium depleted water or light water), it was obtained a rapid and easy way to reduce deuterium in biological systems by the simple administration in the development medium or in drinkable water of deuterium depleted water. In our studies we used DDW produced at our institute (patent WO/2006/028400: PCT/RO2005/000011 – Process and installation for obtaining the deuterium depleted water), which is the main ingredient for the commercial product QLARIVIA™. The experiments followed two main directions: the first one was about monitoring deuterium’s concentration decrease in animal’s body using DDW as depleting agent; the second one consisted in the synthesis of new antitumoral compounds derivated from naphthoquinone ligands using DDW as solvent. Literature mentioned the antiproliferative and/or antitumoral effects [1,2,3,4] of DDW, but without showing the comparative deuterium ratio in normal condition and after administration of DDW. In this respect, our deuterium depletion studies were carried out on laboratory and farm animals, nourished with standard food and drinking water (witness lot) and DDW (experimental lots). Biological samples (liquid and solid samples) were analyzed by mass-spectrometry. These new synthesized antitumoral compounds consist in metal complexes with naphthoquinone derivatives. In the process of synthesis, DDW was the solvent for transition metals (Ni, Cu,Co) salts in order to decrease the deuterium content of our new compounds. The result of first experimental series shows that in natural conditions, the organism has the tendency to accumulate deuterium through bioaccumulation process. On the other hand, the grade of deuterium depletion seems to be under influence both of specimen genotype and behavior, and also of deuterium’s depleting medium concentration – moreover, this effect is time dependent. The result of second experimental series was the obtaining new types of anticancer compounds with low deuterium content for in vitro and in vivo future experiments. As a conclusion, DDW can be used as a synergic agent for deuterium depletion in both biological assays and chemical processes for a possible combined anticancer therapy. 

The effects of administration and local application of deuterium-depleted water on dogs and cats suffering from
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Dogs and cats bearing malignant tumors were given Vetera-DDW-25® A.U.V. deuterium-depleted water (DDW) containing deuterium (D) at a concentration of 2.8 mmol/L (25 ppm) instead of normal tap water, which contains 16.8 mmol/L D (150 ppm). The DDW therapy was combined with surgery when conditions were sufficient for the excision of the tumor or DDW was applied as a single treatment in numerous cases. Mammary tumors in 81 dogs and 14 cats showed a response rate higher than 70%; more than 50% of the animals achieved complete recovery. Similar effectiveness was observed in 43 dogs and 3 cats bearing rectal tumors. More than 70% of cats with lymphoid leucosis achieved complete response. Sarcomatoid tumors in dogs showed a short-term response or no response at all. 

As a result of DDW consumption, a gradual decrease of the serum D-concentration was detected in dogs and cats during the 12-week DDW treatment, which was restored when DDW intake was replaced again with ordinary tap water. 

The gradual decrease of serum D-concentration raised the question whether it is possible to increase the effectiveness of DDW if we can reach a more rapid decrease in D-concentration especially in certain types of tumors, such as ulcerative, extensive, relapsed, metastasizing tumors, malignant melanoma, and sarcomatoid tumors which were fairly resistant to per os (PO) DDW treatment. In order to get a sharp decrease in D-concentration a new injectable formulation of DDW was developed.

Dogs affected with malignant tumors of poor prognosis were submitted to treatment with DDW injections. Local treatment induced regression of tumors that were resistant to previous PO DDW administration and produced advantageous conditions for subsequent surgical interventions. Microscopic evaluations of the tumors verified that DDW injection induced disappearance of tumor cell infiltration, demarcation and consequent rejection of invasive tumors, nevertheless, DDW injections were harmless to healthy tissues in the environment of the tumor. Simultaneous PO and local treatment was initiated in some animals to enhance therapeutic effectiveness and to prevent relapses. As a result of the combined treatment, dogs became tumor-free and asymptomatic and 3 to 3.5 years after therapy they were still alive. DDW injection alone or in combination with surgery offers an effective cancer treatment of aggressive tumors with poor prognosis.
Effect of deuterium oxide (D2O) content of drinking water on glucose metabolism in STZ-induced diabetic rats
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Deuterium, a stable isotope of hydrogen, binds to oxygen to form D2O. D2O exist in the environment at 1/6700 of H2O (150 ppm) and is expected to have some biological effects. Several lines of evidences suggest that D2O inhibits insulin release from pancreatic islets. Very little or no data is available on the action of lowering D2O content of the cellular environment. Some experimental and clinical observations suggest that depletion of D2O has anti-mitotic effect in various tumor cells. Some clinical observations also suggest that depletion D2O interfere with glucose metabolism in diabetic patients. In our experiments we wanted to test the effect of removal of D2O on the glucose metabolism in sreptozotocin (STZ)-induced diabetic rat model. Diabetes was induced by a single ip. injection of 60mg/kg body weight of STZ. After 2 weeks, animals were randomly distributed into several groups to test the effect of D2O (25-150 ppm) on glucose metabolism in diabetic animals with or without 2x1 U/day insulin treatment. The following parameters were tested: serum glucose, -fructose amine, -HbAIC, -creatinine, -TBARS and -insulin; urine glucose, -creatinine and -protein. At the end of the experiments, 8 weeks of treatment, membrane associated GLUT-4 content was estimated by western-blot technique from m. soleus. Our results indicate that STZ treatment significantly increased serum glucose, fructose amine, HbAIC and TBARS concentration. Depletion of D2O did not influence any of the measured parameters in animals not received insulin. However the measured parameters were significantly lower in those animals received lower D2O containing drinking water and insulin treatment. The membrane associated GLUT-4 was significantly higher in these animals also. These data suggest that D2O depletion enhance insulin effect on GLUT-4 translocation and potentiate glucose uptake in diabetic animals. The mode of action of D2O depletion is not fully understood and needs further experiments to elucidate this question.
Deuterium depletion as an effective treatment option for prostate cancer – Statistical evaluation of a double blind, randomized phase II clinical trial and a retrospective study on prostate cancer
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In order to investigate whether DDW might exert an anticancer effect in humans and improve the results of conventional treatments, a four-month long double blind, phase II, placebo controlled clinical trial was conducted on prostate cancer. In addition, beside the 44 evaluated patients in the phase II clinical trial, the course of the disease was also retrospectively evaluated in 91 patients consuming DDW parallel with the conventional forms of treatments.

