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Abstract

Tumor extracellular acidity is a hallmark of malignant cancers. Thus, in this study we evalu-
ated the effects of the oral administration of a commercially available water alkalizer (Base-
npulver®) (BP) on tumor growth in a syngenic melanoma mouse model. The alkalizer was
administered daily by oral gavage starting one week after tumor implantation in CB57/BL
mice. Tumors were calipered and their acidity measured by in vivo MRI guided *'P MRS.
Furthermore, urine pH was monitored for potential metabolic alkalosis. BP administration
significantly reduced melanoma growth in mice; the optimal dose in terms of tolerability and
efficacy was 8 g/l (p< 0.05). The in vivo results were supported by in vitro experiments,
wherein BP-treated human and murine melanoma cell cultures exhibited a dose-dependent
inhibition of tumor cell growth. This investigation provides the first proof of concept that sys-
temic buffering can improve tumor control by itself and that this approach may represent a
new strategy in prevention and/or treatment of cancers.

Introduction

The tumor acidic microenvironment is a highly hostile milieu that poses a challenging riddle to
clinical researchers. This acidity is the result of the abnormal glucose consumption by tumor
cells [1-3]. In this regard, one of the most studied biochemical anomaly in tumor cells is the
Warburg effect, which is a shift from ATP generation through oxidative phosphorylation to
ATP generation via glycolysis, even under normal oxygen concentrations [4,5]. Consequently,
neoplastic cells frequently derive an abnormally large share of their energy from aerobic glycol-
ysis, converting most incoming glucose to lactate rather than metabolizing it in the mitochon-
dria through the Kreb’s cycle [4,5]. Although ATP production by glycolysis is more rapid than
by oxidative phosphorylation, it provides a much lower energy gain. This handicap leads to the
cancer cells greatly increasing their glucose uptake to meet their amplified energy, biosynthesis
and redox requirements, resulting in lactate accumulation and the disposal of this end product
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through the H" extrusion by proton transporters [6]. There are several anomalies originating
from this peculiar metabolism: 1) reversal of the pH gradient (tumors have a basic cytoplasm
and highly acidic organelles and extracellular microenvironment); 2) selection within the
tumor cells of the more aggressive phenotypes that thrive in this highly challenging environ-
ment; 3) induction of a state of anergy in the regional lymphocytes that over time results in
their death; 4) activation of the tissue metalloproteases that promote local invasion; 5)
impairment of chemotherapy effectiveness [6-12]. Chemoresistance occurs through a proton-
ation reaction that mostly happens in the extracellular compartment (a large majority of che-
motherapy agents are weak bases) and sequestration within the acidic organelles in the tumor
cytoplasm of those molecules that enter despite the pH counter-gradient (a basic molecule dif-
fusing from an acidic compartment towards a basic one) [3,8,9].

All these conditions have resulted in the failure of most current antitumor strategies at con-
trolling tumor growth and diffusion, especially for solid neoplasms [9]. Recent investigations
from our group and other researchers pointed out that countering the tumor acidification
might reverse chemoresistance and improve tumor control and overall survival [13-17]. The
strategy of inhibiting specific classes of proton transporters has been tested through the oft-
label use of commercially available drug molecules. In particular, our group has successfully
used proton pump inhibitors (PPIs) to impede tumor V-ATPase function [13-24]. This strat-
egy resulted in the delay or arrest of tumor growth in companion animals with spontaneous
neoplasms as well as in humans affected by osteosarcoma and metastatic breast carcinoma
[25-27]. Furthermore, in a preliminary investigation we observed that systemic alkalization
combined with PPIs and metronomic chemotherapy in pets resulted in increased efficacy com-
pared to standard metronomic chemotherapy [28]. This study approached the problem of
tumor acidity in a more thorough fashion; not only by blocking the proton pump but also by
neutralizing free protons with a systemic buffer [29,30]. Likewise, from a preclinical investiga-
tion on TRAMP mice, we inferred that alkalization had a protective effect against the develop-
ment of spontaneous prostatic carcinoma. In this research, sodium bicarbonate had been
provided with the water to mice starting at different early ages (3,5,7 and 10 weeks). The results
have been impressive since these mice that have a physiological disease penetrance of 100% at
defined times for prostate carcinoma, did not develop the neoplasia. Indeed all the laboratory
animals treated at a very early age (3 and 5 weeks) had complete protection from the occur-
rence cancer, although 70% still developed prostatic hypertrophy [31]. Concerning the hypoth-
esis of direct buffering with sodium bicarbonate, we found this choice as suboptimal
considering that the maximum obtained value of pH (8.5) is close to the pH of some mineral
waters. Additional drawbacks to this strategy that might negatively affect its clinical implemen-
tation include: 1) a saturated sodium bicarbonate solution is unpalatable to humans 2) alkaliza-
tion with sodium bicarbonate alone results in increased plasma sodium concentrations, which
can aggravate hypertension, cardiac arrhythmia, cardiac conduction abnormalities and water
retention [32-38]. On the basis of these considerations we decided to move to a more ideal mix
of alkaline salts with a broad spectrum of buffering action (i.e. Basenpulver®), BP). In this
study we wished to verify if 1) it could be possible to counter tumor growth by using a water
alkalizer as a single agent, 2) a mix of carbonate and bicarbonate salts having a physiological
concentration of cations (sodium, calcium, potassium, magnesium) could avert the metabolic
complications expected with the administration of sodium bicarbonate alone, and iii) the possi-
bility of extended efficacy of a mix of carbonate and bicarbonate due to the conversion of car-
bonate into bicarbonate upon the consumption of the latter. For this purpose we chose to use
BP, a balanced water alkalizer, whose composition is well-characterized. The aim of this study
was to assess the feasibility and usefulness of this strategy in a syngenic murine melanoma
model. Melanoma has been chosen because it is one the most acid neoplasms accordingly to
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current literature, it is a well-known chemoresistant neoplasm, it is prone to early metastasis,
and has a high mortality rate in patients undergoing late diagnosis [16,18,19,23,24].

