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Background: Although advances in cancer therapy continue to develop, the overall survival
rate is poor for some cancer cases. The search for a new adjuvantstrategy is the focus of cancer
treatment. There is some evidence suggesting a change in the mechanism of cell function by
a change in the content of deuterium in the medium. So, the aim of this study was to
investigate the effect of deuterium depleted water (DDW) and deuterium enriched water
(DEW) on the cell growth and cytotoxicity of two A549 and HepG2 cell lines.

Methods: The A549 and HepG2 cell lines were cultured in media at different concentrations
of deuterium and different exposure times. Cell proliferation was carried out by trypan blue
dye exclusion technique. The cytotoxicity effects of DEW and DDW were determined by
MTT assay on different exposure times (24, 48 and 72 h).

Results: In this study, DEW acted as a dose- response growth inhibitor at deuterium
concentration of 50x10° ppm and greater, while no considerable effect was seen upon short
and long term exposures to DDW (31 ppm and 127 ppm deuterium). Both DEW and DDW
at used deuterium concentrations were found not to be toxic on the studied cell lines.
Conclusion: In conclusion, long term treatment with DEW could inhibit the proliferation of
A549/HepG2 cell lines. Therefore, it can be considered as an adjuvant in cancer therapy.
Copyright: 2019 The Author(s); Published by Kerman University of Medical Sciences. This
is an open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
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Introduction

Cancer is the major public health problem worldwide
(1). Although our knowledge about the biology of cancer
and its treatment has advanced much, cancer has
remained the second most common cause of death in the

world. Because of the number of sufferers and high
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mortality rate, the search for new therapies is still
ongoing. It has been observed that cancer survival rate
depends strongly on the available adjuvant therapy (2).
Therefore, introduction of new adjuvant protocols could

be a footstone for future investigations.
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Water is a fundamental factor of all the biological
systems and is an essential requirement for life. The
replacement of hydrogen (*H) by deuterium (°H) at H,0O
results in deuterium oxide (D.O) known as heavy water.
It has been known for decades and well documented that
the behavior of the molecules in solutions containing
different deuterium concentrations is altered in chemical
reactions and this alteration manifests in biological
systems (3). The ratio of deuterium concentration is about
150 ppm in nature (4); therefore, the higher and less
amounts of deuterium are considered as deuterium
enriched water (DEW) and deuterium depleted water
(DDW), respectively. Normal concentration  of
deuterium is essential to initiate and maintain normal
cellular growth (5) and any deviation from normal values
may affect cell growth and survival. There are many
reports which have demonstrated the toxic biological
effects of DEW and DDW on both benign and malignant
cells (6, 7). It is shown that incubation of tumor cells with
various contents of deuterium leads to inhibition of tumor
cell proliferation (8-10). As a result, DEW and DDW
might help in the chemotherapeutic attempts in human
tumors (4, 8).

To our knowledge, there are no studies about long
term effects of DDW and DEW on the growth and
viability of cancerous cell lines; therefore, the aim of this

study was to investigate the effects of DDW and DEW
on growth of A549 and HepG2 cell lines.
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Materials and Methods
Materials

Dulbecco's Modified Eagle Medium (DMEM) (high
glucose),  Fetal  Bovine  Serum  (FBS), and
penicillin/streptomycin were purchased from PAA (Australia).
Culture flask (25 and 75 cm?) was purchased from SPL
Company (Korea). Centrifuge tube (15 and 50 ml), micro-
centrifuge tube and multi-well plates (6-well, 24-well, and 96-
well) were obtained from Nest Company (China). Trypsin-
EDTA was bought from Biosera (England) and MTT assay kit
was purchased from Sigma Chemical Company (UK). The
waters containing various concentrations of deuterium were

taken from Atomic Energy Organization of Iran (AEOI).

Cell culture

Two human cancer cell lines including A549 (lung cancer)
and HepG2 (hepatocellular carcinoma) were purchased from
Iranian Biological Resource Center (IBRC) Tehran, Iran. The
cells were grown in DMEM supplemented with 10% FBS and
100 units/ml of penicillin/streptomycin and incubated at
standard condition (5% CO, at 37 °C). The cells were not
allowed to reach conflux by sub-culturing, in order to prevent
any reduction of cell responses to stimulators and/or inhibitors

(11).

Preparation of media containing different concentrations
of deuterium

The types of water with reduced concentrations of
deuterium (i.e. 31, 69, 91, 109 and 127 ppm deuterium) were
used as supplied by the AEOI. For the deuterium enrichment
purposes, the 5, 10, 20 and 30 % D,O were used.

The cell culture media were prepared by dissolving

components of the culture medium in water with different
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concentrations of deuterium and then they were sterilized using

0.2 p filters.

