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Abstract

Objectives: To investigate the cellular and apoptotic effects
of food additive calcium propionate by in vitro methods.
Methods: Cell viability by 3-(4,5-dimethylthiazol-2-y])-2,5-
diphenyl tetrazolium bromide (MTT) assay, intracellular
Glutathione (GSH) by luminometric method, mitochondrial
membrane potential (MMP) by fluorometry, apoptosis by
dual Acridine Orange/Ethidium Bromide (AO/EB) fluores-
cent staining were studied in lung cells.

Results: It has been observed that calcium propionate
reduced GSH and MMP levels significantly while increased
cytotoxicity, apoptosis, and reactive oxygen species (ROS)
levels in both A549 and DMS114 cancer cells in a dose-
dependent manner.

Conclusions: Cytotoxic effects of calcium propionate were
more pronounced in cancer cells compared to healthy cells,
suggesting its potential suitability as a chemo-preventive agent.

Keywords: calcium propionate; cancer; food additive; cell
viability; lung cancer

Introduction

Calcium propionate, a widely used food preservative, has
gained considerable attention for its multifaceted roles in

*Corresponding author: Macit Koldas, Department of Medical
Biochemistry, Hamidiye Faculty of Medicine, University of Health Sciences,
Istanbul, Turkiye, E-mail: macit.koldas@sbu.edu.tr. https://orcid.org/0000-
0001-8967-2708

Tugba Muhlise Okyay, Eray Metin Giiler and Ebru Kale, Department of
Medical Biochemistry, Hamidiye Faculty of Medicine, University of Health
Sciences, Istanbul, Tirkiye. https://orcid.org/0000-0001-8529-0331

(T.M. Okyay). https://orcid.org/0000-0003-4351-1719 (E.M. Giiler). https://
orcid.org/0000-0003-1218-4962 (E. Kale)

Fatih Gultekin, Department of Medical Biochemistry, Lokman Hekim
University, Ankara, Tirkiye. https://orcid.org/0000-0003-2888-3215

food preservation, safety, and quality enhancement. The
Food and Drug Administration (FDA) classifies it as a
Generally Recognized As Safe (GRAS) compound, under-
lining its established safety for consumption in various food
products [1]. The assigned E code for calcium propionate is
E282, and it exhibits high solubility in water, while its solu-
bility in alcohol is comparatively lower [2]. Calcium propi-
onate, derived from propionic acid, is a versatile additive
used in a variety of food products, including bread, bakery
items, dairy, and processed meats [3]. Utilizing calcium
propionate in bread formulation can effectively extend its
shelf life, preserving its freshness for a period of 10-12 days
[4]. Functioning as an antimicrobial agent, calcium propio-
nate is typically incorporated into the bread dough at a
concentration ranging from approximately 0.1-0.3 % rela-
tive to the weight of the flour [5]. Furthermore, a synergistic
effect has been observed when calcium propionate is com-
bined with sodium chloride, further contributing to the
extension of the bread’s shelf life [6].

There are studies examining research on its genotox-
icity. In specific tests, including the Bacillus subtilis recom-
bination test, Escherichia coli, and Salmonella typhimurium
reversion test [7], calcium propionate did not exhibit any
mutagenic effects. Conversely, in a different study, calcium
propionate induced chromosomal abnormalities in Chinese
hamster lung cells [8]. When assessing its effects on Allium cepa
chromosomes calcium propionate significantly increased the
frequency of abnormalities compared to the control group and
notably reduced the mitotic index [9].

Calcium propionate treatment at concentrations of 0.5
and 1% has been observed to induce the formation of afla-
toxins, preventing Aspergillus fungus formation [10]. In in-
vestigations involving BRCA1 mutated breast cancer cells, a
key genetic mutation associated with breast cancer, the
HCC1937 cell line was subjected to calcium propionate at
various concentrations (0.5-2.0 mg/mL). The treatment with
calcium propionate led to a decrease in superoxide dismutase
levels within the cells, thereby impacting oxidative stress [11].