Materials and Methods
Chemicals and Reagents

Basenpulver® (100g of mixture contained: calcium carbonate 38.33 g, sodium bicarbonate
30.8 g, magnesium carbonate 23.1 g, disodium phosphate 3.8 g, potassium bicarbonate 3.8 g
and zinc sulfate 0.17 g) was provided by Named (Milan, Italy). Sodium bicarbonate, hydrochlo-
ric acid 37% and RPMI 1640 supplemented with L-glutamine and without sodium bicarbonate,
were purchased from Sigma-Aldrich (Milan, Italy). Sevoflurane inhalation anesthetic
(1,1,1,3,3,3-hexafluoro-2-(fluoromethoxy) propane) was purchased from Abbott SpA, Latina,
Italy. The cell impermeant *'P reporter 3-APP (3-aminopropyl phosphonate) was purchase
from Sigma-Aldrich (Milan, Italy). Antibiotics (DE17-603E), trypsin/EDTA (BE17-171E) and
fetal bovine serum (FBS) (DE14-701F) were purchased from Lonza (Milan, Italy).

In vitro study

The murine B16F10 and the human A375 melanoma cell line was purchased from ATCC
(Milan, Italy); the Mel501, Me30966 and WM793 human melanoma cells were kindly provided
by Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy. Cells were seeded in 96
wells plates at the concentration of 5000 cells/well. The cells were maintained in RPMI culture
medium with 10% of FBS at pH 7.4. In order to promote the solubility of BP, culture medium
was acidified with HCI 1N until a pH value of 1 was achieved, whereupon the pH was increased
to 7.0 with the addition of either sodium bicarbonate or BP at 4, 8 and 16 g/l. Growth inhibition
was assessed at 24 and 48 hours using the 4-nitrophenyl phosphate disodium salt hexahydrate
in acid phosphatase test (Sigma-Aldrich, Milan, Italy).

In vivo studies

All the studies were approved by the ethical committee of the Italian National Institute of Health
(Rome) and were conducted in accordance with the current Italian Law (Law 26/2014) that regu-
lates experiments in laboratory animals. CB57/BL mice were purchased from Harlan Laborato-
ries (UK) and housed in the animal facility of the Italian National Institute of Health. Mice had
10 and 14 hours periods of light and darkness respectively, were housed in 5 animal cages with
ad libitum mice chow (Mucedola, Italy) and water provided through a bottle. 5 x 10° BI6F10
melanoma cells were subcutaneously injected in the right flank. Tumors were calipered twice a
week and mice were weighted once a week. Mice were divided into a control group and treatment
groups receiving increasing doses of BP diluted in water at the concentrations of 4, 8 and 16 g/l
administered by oral gavage as a single daily dose. Each group consisted of 5 animals for statisti-
cal significance. The experiment was duplicated. Urine pH (obtained by free collection) was mea-
sured by using commercially available urine strips once a week. Mice were checked twice a week
by a veterinarian responsible for animal welfare monitoring for signs of sufferance such as weight
loss, decreased water and food consumption, poor hair coat, decreased activity levels and tumor
ulcerations. Endpoints were maximum tumor volume of 1200 mm® accordingly to the guidelines
for a correct laboratory practice and signs of poor quality of life as described above [39].

