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Abstract

Evidence on the anti-cancer effect of high-dose Ascorbic Acid (AA) has been generated from several
basic and clinical studies. AA can increase the level of Reactive Oxygen Species (ROS) through
oxidative stress, modulate tumor immunity. However, a model using “continually intravenous pump
of AA for 24 h” has not been widely reported. We treated 4 palliative patients using this approach
combining the metabolic mechanisms of AA in the body and possible synergy mechanisms with
arginine and magnesium ion. The results show significantly improved survival in two patients with
advanced Lung Adenocarcinoma (LUAD) who received this combination therapy and no serious
adverse events occurring. Therefore, we explored a high-dose AA combination with arginine and
magnesium sulfate with exhibited synergistic anti-tumor effects in LUAD, which have significantly
improved anti-cancer effects and enhance anti-tumor immunity in vitro and in vivo. This study
provides a contribution to a debate on a new high-efficiency and low-toxicity combination therapy
in future clinical practice, potentially improving the prognosis of patients with LUAD.

Graphical Abstract: Image 1.
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Image 1: Graphical abstract.
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Highlights

. Of 4 dying patients who received "high dose Ascorbic Acid
(AA)+arginine+magnesium sulfate” intravenous pump for 24 h,
two patients with advanced LUAD had significantly improved their
survival time.

. The combination of "high dose AA+arginine+magnesium
sulfate" can significantly inhibit the growth of LUAD both in vivo and
in vitro.

. "High  doses  AA+arginine+magnesium  sulfate"
combination can increase ROS level and raise cytokines associated
with Interferon (IFN) signal.

. "High  doses  AA+arginine+magnesium  sulfate"

combination can significantly enhance antitumor immunity.
Introduction

In spite of a diversity of treatment options, the prognosis of
advanced Lung Adenocarcinoma (LUAD) is still poor. In a global
context in which new approaches to healthcare and cancer research
are expected [1,2], also finding new treatments with high efficiency
and low toxicity is a knotty problem to be solved. Within the past
10 years, there has been growing evidence that AA may become
an effective anticancer drug when administered intravenously and
in high doses rather than orally [3]. AA has been shown to trigger
interferon responses to promote both the innate and adaptive immune
responses by modulating T cells [4-6]. Importantly, it has been
used in combination with some other therapeutic agents achieving
synergistic therapeutic effects, such as chemotherapeutic drugs,
DNA methyltransferase inhibitors, and even improved the efficacy of
immune checkpoint therapy [7-9]. Some other studies suggest that
AA with Arginine can exert their anti-tumor effects through redox,
targeting HIF-1a, epigenetic regulation, and immune regulation [10]
and that magnesium ions can significantly enhance the anticancer
effect of AA and anti-tumor immunity [11,12]. However, the effect of
combination with the three has not been widely reported. The model
“continually intravenous pump of AA for 24 h” also has not been
widely reported.

In clinical application, we treated 4 dying cancer patients who
had received all treatments from the first through the third line with
combination of AA with arginine and magnesium sulfate according
to their family members’ strong requests. The combination regimen
included arginine 7.5 g, AA 30 g to 100 g, magnesium sulfate 3.75 g,
and potassium chloride 4 g continually intravenous drip for 24 h for
20 to 91 days. All patients showed to be safe. Two of them with LUAD
were found to have significant improvement in survival. The clinical
results displayed that this combination regimen was safe and probably
effective in LUAD. In order to verify the potential antitumor activity
and possible mechanism of this combination regimen in LUAD, this
study designed in vitro and in vivo experiments for further study.

Results

High-dose vitamin C combined with arginine and
magnesium sulfate seems safe and effective in patients
with advanced cancer

Based on the above background international research, the
authors envisioned whether the high-dose AA combination therapy
can bring a glimmer of hope to end-stage cancer patients in clinical
frontline work. Having informed the patients and obtained their

informed consent and signed the relevant informed consent, four
patients with advanced cancer were given arginine 7.5 g, AA 30 g,
magnesium sulfate 3.75 g and potassium chloride 4 g intravenously
for 24 h. Among them, one patient was advanced LUAD with
multiple metastases of lung, liver, intracranial and bone. After multi-
line treatment, the patient developed a large number of pleural
effusions, chronic cardiac insufficiency, hypoproteinemia, moderate
anemia and electrolyte disturbance. The estimated survival time was
less than one month. Our joint program lasted for nearly 3 months,
during which the general condition of the patients was satisfactory
and symptoms such as pain and chest tightness were relieved. The
chemotherapy and immunotherapy combined with this combination
therapy were used. CT examination after treatment indicated that the
disease was stable.