Recently, there has been a substantial focus on investi-
gating the connection between dietary factors and various
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types of cancers [12-15]. Food additives are being investi-
gated for their potential role in reducing cancer risk [16].
Lung cancer ranks first in cancer deaths among others [17].
However, as of the current knowledge, there hasn’t been any
specific study focusing on the use of calcium propionate for
the prevention or treatment of lung cancer. The aim of this
study is to investigate the cancer cell viability and apoptotic
effects induced by calcium propionate by in vitro methods.

Materials and methods
Materials

Calcium propionate, fetal bovine serum (FBS), MTT, Dul-
becco’s modified Eagle medium (DMEM), dimethylsulfoxide
(DMSO0), PBS, 2’7-dichlorodihydrofluorescein diaceticacid
(H,DCF-DA), penicillin/streptomycin (P/S), acridine orange
(AO), ethidium bromide (EB), 3,3-dihexylocarbocyanine
iodide (DiOC6(3)), 2-7-dichlorodihydrofluorescein diacetate
(DCFH-DA) Sigma-Aldrich (Germany) were used. GSH-Glo
Glutathione Assay (Promega) was purchased. Other chem-
icals and solutions used in the experiments were of analyt-
ical grade.

Cell culture

In the study, A549 (ATCC® CCL-185), DMS114 (ATCC® CRL-2066)
lung cancer cell lines and Beas-2B (ATCC® CRL-9609) cell lines
were used as the control group. All cells were grown in DMEM
media at 37°C containing 10 % FBS and 1% P/S. For cell
viability, intracellular ROS, GSH, and MMP measurements
15 x 10% cells per well in 96-well plates, and apoptosis mea-
surements 50 x 10° cells per well were seeded in 6-well plates.
All experiments were performed in triplicate.

MTT assay

MTT assay was used to evaluate the cytotoxic effects of cal-
cium propionate to determine cell viability. The cells were
treated with various concentrations of calcium propionate
(0,0.25,0.5, 1, 4, 8, 16 mg/mL in distilled water). After 24 h of
incubation, MTT solutions (50 uL) from the stock (5 mg/mL)
was added, and cells were incubated in a CO, incubator for
2h at 37°C. The medium was removed, and formazan crys-
tals formed by the cells were dissolved using DMSO (200 uL).
The absorbance was read at 570 nm using 630 nm as refer-
ence wavelength on a multi-well plate reader (Biotek In-
struments, USA) [18-20]. The absorbance value of cells not

Okyay et al.: Impact of calcium propionate on cellular behavior in A549 and DMS114 —— 667

treated with calcium propionate was considered to repre-
sent 100 % viability, as these cells were incubated with only
the cell culture medium. The viability in other cell groups
was calculated as a percentage relative to this control value.

ROS detection

The cells were treated with calcium propionate at different
concentrations (0, 0.25, 0.5, 1, 4, 8, 16 mg/mL) for 24 h. Plates
were washed 3 times with PBS. Then, the cells were collected
and incubated with DCFA-DA (100 uL, 10 uM) in the dark at
37°C for 30 min. The fluorescence intensity (Ex/Em=488/
525 nm) of DCF formed after incubation was measured using
a microplate reader (Biotek Instruments, USA). Results were
calculated by comparing relative to the control group cells
that receive no treatment [21].

Glutathione assay

A commercially purchased GSH-Glo™ Glutathione Assay kit
manufactured by Promega was used to measure intracel-
lular GSH levels in the study. Cells seeded in 96-well plates
with 15 x 10° cells per well were incubated for 24 h with cal-
cium propionate at different concentrations (0.25-16 mg/mL).
After incubation, the culture medium removed from the wells
GSH (50 pL) solution was added to the wells and incubated for
30 min. Luciferin Detection Reagent (50 uL) was added to each
well and luminescence measurement was taken in a micro-
plate reader within 5 min (Biotek Instruments, USA) [22].

