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Abstract

Exposure to mineral fibers represents an occupational and environmental hazard

since particulate inhalation leads to several health disorders. However, few data are

available on the effect of fibers with high solubility like natural epsomite, a water-

soluble fiber with an inhalable size that allows it to penetrate biological systems, with

regard to the respiratory tract. This study evaluated the natural (fibrous epsomite)

and synthetic (Epsom salt) magnesium sulfate pathogenicity. Investigations have been

performed through morpho-functional and biochemical analyses, in an in vitro cell

model that usually grows as monocytes, but that under appropriate conditions differ-

entiates into macrophages. These latter, known as alveolar macrophages, if referred

to lungs, represent the first line of defense against harmful inhaled stimuli. Morpho-

logical observations reveal that, if Epsom salt induces osmotic stress on cell culture,

natural epsomite fibers lead to cellular alterations including thickening of the nuclear

envelope and degenerated mitochondria. Moreover, the insoluble fraction (impuri-

ties) internalized by cells induces diffuse damage characterized at the highest dosage

and exposure time by secondary necrosis or necrotic cell death features. Biochemical

analyses confirm this mineral behavior that involves MAPK pathway activation,

resulting in many different cellular responses ranging from proliferation control to cell

death. Epsom salt leads to MAPK/ERK activation, a marker predictive of overall sur-

vival. Unlike, natural epsomite induces upregulation of MAPK/p38 protein involved

in the phosphorylation of downstream targets driving necrotic cell death. These find-

ings demonstrate natural epsomite toxicity on U937 cell culture, making the inhala-

tion of these fibers potentially hazardous for human health.

Research Highlights

• Natural epsomite and synthetic Epsom salt effects have been evaluated in U937

cell model.

• Epsom salt induces an osmotic cellular stress.

• Natural epsomite fibers lead to cellular damage and can be considered potentially

dangerous for human health.
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1 | INTRODUCTION

Mineral dust and particles of inhalable size are subjects of concern so

far due to their effect on human health. Some mineral fibers such as

asbestos (chrysotile, amosite, crocidolite, asbestos anthophyllite,

asbestos tremolite and asbestos actinolite) and zeolites, in particular

erionite, have been extensively investigated in the last decades

(e.g., Cangiotti et al., 2017, 2018; Gualtieri, 2023; World Health

Organization, 1986; Thompson et al., 2017; Mirata et al., 2022) and

classified as a carcinogen for humans (class 1) by International Agency

for Research on Cancer (IARC, 2012). For other minerals such as fer-

rierite (Gualtieri, 2018; Mattioli et al., 2022; Zoboli et al., 2019), mor-

denite (Di Giuseppe, 2020; Giordani, Ballirano, et al., 2022), offretite

(Giordani et al., 2019; Mattioli et al., 2018), scolecite (Mattioli

et al., 2016), mesolite and thomsonite (Betti et al., 2022; Giordani,

Mattioli, et al., 2022), and others (e.g., fluoro-edenite, winchite, rich-

terite, clay minerals; Gianfagna et al., 2003; NIOSH, 2011; Erskine &

Bailey, 2018; Larson et al., 2016), the current knowledge does not

permit an accurate risk classification. Exposure to mineral fibers repre-

sents a serious environmental hazard strictly correlated to fibrotic pul-

monary diseases, pneumoconiosis, and various types of cancer in

exposed subjects (Aust et al., 2011; Di Giuseppe et al., 2021; Gualtieri

et al., 2017). Therefore, highlighting the effects of inhalable mineral

fibers and the pathways involved in toxicity and carcinogenesis repre-

sents a fundamental step for carcinogenic/toxic fiber classification

and for developing new preventive strategies. In general, fibers that

rapidly dissolve or with a low biopersistence are assumed to have

both a low toxicity and pathogenic potential (Gualtieri, 2018; Gualtieri

et al., 2017). However, health effects resulting from exposure to solu-

ble minerals could play an important role in pulmonary toxicity since it

has been demonstrated that soluble carcinogens may pose a risk to

both lungs and other organs (Bevan et al., 2018; Nemmar et al., 2002;

Möller et al., 2008; WHO, 1999).