The other patient was a patient with advanced LUAD with
intracranial and bone metastases. The patient received this
combination treatment for 2 months and was discharged from
the hospital in a state of consciousness disorder and coma. After
discharge, the patient still survived for 4 months and regained
consciousness. The highest dose of AA in both patients was 100 g/d.

Based on the improved survival of the previous two patients with
end-stage malignancy, the authors used this combination therapy
with other anti-tumor therapies in one patient with advanced breast
cancer and one patient with advanced gastric cancer, but they did not
seem to have the same efficacy as the first two patients.

Four patients aged 37 to 65 years who were diagnosed with stage
IV malignancies at a Cancer Hospital from January to July 2022
received this treatment after first-line or above treatment, as detailed
in Table S1.

Duration of medication ranged from 20 to 91 days. The dose of
AA was adjusted according to the patient's condition and ranged from
20 g/d to 100 g/d. Simultaneous therapy during treatment included
radiotherapy, chemotherapy and so on. Grade 3 AEs were recorded
9 events, including thrombocytopenia, fever, leucopenia, decreased
hemoglobin and hypokalemia. During the treatment, the patients
had other infections or were treated with other therapies, such as
chemotherapy or peritoneal hyperthermic perfusion therapy. The
physician evaluated that the Grade 3 adverse events were unrelated
to this treatment. There were no Grade 4 or 5 adverse event occurred
during treatment, detailed data are shown in Table 1 and Table S2.

This study suggests that high-dose AA combined with arginine
and magnesium sulfate can be safe and effective in clinical application,
and it can provide an alternative treatment for patients with advanced
tumors, especially for LUAD.

However, to further verify the potential antitumor mechanism of
this combination regimen, more experiments in vivo and in vitro have
to be designed to explore and generate more evidence.

High-dose AA combined with arginine and magnesium
inhibited cell growth in vitro

The effect of clinical preliminary medication has generated
interest and inspiration. In order to further investigate the antitumor
effect and potential mechanism of this combination on LUAD, this
study firstly conducted a series of trials in vitro. The best concentration
of Ascorbic Acid (AA), arginine and magnesium sulfate on lung
cancer cells was explored by CCK8 experiment. We found that high
concentration of AA had obvious killing effect on LUAD cells, with
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Figure 1: Combination of high dose AA, arginine and magnesium sulfate inhibit the growth of lung cancer cells.
(A & B) CCK8 assay was used to determine the changes of cell viability of A549 and H1299 cell lines treated with different concentrations of ascorbic acid (AA),
arginine and magnesium sulfate. (C) Effects of different concentrations of AA, arginine, magnesium sulfate and the combination of them on the viability of A549
H1299 LLC B2B cells for 24 h, 48 h, 72 h. (D) Effects of 8 mM AA, arginine, magnesium sulfate and the combination of them on the viability of A549, H1299, LLC
and B2B cells. (E) Comparison of the effects of combined use of different concentrations of AA, arginine and magnesium sulfate on the activity of B2B, LLC, A549
and H1299 cells. *: P<0.05; **: P<0.01; ***: P<0.005; ns: not significant
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Figure 2: High-dose AA combined with arginine and magnesium affects cell proliferation, cell cycle and apoptosis.
(A) The clone formation ability of A549 H1299 cells in the AA, Arginine (Arg) and magnesium sulfate alone or in combination. (B) Changes of cell cycle after AA,
arginine and magnesium sulfate alone or in combination treatment in A549 and H1299 cells by flow cytometry. (C) Detection of apoptosis of A549 and H1299 cells
treated with AA, arginine and magnesium sulfate alone or in combination by flow cytometry.
**: P<0.01; ***: P<0.005; ns: not significant
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the increase of AA concentration, the proliferation rate of LUAD
cells decreased gradually. When the concentration of AA was 3.218
mM, the growth of A549 cells was inhibited by 50%. When the
concentration of AA was 4.421 mM, the growth of H1299 cells was
inhibited by 50%. A similar phenomenon was observed in arginine.
When the concentration of arginine was 14.24 mM, it could inhibit
the proliferation of A549 cells by 50%. When the concentration of
arginine was 19.46 mM,, it could inhibit the proliferation of H1299
cells by 50%. Magnesium sulfate had no obvious effect on cell
proliferation (Figure 1A, 1B).