Mitochondrial membrane potential

After 24 h of incubation of the prepared concentrations of
calcium propionate (0.25-8 mg/mL), the medium is removed
and washed, then incubated with DiOC6(3) (40 nM) for
15 min at 37 °C in the dark. After washing 3 times with PBS,
fluorescence intensity Ex:484 nm/Em:501nm fluorescence
was measured using the plate reader (Biotek Instruments,
USA) [23]. The results were calculated by comparison to the
untreated control group, and expressed as a percentage
relative to the control value (100 % MMP).

Apoptosis

AO/EB stain is a double staining was used to evaluate
morphological changes in cells. Cells seeded in 6-well plates
were removed with trypsin-EDTA 24 h after treatment with
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calcium propionate at different concentrations (0.25-
8 mg/mL). Cells were washed with PBS were centrifuged at
1,000 rpm for 5 min at +4 °C, and their supernatants were
discarded. Cell pellet (10 uL) and AO/EB solution (10 pL,
100 pg/mL AO + 100 pug/mL EB) mixture were transferred to
an empty slide and covered [24]. A minimum of 100 cells
were counted and recorded under a fluorescence micro-
scope (Zeiss, Germany).

Statistical analysis

Results are given as mean + standard deviation. Data in all
experiments were analyzed by analysis of variance (One-
Vay ANOVA), and Mann-Whitney U tests using the SPSS
package program (Version 25 for Windows, Chicago, USA).
IC5, values of calcium propionate on cell lines were calcu-
lated by nonlinear regression analysis. Numerical analyses
were performed on the invasion images using the Image ]
(NIH, USA) program. Relationships between all parameters
were analyzed with the Pearson correlation coefficient. A
p-value of <0.05 was considered statistically significant.

Results

Cell viability

The effects of various concentrations of calcium propionate
on A549, DMS114 and Beas-2B cell proliferation were deter-
mined using MTT assay. The A549 cell viability dramatically

decreased to 40, 28, and 16 % at concentrations of 4 mg/mL,
8 mg/mL and 16 mg/mL, respectively. For the control group
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cell line Beas-2B, only 8 and 16 mg/mL concentrations of
calcium propionate inhibited cell viability below 80 %
(Figure 1).

By linear regression analysis, and ICsq values were sub-
sequently determined for each cell line. The IC5, concentra-
tion for A549cells was 5.44 mg/mL, whereas DMS114 cells
reached its IC5y value at 12.15 mg/mL. Beas-2B cells main-
tained viability above 70 % at all concentrations, preventing
the calculation of its ICsq value. The highest non-toxic con-
centration of calcium propionate for the ICs, of the normal
cells was used to calculate selectivity index of A549 (0.34 mg/
mL) and DMS114 (0.75 mg/mL) cells.

Intracellular ROS

Cells were pretreated with various concentrations of cal-
cium propionate (0.25-16 mg/mL), and after 24-h incubation
period, intracellular ROS productions of calcium propionate
were evaluated using the H2DCFDA assay in cells. High
metabolic activity and higher ROS amount in metabolism are
expected in cancer cells compared to healthy cells. The
noticeable increase in ROS levels was more pronounced in
A549 cells compared to both DMS114 and the control Beas-2B
cells (Figure 2). ROS measurements were statistically sig-
nificant for all concentrations except DMS114, and Bas-2B
cells exhibited statistical significance after 0.5mg/mL
(p<0.05).

Intracellular glutathione

After 24 h of incubation with different concentrations of
calcium propionate (0.25-16 mg/mL), intracellular GSH

mA549 mDMS 114 mBeas-2B

Figure 1: Percent cell viability of cells treated
with various concentrations of calcium
propionate. All values are expressed as

mean + SD (error bars) of three
measurements, p<0.05.
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levels in A549, DMS114 and Beas-2B cells were measured
luminometrically. Calcium propionate treatment at the
highest concentration (16 mg/mL) resulted in a reduction of
intracellular GSH levels by 20.45 % in A549 cells and 19.45 %
in DMS114 cells (Figure 3). However, calcium propionate
slightly reduced intracellular GSH levels of Beas-2B. Thus, it
was observed that the intracellular GSH level decreased the
most in A549 cancer cells, and this trend is almost the same
in DMS114 cells.