Among the soluble minerals, one of the most important is magne-

sium sulfate, present as natural epsomite or it can be found commer-

cially as synthetic Epsom salt. Natural epsomite is a common hydrous

magnesium sulfate with the general formula Mg(SO4)�7H2O (Anthony

et al., 1990; Giordani, Meli, et al., 2022). Natural epsomite occurs

mainly on the walls of mines, caves, and outcrops of sulfide-bearing

magnesian rocks (e.g., dolostone) but also as a product of evaporation

at mineral springs and saline lakes, and rarely as fumarolic sublimate

(Anthony et al., 1990; Biagioni et al., 2020). Epsom salt is widely used

in many fields, and it has numerous medical and pharmaceutical appli-

cations, such as the treatment of cardiac arrhythmia, acute asthma,

eclampsia, and gallstones (Ruiz-Agudo et al., 2007). Magnesium sul-

fate is also used as a constituent of drug formulations (Xia

et al., 2016) and as a food additive (Joint FAO/WHO, 2007), but the

same World Health Organization indicated that further toxicological

studies and other information are required.

Since there are controversial opinions on inhalation of magnesium

sulfate, here the effects of natural epsomite and its synthetic counter-

part, Epsom salt, have been evaluated in an in vitro cell model which usu-

ally grows as a monocyte and, in appropriate conditions, differentiates

into a macrophage. Macrophages seem involved in driving the antitumor

response induced by mineral fibers since they represent the first defense

against detrimental inhaled stimuli (Mirata et al., 2022). In this regard,

several studies demonstrated that macrophages exposed to asbestos

fibers undergo a frustrated phagocytosis (Hillegass et al., 2013; Ishida

et al., 2019) that induces growth factor release and promotes tumor

growth and development (Noy & Pollard, 2014).

In this study, the exposure to natural epsomite and Epsom salt

has been investigated in monocytes and macrophages through

morpho-functional and biochemical analyses to clarify and add addi-

tional information on soluble mineral effects on human health.

2 | MATERIALS AND METHODS

2.1 | Samples

Two different mineral samples were tested in this work. The first sam-

ple (Epsom salt) is a synthetic phase of pure magnesium sulfate (mag-

nesium sulfate heptahydrate, Merck) and has been tested compared

with natural epsomite. The second sample (epsomite crystals, named

MP) is a natural fibrous magnesium sulfate collected in the Perticara

mine (Rimini province, Italy) and described and characterized by Gior-

dani, Meli, et al., (2022), Giordani et al., (2024). In this sample, a signifi-

cant fraction of the fibers shows a very small size, and it is potentially

inhalable for humans. Moreover, MP sample's calculated Aerodynamic

Equivalent Diameter (Dae) is 5.1 μm. Accordingly, the MP fibers can

easily penetrate and be deposited in the laryngeal and bronchial respi-

ratory tract (Giordani, Meli, et al., 2022). The chemical composition of

the MP sample is sulfur trioxides (32.93 wt%) and magnesium oxides

(16.34 wt%); the water content, calculated by difference, is 50.73 wt

%. It is worth noting that the MP sample contains a significant amount

of radiogenic isotope 210Po (about 5.5 Bq/g) and a minor amount of

other trace elements (228Th, Pb, As, Co, Fe, Mn, Ni, i, Sr, Ti, Zn)

(Giordani et al., 2024; Giordani, Meli, et al., 2022).

2.2 | Environmental scanning electron microscopy

Morphological observations were performed using an environmental

scanning electron microscope (ESEM) FEI Quanta 200 FEG (FEI, Hills-

boro, OR, USA), equipped with an energy-dispersive x-ray spectrome-

ter (EDS) for microchemical analyses. Operating conditions were

25 kV accelerating voltage, variable beam diameter, 10–12 mm work-

ing distance, and 0� tilt angle. The ESEM low vacuum mode was used,

with a specimen chamber pressure set from 0.80 to 0.90 mbar. The

images were obtained using a single-shot detector (SSD).

2.3 | Cell culture and treatments

U937 cell line is a human hematopoietic model established by a

39-year-old man with histiocytic lymphoma. These cells display
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properties of immature monocytes and have been used as an in vitro

model of macrophage. U937 cell line was grown in RPMI 1640, sup-

plemented with 10% heat-inactivated fetal bovine serum, 2 mm gluta-

mine and 1% antibiotics (Salucci et al., 2018). To differentiate

monocytes into macrophages, the culture has been treated with

100 ng/mL Phorbol 12-Myristate 13-Acetate (PMA), a phorbol ester

that regulates U937 cell adhesion molecules to attach to the flask sur-

face and differentiate into a macrophage-like morphology (Otte

et al., 2011).

