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ABSTRACT

In the development of diabetic complications, oxidative stress 
caused by hyperglycemia plays an important role. Deuterium de-
pletion has protective effect against cellular damage and tumor 
suppressor effect in cancer cell lines. The purpose of this study 
was to examine and evaluate the effect of deuterium depletion on 
erythrocyte oxidant and antioxidant system parameters in exper-
imental diabetes induced by streptozotocin (STZ) in rats. On the 
30th or 40th day after STZ injection, blood samples were taken and 
blood glucose levels were measured. Erythrocyte hemolysates 
were also prepared. Lipid peroxidation and glutathione levels and 
glutathione-S-transferase, superoxide dismutase and catalase en-
zyme activities of erythrocytes were determined. At the 30 or 40 
day periods, deuterium depleted water (DDW) consumption had 
differently affected oxidant-antioxidant parameters of erythro-
cytes. The clear effect of deuterium depletion in drinking water 
from 150 ppm to 85 ppm was observed in glutathione levels and 
it increased erythrocyte glutathione levels in both the control and 
diabetic groups. In conclusion, deuterium depletion may have pro-
tective effects on diabetes induced oxidative stress. Further stud-
ies are needed to be done to determine the mechanism of action 
and the useful dosage and the application period of DDW. 

Keywords: Experimental diabetes, erythrocyte, deuterium de-
pletion, antioxidant and oxidant parameters

ÖZ

Diabetik komplikasyonların gelişmesinde, hiperglisemi kaynaklı 
oksidatif stres çok önemli bir rol oynamaktadır. Döteryum azlığının 
hücresel hasara karşı ve tümör baskılayıcı etki üzerine koruyucu 
etkisi olduğu kanser hücre hatlarında gösterilmiştir. Çalışmanın 
amacı, döteryum azaltılmasının sıçanlarda streptozotosin (STZ) ile 
oluşturulmuş deneysel diabette eritrosit oksidan ve antioksidan 
sistem parametreleri üzerindeki etkisinin araştırılması ve değer-
lendirilmesidir. STZ enjeksiyonunu takiben 30. veya 40. günde, kan 
örnekleri alınıp, kan glukoz değerleri ölçülmüş, eritrosit hemolizat-
ları da hazırlanmıştır. Eritrositlerin lipid peroksidasyon ve glutatyon 
seviyeleri ile glutatyon-S-transferaz, süperoksit dismutaz ve katalaz 
enzim aktiviteleri tayin edilmiştir. 30 veya 40 günlük periyotlardaki 
döteryumu azaltılmış su tüketiminin, eritrosit oksidan-antioksidan 
parametre düzeylerine etkisinin farklı olduğu görülmüştür. İçme 
suyunda döteryumun 150 ppm den 85 ppm’e azaltılmasının net 
etkisi glutatyon düzeylerinde gözlenmiş olup hem kontrol hem 
de diyabetik gruplarda eritrosit glutatyon düzeylerini artırdığı sap-
tanmıştır. Sonuç olarak, döteryumu azaltılmış suyun, diabete bağlı 
oksidatif hasara karşı koruyucu etkisi olabilir. Döteryumu azaltılmış 
suyun etki mekanizmasının, uygun dozunun ve uygulama süresi-
nin aydınlatılması için daha fazla çalışmalara ihtiyaç vardır.

Anahtar Kelimeler: Deneysel diabet, eritrosit, döteryum azlığı, an-
tioksidan ve oksidan parametreler

Corresponding Author/Sorumlu Yazar: Ayşen Yarat  E-mail: ayarat@marmara.edu.tr  
Received Date/Geliş Tarihi: 05.03.2020 Revision Date/Revizyon Tarihi: 14.03.2020 Accepted Date/Kabul Tarihi: 18.03.2020

Content of this journal is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.

30

INTRODUCTION

The mass difference between the two stable isotopes, hy-
drogen and deuterium, leads to differences in their phys-
ical and chemical behavior (1,2). The effect of hydrogen 
replacing with deuterium in the biological systems has also 
been well documented (3,4). To date, the effects of deuteri-
um in organisms has focused mainly on deuterated water; 

however few studies have been conducted on deuterium 
depletion.

Deuterium concentration is approximately 150 ppm in 
healthy human blood and it can be changed by age and 
sex. Drinking waters have different deuterium concentra-
tions because of geographical differentiations. This situ-
ation causes different deuterium concentrations in blood 
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and urine (5-7). Usage of deuterium-depleted water (DDW) has 
had growing interest recently.