According to the above results, different LUAD cells and normal
lung epithelial cells B2B were treated with varying doses of AA (2
mM, 4 mM and 8 mM), arginine (18 mM) and magnesium sulfate (1
mM) to observe the effects of the combination of the three and single
drug on cell activity. After the treatment of AA, arginine, magnesium
sulfate alone and the combination of three for 24 h, 48 h, 72 h. With
the extension of the action time, the inhibitory effect on the cells was
more obvious. We found that the combination of the three drugs and
AA alone for 72 h and 48 h had more significant inhibitory effect
on LUAD cells, and the difference was statistically significant (Figure
1C).

In addition, comparison of AA, arginine, magnesium sulfate and
any combination of two drugs, the results are similar (Figure S1). For
A549, H1299, LLC cells, the inhibitory effect of combined treatment
group for 48 h and 72 h was more obvious than that of arginine and
magnesium sulfate alone, but there was no significant difference
compared with AA alone. Interestingly, the combination of three
drugs showed a stronger anti-tumor effect on LUAD cells compared
with normal lung epithelial cell B2B (Figure 1D, 1E).

Combination treatment with high-dose AA, arginine and
magnesium effectively suppressed cell proliferation, blocked the
cell cycle, and promoted cell apoptosis the antitumor effect of this
combination was next evaluated in a variety of experiments in vitro.
In order to further detect the effect of AA, arginine and magnesium
sulfate alone or in combination, the colony formation experiment was
carried out to explore the changes of cell proliferation after treatment
with different drugs for 10 to 14 days, because the results of CCK8
experiment only detected the changes of cell activity after treatment
with 24 h, 48 h and 72 h. The combination of high concentrations of
AA, arginine, and magnesium sulfate could significantly inhibit cell
proliferation. Compared with the control group, the number of cell
clones formed by the combination of AA, arginine, and magnesium
sulfate decreased significantly (Figure 2A). Next, cell apoptosis
was analyzed by flow cytometry analysis, high-dose AA, arginine
and magnesium combination treatment significantly increased
the apoptosis rate of H1299 and A549 cell lines (Figure 2C). Then,
we determined whether the enhanced cell toxicity observed in the
combination treatments could result from changes in cell cycle. It
was found that compared with AA, arginine, or magnesium sulfate
monotherapy, the combined group could significantly block the cell
cycle in G2/M phase (Figure 2B). These results indicated the potential
of the combination treatment which could exhibit potent antitumor
effects in LUAD cells.

High-dose AA combined with arginine and magnesium
enhanced ROS-induced Immunogenic Cell Death (ICD)
and upregulated cytokines related to Interferon (IFN)
signaling in vitro

ICD constitutes a prominent pathway for activating anti-tumor

immune, and ROS production are vital components of intracellular
pathways regulating ICD. Through the detection of ROS, it was found
that the production of ROS in the combined group was higher than
AA, arginine, or magnesium sulfate monotherapy and the difference
was statistically significant (p<0.01) (Figure 3A, 3B). ICD constitutes a
prominent pathway for activating the immune system against cancer,
the secretion of cytokines associated with T cell activation or response,
including IFN-y and TNF-a were detected by Enzyme-Linked
Immunosorbent Assay (ELISA). The results showed that the level of
IFN-y and TNF-a were significantly increased in the AA, arginine,
and magnesium treatment group compared with the monotherapy
group (Figure 3C, 3D). In conclusion, the combination therapy of
three could promote ROS production leading to immunogenic tumor
cell death, ultimately promoting the activation of cytokine IFN-y and
TNF-a. This result provides a theoretical basis in cell lines for further
exploring the anti-tumor mechanism of the combination of the three
drugs.

