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Abstract
This study aimed to investigate the role of purple tomato anthocyanin (PTA) in autophagy induced by chromium(VI) in a chicken
hepatocellular carcinoma cell line (LMH cells). LMH cells were exposed to Cr(VI), PTA, and Cr(VI) + PTA. The changes in
endoplasmic reticulum (ER) stress, autophagy, related proteins, and COX-2 were detected. Results showed that the cell viability
was reduced after Cr(VI) treatment, and the decrease was also restrained by 3-MA or PTA. Levels of ER stress-related proteins
(GRP78/Bip and PERK) and COX-2 increased after Cr(VI) treatment, which resulted in an increase in autophagy-related proteins
(Beclin1 and LC3-II), inhibition of autophagy pathway protein mTOR, and degradation of autophagy-related protein p62,
leading to excessive autophagy and cell damage. Meanwhile, the changes of these indicators induced by Cr(VI) were alleviated
by PTA. In conclusion, our study suggested that Cr(VI) can induce excessive autophagy in LMH cells, while PTA can ameliorate
Cr(VI)-induced autophagy by inhibiting ER stress.

Keywords Chromium (VI) . Anthocyanin . Autophagy . ER stress . LMH cells

Introduction

Chromium compounds are abundant in the earth’s crust and
extensively used by humans in stainless steel manufacturing,
leather tanning, and wood treatment. Cr predominantly occurs
in the environment in two valence states, namely, Cr(VI) and
Cr(III) [1]. Cr(VI) is detrimental to human health, biological
resources, and ecosystems because of its carcinogenic, corro-
sive, and irritating effects. It is also more toxic and soluble
than Cr(III). Excessive chromium can induce hepatotoxicity in
various animal models [2, 3]. The target organs of chromium
in the body mainly include liver, kidney, lung, brain, and in-
testine, and the liver is among the main targets of its accumu-
lation [4, 5]. Cr(VI) can induce apoptosis and autophagy in
L-02 hepatocytes, while Cr(VI)-induced autophagy protects

L-02 hepatocytes from apoptosis via the ROS–AKT–mTOR
pathway [6, 7]. Our previous study also showed that Cr(VI)
can trigger autophagy in DF-1 cells [8]. The liver is the main
detoxification organ for metal toxicity of machine weight and
one of the main target organs of Cr(VI) toxicity. Therefore,
this study investigated the damage of Cr(VI) on chicken he-
patocytes, and used LMH cells as the test model. LMH cells
are chemically mutagenized in vitro cultured chicken hepato-
cytes, enabling them to undergo unlimited passage prolifera-
tion, and retain many of the differentiated phenotypic charac-
teristics of chicken hepatocytes, which have the characteristics
of chicken liver epithelial cells [9] and therefore can be used as
a cell model for chicken hepatocyte research. Gabis et al. re-
ported the first measurable heat shock response of heme
oxygenase-1 in CELC or LMH cells and show that LMH cells
are a useful model for the study of heme oxygenase-1 regula-
tion [10]. As such, our experiment determined the Cr(VI)
concentration and treatment duration to verify the effect of
Cr(VI) on autophagy in LMH cells.

Anthocyanin is one of the most extensive families of natu-
ral pigments in the plant kingdom and natural water-soluble
pigments of flavonoids [11]. They can reduce the production
of reactive oxygen species, thereby protecting cells from dam-
age [12–14]. Purple tomato anthocyanin (PTA) used in this
experiment was extracted from purple tomato fruits with
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anthocyanidins. Anthocyanin plays dual functions in autoph-
agy [15, 16], but the regulatory effect of anthocyanin on au-
tophagy caused by heavy metals is poorly studied. Xie et al.
[17] reported the protective effects of anthocyanin against
apoptosis and oxidative stress induced by arsanilic acid in
DF-1 cells. And Zhang et al. reported that anthocyanin from
Chinese bayberry extract negatively regulates oxidative
stress-induced autophagy [18]. The concentration of PTA
was determined based on these literatures, and the cell activity
was tested to verify the correctness of the selection, and the
regulatory effect of anthocyanin on autophagy caused by
Cr(VI) was explored.