Cell treatment
The effect of short-term treatment with DDW and DEW
on the growth curve

In the short-term exposure, a cell suspension containing
5x10%cells of A549 or HepG2 were seeded into each well of a
flat bottomed 24-well tissue culture plate containing normal
water ( for control group) or water with various deuterium
content (31, 127, 50000, 100000, 200000 and 300000 ppm)
and incubated for 24 h. Each treatment was run in triplicate.
Cell numbers were determined with hemocytometer and trypan
blue dye exclusionat0, 1, 2, 3, 4,5, 6 and 7 days of cell seeding.
Doubling time of cell line was calculated by the following
formula (11):

DT =T.In2/In (Xe/Xb)

Where: DT is doubling time, T is the time that is considered
between two cell counts, Xb is the cell number at the beginning

of T time and Xe is the cell number at the end of T time.

The effect of long-term treatment with DDW and DEW on
the growth curve

In the long-term assay, logarithmically-growing A549 or
HepG2 cells were incubated in various concentrations of
deuterium (31, 127, 50000, 100000, 200000 and 300000 ppm
of deuterium) for 21 days. Hence a cell suspension containing
5x10*cells was seeded into each well of a 24-well tissue culture
plate. For the control group, cells were cultured in DMEM
prepared by normal water, and the experimental groups were
cultured in DMEM prepared using different concentrations of
deuterium (31, 127, 50000, 100000, 200000 and 300000 ppm).

Cell numbers were determined as described above.
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Cytotoxicity assay

A suspension containing 7x10° cells of A549 or HepG2
cells in the logarithmic phase were cultured in 96-flat bottomed
plates. After 24 h, the cells’ medium were replaced with
medium containing different concentrations of deuterium (31,
69,91, 109, 127,50000, 100000, 200000 and 300000 ppm) and
incubated for 24, 48 and 72 h at standard condition. After the
treatment, the viability of cells was determined by using MTT
assay. Each concentration was tested in triplicate in a single
experiment, which was repeated three times. The growth
inhibition percentage was calculated by using Excel Software

Version 14.0.7224.5000(32-bit).

Statistical analysis

Results were expressed as mean + standard deviation (SD).
Data were analyzed using SPSS for Windows (SPSS Inc.
Chicago 11, version 18). Statistical differences between the
treatment and control groups were evaluated by one-way
ANOVA, followed by Newman-Keuls post hoc test and p<

0.05 was considered as significant.

Results
The effect of short- and long-term exposure to DDW and
DEW on A549 cell line

The effects of short and long term exposure to DDW and
DEW on the growth curves and doubling time of A549 cells
have been shown in Figure 1 and Table 1. In comparison to the
control group, DDW- treated cells showed a decrease in
doubling time of A549 cells in short- and long-term exposures,

while DEW could increase the doubling time.
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Table 1. The effects of water with different concentrations of deuterium on A549 cell doubling time (D. T.)

Deuterium concentration (ppm)

Exposure time 150 (control) 31 127 50000 100000 200000 300000
Short D.T.(h) 268 255 248 269 26.3 270 278
(% change) (-48) (-7.5) (+04) (-19) (+0.7) (+3.7)
Lon D.T.(h) 268 254 256 279 287 310 340
9 (9% change) (-52)  (-45) (+41) (+71)  (+157)  (+269)

The effect of short- and long-term exposure to DDW and
DEW on HepG2 cell line

The effects of short and long term exposure to DDW and
DEW on the growth curves and doubling time of colony
formation of HepG; cells have been shown in Figure 2 and

Table 2. There was a little decrease in the proliferation of

HepG2 cells in short-time exposure to DDW only for the
sample of 127 ppm of deuterium. In long-term exposure, DDW
reduced HepG2 cells doubling time in comparison to the
control group. DDW- treated cells show a decrease in doubling

time in dose- and exposure time- dependent manners.

Table 2. The effects of water with different concentrations of deuterium on Hep-G2 cell doubling time (D. T.)

Deuterium concentration (ppm)

Exposure time 150 (control) 31 127 50000 100000 200000 300000
Short D.T.(h) 238 239 234 239 239 243 249
(% change) (+04) (-17) (+04) (+04) (+21) (+46)
Lon D.T.(h) 238 234 234 249 26.7 28.6 30.8
9 (bchange) <% (17) (17) (+46) (+122) (+202) (+294)
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Figure 1. The effect of water with different concentrations of deuterium on A549 growth (A: control, B: 31, C: 127, D: 50000, E: 100000, F: 200000,

G: 300000 ppm deuterium)
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Figure 2. The effect of water with different concentrations of deuterium on HepG2 growth (A: control, B: 31, C: 127, D: 50000, E: 100000, F:

200000, G: 300000 ppm deuterium)
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and 72 h. The cytotoxicity effect of water at various deuterium

Treatment of both cell lines with different concentrations of concentration is depicted separately in Figures 3 and 4 for
deuterium did not affect cell viability statistically during 24, 48 respectively A549 and HepG2 cell lines,.
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Figure 3. Cytotoxicity of DEW and DDW on A549 cell line

The A549 cells treated with different concentrations of deuterium for 24, 48 and 72 h. Data are shown as Mean + SD.
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Figure 4. Cytotoxicity of DEW and DDW on the Hep-G2 cell line

The HepG2 cells treated with different concentrations of deuterium for 24, 48 and 72 h. Data are shown as Mean + SD.