High-dose AA combined with arginine and magnesium
therapy effectively suppressed tumor growth and improve
anti-tumor immunity in vivo

To investigate the underlying effect of the combination of the
three drugs in vivo, we used 6 to 8-week-old BALB/c female mice
to establish a subcutaneous transplanted tumor model. These mice
underwent the combination therapy according to the treatment
scheme shown in Figure 4A. Compared with the control group and
single drug group, a remarkable tumor suppression was observed
in tumor-bearing mice administered a combination therapy of 1 g/
kg and 4 g/kg AA, arginine, and magnesium (Figure 4B, 4C). Then,
the results showed that compared with the control group and single
drug group, the tumor volume of mice in the 1 g/kg AA or 4 g/kg
AA plus arginine, magnesium sulfate group decreased significantly,
there was no significant change in tumor weight (Figure 4D, 4E),
and there was no significant difference in body weight among the
seven groups (Figure 4F). It is proved that the combination of high
concentrations of AA, arginine, and magnesium sulfate plays a strong
anti-tumor effect in vivo. The success of tumorigenesis was further
confirmed by immunohistochemistry of tumor tissue at the same
time (Figure S2). To further explore the anti-tumor mechanism
of the drug combination in vivo, we collected the peripheral blood
of mice to analyze the T cell profiles by flow cytometry. The 1 g/
kg AA combination therapy group and 4 g/kg AA combination
therapy group significantly increased the number of CD3+ T cells
in peripheral blood compared with the control group and single
drug group (Figure 4G, 4I). T cell subset analysis revealed that the
percentages of CD8+ T cells significantly increased after 1 g/kg AA
combination therapy and 4 g/kg AA combination therapy compared
with control group (Figure 4H, 4]). Taken together, these results
suggested that 1 g/kg AA, arginine, and magnesium combination
therapy could exhibit potent antitumor effects in mice. 1 g/kg AA and
4 g/kg AA combined group can increase CD8+ T cells, and enhance
anti-tumor immunity in mice, which provides a theoretical basis for
revealing the anti-tumor mechanism of high concentration of AA,
arginine, and magnesium sulfate.

Combination therapy increased the number of CD8+ T
cells and significantly reversed the immunosuppressive
tumor microenvironment

It is widely recognized that T cells play a key role in antitumor
immunity. We found that 1 g/kg AA combined group and 4 g/kg
AA combined group could significantly increase the level of CD8+
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Figure 3: The combination of high-dose AA and arginine and magnesium sulfate increase the proportion of ROS, IFN-y and TNF-a.
(A & B) Flow detection of reactive oxygen species in A549 and H1299 cells treated with AA, arginine and magnesium sulfate alone and combined group of three
drugs. (C) Detection of IFN-y changes in A549 and H1299 cells after AA, arginine and magnesium sulfate alone and combined group of three drugs treatment by
ELISA. (D) TNF-a changes after AA, arginine and magnesium sulfate alone and combined group of three drugs treatment in A549 and H1299 cells were detected
by ELISA. Data are shown as means + SEM. *: P<0.05; **: P<0.01; ***: P<0.005; ns: not significant
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Figure 4: Effects of AA combined with arginine and magnesium sulfate on LUAD xenotransplantation model and anti-tumor immunity.

(A) Schematic of drug administration for animal experiments. (B and C) Gross view and growth curve of tumors in control group, single drug group and combination
group. (D-F) Statistical diagram of tumor weight, tumor volume, and mouse weight in control group, single drug group and combination group. (G) Results of
flow cytometry detection of T cells in peripheral blood of mice. (H) Peripheral blood CD8+ T cells of control group and combination group were detected by flow
cytometry. (I and J) Statistical chart of T cells and CD8+ T cells in peripheral blood. Data are shown as means + SEM. *: P<0.05; **: P<0.01; ***: P<0.005; ns: not
significant
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