It has been revealed that, deuterium is essential for normal 
growth of animal and plant cells (7-9). Inhibition of cell prolifer-
ation and increased apoptosis by the effect of DDW have been 
shown in some in vitro studies. It has been also shown in some 
animal experiments that growth of tumor cells is decreased by 
DDW (10-13). However, a slight increase in deuterium concen-
tration has caused stimulation to growing of tumor cells (14,15).

An increased production of reactive oxygen species in diabetes 
mellitus is associated with a reduction in antioxidant defenses. 
Streptozotocin (STZ) has been widely used to induce diabetes. 
Selective destruction of pancreatic B cells, probably because of 
a free radical-mediated mechanism, occurs (16). During the re-
duction of O2, free radicals are formed, such as peroxyl, hydrox-
yl, and superoxide radicals, which either directly or indirectly 
cause cell damage. 

Erythrocyte membrane tightness and antioxidant enzyme ac-
tivities are also altered in diabetes mellitus (17-19).

Few studies related with deuterium depletion and diabetes are 
present in the literature (8,20,21). Reduction or stabilization of 
blood sugar levels has been reported in diabetic patients who 
were consuming DDW (5,20,21). However, there have not been 
any reports on the effect of DDW consumption on erythrocytes 
of diabetic patients in the literature.

In this study, the effect of deuterium depletion on erythrocytes 
was investigated. Lipid peroxidation (LPO) and glutathione 
(GSH) levels, glutathione-S-transferase (GST), superoxide dis-
mutase (SOD) and catalase (CAT) activities were determined 
in the erythrocyte hemolysates of the normal and diabetic rats 
given DDW. 

MATERIAL AND METHOD

The study was approved by the Animal Ethics Committee of 
Marmara University (Registration no: 52.2008.mar). A total of 
40 rats (Sprague Dawley) of either sex (240-485 g) were ob-
tained from the animal house facility of Marmara University. 
They were maintained under standard laboratory conditions at 
20 ± 2°C, relative humidity (50 ± 15%) and normal photoperiod 
(12-hour light-dark cycle) for the duration of the experiment. 
A commercial pellet diet (Coban Cesme Animal Food Factory, 
Istanbul, Turkey) and water were provided ad libitum.

Animals were divided into six groups of G1, G2, G3 as the con-
trols and G4, G5, G6 as the diabetics. To every diabetic group, a 
single dose of 35 mg/kg STZ (Sigma, St. Louis, Mo, USA), freshly 
dissolved in citrate buffer (pH: 4.5) was injected intraperitone-
ally and blood glucose was checked two days later. Tap water 
was given to one of control and diabetic groups (G1 and G4). 
DDW (Preventa, Hungary) was given to G2 and G5 groups 10 
days before diabetes improvement and to G3 and G6 groups 
after diabetes improvement. Deuterium concentration of tap 

water and DDW were around 150 and 85 ppm respectively. 
Deuterium concentration of tap water samples was deter-
mined in the Government Stable Isotope Laboratory in Ankara.

On the 30th or 40th day of diabetes induction, blood samples 
were collected from the hearts of the control and diabetic 
groups of rats under ether anesthesia. 10% erythrocyte hemo-
lysate was prepared. Blood glucose levels were determined 
according to glucose oxidase method. Antioxidant enzymes 
activities, namely GST, (22) CAT, (23) SOD (24) and for LPO, (25) 
and GSH (26) levels were determined in erythrocytes hemoly-
sates.

Statistical analysis was carried out using SPSS 18.0. All data 
were expressed as mean±standard deviation. In statistical 
analysis, Mann-Whitney U test, Kruskal Wallis test, Kolmogorov 
Smirnov test, Levene test, ANOVA test, Tukey test, Welch test or 
Dunnett T3 were applied. P values less than 0.05 were consid-
ered to be significant.

RESULTS

Prior to diabetes induction, blood glucose levels and body 
weights were not significantly different between all of the 
groups (p>0.05). Two days after STZ injection, blood glucose 
levels of diabetic groups (G4, G5 and G6) were significantly 
higher than their initial levels (p<0.05). Therofore, animals of 
these groups were accepted as diabetic.

