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Abstract
Background:  The extracellular pH (pHex) of malignant tumors is acidic whereas, the pHex of tissues is more alkaline. Hence, slight changes
in pHex may have an effect on the phenotype of cells. Objective: The aim of the current study is to illustrate the influence of pH and
sterilization conditions of Zamzam Water (ZW) on the cell viability of human breast adenocarcinoma cell line (MCF-7) and human colon
cancer cell line (HCT-116). Materials and Methods: The cell viability of cancer cells was determined using MTT assay after the treatment
with ZW under different preparation conditions. Results: The results of this study revealed that ZW has a selective inhibitory effect on
cancer cells. Only the natural non-adjusted pH (alkaline) ZW treatment reduces the growth of both MCF-7 (p#0.00001) and HCT-116 cells
(p#0.0001). Conclusion: The selective cytotoxic effects of different ZW treatments on cancer cells are influenced by the pH value and
sterilization conditions. Therefore, it is suggested that the high alkaline pH value and the presence of certain elements in ZW play a role
in inhibiting the growth of cancer cells.
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INTRODUCTION

The extracellular pH (pHex) of malignant tumors is acidic
(pHex 6.5-6.9) due to the increased metabolism of glucose and
poor perfusion, whereas, the pHex of normal tissues is more
alkaline (pHex 7.2-7.5)1-3. Although, tumor acidity is thought to
play a critical role in metastasis and cell invasion, most of the
in vitro  experiments of cancer cells are still carried out at the
relatively alkaline pHex ranges (7.2-7.4)4,5. Some researchers
studied the effect of alkaline pHex on cancer cells and they
found that slight changes in pHex may have an effect on the
cell phenotype. In vivo study on breast cancer showed that
oral sodium bicarbonate increases extracellular pH of tumors
and reduces the formation of spontaneous metastases6.
Moreover, it has been found that extracellular alkaline pH
inhibited the growth of the cancer cells5. Another in vitro  and
in vivo  researches studied the effect of alkaline water such as
Alkaline Reduced Water (ARW) and Electrolyzed Reduced
Water (ERW) on different cells. These alkaline waters were
prepared with either high pH or in combination of minerals
and high pH7,8. In addition, in vitro  research showed that ERW
reduced the cell viability of human (HL-60) leukaemia cells9.

Zamzam Water (ZW) is an alkaline water that is found
naturally in Makkah and never been chemically treated or
chlorinated. The miraculous feature of this holy water is its
continuous flow from the well since 4000 years and never
dried10. This unique water has been found to be naturally
carbonated and mineralized11. The ZW is consumed by
millions of Muslims around the world due to the religious
belief in its healing power for a wide range of illnesses12,13. It
was reported that the intake of ZW diminished the size of
colon tumor in rats14. Therefore, this study was designed to
illustrate the influence of pH and sterilization conditions of ZW
on the cell viability of human breast adenocarcinoma (MCF-7)
and human colon cancer (HCT-116) cell lines.

MATERIALS AND METHODS

Cell lines: The three human cell lines used in this study were
breast adenocarcinoma (MCF-7), colon cancer (HCT-116) and
skin fibroblasts cells (HSF). The cell lines were obtained from
Alzamil chair for cancer research in King Fahad Medical
Research Centre (KFMRC) at King Abdulaziz University (KAU),
Jeddah, Kingdom of Saudi Arabia (KSA).

ZW source: The ZW samples were provided by the General
Presidency of the Affairs of the Two Holy Mosques. Water

samples were obtained directly from the well which is located
in the holly mosque, Makkah, Kingdom of Saudi Arabia (KSA).
The  GPS  coordinates  of  the  well  are  21E25'19.2"N,
39E49'33.6"E. The pH of ZW was naturally alkaline (pH 8) and
the major chemical composition of ZW was previously
described11. One large patch of ZW was stored in sterilized
glass bottles at room temperature until it was used.

