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Abstract
To examine the cytocidal effect of sodium nitrite on the cancer cell, we subjected human gastric
adenocarcinoma epithelia (AGS) cells to various experimentation following exposure to sodium
nitrite, and measured the resulting changes in the levels of cell death, lactate dehydrogenase (LDH)
release, and caspase-3, -6, -8, and -9 activities. Our data revealed that, in AGS cells, treatment with
≥6.25 mM sodium nitrite for 8 h resulted in an obvious increase in cell death. LDH release was also
markedly increased following sodium nitrite treatment, but at a concentration of ≥6.25 mM for 24
h. This increasing trend showed a positive correlation (r = 0.9564, P < 0.05). In addition, we detected pronounced increases in caspase activities with various concentrations of sodium nitrite:
caspase-3 at ≥25 mM for 1 h, ≥12.5 mM for 3 h and 6 h; caspase-9 at 50 mM for 1 h and 3 h, and
≥6.25 mM for 6 h; and caspase-6 at 50 mM for 1 h and 3 h. We did not however, detect any observable increase in the activity of caspase-8 following sodium nitrite treatment at any concentration
or for any duration of treatment in this study. This data demonstrates that, in AGS cells, higher
concentrations or longer durations of treatment with sodium nitrite could exhibit a cytocidal effect, and that sodium nitrite could induce apoptosis via activation of the caspase-9, caspase-3 cascade (intrinsic pathway) and caspase-6.
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1. Introduction

The use of sodium nitrite (NaNO2) can be dated back as early as 850 B.C., when it was employed in the meat
curing process [1]. It was also used to impart flavor and color to preserved meat [2], and thus had been widely
used as a food additive [3]. In the early 20th century, it was suggested that nitrite might increase the incidence of
cancer, and the toxic nature of high nitrite levels had since been confirmed [4] [5]. However, nitrites are also
used in the medicinal field [6] and sodium nitrite may have therapeutic potential as a nitric oxide (NO) prodrug
in the treatment of tumors, allowing a transient increase in the delivery and efficacy of anti-cancer drugs [1]. To
better understand the mechanism under which nitrite-mediated therapy affects tumor progression and development,
direct investigation of the effect of sodium nitrite on carcinogenesis, both in vitro and in vivo, is paramount.
Gastric cancers are malignancies of the stomach, as known as stomach cancer. And the adenocarcinoma is a
common type cancer in the stomach. The mechanism of gastric carcinogenesis remains equivocal [7]. Genetic
and environmental factors may play a role in the etiology of this disease [8] [9]. Gastric cancer is currently the
third leading cause of cancer death worldwide, it used to be the second cause after lung cancer and remains a
major public health problem in the world [10]-[12]. Although the incidence of gastric cancer has decreased
around the world over the last 3 decades, which still show a higher mortality than other countries in East Asian
countries [11]. Cure is possible for patients presenting with early stage disease [10]. However, because early
gastric cancer produces few symptoms, most gastric cancer patients are diagnosed in advanced-stage or metastatic disease with a poor prognosis [10]. Radiographic screening and endoscopic screening are common technologies to detect early-stage gastric cancer [11].
The main treatment option is the gastrectomy combined with chemotherapy and radiation therapy protocols.
Some drugs that inhibit the vascular endothelial growth pathway are also used to treatment, including bevacizumab, sunitinib, sorafenib, apatinib, regorafenib, and ramucirumab, etc. [10]. In addition, micromolecule compounds with inducing cancer cell apoptosis features (e.g. sodium citrate) are extensive researched as another anticancer way [13].
Our previous study demonstrated that high concentrations of sodium nitrite could exhibit cytotoxic activity in
human gastric adenocarcinoma epithelia (AGS) cells via an induction of inflammatory cytokines and a decrease
in cell proliferation [7]. Additionally, recent research suggests that sodium nitrite could induce apoptosis in rat
cardiac tissue [8]. In our current study, we examine the apoptotic effect induced by sodium nitrite in AGS cells.