Autophagy is divided into three types in eukaryotic cells,
namely, macroautophagy (hereafter referred to as autophagy),
microautophagy, and chaperone-mediated autophagy [19].
Autophagy is a highly conserved large-scale protein degrada-
tion pathway in eukaryotes; in this process, unfolded proteins
and damaged organelles in the cytoplasmic part are engulfed
in double-membrane vesicles called autophagosomes, mature
autophagosomes fuse with lysosomes to form autolysosomes,
various lysosomal hydrolases degrade chelates, and amino
acids become recycled for macromolecular synthesis and en-
ergy production [6, 20]. Under physiological conditions, au-
tophagy is maintained at a relatively low level through the
renewal of energy and cell construction materials, indicating
an adaptive response to cell damage and a certain protective
effect on intracellular homeostasis [21]. However, when ex-
cessive autophagy occurs, its protective mechanism changes
into a damaging one. The excessive degradation of the basic
proteins and organelles of cells leads to an impaired cellular
function and even autophagic cell death. Excessive autophagy
can be induced by multiple factors, such as oxidative stress,
metabolic stress, and starvation [22]. Apoptosis and autopha-
gy can also be triggered by heavy metals [23, 24] and other
exogenous chemicals [25]. Autophagy is a prospective target
for cancer therapy [26].

Materials and Methods

Materials

Potassium dichromate was purchased from Kaitong Chemical
(Beichen, Tianjin, China). PTA was donated by Prof. Ding
Xinhua of Shandong Agricultural University. After applica-
tion of an efficient purification method, mainly including ex-
traction with pH 1.0 distilled water and then desorption with
pH 1.0 95% ethanol after a DM-130 resin adsorption step to
obtain more pure anthocyanin extracts, the purity of anthocy-
anins extracted from purple tomato fruits reached 54%.
Dulbecco’s modified Eagle’s medium (DMEM)/high glucose
was obtained from HyClone Company (Logan, Utah, USA).
Fetal bovine serum (FBS) was procured from Tianhang

Biotechnology (Deqing, Zhejiang, China). Trypsin–EDTA so-
lution and antibiotics (100 U/mL penicillin and 100 μg/mL
streptomycin) and Rapamycin (Rapa) were obtained from
Solarbio Science and Technology (Beijing, China). 3-
Methyladenine (3-MA) was obtained from MCE (USA).
Thapsigargin (Tg), 4-phenyl butyric acid (4-PBA), and
COX-2 inhibitor (NS-398) were procured from Sigma-
Aldrich (USA). A CCK-8 assay kit was purchased from
Dojindo Laboratories (Japan). Grp78/Bip (Cat: AB310) anti-
body and BCA assay kit were procured from Beyotime
Institute of Biotechnology (Haimen, Jiangsu, China). LC3 II
(ab229327) antibodywas purchased fromAbcam (Cambridge
Science Park, Cambridge, UK). Beclin1 and P62 (Cat: 18420-
1-AP) antibodies were obtained from Proteintech (Chicago,
USA). Chicken COX-2 and chicken PERK enzyme-linked
immunosorbent assay (ELISA) kits were bought from ML
Biotech (Shanghai, China), and a chicken mTOR ELISA kit
was procured from the Shanghai Fusheng Trizol Reagent
Company (Shanghai, China).

Cell Culture

The LMH cells used in this study were obtained from the
ATCC Agency Company (Beijing, China). The cells were
cultured in DMEM with L-glutamine and glucose containing
10% heat-inactivated FBS and antibiotics (100 U/mL penicil-
lin and 100 μg/mL streptomycin) in 5% CO2 at 3 °C.

Cell Treatment

LMH cells undergoing experimental growth were cultured
and incubated with Cr(VI) and PTA in 5% CO2 at 37 °C for
20 h. The six treatment groups in our study were as follows:
(1) control: incubated in DMEM for 20 h; (2) Cr(VI) treat-
ment: incubated in DMEM containing Cr (20 μM) for 20 h;
(3) Cr(VI)+PTA treatment: incubated in DMEM containing
Cr (20 μM)+PTA (50 μg/mL) for 20 h; (4) Cr(VI)+PTA treat-
ment: incubated in DMEM containing Cr (20 μM)+PTA
(100 μg/mL) for 20 h; (5) PTA treatment: incubated in
DMEM containing PTA (50 μg/mL) for 20 h; and (6) PTA
treatment: incubated in DMEM containing PTA (100 μg/mL)
for 20 h. After 20 h of treatment, the cells were harvested for
analyses.