In vivo MRI guided *'P MRS

A group of 12 CB57/BL mice carrying syngenic melanoma tumors B16F10 implanted in the
right flank were subjected to an MRI study. Upon reaching the tumor volume of 800 mm® mice
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were gavaged with a single non-toxic dose of 4 or 8 g/l of BP solubilized in 200 ul of water. Mice
underwent MRI/MRS analyses by using a Varian Inova 200/183 MRI/MRS system for small ani-
mals operating at 4.7 T. Animals were anesthetized with sevoflurane 2.5% in O, 11/min.
Throughout the anesthesia procedures the ECG, PO2,and PCO2, were routinely monitored as
per ISS guidelines and current literature [40]. Temperature was maintained at 37+0.5°C by a
feedback controlled water circulating heating cradle. Tumor extracellular pH (pHe) value was
measured from chemical shift difference between the exogenous cell impermeant *'P reporter
3-APP resonance and that of o-ATP. The 3-APP probe (128 mg/kg) was administered i.p. imme-
diately prior to MRI/MRS analyses. A three turn >'P surface coil specifically designed to fit super-
ficial tumors combined with a butterfly "H coil (RAPID Biomedical, Rimpar, Germany) for
shimming and positioning of the volume of interest (VOI) was used. T1-weighted gradient-echo
multislice contiguous images (TR/TE = 400/3.5 msec, a o 70°, thickness = 1 mm, 8 averages, 19
slices, matrix 128 x 128, FOV = 3 x 3 cm” which correspond to in plane resolution of 0.2 x 0.2
mm?) were acquired to localize the tumor. 'H localized spectra were used to optimize magnetic
field homogeneity in order to to increase the signal resolution within the tumor ("H PRESS, TR/
TE = 2,000/23 msec). >'P localized spectra were acquired from the tumor with a pulse-acquire
sequence (TR = 3,000 ms, o = 25°, 256 averages) before and up to 1.5 h after BP administration.
In this way we achieved the spatial localization within the tumor by the shape and dimension of
the surface coil (which enables the tumor to be positioned inside it) and the short duration of the
flip angle preserving a temporal resolution of 10 minutes.

Statistical analysis

Differences between treatment groups, both in vitro and in vivo, were analysed by one-way
ANOVA and Bonferroni t-test. Data are expressed as mean + SD and SE for in vivo experi-
ments, and p values reported are two-sided. P values < 0.05 were considered as statistically sig-
nificant. Statistical analysis was performed with Sigmastat 2006 software.

Results

In vitro observations of exposure of melanoma cell lines to solubilized
commercial alkaline supplement (BP)

The preliminary experiments were aimed at assessing and standardizing the protocol to pro-
mote the best solubility of BP at different concentrations in an acid microenvironment. The
high acidity was instrumental to induce the solubility of the alkaline supplement since the car-
bonate that is present within the alkalizing mix has a poor water solubility at pH values
approaching neutrality. Following the addition of sodium bicarbonate or BP to the acidified
RPMI the pH increased up to a value of 7.0. These tests showed the BP could be successfully
solubilized up to concentrations of 16 g/l at the pH of 1.0 (that is the pH measured in the stom-
ach during the physiological process of digestion). Secondarily, we wished to evaluate if BP at
the concentration of 8 and 16 g/l could affect the viability of different melanoma cell lines (Mel
501, B16F10, A375, Me30966 and WM793). In this set of experiments the alkalized culture
medium was added to the melanoma cells. The experiments, summarized in Fig 1 for Mel 501
and B16F10 and in S1 Fig for A375, Me30966 and WM793 cell lines, showed that at all setting
times (i.e. 24, 48 and 72 hours), BP-dependent alkalization resulted in decreased viability in
both cell lines compared to control (p < 0.05) at the concentration of 8 g/1, while the concen-
tration of 16 g/l was exceedingly toxic. Similarly, sodium bicarbonate was administered at the
same concentrations to the melanoma cells. However, sodium bicarbonate showed a variable
inhibitory activity, from totally absent to barely detectable, against all analyzed melanoma cell
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Fig 1. Comparison of the antiproliferative properties of BP versus Sodium Bicarbonate. /n vitro antiproliferative effect of BP in comparison with sodium
bicarbonate against murine melanoma B16F10 (A) and human melanoma Mel 501 (B), A375 (C) at 24, 48 and 72 hours, as indicated. The figures show an
increased efficacy of the commercial buffer over sodium bicarbonate (p < 0.05) at 8g/l and at all different setting time. Columns are mean percentages of two
independent experiments run in triplicate; bars indicate SD. (*) indicate p < 0.05.