Macrophages have been exposed to 10 or 20 nM Epsom salt or

epsomite fibers for 24 or 48 h. Trypan Blue (TB) exclusion assay was

performed to evaluate the number of living and dead cells in control

conditions and in treated samples. Cell viability data have been

obtained from 3 separate experiments and are furnished as mean

± SD. Paired T-Test Calculator has been used to compare control sam-

ples versus treated samples (Salucci et al., 2016) and data considered

statistically significant (*) with p-value <.05 and highly statistically sig-

nificant (**) with p-value <.001.

2.4 | Tem

Control and treated U937 cells were rinsed with PBS and immediately

fixed in situ with 2.5% glutaraldehyde in 0.1 M phosphate buffer for

15 min. Macrophages, that grow adherent to the flasks, were gently

scraped and centrifuged at 1200 rpm for 30 min in the same fixative

(Codenotti et al., 2015). Both cell models were post-fixed in 1% OsO4

in the same buffer (Giordano et al., 2019), dehydrated with ethanol

and embedded in araldite (Salucci et al., 2016). Thin sections were col-

lected on nickel grids and observed with TEM (FEI Italia SRL, Milano,

Italy). To better identify their localization in the cells, and to exclude

possible staining artifacts, some samples were observed without

staining.

2.5 | Biochemical analyses: Electrophoresis and
Western blotting

Levels of phosphorylated MAPKs in whole cell extracts from U937

cells (monocytes and macrophages) were determined by SDS-PAGE

and Western blotting using phospho-specific antibodies as previ-

ously described. Samples (normalized for protein content before

loading to 30 μg of protein) were resolved by 12% SDS-

polyacrylamide gel electrophoresis (Laemmli, 1970). Pre-stained

molecular- mass markers were run on adjacent lanes. The gels were

electroblotted and stained with Coomassie Blue according to Towbin

et al. (1979). Blots were probed with human recombinant specific

anti-phospho-p38 and anti-phospho- ERK1/2 (1:1000) as primary

antibodies, and horseradish- peroxidase-conjugated goat anti-rabbit

IgG (1:3000) as a secondary antibody. Nitrocellulose membranes

were stripped for 30 min at 50�C with stripping buffer (62.5 mM

Tris–HCl, pH 6.7, containing 10 mM betamercaptoethanol and 2%

SDS) and reprobed with anti-actin antibodies (1:1000) as loading

controls. Immune complexes were visualized using an enhanced che-

mioluminescence Western blotting analysis system (Amersham Phar-

macia Corp.) following the manufacturer's specifications. Western

blot films were digitized (Chemidoc-Biorad) and band optical densi-

ties were quantified using a computerized imaging system

(QuantityOne). Relative optical densities (arbitrary units) were nor-

malized for the control band in each series.

3 | RESULTS

The morphological observation of the two investigated samples has

been performed at ESEM. Epsom salt shows prismatic crystal mor-

phologies ranging from 0.5 to 1 millimeter in size (Figure 1a). On the

contrary, natural epsomite is composed of bundles of acicular fibrous

crystals, with about 50 μm thick and variable lengths from 150 μm to

few hundred μm (Figure 1b–d). Small single fibers and fibrils are also

present, showing a rigid and fragile behavior or a curved and ductile

one. Fibrils vary from less than 0.5 to 22 μm in width and from about

5 to 260 μm in length. Sometimes, very small particles of different

chemical compositions are attached to fiber surfaces (Figure 1d).

These impurities show a heterogeneous composition, in particular cal-

cium sulfate (gypsum), Fe-sulfur (pyrite), native sulfur (S) and traces of

Mn and Fe (probably related to the oxide mineral group) were

detected. Differently to epsomite, the solubility of these phases is sig-

nificantly lower in biological systems, and likely persist/accumulate

longer.

The effect of these two compounds has been studied on U937

monocytes and macrophages, and cell response was evaluated at vari-

ous dosages and after 24 h or 48 h from the exposition.

Cell viability, investigated through TB exclusion assay (that pene-

trates only in cells that do not have the intact plasma membrane and

are, therefore, necrotic or in secondary necrosis), is about 96% for

control monocytes. In monocytes, the Epsom salt effect can be con-

sidered negligible with a reduction in cell viability about of 15% after

48 h of treatment and at the highest dosage. Instead, after natural

epsomite exposure a reduced monocyte viability can be observed, and

it appears dose and time-dependent (Figure 2a). In particular, the

number of dead cells thereby increases exposing the culture to

the highest dosage and exposition time.