Comparison of Control and Diabetic Groups
No significant differences were found in the body weights 
between control and diabetic groups at the end of the exper-
iment. However, food and water consumption and blood glu-
cose levels were significantly increased (Table 1). The blood 
glucose levels after two days of STZ injection were also signifi-
cantly higher than those of the controls.

Comparison between groups in point of erythrocyte param-
eters was also seen in Table 1. No significant differences were 
present in GST activities between control and diabetic groups. 
In the diabetic groups, Hb levels were increased and LPO lev-
els and SOD activities were decreased significantly compared 
to the controls. Erythrocyte GSH levels, CAT and SOD activities 
were significantly decreased in tap water drinking and 30 days 
DDW drinking diabetic groups (G4, G5) compared to matched 
controls (G1 and G2). However, GSH was significantly increased, 
SOD was significantly decreased and CAT was not significantly 
changed in 40 days DDW drinking diabetic group (G6) com-
pared to 40 days tap water drinking control group (G3) (Table 1).

Effect of DDW in Control Group
Blood glucose levels and body weights were not affected by 
DDW consumption. Food and DDW consumptions were great-
er than those in tap water drinking control and diabetic groups 
(Table 2).

DDW consumption did not cause any change in erythrocyte 
GST activities in the control groups. However, it caused signifi-
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Table 1. Comparison of food and water consumption, body weight, blood glucose levels and erythrocytes parameters in 
control and diabetic groups.

Control Group
 (G1) ( n=6)

Diabetic Group
 (G4) (n=6) P

Weight (gr) 350.83±78.89 294.50±85.54 0.263

Food (gr/day) 24.61±0.0 29.44±0.0 0.001

Tap Water (ml/day) 36.22±0.0 89.11±0.0 0.001

Blood glucose (mg%) 109.50±6.44 270.61±28.53 0.0001

Hb (gr%) 2.18±0.13 2.87±0.16 0.0001

LPO (µmol MDA/gr Hb) 0.28±0.04 0.23±0.02 0.009

GSH (µmol/gr Hb) 0.41±0.11 0.11±0.03 0.0001

GST (U/gr Hb) 2.75±1.53 2.82±1.28 0.935

CAT (kU/gr Hb) 216.07±16.65 167.50±8.62 0.0001

SOD (U/mg Hb) 1.91±0.50 1.24±0.41 0.030

Control + DDW30
(G2) (n=6)

Diabetic + DDW30
 (G5) (n=8)

P

Weight (gr) 340.00±80.25 266.88±62.68 0.079

Food (gr/day) 26.39±0.0 28.92±0.0 0.001

DDW (ml/day) 45.17±0.0 98.67±0.0 0.001

Blood Glucose (mg%) 97.33±11.96 204.38±26.70 0.0001

Hb (gr%) 1.70±0.15 3.11±0.07 0.0001

LPO (µmol MDA/gr Hb) 0.27±0.04 0.14±0.01 0.0001

GSH (µmol/gr Hb) 0.36±0.11 0.23±0.04 0.005

GST (U/gr Hb) 2.82±1.92 3.01±0.92 0.811

CAT (kU/gr Hb) 270. 48±35.21 145.41±8.66 0.0001

SOD (U/mg Hb) 3.21±0.70 1.40±0.22 0.0001

Control + DDW40
 (G3) (n=6)

Diabetic + DDW40
 (G6) (n=6)

P

Weight (gr) 339.50±59.63 270.67±72.41 0.102

Food (gr/day) 24.50±0.0 33.96±0.0 0.001

DDW (ml/day) 39.13±0.0 92.67±0.0 0.001

Blood Glucose (mg%) 118.00±20.83 391.17±119.71 0.0001

Hb (gr%) 2.42±0.07 2.54±0.08 0.021

LPO (µmol MDA/gr Hb) 0.19±0.01 0.18±0.01 0.032

GSH (µmol/gr Hb) 0.61±0.06 0.91±0.06 0.0001

GST (U/gr Hb) 2.57±0.83 2.82±1.52 0.723

CAT (kU/gr Hb) 164.05±23.36 165.31±26.36 0.932

SOD (U/mg Hb) 2.23±0.23 1.40±0.15 0.0001

Values are given as mean ± standard deviation. Hb: Hemoglobin, LPO: Lipid peroxidation, GSH: Reduced glutathione, GST: Glutathione-S-transferase, CAT: Catalase, 