Cell Viability Assay

Cell viability was detected by CCK-8 assay after treatment for
20 h. In brief, LMH cells were first seeded onto 96-well plates
(1 × 105 cells/well) in 100 μL of DMEM. After 20 h of
growth, the cells were treated with a series of Cr(VI) and
PTA concentration for 20 h to detect the cytotoxic effect of
Cr(VI) and the cytoprotective effect of PTA. The activity of
living cells was measured using this assay in terms of
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dehydrogenase activity that reduces CCK-8 to an orange prod-
uct. The absorbance of formazan at 450 nm was determined.

Western Blot Analysis

After treatment, the cells were washed with PBS (4 °C) and
incubated on ice with RIPA lysis buffer supplemented with
1 mM phenylmethanesulfonyl fluoride for 10 min. Cell ly-
sates were then clarified by centrifugation at 12,000×g for
15 min at 4 °C. The protein concentration was determined
using a BCA protein assay kit (Beyotime Biotechnology,
Jiangsu, China). Equal amounts of protein samples were di-
luted in 5× SDS-PAGE loading buffer and boiled for 5 min.
Proteins (20 μg) were separated by SDS-PAGE and trans-
ferred onto 0.22-μm polyvinylidene fluoride membranes
(Merck Millipore, Massachusetts, USA). The membranes
were blocked with TBSwith 0.1% Tween 20 (TBST) contain-
ing 5% nonfat milk powder for 1 h at room temperature and
incubated with diluted primary antibodies against Beclin1
(1:1000, Proteintech, USA), LC3-II (1:1000, Abcam, UK),
p62 (1:1000, Proteintech, USA), and GRP78/Bip (1:1000,
Beyotime, China) at 4 °C overnight. Afterward, the mem-
branes were washed thrice with TBST for 10 min. The mem-
branes were incubated with appropriate secondary antibodies
for 1 h at room temperature. Each target protein was measured
using ECL Western detection reagents. Protein levels were
then analyzed by ImageJ. The density of each band was nor-
malized to its respective loading control (GAPDH).

ELISA Assay

A membrane and cytosol protein extraction kit (Beyotime
Biotechnology, Jiangsu, China) was used to extract LMH cell
proteins for detection. The serum levels of mTOR, PERK, and
COX-2 were measured with ELISA kits, namely, mTOR
(Shanghai Fusheng Trizol Reagent Co., Shanghai, China),
PERK (ML Biotech, Shanghai, China), and COX-2 (ML
Biotech, Shanghai, China), in accordance with the manufac-
turer’s instructions. Absorbance was read at 450 nm with an
automatic enzyme standard instrument, and absorbance re-
sults were normalized via standard curves.

Statistical Analysis

Statistical analyses were performed with SPSS 19.0 (SPSS
Inc., Chicago, IL, USA). One-way ANOVA was conducted
to identify the significant values, and the Duncan method was
used for post-test (P < 0.05). Data were expressed as mean ±
SD, drawing with GraphPad Prism 7.0 software. All test data
were repeated 3 times.

Results

Morphological Analysis and Viability Assay of LMH
Cells

Chromium(VI) concentration and treatment time were deter-
mined by detecting cell activity (Fig. 1a, b). Therefore, 20 μM
Cr(VI) treatment was determined for 20 h. Rapamycin (Rapa)
is commonly used as an mTOR inhibitor to enhance the au-
tophagic level. 3-MA, an autophagy inhibitor that suppresses
phosphatidylinositol 3-kinase (PI3K) activity and blocks
autophagosome formation, is one of the most classical inhib-
itors that inhibit the induction of autophagy. In our study, these
drugs were used to explore the role of PTA in regulating the
autophagy in LMH cells under Cr(VI) stress conditions. Cells
were treated with an inducer (Tg) and inhibitor (4-PBA) of ER
stress to verify the association between ER stress and autoph-
agy. Morphological analysis was performed under a micro-
scope. In Fig. 1c, the morphological characteristics of the
LMH cells were normal in the control, PTA, Rapa, and 3-
MA groups. Cr(VI) induced cell shedding and decreased the
cell size and density after the cells were treated for 20 h. In
comparison with the cells in the Cr(VI) group, the cells in the
Cr (VI)+PTA group were less damaged and shrunken. In Fig.
1d, the cell activity of the Cr(VI) group decreased significant-
ly, whereas the cell activity of the 3-MA group inhibited cell
autophagy and increased cell viability. Anthocyanin had the
same effect as 3-MA. At the same time, the results showed
that the cell viability of the Tg+Cr(VI) group was significantly
lower than that of the Cr(VI) group, while the cell viability of
the 4-PBA+Cr(VI) group was significantly higher than that of
the Cr(VI) treatment group. It is speculated that Cr(VI) can
induce autophagy by activating ER stress, so the next measure
of ER stress and autophagy is tested to verify this hypothesis.