363



The effect of medlium’s deuterium on cell growth

Mandegary, etal

Discussion

Hepatocellular carcinoma (HCC) and Non-small cell lung
cancer (NSCLC) are the leading cause of tumor-related death
worldwide, highlighting the need for more effective treatment
strategies. Despite improved outcomes with various
chemotherapeutic agents and regimens in patients with these
cancers, most treatments ultimately may fail due to the
resistance or intolerable toxicity (12, 13). Therefore, recent
efforts have focused on identifying new anticancer components
to obtain enhanced anticancer efficacy and reduced toxicity.
Deuterium depleted water and deuterium enriched water are
new anticancer compounds declared to have no adverse effects
at appropriate doses.

We have already shown that cyclooxygenase inhibitors
combined with deuterium-enriched water augment cytotoxicity
in A549 lung cancer cell line via activation of apoptosis and
MAPK pathways (14). Although high deuterium contents may
be seen toxic, it has been found that mammalian cells can
tolerate D,O in a concentration of at most 35%; a higher
concentration of D,O may show a lethal effect in them (15).
The low toxicity of DO in mammals is reflected in its
widespread use for measuring water spaces in humans and
other animals. Higher concentration (usually >20% of body
weight) can be toxic to animals and animal cells (16). Acute
exposures of up to 23% D replacement in plasma have been
tolerated without reported adverse effects (17). Replacement up
to 25% of brain water by heavy water has been reported by
Blagojevic and co-workers for the purpose of minimizing (n,y)
reactions on hydrogen in Boron Neutron Capture Therapy
applications to glioblastomas (17). No adverse events have

been reported in metabolic labeling studies in which healthy

subjects consumed daily doses of up to 9.8 g D in the form of

364

D0 for up to 4-9 weeks and treatments have been sufficient to
maintainl.0-2.0 % D enrichment in body water (18).
Furthermore, it has been shown that DO is much more
effective in killing malignant melanoma and carcinoma cells
(colon carcinoma, glioblastoma, and small lung cell cancer
cells) than PHA stimulated lymphocytes and normal glial cells;
for example, 90% DO is considered deadly for 70% of the
former but only for 5% of the latter group (19). At a
concentration of 80%, it has been reported that D,O acts as an
inhibitor of mitosis on PtK1 cells (20).

In the present study, we found the inhibitory effects of
DEW on both Hep-G2 and A549 cells growth. DEW could
inhibit cell growth in both A549 and Hep-G2 cell lines in a dose
dependent manner. The anti-tumor effects of DEW on various
cell types have been shown in several studies. Katz and
coworkers (21) examined the effects of deuteration on the
growth rate of Krebs-2 ascites tumor and P-1534 leukemia and
when deuterium was administered to mice prior to the whole-
body X-ray radiation, the LDs for the deuterated animals was
slightly higher than the LDs for control animals. The protection
from the lethal effects of x-rays in cells pretreated with D20 prior to
radiation exposure was found slight but appeared significant (22,
23). In Gross and Spindel study, high concentrations of
deuterium in water induced stagnation mitosis (24). Deuterium
oxide has been reported to have in vitro anticancer effect on
bladder cancer cells(7) and human pancreatic carcinoma cells
(10). It has been found that DEW has anti-proliferative, anti-
adhesive and anti-invasive effects, and it has also been shown
that an increased concentration and exposure time may lead to
genetic changes which indicate the possibility of a favorable
prognosis (7). The in vitro antimitotic activity of deuterium

alone has also been well established in cultures of fertilized sea
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urchin eggs exposed to deuterated seawater. Upon transfer of

the eggs into normal sea water, the mitotic activity resumed,

and large numbers of normal-looking embryos developed from

these eggs, thus indicating a certain reversibility of the blocking

effect (25). Our work also showed an increase in the doubling

time of A549 and Hep-G2 cells in long-term exposure which is

in agreement with Leonard and his co-worker’s experiment on

PtK1 cells (20). They reported that PtK1 cells exposed to

culture medium containing up to 50 % DO were able to enter

and complete mitosis, but the duration of mitosis increased

proportionally to the concentration of applied D,O (20).

Here, we report that neither short time nor long time

exposure to DDW (31 and 127 ppm) had effects on the cell

growth and viability of the cell lines. This finding is in

agreement with Soleyman-Jahi and his coworkers’ findings

(26) and is in contrary to some other studies. Some evidences

have demonstrated that DDW suppresses the proliferation of

tumor cells (5, 9), while others believe that DDW has the

potential to be a stimulant for neoplastic and normal cell growth
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