SOD: Superoxide dismutase, DDW: Deuterium depleted water, DDW30: DDW consumption for 30 days, DDW40: DDW consumption for 40 days.
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cant changes in the other erythrocyte parameters. Erythrocyte 
hemoglobin values decreased significantly in 30 days DDW 
drinking group (G2) and increased significantly in 40 days DDW 
drinking group (G3) compared to tap water drinking group 
(G1). LPO levels in 40 days DDW drinking group were signifi-
cantly lower than those in both tap water and 30 days DDW 

drinking groups. In contrast to LPO levels, GSH levels increased 
significantly in 40 days drinking DDW group compared to tap 
water and 30 days DDW drinking groups. CAT and SOD activ-
ities were significantly increased by DDW consumption first, 
however, later than they were decreased by prolonged DDW 
consumption (Table 2). 

Table 2. Effect of DDW on food and water consumption, body weight, blood glucose levels and erythrocyte parameters in 
control groups.

Control Groups

P

Tap Water Given Group  DDW Given Groups

G1 (n=6) G2 (n=6) G3 (n=6)

Weight (gr) 351±79 340±80 340±60 0.956

Food (gr/day) 21.61±0.0 26.39±0.0 24.50±0.0b 0.0001

Water/DDW (ml/day) 36.22±0.0 45.17±0.0a 39.13±0.0 0.0001

Blood Glucose (mg%) 109.50±6.44 97.33±11.96 118.00±20.83 0.104

Hb (gr%) 2.18±0.13 1.70±0.14a 2.42±0.07a.b 0.0001

LPO (µmol MDA/gr Hb) 0.28±0.04 0.27±0.04 0.19±0.01a.b 0.0001

GSH (µmol/gr Hb) 0.41±0.11 0.36±0.11 0.61±0.06a.b 0.001

GST (U/gr Hb) 2.75±1.53 2.82±1.92 2.57±0.83 0.955

CAT (kU/gr Hb) 216±17 270±35a 164±23a.b 0.0001

SOD (U/mg Hb) 1.91±0.50 3.21±0.70a 2.23±0.23c 0.002

Values are given as mean ± standard deviation. Hb: Hemoglobin, LPO: Lipid peroxidation,  GSH: reduced glutathione, GST: Glutathione-S-transferase, CAT: Catalase, 
SOD: Superoxide dismutase, ap<0.01 significantly different from G1; bp<0.01 and cp<0.05 significantly different from G2, DDW: Deuterium depleted water.

Table 3. Effect of DDW on food and water consumption, body weight, blood glucose levels and erythrocyte parameters in 
diabetic groups.

Diabetic Group

P

Tap Water Given Group DDW Given Groups 

G4 (n=6) G5 (n=8) G6 (n=6)

Weight (gr) 294.50±85.54 266.88±62.68 270.67±72.41 0.765

Food (gr/day) 29.44±0.0 28.92±0.0 33.96±0.0d 0.0001

Water/ DDW (ml/day) 89.11±0.0 98.67±0.0b 92.67±0.0 0.0001

Blood Glucose (mg%) 271±29 204±27b 391±120c 0.002

Hb (gr%) 2.87±0.16 3.11±0.07a 2.54±0.08b.c 0.0001

LPO (µmol MDA/gr Hb) 0.23±0.02 0.14±0.01b 0.18±0.01b.c 0.0001

GSH (µmol/gr Hb) 24.52±7.16 25.20±9.63 79.14±12.19b 0.0001

GST (U/gr Hb) 2.82±1.28 3.01±0.92 2.8±1.52 0.946

CAT (kU/gr Hb) 167.50±8.62 145.41±8.66b 165.31±26.36 0.004

SOD (U/mg Hb) 1.24±0.41 1.40±0.22 1.40±0.15 0.684

Values are given as mean ± standard deviation. Hb: Hemoglobin, LPO: Lipid peroxidation, GSH: Reduced glutathione, GST: Glutathione-S-transferase, CAT: Catalase, 
SOD: Superoxide dismutase ap<0.05 and bp<0.01 significantly different from G4 ; cp<0.05 and dp<0.01 significantly different from G5, DDW: Deuterium depleted water. 
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Effect of DDW in Diabetic Group
DDW consumption did not cause any change in weights in dia-
betic groups (G4, G5, G6). Food consumption rose significantly 
in 40 days DDW drinking diabetic group (G6) compared to 30 
days DDW drinking diabetic group (G5). Also, DDW consump-
tion was much more than those in tap water drinking diabetic 
group. Blood glucose level was significantly lower in 30 days 
DDW drinking diabetic group than those of tap water drinking 
and 40 days DDW drinking diabetic group (Table 3).

