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Summary 
 

The present paper deals with the study of the deuterium depleted water effect on 
the liver levels of calcium and magnesium, after cadmium intoxication; it is well known that 
cadmium replaces both of them, in cells. The research evaluates the way in which deuterium 
depleted water can protect living organisms against cadmium intoxication.  

Cadmium administration in experimental groups showed a strong augmentation of 
this toxic metal content in liver, suggesting its high bioavailability. Calcium increasing and 
magnesium decreasing concentrations in experimental (cadmium) groups show the well 
known antagonism between these elements. 

DDW could counteract the calcium and magnesium replacement in rats’ liver, 
maintaining both calcium and magnesium average values at the control (L1) levels. 

Because deuterium depleted water is non-toxic, the decreasing of deuterium level 
in the organism can be accomplished very easy by consuming deuterium depleted water 
instead of tap water. 
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Humans are exposed to cadmium, a ubiquitous metal with unknown 

biological function, mainly through occupation, environmental contamination and 
from cigarette smoke (7). The toxicity of Cd, both in experimental animals and in 
humans, is influenced by a number of factors such as the route of administration, 
the dosage, the chemical form of the metal, the duration of exposure and the age of 
experimental animals (3). Acute Cd exposure primarily results in accumulation of 
the metal in liver, causing acute hepatotoxicity (6) 

Cadmium and Ca are two closely related elements with similarity in many 
aspects, owing to their similar ionic radii. For instance, the cellular uptake of Cd 
occurs mainly through Ca+2 channels and Cd being a potent Ca+2 channel blocker 
inhibits Ca+2 cellular uptake (2).  

As a consequence of an ionic calcium radii larger than magnesium, calcium 
participates in substitution chemical reactions more rapidly than magnesium, and 
this fact explains it‘s involving in control mechanisms. There is a dynamic 
equilibrium between bone calcium and intracellular calcium concentration. At this 
time are well known over 200 proteins which bind calcium. Magnesium is 
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antagonist with calcium: reducing magnesium intake lead to an increase of the 
calcium absorption (OMS report, 1997). But in small doses, calcium is synergic with 
magnesium (ratio1Mg:2Ca). 

The bad effects of Cd, reported by literature data, include oxidative stress 
(generation of ROS, depletion of GSH, increased lipid peroxidation and altered 
antioxidant enzymes), modulation of apoptosis, inhibition of DNA repair enzymes 
(4, 5, 6). As a result, these alterations are present in almost all the organs affected 
by Cd such as liver, kidney, testes, lungs and bones. Since Cd induced oxidative 
stress, it is reported responsible for causing organ damage, antioxidants have been 
successful in lowering the hepatic and renal Cd and replenishing the GSH levels (1). 

 
Materials and methods 

 
The experiment was carried on adult male Wister rats with a body weight of 

250-300 g. The rats were divided into 5 groups of 8 individuals each. The fodder 
received was a mixture of cereals (40% wheat, 40% corn, 20% sunflower), mixture 
which insures the nutritional and energetic value for the animals during the 
experiment, according to a corresponding diet. The rats were maintained in good 
physiological conditions. The experiment lasted 61 days and was conducted as 
following: 

L1 – received tap water ad libitum for 61 days. 
 L2 – received deuterium depleted water (30 ppm) ad libitum for 61 days. 
 L3 – received tap water ad libitum 30 days; on day 31 of the experiment 20 
ppm Cd/kg b.w (as CdCl2), a single dose was administrated by gastric tubing and 
after 24 hours were sacrificed.  

L4 – received deuterium depleted water (30 ppm) ad libitum for 30 days; on 
day 31 of the experiment 20 ppm Cd/kg b.w (as CdCl2), in single dose, were 
administrated  by gastric tubing and after 24 hours were sacrificed.  

L5 - received deuterium depleted water (30 ppm) ad libitum for 30 days; on 
day 31 of the experiment 20 ppm Cd/kg b.w (as CdCl2), a single dose was 
administrated by gastric tubing and then for another 30 days they received 
deuterium depleted water. 