Preparation of culture medium: One liter of high glucose
growth medium DMEM (Hyclone, USA) was prepared by
dissolving the content of one vial of DMEM in deionized water
and supplemented with 10% Fetal Bovine Serum (FBS)
(Hyclone, USA), 1% L-glutamine (Sigma-Aldrich chemical Co,
UK), 1% penicillin/streptomycin (Gibco, UK), 1% non-essential
amino acids (Gibco, Canada), 1% HEPES buffer (Gibco, Canada)
and sodium bicarbonate (NaHCO3) (Sigma Co. Limited, USA).
The pH of medium was adjusted to 7.2. The medium was
filtered by using 0.22 µm filter and used to culture the cells.
After reaching the desired confluence at 70%, the growth
medium was removed and treatments of ZW were tested for
24 h. This medium was used as a control medium.

Optimization strategy for ZW medium preparation
Filtered Zamzam medium: One liter of filtered Zamzam
medium  was  prepared  by  dissolving  the  content  of  one
vial  of  high  glucose  DMEM  in  ZW  and  supplemented  with
10%  Fetal  Bovine  Serum  (FBS),  1%  L-glutamine,  1%
penicillin/streptomycin, 1% non-essential amino acids, 1%
HEPES  buffer  and  NaHCO3.  The  medium  was  filtered  with
0.22 µm filter in sterilized bottles. The medium was adjusted
to 7.2 (F1) or left with natural alkalinity 8 (F2).

Auto-cleaved Zamzam medium: In sterilized glass bottle, 1 L
of auto-cleaved Zamzam medium was prepared by dissolving
the content of one vial of high glucose DMEM in auto-cleaved
ZW and supplemented with 10% Fetal Bovine Serum (FBS), 1%
L-glutamine, 1% penicillin/streptomycin, 1% non-essential
amino acids, 1% HEPES buffer and NaHCO3. The pH was either
adjusted to 7.2 (A1) or left with natural alkalinity 8 (A2).

Natural Zamzam medium: In sterilized glass bottle, one liter
of natural Zamzam medium was prepared by dissolving the
content of one vial of high glucose DMEM in ZW and
supplemented   with   10%   Fetal   Bovine   Serum   (FBS),   1%
L-glutamine, 1% penicillin/streptomycin, 1% non-essential
amino acids, 1% HEPES buffer and NaHCO3. The pH was
adjusted to 7.2 (N1) or left with natural alkalinity 8 (N2).
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Determination of the cell viability:  The cytotoxic effect of
ZW on MCF-7 and HCT-116 cells was determined with MTT
assay. MCF-7 and HCT-116 cells were seeded into 96-well
tissue culture plates at cell density of 1×104 cells wellG1. Cells
in each well were allowed to attach for 24 h at 37EC and 5%
CO2. After 24 h, the culture medium was replaced with 200 µL
of Zamzam  treatments  (F1,  F2,  A1,  A2,  N1  and  N2)  or  with
200 µL of culture medium as control.  In the following day,
MTT     assay     was    carried    out    by    adding    50    µL    of
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium Bromide
(MTT) reagent (Sigma-Aldrich chemical Co, UK) to each well15.
Cells were incubated with MTT for 2 h at 37EC in 5% CO2. The
produced formazan crystals were dissolved by adding 200 µL
of isopropyl (BDH, England). The intensity of the colour was
measured  at  490  nm  using  a  BioTek  microplate  reader.
Three independent experiments were performed to ensure
reproducibility.

Statistical analysis: The data were analyzed using GraphPad
Prism  software  version  6.  The  significant  differences  were

evaluated using p-values of one-way analysis of variance
(ANOVA) followed by Bonferroni's test. The cut-off level for
significance was p#0.05.

RESULTS

Effect  of  different  ZW  preparations  on  the  viability  of
cancer cells
Cell viability of MCF-7 cells: The cell viability of MCF-7 for
each preparation of ZW medium was measured using MTT
assay. The cell viability of MCF-7 was significantly decreased in
the three ZW preparations compared to control. For filtered
ZW preparations, the percentage of MCF-7 viability was
reduced to 88.65±2.546% and 79.45±2.357% after the
treatment with ZW F1 (filtered and adjusted pH) and F2
(filtered and non-adjusted pH), respectively compared to the
control  (Fig.  1a).  When  the  same  cells  exposed  to  ZW  A1
(auto-cleaved     adjusted     pH)     and     A2     (auto-cleaved
non-adjusted pH), the viability of the cells as shown in Fig. 1b
was   also   significantly   decreased   to   78.79±2.243%    and