Summarizing the changes in prostate volume during the 4 months’ period of the phase II clinical trial in the treated group a net decrease of 160.3 cm3 was achieved, on the contrary, the result was 54 cm3 in the control group. Furthermore, in those 7 patients, who achieved PR (p=0.046), the prostate volume became smaller by 125.2 cm3 in total, and the patients reached 32%, 64%, 18%, 70%, 47%, 20%, and 52.6% decrease respectively in comparison to the size detected at entering the trial. One patient showing PR in the control group achieved 13.4 cm3 (59%) decrease. Urination complaints ceased in 8 patients of the treated group, but none of the patients experienced changes in their complaints in the placebo group (p=0.0041). During the extended follow-up of the 44 patients, in the first year (from the date of entering the trial),        2 patients (9.1%) died in the treated group and 9 patients (40.9%) in the placebo group (significantly lower mortality in the treated group; Fisher’s Exact Test, p=0.034). 
The cumulative time of DDW consumption of the retrospectively evaluated 91 patients was 139.2 years. The time period from the initial diagnosis to the end of the follow-up was 350.1 years. The median survival time (MST) of the 91 patients was 11.02 years although 46 of them (50.5%) had distant metastasis either before the start of the DDW treatment or after that. Due to the extremely low death rate (4 patients, 8.8%) in spite of the 157 years cumulative follow-up period in the population without distant metastasis, we could not calculate the MST. Investigating the patients with distant metastasis developed within one year after the diagnosis, the MST was 5.4 year (64.8 months) suggesting that the administration of DDW may had an effect resulting in longer MST comparing to other studies with progressive metastatic prostate cancer showing 15-20 months long MST. The results suggest that DDW might reduce the mortality of prostate cancer, since it was able to delay progression as well as to prolong MST in patients with histologically confirmed prostate cancer.

A Retrospective Study to Evaluate the Effect of Deuterium Depletion on the Survival of Metastatic Breast Cancer Patients
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Breast cancer is one among the most prevalent forms of malignant tumors worldwide. Development of locally advanced, recurrent and/or metastasizing disease is the primary determinant of the outcome and represents a high risk for breast cancer patients. The anticancer effect of deuterium depleted water (DDW) has been revealed in the treatment of spontaneous malignancies in dogs and cats. The therapeutic efficacy of per os (PO) DDW treatment was also confirmed in a human, phase II double blind clinical trial on prostate cancer. The aim of the present study was to investigate the impact of DDW consumption in addition to conventional forms of treatments on the survival of metastatic breast cancer (MBC) patients. The records of 74 women suffering from MBC were retrospectively evaluated for the period between January 1993 and May 2005 and all but 6 of the 74 patients had previously undergone intensive and repeated prior conventional therapy and had limited expectations on survival time  In the 74 patients 135 distant metastases were diagnosed before DDW treatment commenced..Conventional cancer therapy was supplemented with PO DDW treatment; i. e. daily water intake of the patients was replaced by DDW. DDW consumption and simultaneous conventional treatment elicited response or halted tumor growth in 74.3% of the 74 MBC patients. Median survival time (MST) from the diagnosis of the distant metastasis was 47.7 months. Probability for 1-, 2-, 5-, and 8-year-long survivals were 93.7%, 77.8%, 33.4%, and 9.1%, respectively. The subgroup of patients achieving complete (CR), or partial response (PR) had MST of 63 and 50 months, respectively, while the subgroups  showing  no change (NC) or progression of disease (PD) reached a MST of 35 and 31 months respectively. Taking the amount and the D-concentration of the DDW consumed, the lengths of the treatment and body weight into consideration, a new parameter called deuterium depletion unit (DdU) has been introduced. Frequency of CR and PR was significantly higher (p=0.0028) in patients consuming DDW at a dose higher than 1 DdU  and borderline significant results  (p=0.046) were achieved when deuterium depletion reached 0.6 DdU. The great majority of the patients whose disease progressed or showed no change consumed DDW at a low dose and/or at irregular intervals.
Application of DDW as an oral anticancer agent simultaneously with the conventional forms of treatment remarkably prolonged MST: it produced twice to three times longer MST in patients achieving CR or PR. We suggest that DDW can be integrated in the conventional treatment regimens of MBC patients.