Morphological analysis (Figures 2 and 3) allows us to describe

monocyte behavior after fiber administration. Control monocytes

appear rounding with preserved subcellular organelles like mitochon-

dria with well-organized cristae (Figure 2b,c). After Epsom salt expo-

sure, swollen cells can be observed together with noticeable

mitochondria bulge (Figure 2d,e), probably consequent of an osmotic

alteration which rarely leads to necrotic death, confirming that

osmotic shocking alone is relatively inefficient in cell disruption

(Mantovanelli et al., 2021).

The insoluble fraction related to natural epsomite deeply pene-

trates in U937 cells, and its internalization into monocytes can be

revealed starting from 24 h of treatment without significant cell

damage (Figure 2f,g). The insoluble fraction appears largely

SALUCCI ET AL. 3
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internalized by some cells (Figure 2g,j) which show a diffuse micro-

villar component to form a concentric structure with the plasma

membrane, to favor the entry of impurities inside the cell

(Figure 2h,i). As shown in Figure 2h,j, some particulates form

electron-dense circular structures sometimes englobed into vacu-

oles similar to lacunae.

After 48 h of Epsom salt administration, large subcellular organ-

elles can be observed and only few monocytes appear degenerate

(data not shown), a behavior similar to that of 24 h. Natural epsomite

treatment at 48 h and at the highest dosage induces diffuse cell dam-

age (Figure 3). In particular, an evident thickening of the nuclear enve-

lope (not observable in control monocytes, Figure 3a), can be

detected in some natural epsomite-treated cells (Figure 3b,c) which

presented empty and altered mitochondria (Figure 3d) and features of

secondary necrosis (Figure 3e,f).

Since monocytes after natural epsomite exposure show the pres-

ence of cell death, some cellular targets of the classical mitogen-

activated protein kinase (MAPK) pathway, involved in the regulation

of many cellular processes including inflammation, cell stress

response, cell differentiation, cell division, cell proliferation have been

investigated (Wang et al., 2012).

For that, U937 monocytes have been incubated with Epsom salt

and natural epsomite for different periods of time. Control samples

(untreated monocytes) were run in parallel. The phosphorylation state

of MAPK p38 and ERK1/2 has been evaluated in monocyte protein

extracts by electrophoresis and Western blotting with specific anti-

phospho-MAPK antibodies and the results are reported in Figure 3. In

monocytes incubated with Epsom salt (from 24 to 48 h) a smaller

increase in the level of p-p38 (phosphorylated p38) MAPK was

observed (Figure 3g). On the contrary in monocytes incubated with

natural epsomite a rapid increase in the level of p-p38 has been

detected (Figure 3g). Densitometric band analysis revealed that natu-

ral epsomite induced a significant increase in the level of p-p38 at

24 h (+60 and + 80% with respect to controls), followed by a

F IGURE 1 Environmental scanning electron microscope observations of Epsom salt (a) and natural epsomite fibers (b–d). Epsom salt shows
prismatic crystal morphologies with sub-millimeter to millimeter size (a), while natural epsomite is composed of bundles of acicular to fibrous
crystals about 50 μm thick (b–d).

4 SALUCCI ET AL.
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progressive decrease (+40 and + 25% at 48 h), while monocytes

incubated with Epsom salt showed similar p38 phosphorylation levels

to controls (Figure 3g). ERK1/2 (extracellular-signal-regulated kinase

1/2) MAPK recognized by anti-ERK MAPK antibodies as shown in

Figure 3h. Monocytes incubated with Epsom salt showed a rapid and

large increase in phosphorylation (+40 and +60% with respect to

controls) in the level of p-ERK1/2 (phosphorylated ERK1/2). Natural

epsomite induced a smaller decrease in ERK1/2 MAPK phosphoryla-

tion from 24 h; such a decrease was transient and followed by a

return to control levels at 48 h (Figure 3h).

Successively, monocytes have been differentiated into macro-

phages and the effects of Epsom salt or natural epsomite fibers have

been investigated at the same dosages and time points considered for

undifferentiated culture.

Macrophage response monitored through TB assay revealed the

same cell behavior described for monocytes as appeared in the graph

in Figure 4a. Therefore, Epsom salt induces a weak cell death which

slightly raises with increasing dose and treatment time. After natural

epsomite administration, a certain number of cells appear dead, and at

the highest dosage and exposure time the death is about 40% with

respect to the control condition (Figure 4a).