 24 hours after the cadmium intoxication, blood samples were collected on 
heparin by cardiac punction and then the rats were sacrificed as follows: the rats 
from groups L1, L2, L3 and L4. At the end of the experiment (day 61), blood 
samples were collected from L5 and L6, which were then sacrificed. Blood and 
tissue samples were taken under general narcosis. The investigations were carried 
out with the approval of the Local Ethics Committee according to the Romanian law 
205 /2004, art.7, 18, 22 and the regulations no. 143/400/2002 and 37/2002, 
concerning with the protection of vertebrate animals used for experimental and 
other scientific purposes.  

The data are presented as means ± S.D. values. ANOVA, T Test, MINITAB 
and the nonparametric test Mann-Whitney were used. 
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Results and discussions 
 
The results are presented in table nr.1 and figure nr.1.                                     

                                                  Table 1  
Average Cd, Ca and Mg liver levels in cadmium intoxicated and deuterium 

depleted water (30 ppm) pretreated and treated rats  

 L1 
H2O 

L2 
DDW 

L3 
H2O + Cd 

L4 
DDW+ Cd 

L5 
DDW+Cd
+DDW 

Cd µg/g 0.019 ± 
0.002 

0.0373± 
0.0012 

44 ± 0.32 17.9 ± 0.21 1.887± 0.17 

Ca mg/g 0.05± 
0.0011 

0.061 ± 0.025 0.112 ±  
0.050 

0.04 ± 0.0089 0.043± 
0.0031 

Mg mg/g 0.157± 
0.022 

0.171 ± 0.054 0.093 ± 
0.0077 

0.169 ± 0.092 0.158 ± 
0.0063 
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Fig.1. Average Cd, Ca and Mg liver levels in cadmium intoxicated and deuterium 

depleted water treated rats 
 

In our study calcium and magnesium ions average levels, in control group, 
treated with tap water (L1) were 0.05±0.0011 mg/g for calcium and 0.157±0.022 
mg/g for magnesium. Rats pretreated (L4) and treated (L5) with DDW registered 
slightly lower concentrations of these elements as L2 (DDW treated group).  

Cadmium is known to have a long biological half-life in the body and that 
probably due to its binding to metallothionein (6). Cadmium administration in 
experimental group (L3) showed a strong augmentation in liver, suggesting its high 
bioavailability.  

Calcium concentration increased and magnesium decreased in 
experimental L3 group (Cd intoxicated group) in condition of cadmium increasing, 
showing the well known antagonism between these elements.  
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The DDW administration counteracts the toxic increase of cadmium (in 
DDW + Cd group -L4), but there were not registered significant changes in calcium 
and magnesium content. 

After 24 hours, 41% of the Cd administrated was found in liver. The 
cadmium level significantly increased at L5 (p<0.001). At the DDW pretreated 
group (L4), after 24 h after Cd administration, the Cd level was 2.8 times lower as 
at the untreated group (L3) and 20.7 times lower after another 30 days DDW 
treatment (L5). That can be explained by the important Cd scavenger role of the 
DDW. 

DDW could counteract the calcium and magnesium replacement in rats 
liver, maintaining both calcium and magnesium average values at the control (L1) 
levels.  

The DDW effect on liver was more significant as the effect of a 
metallothionein (MT) supplementation on mice (6). The authors revealed a 
decreasing of the Cd content 2 times lower as the untreated group. 

The beneficial effect of DDW is visible in L4 and L5 groups, comparing with 
cadmium intoxicated group (L3). 

 
Conclusions 

 
Calcium concentration increasing and magnesium decreasing in 

experimental Cd intoxicated group (L3) in condition of cadmium increasing show 
the well known antagonism between these elements.  

DDW could counteract the calcium and magnesium replacement in rats’ 
liver, maintaining both calcium and magnesium average values at the control (L1) 
levels.  

DDW has an important Cd scavenger role (after 60 days of DDW 
administration the Cd concentration decreased from 44µg/g Cd at 1.887µg/g Cd 
(20.7 times lower) 
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