2. Materials and Methods
2.1. Chemical Agents and Cells
The human AGS cell line was obtained from Dainippon Pharmaceutical Co., Ltd., Osaka, Japan. Cells were cultivated in HAM F12 (Gibco) nutrient mixture with L-glutamine (Gibco-Invitrogen, Carlsbad, CA, USA) supplemented with penicillin (100 IU/mL, Gibco), streptomycin (100 lg/mL, Gibco), and 10% fetal bovine serum
(FBS, Gibco). Sodium nitrite was used as an inducing agent, which was obtained from Wako Pure Chemical
Industries, Japan.

2.2. Cell Death Detection
AGS cells were seeded in 96-well plates (Corning Costar Corp., Corning, NY, USA) at 1 × 104 cells/100μl/well
and incubated for 3 h at 37˚C with 5% CO2. The AGS cells were then grown in the presence of sodium nitrite at
concentrations of 3.125, 6.25, 12.5, 25, and 50 mM, for 1 h, 4 h or 8 h. At the conclusion of each treatment period, the cells were then centrifuged, and cell death was detected using the Cell Death Detection ELISAPLUS
kit (Biovision, USA). The histone-complexed DNA fragments were detected directly in the culture supernatant
with measurement of absorbance at 405 nm using an ELISA plate reader (Ceres UV 900 H D; Biotek Instruments, Winooski, VT).

2.3. Lactate Dehydrogenase (LDH) Release Assay
To measure cytotoxicity, LDH release was detected after AGS cells underwent pre-treatment with 3.125, 6.25,
12.5, 25, or 50 mM sodium nitrite for 4 h, 8 h, or 24 h. Cell supernatants were collected and the LDH-Cytotoxicity
Assay Kit (Biovision, USA) was used to measure the amount of LDH present by quantifying the formazan dye
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by spectrophotometry at a wavelength of 492 nm. Triton X-100 (1%) was used as a positive control.

2.4. Caspase Activity Assay
The activities of caspase-3, -6, -8, and -9 were determined using Apo TargetTM Caspase colorimetric kits (Biosource, USA). AGS cells were treated with 0, 1.25, 2.5, 5.0, 10.0, or 20.0 mM sodium nitrite for 1 h, 3 h, or 6 h.
Assays were performed in 96-well plates, and the reaction mixtures were incubated at 37˚C for 4 h or overnight
before measurement of absorbance at 405 nm using an ELISA plate reader (Ceres UV 900 H D; Biotek Instruments, Winooski, VT).

2.5. Statistical Analysis
Data from three parallel experiments was expressed as the mean ± standard deviation (SD). The correlation
coefficient (r) was calculated for LDH release, with P < 0.05 conferring statistical significance.

3. Results
3.1. Cell Death Detection
After treating the AGS cells with different concentrations of sodium nitrite for 1 h or 4 h, the resulting data indicated that the increasing trend of cell death was not distinct following increasing treatment concentration.
However, when the treatment time was extended to 8 h, cell death increased noticeably at treatment concentrations greater than 6.25 mM. The increasing trend in cell death exhibited a dose-dependence at concentrations
between 6.25 mM and 25 mM (Figure 1).

3.2. Lactate Dehydrogenase (LDH) Release Assay
LDH release from AGS cells was relatively stable after treatment for 4 h or 8 h with 3.125 to 50 mM sodium nitrite. However, when treatment time was increased to 24 h, LDH release increased at concentrations from 3.125
to 50 mM, with this increasing trend showing a positive correlation (r = 0.9564, P < 0.05) (Figure 2).

3.3. Caspase Activity Assay
Caspase-3 activity increased following treatment with ≥25 mM sodium nitrite for 1 h, and ≥12.5 mM for 3 h or
6 h, as compared to the control. In addition, activity of caspase-9 increased after treatment with 50 mM sodium
nitrite for 1 h or 3 h, and ≥6.25 mM for 6 h, when compared to the control. Moreover, activity of caspase-6 increased after treatment with 50 mM sodium nitrite for 1 h, and ≥12.5 mM for 3 h, when compared to the control.
Contrastingly, caspase-8 activity did not change distinctly following the increase in treatment time or concentration, when compared to the control (Figure 3).