doi:10.1371/journal.pone.0159763.9g001

lines (Fig 1 and S1 Fig). Moreover, comparably to BP, bicarbonate showed toxic effects at the
highest concentration (16 g/1). The analysis of the results of this set of experiments showed that
BP induced a significantly higher inhibition of proliferation as compared to both untreated
controls and sodium bicarbonate, in all the human and murine melanoma cell lines tested in
this study (p < 0.05) (Fig 1 and S1 Fig).

Alkaline supplementation results in in vivo delayed tumor growth

In the singeneic mouse model, all the mice, engrafted with B16F10 melanoma cell line, receiv-
ing alkaline supplementation by oral gavage as a daily single dose showed delayed tumor
growth compared to controls (Fig 2). The 8 g/l was the most effective dose in terms of tumor
growth control compared to 4 and 16 g/1. The mice treated with 8 g/l did not show systemic
signs of illness (weight loss, poor or unkempt hair coat, decreased activity etc., data not
shown). On the contrary, mice receiving the highest dose (16 g/1) had a lesser tumor response
and, more importantly, showed side effects due to the therapy. Weight loss, poor hair coat with
alopecia confined to the neck, decreased activity and non-cancer-related early death were
observed in this last group. In terms of outcome, the group receiving the highest dose of alkali-
zer had a paradoxical response with a lower tumor growth delay compared to both other
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Fig 2. In vivo tumor growth inhibition induced by BP. BP shows a dose dependent inhibition of tumor growth in the
melanoma B16F10/syngenic mouse model of cutaneous melanoma compared to untreated controls. Tumor inhibition
peaked at the BP concentration of 8 g/l, it was less at the concentration of 4 g/l and had a paradoxical decrease at the

highest concentration of 16 g/l (p < 0.05). Bars indicate SE. (*) indicate p < 0.05.

doi:10.1371/journal.pone.0159763.9g002

treatment groups. In summary, the group receiving the dose of 8 g/l had the best response in
terms of tumor growth and overall animal welfare. The growth inhibition experiment lasted 30
days, at which time all the mice in the control group, having reached the maximum tumor vol-
ume (1200 mm?®) allowed by the current law regulating laboratory animals welfare, were sacri-
ficed. The treatment groups had much lower tumor volumes, as shown in Fig 2.

Metastases were not been detected in any mice of the 4 experimental groups. In the mice
receiving the alkalizing agent, special care was exerted to check the gastrointestinal mucosa for
signs of atrophy or other pathologies potentially related to the treatment. None of the animals
had any lesions that could be attributed to the alkalizing therapy.

Alkaline supplementation results in alkalization of the tumors as well as
the urine of the experimental mice

This set of experiments was aimed at establishing a correlation between the tumor growth
delay and alkalization at both tumor and systemic levels. To this purpose we performed in vivo
>'P magnetic resonance spectroscopy (MRS) of the mice under general anesthesia, as previ-
ously described in either xenograft [18] or syngenic [41] tumor models. The MRI/MRS study
was performed before and after the daily administration of alkalizer by gavage. Measures were
taken every 10 minutes, from 30 to 90 minutes after gavage. The measurements were confined
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Fig 3. Tumor alkalization induced by single dose of BP detected by 'P MRS. Effects of BP
administration on tumor extracellular pH measured by in vivo 3'P MRS. Tumors had an average extracellular
pH (pHe) of 6.68 + 0.26 at 24 h before treatment and 7.1 + 0.1 at 1 hour after treatment (8 g/l). Bars indicate
SD. (*) indicate p < 0.05.

doi:10.1371/journal.pone.0159763.g003

to controls and mice receiving the most tolerable doses of 4 and 8 g/l. Untreated mice had a
tumor extracellular pH (expressed as a mean value) of 6.68 + 0.26 (Fig 3).

In the two treatment groups, maximum tumor alkalization was reached after 1 hour from the
administration of the alkalizer agent. I vivo >'P MR spectra acquired at different time after BP
administration are show in Fig 4. Mice receiving 4 g/l of BP had a change in the extracellular pH
that was not statistically significant compared to control group (data not show). On the other
hand, in the treatment group receiving the dose of 8 g/1, the extracellular pH became 7.1 + 0.1.