Ultrastructural analysis (Figure 4) allows us to describe control

macrophage morphology characterized by a large cell size with numer-

ous cytoplasmic vacuoles suggestive of lysosomes, which contain

ingested cellular and noncellular material in different stages of degra-

dation (Figure 4b,c).

Macrophages exposed to Epsom salt showed a morphology like

control cells with large and diffuse cytoplasmic vacuoles but with

F IGURE 2 Cell viability percentage, *p < .05, **p < .001 (a). TEM micrographs of control cells (b,c), Epsom salt (d,e) and natural epsomite
(f–i)—treated monocytes after 24 h of exposure and at 20 nM. Bars: 2 μm for (b,d,g); 1 μm for (e,f ); 500 nm for (c,h); 200 nm for (j).
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preserved mitochondria (Figure 4d,e), even if, sometimes, few cells in

necrosis can be observed.

After natural epsomite exposure, macrophages show a pre-

served morphology with large aqueous vacuoles together with a

certain number of degradative vacuoles (Figure 4f,g). Small and

large residual fragments (Figure 4f–l) appear internalized into

cells thanks to their elongated arms or pseudopods increasing

surface area for antigen uptake (Figure 4h). Small particles are

phagocytized and degraded from cells through the lysosomal sys-

tem (Figure 4g). On the contrary, great, and elongated impurities,

even if some of them internalized into vacuoles (Figure 4i), cause

at the highest dose and time of exposure, an impairment in the

F IGURE 3 TEM micrographs of the control condition (a) and monocytes after 48 h of natural epsomite treatment (b–f) at 10 nM (b–d) or
20 nM (e,f) dose of exposure. Natural epsomite induces thickening of the nuclear membrane (b,c) compared to the control cell (a). Furthermore,
mitochondria alterations (d) and cells in secondary necrosis (e,f) can be observed in natural epsomite-treated samples. In (g) (left panel), a
representative blot of p38 MAPK phosphorylation in control monocytes was incubated with Epsom salt and natural epsomite at 24–48 h. Lower
panels: densitometric analysis of blots from three independent experiments (means ± S.D.). In (h) (right panel) a representative blot of ERK1/2
MAPK phosphorylation in control monocytes incubated with Epsom salt and natural epsomite at 24–48 h. Lower panels: densitometric analysis
of blots from three independent experiments (means ± S.D.). Bars: 200 nm for (a–c) (bar in a) and (e); 1 μm for (d) and 2 μm for (f).

6 SALUCCI ET AL.
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degradative processes which results in the macrophagic necrotic

death (Figure 4k,l).

MAPKs phosphorylation has been evaluated in macrophages

incubated with Epsom salt and natural epsomite too (Figure 4m,n).

Epsom salt-induced a significant increase in the level of p-p38 at 24 h

(+50% with respect to controls), followed by a progressive decrease

to control values at 48 h (Figure 4m). Macrophages incubated with

Epsom salt showed a rapid and large increase in phosphorylation

F IGURE 4 Cell viability percentage, *p < .05, **p < .001 (a). TEM micrographs of control macrophages (b,c) and Epsom salt (d,e) or natural
epsomite (f–l)—treated cells after 24 h (d,f–j) or 48 (e,k,l) at the highest fiber dosage. In (m) (left panel), a representative blot of p38 MAPK
phosphorylation in control macrophages was incubated with Epsom salt and natural epsomite at 24–48 h. Lower panels: densitometric analysis of
blots from three independent experiments (means ± S.D.) In (n) (right panel) a representative blot of ERK1/2 MAPK phosphorylation in control
macrophages incubated with Salt and Epsomite at 24–48 h. Lower panels: densitometric analysis of blots from three independent experiments
(means ± S.D.). Bars: 2 μm for (b,f–h,k and l); 1 μm for (c–e,k); 500 nm for (a,g,i,j).

SALUCCI ET AL. 7
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(+ 50 and + 70% with respect to controls) in the level of p-ERK1/2

(phosphorylated ERK1/2). The phosphorylation level of MAPK

ERK1/2 was persistent and significant at all time incubation times

(Figure 4n). Natural epsomite induced a rapid, dramatic and persis-

tent increase in the level of p-p38 with respect to controls at all

times of incubation (Figure 4m). Natural epsomite also induced a

smaller increase in ERK1/2 MAPK phosphorylation from 24 h; such

a decrease was transient and followed by a return to control levels

at 48 h (Figure 4m).