Figure 1. Cell death in AGS cells following treatment with different concentrations of NaNO2 for different periods of time.
There was almost no change in cell death after 1 h and 4 h of treatment, however, after 8 h of treatment and with treatment
concentrations over 6.25 mM, cell death increased obviously, exhibiting a dose-dependence between 6.25 mM and 25 mM.
Data represent mean values of determinations ± SD.
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Figure 2. LDH release assay. AGS cells were treated with different concentrations NaNO2 for different durations of time.
After 24 h of treatment, LDH release increased along with increasing treatment concentrations, and this increasing trend
showed a positive correlation (r = 0.9564 , P < 0.05). Although, when AGS cells were treated for the shorter duration of 4 h
or 8 h with 3.125 to 50 mM NaNO2, LDH release was close to stable. Data represent mean values of determinations ± SD.

Figure 3. Caspase activities assay. The activity of caspase-3 increased after treatment with ≥25 mM NaNO2 for 1h, and
≥12.5 mM for 3h or 6h, as compared to the control (a); Caspase-9 activity was also increased after treatment with 50 mM
NaNO2 for 1h or 3h, and ≥16.25 mM for 6h, as compared to the control (d); Activity of caspase-6 was increased after treatment with 50 mM NaNO2 for 1h, and ≥12.5 mM NaNO2 for 3h, as compared to the control (b); However, any observable increase in the activity of caspase-8 following sodium nitrite treatment at any concentration or for any duration of treatment
was not detected, as compared to the control (c). Data represent mean values of determinations ± SD.

4. Discussion
Research surrounding sodium nitrite is plentiful due to both its usefulness and carcinogenesis. Despite this, the
effect of sodium nitrite exposure on cancer cells remains equivocal [1] [14], in part because sodium nitrite can
change the level of some inflammatory cytokines in cancer cells, as reported in our prior research [15]. Furthermore, sodium nitrite can, not only change the level of some inflammatory cytokines, but also induce apoptosis in cardiac tissue in rats, via extrinsic and intrinsic cell death pathways [16]. Although sodium nitrite can assist proliferation of cancer cells at low concentrations, high concentrations can induce the apoptotic program in
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cancer cells, as was previously reported in human hepatocarcinoma cells [17]. Our current research suggests that
high concentrations or long treatment times with sodium nitrite can also induce the apoptotic program of AGS
cells, providing further evidence to support the relationship between sodium nitrite exposure and cancer cells.
Caspases perform as initiators or executors in cell death programming; caspase-8 is an initiator of the extrinsic pathway, caspase-9 is an initiator of the intrinsic pathway, and caspases-3 and -6 are executors [18]. In this
study, the activities of caspase-3, -6, -8, and -9 were detected. Our data revealed increased activities of caspase-3
and -9, which is indicates that activation of the caspase9-caspase3 cascade was induced [19]. Contrastingly,
caspase-8 activity remained unchanged in our experimentation, indicating that sodium nitrite-induced apoptosis
in AGS cells acts via the intrinsic pathway, rather than the extrinsic pathway [20]. Additionally, because caspase-6 activity was increased at 50 mM sodium nitrite for 1 h and 3 h, we can infer that caspase-6 may only play
a role in early stage apoptosis with higher treatment concentration. Although we don’t know the sodium nitrite
has an influence in the growth of normal gastric epithelia cells or not, the results of the experiments provide an
evidence to understand the relationship between sodium nitrite and gastric cancer cells, or a reference to find a
new way to treat the gastric cancer.

5. Conclusion
In this study, in AGS cells, higher concentrations or longer durations of treatment with sodium nitrite could exhibit a cytocidal effect. The cytocidal effect was reflected in inducing increased cell death, increased LDH release and the apoptosis of AGS cells. Cell death increased noticeably at 8 h with >6.25 mM sodium nitrite. LDH
release increased at concentrations at 24 h with from 3.125 to 50 mM sodium nitrite. When the sodium nitrite
treatment was 50 mM for 1 h or 3 h, and ≥6.25 mM for 6 h, apoptosis could be induced via activation of the
caspase-9, caspase-3 cascade (intrinsic pathway) and caspase-6, rather than the extrinsic pathway.
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