In comparison to the control, GSH level showed a sta-
tistically significant increase at concentrations exceeding
0.25 mg/mL for A549 and 0.5 mg/mL for DMS114 (p<0.05).
However, for Beas-2B, the changes were statistically insig-
nificant across all concentrations (p>0.05).

Okyay et al.: Impact of calcium propionate on cellular behavior in A549 and DMS114 =—— 669

Figure 2: ROS assay on A549, DMS114 and
Beas-2B cells for calcium propionate. All values
are expressed as mean + SD (error bars) of
three measurements, p<0.05.

Figure 3: Changes in intracellular GSH content
of A549, DMS114 and Beas-2B cell lines after
exposure to calcium propionate. Data are
presented as the mean + SD of three inde-
pendent experiments, p<0.05 (compared with
the control).

Changes in MMP

Cells were treated with different concentrations of calcium
propionate (0.25-8 mg/mL). Then DiOC6(3) staining was
applied, and fluorescence intensities were read using a
fluorescence spectrophotometer. At the highest concentra-
tion of calcium propionate (8 mg/mL), the MMP ratio in
A549 cells was reduced by 30.12 %, in DMS114 cells by 28 %,
and approximately 14 % in Beas-2B cells compared to the
control. The cell line whose membrane potential was least
affected by calcium propionate was Beas-2B (Figure 4).

Our data demonstrated that calcium propionate treat-
ment led to the dramatic decrease in MMP for A549 and
DMS114 cells in a dose-dependent manner.
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Apoptosis assessment

Acridine orange/ethidium bromide (AO/EB) staining shows
apoptosis induction by calcium propionate. Increasing con-
centrations of calcium propionate induced apoptosis in all
cells. Depending on the concentration, the rate of apoptotic
cell death increased most rapidly in A549 cells. At the highest
concentration of calcium propionate, apoptotic cells were
16.5 % in A549 cells, 9.7 % in DMS 114 and 6.82 % in control
cell Beas-2B (Figures 5-6).

Discussion

Lung cancer holds the top position in cancer-related fatal-
ities [25], and nutrition is acknowledged as one of the
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Figure 4: The effect of calcium propionate on
MMP in cells. All data were expressed as
mean + SD of three experiments, p<0.05.

preventive factors in the development of cancer [26]. The
wrong diet or the chemicals we ingest with food have genetic
and environmental effects. A meta-analysis found a positive
association between consumption of food additives and
increased cancer risk, suggesting that disruption of cellular
oxidative status by food additives may be a contributing
factor [27]. Commonly present in various foods, particularly
in bread, calcium propionate has been studied for its impact
on human health [28, 29]. However, the anti-cancer activity
of calcium propionate has never been reported before. The
limited available information prompted our research
investigation into this subject.

Calcium propionate induced superoxide dismutase
activity through SKBR3 breast cancer cell line in range
0.5-2mg/mL [11]. Based on the findings, our research
marked the exploration into the molecular effects of

Figure 5: The effect of calcium propionate on
the apoptotic activity of lung cells. All values
are expressed as mean + SD (error bars) of
three measurements, p<0.05.
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calcium propionate on human lung cells compared to
healthy cells of a wider range of calcium propionate con-
centrations, from 0.25 to 16 mg/mL. The findings revealed a
notable dose-dependent inhibition of A549cell growth
induced by calcium propionate (Figure 1). The calculated ICs,
of calcium propionate for A549 was found at 5.44 mg/mL, and
for DMS114 was 12.15 mg/mL after a 24-h exposure. However,
calcium propionate did not cause any toxicity reaching the
ICso value in Beas-2B cells. The resistance of A549 to calcium
propionate was lower, so that A549 cells showed a different
response than the Beas-2B in terms of cell viability.