4 | CONCLUSIONS

Lung cancer studies have indicated that mineral fiber exposure may

be a serious hazard to cancer development (Strurm, 2010). Extensive

investigations have demonstrated that inhalation of absestos fibers

leads to malignant transformation of bronchial and alveolar epithelial

cells (Gazzano et al., 2023; Kamp, 2009; Liu et al., 2010). If asbestos-

related lung disease is extensively investigated on different lung cell

types, the effect of particulates and fibers with high solubility in water

and/or in biological environments appears scarcely detailed in biologi-

cal systems. However, recently, scientists' interest in fibrous minerals

has significantly increased since some particulates could be potentially

dangerous to human health These studies on inhaled minerals are

preferentially performed on macrophages or fibroblasts, two pheno-

types known for mediating fibrosis, the first cell type involved in

inflammation modulation, and the second one in maintaining the

extracellular matrix (Mirata et al., 2022; Yu et al., 2021). Here,

the effects of the water-soluble natural epsomite fibers as well as of

synthetic counterpart Epsom salt were investigated in an in vitro

U937 model both at the undifferentiated and differentiated stage and

using morpho-functional and biochemical approaches. The ultrastruc-

tural analyses reveal that cells exposed to Epsom salt undergo an

osmotic shock characterized by dilatation of a certain number of sub-

cellular organelles. However, this osmotic perturbation does not cause

irreversible damage as confirmed by biochemical data which demon-

strate MAPK activation when cells were treated with Epsom salt. In

fact, p38 appears slightly increased at 24 h and its expression is

reduced and comparable to that of the control condition after 48 h of

treatment. As known, p38 is a stress response kinase that negatively

regulates cell cycle progression at both the G1/S and G2/M transition

phases by downregulation of cyclins and upregulation of CDK inhibi-

tors (Liu et al., 2022). For instance, p38 activation regulates osmo-

stress-induced apoptosis in Xenopus oocytes and its up-regulation

accelerates cytochrome c release and caspase-3 activation (Messaoud

et al., 2015). In Epsom salt treated-monocytes p38 rapidly increases

to respond to osmotic perturbation but its expression level return to a

physiological level after 48 h, suggesting that Epsom salt does not

lead to monocyte death. This scenario appears confirmed by the

behavior of another MAPK kinase, that is, ERK. ERK activation

induces various cellular responses including cell survival, cell growth,

cell metabolism, cell migration and cell differentiation (Lavoie et al.,

2020). In salt-treated samples, p-ERK appears upregulated suggesting

its crucial role in promoting a survival response. In fact, it is known

that ERK activation is involved in apoptosis inhibition, particularly

concerning the intrinsic pathway (Edlich, 2018; Kale et al., 2018). On

the contrary, natural epsomite fiber exposure induces progressive cell

damage and some monocytes after 48 h of treatment show a thicken-

ing of the nuclear membrane and features of secondary necrosis. This

is confirmed by the rapid p38 upregulation followed by p-ERK levels

similar to those of the control condition, suggesting that some mono-

cytes are going to die.

Moreover, macrophages exposed to natural epsomite showed

residual fraction internalization leading to the engulfment of the

phagocytosis processes and necrotic cell death. Biochemical analysis

evidences a p38 upregulation both at 24 and 48 h and this behavior,

also confirmed by the reduced p-ERK expression, correlates with cel-

lular damage and a necrotic fate. Therefore, the basal level of ERK is

insufficient to promote both monocyte and macrophage survival after

natural epsomite treatment, confirming the crucial role of this kinase

in the regulation of cellular homeostasis (Lavoie et al., 2020) and, so,

suggesting the involvement of a potential inflammatory pathway to

longer treatment times.

In conclusion, if Epsom salt can be considered not toxic at the

tested concentrations and on the selected cell line, chronic exposition

to the tested natural epsomite fibers can irreversibly perturbate U937

cellular homeostasis leading to necrotic cell death. Considering the

similar general formula of the two tested samples (i.e., magnesium sul-

phate heptahydrate), we need to take into account that a crucial role

on the cellular toxicity effect could be played by mineralogical impuri-

ties (despite being very scarce) and the presence of toxic/radioactive

elements detected in the natural sample. On the other hand, natural

samples always contain a certain degree of impurities, which in terms

of etiology can be crucial for the development of health problems.

These findings open a new scenario on the dangerousness of

epsomite fibers on relevant human in vitro cell models, thus adding

crucial information on this mineral that could be potentially hazardous

for human health.
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