DDW consumption did not cause any significant change in 
erythrocyte GST and SOD activities in diabetic groups. Hemo-
globin value increased in 30 days DDW drinking diabetic group 
(G5), in contrast, it decreased significantly in 40 days DDW drink-
ing diabetic group (G6) compared to tap water drinking diabet-
ic group (G4). Erythrocyte LPO levels decreased significantly in 
30 and 40 days DDW drinking diabetic group compared to tap 
water drinking diabetic group. DDW consumption increased 
the GSH level significantly in 40 days DDW drinking diabetic 
group (G6) compared to those of other diabetic groups (G4 and 
G5). Consumption of DDW caused a significant decrease in CAT 
activity in 30 days DDW drinking diabetic group compared to 
those of tap water drinking diabetic group. However, CAT ac-
tivity in 40 days drinking DDW group (G6) was not significantly 
different from tap water drinking group (G4) (Table 3).

DISCUSSION

Increased oxidative stress, altered lipid peroxidation, and de-
creased antioxidant enzymes activities are important risk fac-
tors for diabetes (16,27,28). Diet undoubtedly plays a key role 
as a chemopreventive agent against diabetes as well as various 
other diseases and optimizing the diet has a preventative func-
tion. Erythrocytes were selected as the experimental material in 
this study, as they interact with oxygen, exposed to oxidative 
stress and are affected more than other cells from hypergly-
cemia in diabetes. Moreover, there is no data related with the 
erythrocytes and DDW consumption in diabetes in the concern-
ing literature. Therefore, in the present study, the effect of DDW 
consumption on LPO, GSH levels and SOD, CAT, GST activities 
of erythrocytes were examined in experimental diabetes in rats.

Hyperglycemia and weight loss are the common features of 
STZ induced experimental diabetes unless it is treated (29-31). 
Thirty five mg/kg of STZ injection may raise blood glucose lev-
el around 130 mg% and 175 mg% after 7 days and 28 days, 
respectively (30-32). However, in the present study, blood glu-
cose levels were found to be more than 175 mg% in diabetic 
groups at the end of the experiment (at 30 days). Weight loss 
in the diabetic groups was not significant which is in contrast 
with other studies (29-31). The reasons for this finding could 
be the differences in dose of STZ, experimental period, animal 
species or genus in different studies. 

Long-term high blood glucose concentration increases oxi-
dative stress via free radical formation in diabetes. This is tried 
to be overcome by the antioxidant defense system. Therefore, 
antioxidant system parameters are reduced in uncontrolled di-

abetes (16,27,33). Oxidative stress affects not only some organs 
such as the pancreas, kidney, eyes and skin, but also the vascu-
lar structure and blood cells.

There were conflicting findings about antioxidant parameters 
in diabetes. The activities of the antioxidant enzymes have 
been found to be increased, decreased or not to be changed 
in those studies (34-36). This may be due to the differences be-
tween the studies in point of duration of diabetes, investigative 
parameters and tissues analyzed.

In some studies, erythrocyte CAT enzyme activity was found to 
be increased in diabetes (37-39). In contrast with these studies, 
it has been reported that erythrocyte LPO level and GST activi-
ty increased, GSH level and SOD, CAT and GPx enzyme activities 
decreased in diabetes (33,38-46). While the increase in CAT ac-
tivity was attributed to high level free radicals and their harm-
ful effects on cell membrane proteins and lipids, the decrease 
in SOD, CAT, and GPx activities and the increase in MDA level 
were attributed to the increased oxidative stress and decreased 
antioxidant reserve during hyperglycemia. In the present 
study, diabetic erythrocyte antioxidant parameters (GSH, SOD, 
CAT) decreased when compared with the controls, however, in 
contrast with them, there was a significant decrease in diabetic 
LPO levels. Similar to the study by Tatsuki et al. (32), this may 
be due to the suppression of MDA increase by the effect of an-
tioxidants developed in shorter time. Tatsuki et all found that 
finding at the end of the 7th week, which is 3 weeks longer than 
our diabetes model.