Together with measuring changes in tumor pH, we analyzed the effect of BP on systemic
pH by measuring the pH of the urines of treated animals. The results showed that BP induced
a time-dependent alkalinization of the mice urines in a dose-dependent manner. Briefly, the
untreated control mice had a urine pH of 6.0, while in mice treated with BP at the concentra-
tion of 4 g/l the urine pH reached values of 6.6 + 0.26 after 3 hours from the BP oral treatment
(Fig 5A). The urine pH values of the treated animals reversed back to values comparable to
those of untreated animals within the 24 hours following the BP treatment. Mice receiving BP
at the concentration of 8 g/l, reached even higher values of urine pH (7.1 £ 0.1) with the same
recovery during the following 24 hours (Fig 5B).
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Fig 4. In vivo 31P MR spectra acquired at different time after BP administration. A) Axial T1-weighted
gradient-echo multislice images from a typical B16F10 tumor 20 days after implant. The light blu rectangles
indicate the region of magnetic field optimization. B) In vivo 3'P spectra acquired at different time after
Basenpulver 8 g/L administration: from 40 to 50 minutes (pHe = 7.1), from 50 to 60 minutes (pHe = 7.0) and
from 60 to 70 minutes (pHe = 6.9). A small amount of contamination arising from the most acid 3-APP signal
(at 34 ppm) and from PCr could be due to CSF and muscle, respectively, because of the close proximity of
the implanted tumor to the vertebral column (green arrows). However, the small PCr/a-ATP ratio and the
presence of the PME signal ensure the tumor origin of the spectrum. Assignments: 3-APP, 3-amino-propil-
phosphonate; PME, phosphomonoesters; Pi, inorganic phosphate; PDE, phosphodiesters; ATP, adenosine
triphosphate.

doi:10.1371/journal.pone.0159763.9g004
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Fig 5. Urine alkalization following the administration of single dose of BP. Effects of BP administration
on urine pH (measured with urine strips) at 0, 3 and 24 hours at the BP therapeutic concentrations of 4 and 8
g/l. The urine alkalization reached the zenith at 3 hours and then normalized over time; the peak values were
6.7+0.26 and 7.2 + 0.15 for the 4 g/l (A) and 8 g/l (B) concentrations respectively. Bars indicate SD. (*)
indicate p < 0.05.

doi:10.1371/journal.pone.0159763.g005

All in all this set of results showed that the effect of BP treatment on tumor growth was con-

sistent with an increase of pH at both tumor and systemic (urine) levels, but exclusively with
the dose of 8 g/1.
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Discussion