Lung cancer and deuterium depletion. Clinical and experimental data.
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In spite of the development of the therapies, the shortness of the survival of lung cancer patients is still remained disappointing. In this manner finding new adjuvant strategies is in the focus of cancer cure. Deuterium depletion represses cell division in plants and suppresses some genes, which are involved in tumour formation. In this experiment we compared expressions of genes, which are involved in lung cancer development to clinical outcomes of lung cancer patients consuming deuterium depleted water. In animal experiment, carcinogenic DMBA was applied to induce over-expression of p53, bcl-2 and Kras in lung tissue of mice, while animals drank deuterium depleted water. In clinical study, 129 patients received diverse chemotherapy and radiotherapy and drank deuterium depleted water as an adjuvant, non-toxic therapy. Deuterium depleted water could significantly diminish DMBA-induced expression of p53, bcl-2 and Kras in the lungs of mice. Within patents, median survival was 25.7 months, CI [22.3; 29.1] in men and 73.6 months, CI [50.6; 96.7] in women with statistically significant difference. Median survival of subjects with brain metastasis was 26.9 months, CI [20.9; 32.9]. Cumulative 5 year survival probabilities were 15 %, 60 % and 26 % in male, female and patients with brain metastasis respectively. Deuterium depletion could prevent the DMBA-induced over-expression of p53, bcl-2 and Kras genes as an anti-carcinogenic agent in animals and could extend survival of lung cancer patients as an anticancer adjuvant therapy especially within women maybe because of suppression of cancer-related genes.
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Beside the phase II clinical trial, that had been conducted with 44 prostate cancer patients, a data base has been created from 1992 involving all those patients who had been subjected to the administration of deuterium depleted water (DDW) for at least one day. This data base refers to 1,969 patients (949 male and 1020 female patients), who fulfilled this main criterium between October 1992 and April 2010.

The cumulative time from diagnosis to the end of the follow-up period was 5,136 years, from the start of DDW consumption to the end of the follow-up, this value was 2,692 years. The cumulative time of DDW administration was 1,892 years. The median age of the investigated population was 55 years. The evaluated 1,969 patients represented 59 different localizations of the tumor. The incidence of the main tumor types among the examined patients was almost identical with the same data of the National Cancer Registry.

The median survival time (MST) of the whole test population was 7.7 years. Investigating the length of MST and the duration of DDW consumption, a strong correlation was found. MST was calculated for the sub-groups of patients consuming DDW for 0-3, 3-6, 6-12, 12-24 and longer than 24 months and an MST of 0.7, 4.5, 5.8, 9.9 and 17.8 years was found, retrospectively. 

583 patients died (303 males and 280 females) out of 1,969 during the follow-up period. 59.3% of the patients died within 6 months, 36.1% within 3 months after the start of DDW consumption. Investigating the possible causes of unsuccess in these cases we found that the median time of DDW administration was only 37 days in patients consuming DDW for not longer than 3 months, while it was 288 days in those sub-group where patients consumed DDW for longer than 3 months, suggesting that the length of DDW administration is a determinative factor influencing the outcome of the disease. 

There was a sub-group of patients (99), who, in most cases, interrupted the use of DDW after its long-term consumption, but later on they started again and repeated the cures in spite of the fact, that they were in remission. The median time from the diagnosis to the start of DDW was 174 days, the length of DDW consumption was 1,015 days. Since only 8 patients died in this sub-group during the 585 years’ cumulative survival time of the follow-up period from the diagnosis, it was not possible to calculate the MST because of the extremely low death rate. 

We conclude that the integration of DDW treatment into the conventional oncotherapies may increase the MST of cancer patients. The efficacy of DDW depends on the length of DDW-treatment. Based on the statistical analysis of homogenous populations of metastatic breast-, lung-, and prostate cancer patients has been carried out earlier, and the present evaluation of the data of 1,969 patients using DDW, we conclude, that through the integration of DDW into the widely accepted and applied oncotherapies a 2-3 fold increase may be achieved in the MST of cancer patients suffering from the most common tumor types.   