Fig. 1(a-c): Effect of different ZW medium preparations on the cell viability of MCF-7 cells measured by MTT assay, (a) Cell viability
of MCF-7 cells treated with filtered ZW medium (F1 and F2) compared to the control, (b) Cell viability of MCF-7 cells
treated with auto-cleaved ZW medium (A1 and A2) compared to the control and (c) Cell viability of MCF-7 cells treated
with natural ZW medium (N1 and N2) compared to the  control.  The   data  represents  the  mean of three independent
experiments (n = 3±SEM). Comparison of means was made using  one-way ANOVA followed by Bonferroni's test
(**p#0.01 and ****p#0.0001)
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Fig. 2(a-c): Effect of different ZW medium preparations on the cell viability of HCT-116 cells measured by MTT assay, (a) Cell
viability of HCT-116 cells treated with filtered ZW medium (F1 and F2) compared to the control,  (b)  Cell  viability  of
HCT-116 cells treated with auto-cleaved ZW medium (A1 and A2) compared to the control and  (c)  Cell  viability  of
HCT-116 cells treated with natural ZW medium (N1 and N2) compared to the control. The data represents the mean
of three independent experiments (n = 3±SEM). Comparison of means was made using one-way ANOVA followed
by Bonferroni's test (*p#0.05 and ***p#0.001)

74.80±2.115%,  respectively  compared  to  the  control.
Moreover, Fig. 1c showed that ZW N1 (natural adjusted pH)
and  N2  (natural  non-adjusted  pH)  had  significant  decrease
in  the  viability  of  MCF-7  cells  to  74.15±1.485%  and
70.61±1.485%, respectively compared to the control.

Cell viability of HCT-116 cells: The cell viability of HCT-116 for
each preparation of ZW medium was measured using MTT
assay.   Interestingly,   the  viability  of  HCT-116  cells  did  not
change significantly when they were exposed to ZW F1, F2, A1
and A2 treatments (Fig. 2a, b). The cell viability of colon cancer
cells was 95.24±3.656%, 91.56±3.656, 95.68±2.356 and
94.46±2.356% after the treatment with F1, F2, A1 and A2,
respectively compared to the control. However, when the
same cells were exposed to ZW treatments, N1 and N2, the
viability of the cells was significantly decreased to
84.96±4.522% and 77.23±4.330%, respectively compared to
the control (Fig. 2c).

Effect of the non-adjusted pH ZW preparations on the cell
viability of cancer cells: This comparison was made to
determine the effect of the alkalinity  of  ZW in non-adjusted
pH preparations on the reduction of the cancer cells growth.
Figure 3a demonstrated a significant reduction effect of all F2,
A2 and N2 treatments on the viability of MCF-7 cancer cells
when compared to the control (p#0.00001) while as shown in
Fig. 3b, only the N2 treatment had a significant decrease on
the cell viability of HCT-116 cells when compared to the
control (p#0.0001).

DISCUSSION

The ZW is naturally hard carbonated water and its pH
ranges from 7.9-8.2, indicating that it is alkaline16. In this study,
the influence of pH and different sterilization methods of ZW
on the cell viability of MCF-7 and HCT-116 cell lines were
investigated. The aim of this study is to make an optimization
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Fig. 3(a-b):Effect of non-adjusted pH medium filtered, auto-cleaved and natural (F2, A2 and N2) of ZW on the cell  viability  of
MCF-7 and HCT-116 cells measured by MTT assay, (a) Cell viability of MCF-7 cells treated with non-adjusted pH medium
ZW (F2, A2 and N2) compared to the control and (b) Cell viability of HCT-116 cells treated with non-adjusted pH
medium ZW (F2, A2 and N2) compared to the control. The data represents the mean of three independent
experiments (n = 3±SEM). Comparison of means was made using a one-way ANOVA followed by Bonferroni's test
(***p#0.001 and ****p#0.0001)

strategy for ZW medium preparation to illustrate whether the
natural alkalinity of ZW and/or sterilization methods play a role
in the reduction of cancer cells growth or not.