Tumor acidity is a known feature that is getting more and more attention from basic research-
ers to clinicians as well [3]. It has been shown that the extracellular release of H by proton
transporters is responsible for the counter gradient observed in tumor cells compared to nor-
mal cells [23]. These transporters include V-ATPases, NHE, and lactate/H" symporter, and are
responsible, along with the participation of carbonic anhydrase, for the continuous release of
proton excess secondary to the anaerobic metabolism of glucose. This results in an intracellular
alkaline pH and an extracellular acid pH that leads, among the other effects, to lymphocyte
anergy and activation of the proteolytic enzymes responsible for local invasiveness and metas-
tases. Moreover this complex phenomenon is responsible for the chemoresistance of tumors,
in particular solid variants [9]. Several strategies have been adopted to overcome this property
of cancer cells that is now being considered a phenotype per se [5,8]. Our group and others
have been working on the inhibition of one or more proton transporters, with remarkable
results in preclinical models and also in clinical trials [26-28,41]. We have also been consider-
ing a more thorough approach through the alkalization of the patient as a whole to overcome
tumor acidity [28]. In this study we evaluated the contribution of water alkalization to the effi-
cacy of metronomic chemotherapy in pet patients receiving high doses of proton pump inhibi-
tors, obtaining high percentages of response [28]. A pioneer investigation has evaluated the
impact of sodium bicarbonate administration in the water on the development of prostate car-
cinoma in TRAMP mice, obtaining the prevention of this cancer by administering buffered
water since an early age [31]. In the current study we wished to quantify and characterize the
tumor control potential of alkaline buffer on the tumor growth and progression in C57/BL
mice carrying B16F10 syngenic melanoma, that is a very aggressive tumor. Moreover, we
wished to evaluate if it was possible to modulate tumor acidic microenvironment with single
daily doses of alkali rather than by continuous administration with the water, to overcome a
practical issue that has been raised by the first attempts to translate bicarbonate therapy in
clinic: human patients, differently from mice that crave the substance, have a low tolerance for
water highly saturated with sodium bicarbonate. Our investigation showed that it was possible
to successfully alkalize tumor microenvironment using a commercially available alkaline sup-
plementation (Basenpulver®), BP) without causing undesirable toxicosis in the laboratory ani-
mals. This preparation offers several advantages: 1) it is a mix of carbonates and bicarbonates;
2) it has a cation composition that is more similar to the one that is physiologically found in
healthy individuals. In fact one of the possible clinical drawbacks of bicarbonate is the high
sodium content of the product that, when consumed in high doses, might lead, over time, to
water retention and cardiac impairment. In terms of biological advantages provided by the
adoption of a balanced mix of carbonate and bicarbonates that make up BP, the following
should be noted: a) when the bicarbonate component is spent by neutralizing tumor derived
protons, being converted in water and carbon dioxide, the carbonate becomes bicarbonate
accordingly to the dissociation constant of the molecule; b) the mix of alkali, differently from
what happens in vitro, interact also with the physiological buffering systems of the individual;
¢) while in vivo the bicarbonates are partially or completely consumed by the gastric acidity,
the carbonates are able to bypass the stomach and remain available for systemic consumption
after their transformation in bicarbonates. BP showed a very good inhibitory activity at the
dose of 8 g/l, through an alkalization mechanism evidenced by MRI as well as urine analysis.
The dose of 16 g/l has proven to be still effective (albeit less effective than the 8 g/l dose) but detri-
mental in terms of general conditions of the mice. These undesired complications could probably
account for its reduced effectiveness. The lowest dose of 4 g/l has been included to monitor for
side effects at suboptimal dose. This dose was well-tolerated, induced urine alkalization but failed
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to alkalize the tumor periphery. However a residual efficacy was still present as shown by the
delayed tumor growth in mice receiving this dose. The exact mechanism of this phenomenon
still eludes us, however we can hypothesize that even at the lower dose, BP still added to the indi-
vidual buffering resources modulating tumor microenvironment. This unexpected finding sug-
gests that alkalizing therapy could still be considered for individuals unable to tolerate the
optimal dose (8 g/1) due to underlying gastrointestinal and systemic conditions. However, it is
conceivable that the in vivo treatment partially stimulated the immune response, due to the
tumor microenvironment alkalinization. In fact, in a previous study we showed that acidity may
represent a tumor immune escape mechanism per se and that treatment with a family of very
potent anti-acidic molecules, such as proton pump inhibitors, inhibited the tumor growth with a
clear increase of both adoptive and local tumor immune infiltrate in a mouse model very similar
to the one used in this study [42]. However, in this study we have also shown that reproducing in
vitro a gastric pH-like BP activation, we had a direct antitumor effect of the alkalinizer on tumor
cells, suggesting that potent alkalinization impairs tumor cell viability per se.

Conclusion

In summary, water alkalization provides an inexpensive, highly effective and overall well-toler-
ated means to counter one of the most malignant feature of tumors. As part of a prevention
protocol, it might help to protect individuals at risk from developing aggressive malignancies.
Moreover, acidity being a very efficient mechanism of tumor resistance to drugs [8]. It is con-
ceivable that controlling pH imbalances at the level of organs and compartments that are the
target of current anti-cancer therapies may represent an efficient new tool for improving drug
efficacy and that these results will promote further investigations into combining different fam-
ilies of alkalizers with standard chemotherapy and immunomodulating agents.

We want to conclude with an emphasis to the fact that the achievement of these results,
with a high potential to be translated to the clinical use, was obtained thanks to the nonmain-
stream approach against cancer, representing a key paradigm of our research group [43].

Supporting Information

S1 Fig. Comparison of the antiproliferative properties of BP versus Sodium Bicarbonate.
In vitro antiproliferative effect of BP in comparison with sodium bicarbonate against human mel-
anoma A375 (A), Me30966 (B) and WM794 (C) at 24, 48, 72 hours, as indicated. The figures
show an increased efficacy of the commercial buffer over sodium bicarbonate (p < 0.05) at 8g/1
and at all different setting time. The experiments performed at 96 hours did not show significant
differences to the inhibition obtained at the earliest time points. Columns are mean percentages
of two independent experiments run in triplicate; bars indicate SD. (*) indicate p < 0.05.

(PDF)
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