Nowadays, different natural products and sources are used for 
the treatment of diabetes. In the present study, we used DDW 
for this purpose. It has been reported that deuterium is nec-
essary for human, animal and plant cell growth; (5,7,8) DDW 
inhibits cell proliferation and induces apoptosis and reduces 
tumor growth rate; (2,7,8,47) affects vascular reactivity; (48) 
has radioprotective and immunostimulating effects; (49) and 
a slight increase in the deuterium concentration stimulates cell 
growth (8).

The proposed action mechanisms for DDW can be summarized 
as follows: It has been supposed that cells have a D-H metabo-
lism which regulates the D/H ratio in cells and, through this, a 
number of other processes too. The pH regulation of cells, and 
processes happening through the cell membrane might be 
connected with the change in the intracellular D/H ratio. The 
D/H ratio can increase in the cells if one of the H+ transport sys-
tems (H-ATPase, Na+/H+ antiport system) gets activated in the 
membrane. This process prefers H+, thus H+ and D+ get ejected 
from the cell or organelle (e.g. mitochondria) not in proportion 
to their ratio of occurrence. A wide variety of external signals 
enhances the affinity of the antiporter for H+ at neutral pH, 
leading to alkalinization of the cells (2,8,10,11).

During several external effects, cells are able to adapt to this new 
condition. Deuterium depletion induces a stress in cells. While 
healthy cells quickly adapt to deuterium depletion, the other 
cells are unable to do so or most adapt much more slowly (8).
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Cell division is triggered by the change of the D/H ratio. Deute-
rium is important for cell proliferation and through deuterium 
depletion in the body, either the conditions for cell division do 
not exist, or the cell can only achieve this ratio considerably 
later. It has also been shown that deuterium depletion inhibits 
cyclooxygenase-2 activity (8,11).

Moreover, it has been reported that facilitative glucose trans-
porters (GLUTs) act as a transmembrane pathway for water flow 
(50).

There are a very limited number of studies about DDW and di-
abetes in the literature. While investigating anti-cancer effects 
of DDW it has been observed that the state of diabetes mellitus 
was improved in some patients having tumors associated dia-
betes mellitus. After drinking DDW their blood glucose levels 
that had earlier been fluctuating became steady or the high 
blood glucose levels decreased more or less to normal range. 
The positive effect of DDW on blood glucose was also found in 
patients with type I and type II diabetics in another study (5). 
Tatsou et al. (21) and Alekseevich et al. (20) found that DDW 
decreased blood glucose levels in diabetics. 

In the present study, the blood glucose level significantly de-
creased in 30 days DDW drinking diabetic group, but it signifi-
cantly increased in 40 days DDW drinking diabetic group com-
pared to tap water drinking diabetic group. The reason for the 
decrease in blood glucose in 30 days drinking DDW diabetic 
group may be due to the enhanced glucose uptake caused by 
DDW, and the later increase in blood glucose may be due to 
the adaptation of the cell to D-depletion. It seems that con-
sumption time and concentration of deuterium are important 
factors for its effect. Further investigation is necessary to clarify 
the mechanism of action of DDW on blood glucose.

DDW consumption was much higher in both control and di-
abetic groups than those in tap water drinking groups in the 
present study. Moreover, food consumption was also high in 
DDW drinking groups. This finding can also be contributed to 
the unexpected weight increase in diabetics and controls. 

In the present study 30 days and 40 days DDW (85 ppm) con-
sumption have different effects on erythrocyte antioxidant and 
oxidant system parameters. The net effect had been found on 
GSH. DDW caused an increase in GSH levels in both of control 
and diabetic groups. GSH plays a central role in antioxidant 
defense by detoxifying reactive oxygen species directly or in a 
GPx catalyzed mechanism. One of the above mechanisms may 
be responsible for the significant increase in erythrocyte GSH 
content.

Various clinical and experimental studies with DDW have been 
conducted to date. According to the results of these studies, it 
has been suggested that DDW consumption regulates cellular 
respiration, increases cellular energy, has antioxidant activity, 
hypoglycemic and antitumor effect, has a positive effect on 
mental functions, radioprotective effect, detoxification and the 
immune system (48,51-59).

In conclusion, DDW, by increasing erythrocyte GSH levels, can 
be protective against diabetic complications due to the oxida-
tive stress. The period of use of DDW and consumption dose 
of DDW could affect the results of the experiments. In order to 
determine the mechanism of action, the useful dosage and the 
application period of DDW, more research need to be done. We 
believe that the present study will enlighten future studies.
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