The results of the current study provide evidence that ZW
had an inhibitory effect on the cell proliferation and growth of
MCF-7 and HCT-116 cancer cells. This effect may be due to the
presence of low concentrations of some inorganic minerals
such as arsenic, selenium and lithium11,17,18 and/or the high
concentrations  of  bicarbonate,  calcium  and  potassium11.
The alkalinity of this water is due to the presence of high
concentrations of bicarbonate.

For MCF-7 cancer cells, the results showed a marked
decreased in the cell viability for all ZW medium preparations.
In addition, these effects have the same high significant level
of the cell viability (p#0.00001) for all ZW medium
preparations (the adjusted pH and non-adjusted pH) but only
the filtered adjusted pH medium (F1) has a less significant
level than the other preparations (p#0.001). The findings of
the  current  in  vitro  study  are  in  agreement  with  another
in vivo  study19,  which  found  that  ZW  significantly  reduced
the tumor mass in mice bearing tumor (p<0.05). Moreover,
several researches studied the effect of the high pH (alkaline)
and minerals on cancer cells. It has been reported that ERW
inhibited the cell proliferation in lung A549 cancer cells20. In a
study performed on breast cancer, the oral administration of
sodium bicarbonate was found to increase the extracellular pH
of tumors and reduces the formation of spontaneous
metastases6. Another study reported that mineral-enriched
Deep Sea Water (DSW) has inhibitory effects on breast cancer
(MDA-MB-231 cells) invasion/metastasis21.

Furthermore, the results showed that the effect of ZW
medium preparations on colon cancer cell line (HCT-116) was
selective. The results demonstrated that only ZW natural
medium (N1 and N2) had a significant inhibition effect on the
growth of HCT-116 cells with no significant effect of F1, F2, A1
and A2 treatments on the growth of the same cells. Moreover,
the significant level of both natural mediums differs from
(p#0.01) for (N1) to (p#0.0001) for (N2) in HCT-116 cells. The
inhibitory effect of ZW on colon cancer cells in this study is in
agreement with in vivo research, which found that ZW
significantly decreased the size of colon tumor14.

The Comparison of non-adjusted pH ZW medium
preparations (F2, A2 and N2) on the cell viability of MCF-7 and
HCT-116 cancer cells indicated that MCF-7 cells are more
sensitive when treated with ZW than HCT-116 cells, which are
more aggressive. In particular, MCF-7 growth is significantly
inhibited  after  the  treatment  with  all  ZW  non-adjusted  pH
(F2, A2 and N2) (p#0.00001), whereas, the growth of HCT-116
cells was inhibited only with N2 treatment. This explains the
importance of the alkalinity on the inhibition of cancer
proliferation5. It is assumed that the natural features of ZW
might be lost during the filtration and auto-cleaving methods
due to the exclusion or adsorption  of  ZW minerals through
the filter content or due to the precipitation of ZW minerals
through the auto-cleaving process. Because of these two
reasons and due to the lack of studies on ZW, it was necessary
to find an optimum preparation method for ZW medium.

Finally, the findings of this study indicated that both
natural ZW mediums (N1 and N2) are the optimum treatment
conditions after the comparison analysis between cancer cells
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and the non-cancerous cells (HSF). The high level of nitrate as
well as the presence of silver and copper in ZW might act as an
antimicrobial agents22. High nitrate levels coupled with
microbiological safety might be a favorable attribute of ZW
and could be responsible for some of its benefits23. Numerous
researchers have reported that silver is effective in killing
bacteria24. Copper is also recognized as one of the best
fungicides and pesticides25. However, it is not clear which
component of ZW is affected by filtration and autoclave.
Moreover, the results of this study indicated that ZW has no
effect on normal HSF cells. The cell viability percentage of HSF
cells was 91.3 and 91.2% for N1 and N2, respectively. These
results are in agreement with a previous study that showed
that ERW had no effect on the cell viability of normal
peripheral blood mononuclear cells (PBMCS)9.

CONCLUSION

The ZW reduced the cell viability of MCF-7 and HCT-116
cancer cell lines under certain treatments and preparation
conditions. It seems that both the natural alkaline pH of ZW
and the amount of certain elements play a role in the
inhibition of the cancer cell growth. Further researches are
necessary in order to elucidate the exact mechanism of action
of ZW against cancer cells.
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