Moreover, we delved into the molecular mechanisms
leading the calcium propionate-induced cell death in A549
and DMS114 cells. Previous studies have indicated that
chemo-preventive food additives can instigate cell death and
apoptosis, partially by fostering the accumulation of ROS and
perturbing redox homeostasis [30]. It is well-established
that ROS buildup can lead to endoplasmic reticulum stress
and DNA damage, consequently triggering changes in the
expression of downstream proteins such as p53 [31]. Usu-
ally, cancer cells demonstrate elevated baseline levels of
ROS compared to normal cells, stemming from an imbal-
ance between oxidants and antioxidants [32]. Therefore, it
can be expected that cell death due to apoptosis caused by
the cumulative effect of ROS and basal ROS created by the
pro-oxidant activity of the active substances in cancer cells is
higher than in healthy cells. Elevated levels of ROS result in
damage to proteins, nucleic acids, lipids, membranes, and
organelles, ultimately culminating in cell death [33]. Our
data showed that upon treatment with calcium propionate, a
high amount of ROS was reached, and a positive correlation
was found between the increased ROS level and the resulting
cytotoxicity (Figure 2).

Certain food additives can influence cellular GSH and
ROS levels through several mechanisms such as induction of
oxidative stress, disruption of mitochondrial function and
impairment of cellular signaling [34]. GSH is a critical anti-
oxidant molecule that can neutralize ROS and reactive ni-
trogen species, helping to protect cells from oxidative stress
[35]. It has been found that sodium benzoate, a food additive,
has a toxic effect by increasing the amount of intracellular
ROS [36]. Increasing the amount of ROS in the cell creates a
synergistic effect with the decrease in GSH level, increasing
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Figure 6: Representative fluorescence images
showing AO/EB stained A549 and DMS114 cells
untreated and treated with different

16 mM concentrations of calcium propionate.

cytotoxicity, genotoxicity and apoptosis in the cell simulta-
neously [37]. In our study, calcium propionate depleted GSH
significantly in A549 and DMS114 more than Beas-2B
(Figure 3). This observed decrease in GSH levels can be
attributed to excessive oxidative stress caused in cancer
cells and hence to the increased amount of ROS [38, 39].
The fundamental strategy for cancer therapy is to
induce apoptosis in cancer cells, a process that can be cate-
gorized into either extrinsic or mitochondria-dependent
pathways [40]. MMP is an essential parameter for mito-
chondrial function and also an indicator of cell health. The
cellular levels of ATP and MMP are maintained within a
specific range. Decreased MMP is indicative of loss of mito-
chondrial membrane integrity, reflecting the initiation of
proapoptotic signaling. Prolonged reduction in MMP can
lead to pathological events, causing damage to the mem-
brane and triggering apoptosis in the cell [41]. Calcium
propionate significantly reduced MMP levels in lung cancer
cells (Figure 4). It is thought that this decrease is first acti-
vated by cellular apoptotic mechanisms. Hence, calcium
propionate reduced MMP and caused apoptosis in lung
cancer cells. This concludes that the generation of MMP was
enhanced upon treatment with calcium propionate, which
affected the apoptosis cells and reduced cell proliferation
which indicates anticancer activity in vitro (Figure 5).

Conclusions

In this study, it was found that increasing concentrations of
calcium propionate on A549 and DMS114cells in vitro
increased cytotoxicity, apoptosis and intracellular ROS levels,
while decreasing MMP and glutathione levels remarkably.
Nevertheless, it is imperative to conduct further compre-
hensive studies that concentrate on molecular pathways in
detail. Utilizing models such as co-cultured diverse cells and
in vivo models is crucial to evaluate the findings derived from
our research.
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