PTA Inhibited Cr(VI)-Induced ER Stress by the Altered
Expression of PERK and GRP78 Proteins

The study of our group has shown that ER stress is induced by
Cr(VI) in DF-1 cells [8]. Here, we investigated whether LMH
cells exposed to Cr(VI) could induce ER stress and whether
PTA could elicit a regulatory effect on them. GRP78/Bip and
PERK are two essential indicators of ER stress. ER stress
activation primarily relies on the exposure concentration and
duration of stressors; thus, these two critical factors must first
be determined in in vitro studies. Our findings (Fig. 2) dem-
onstrated that Cr(VI) induced ER stress in LMH cells, and the
expression of GRP78/Bip and PERK, which are well-known
proteins of ER stress in the Cr(VI) group, was significantly
higher than that in the control group. And the levels of
GRP78/Bip and PERK in the PTA(100 μg/mL)+Cr(VI) group
were significantly lower than those in the Cr(VI) group.
Furthermore, the expression of GRP78/Bip and PERK in the
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PTA(100 μg/mL)+Cr(VI) group was significantly lower than
that in the PTA(50 μg/mL)+Cr(IV) group. These results indi-
cated that PTA could alleviate ER stress caused byCr(VI), and
this effect was dose related.

PTA Inhibited Cr(VI)-Induced Autophagy
by the Altered Expression of LC3 and P62 Proteins

LC3 is an autophagosomal ortholog of yeast Atg8. LC3-II, a
lipidated form of LC3, is an autophagosomal marker in

mammals. p62 is an ubiquitin-binding protein involved in
the degradation of the ubiquitin–proteasome system and the
autophagy–lysosomal system. It is also a protein marker of
autophagy. LMH cells were exposed to Cr(VI); the expression
level of LC3-II was higher than that in the control group
(Fig. 3a), whereas the expression level of p62 was lower than
that in the control group (Fig. 3b). However, this change could
be mitigated by the treatment with Cr(VI)+PTA (100 μg/mL),
indicating that PTA(100 μg/mL) could inhibit Cr(VI)-induced
autophagy.

PTA Inhibited Cr(VI)-Induced Autophagy
by the Altered Expression of Beclin1 and mTOR
Proteins

Beclin1 is an essential molecule for autophagosome forma-
tion. As a molecular platform, it can mediate autophagy-
associated proteins localized to phagocytic vacuoles and react
with various proteins to regulate autophagosome formation
and maturation. In Fig. 4a, the Beclin1 protein level of the
Cr(VI) group increased compared with that of the control

Fig. 2 Effect of PTA on Cr(VI)-induced GRP78/Bip and PERK protein
expression after 20 h of treatment. aGRP78/Bip detected byWestern blot
and quantitative analysis of GRP78/Bip level. b PERK level. Data were

presented as mean ± SD (n = 3). Bars without a shared common letter
were significantly different (P < 0.05)
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R Fig. 1 Effect of PTA on Cr(VI)-induced morphology and cell viability in
LMH cells after 20 h of treatment. a Cell viability under different Cr(VI)
concentrations. b Cell viability under different time conditions of 20 μM
Cr(VI). c Cell morphology. d Cell viability in different treatments. Cells
were cultured for 20 h in DMEM/high glucose (Con) and DMEM/high
glucose with 20 μM Cr(VI). For Cr(VI) treatment with PTA, PTA (50 or
100 μg/mL) was pretreated and cells were treated with Cr(VI) for 20 h. 3-
MA (100 μM) and Rapa (1 μM) were set as autophagy negative and
positive controls, respectively. Tg (10 μM) and 4-PBA (1 mM) were set
as ER stress negative and positive controls, respectively. Data were pre-
sented as mean ± SD (n = 3). Bars without a shared common letter were
significantly different (P < 0.05)



group. However, this change could be mitigated by the treat-
ment with Cr(VI)+PTA(100 μg/mL), indicating that
PTA(100 μg/mL) could inhibit Cr(VI)-induced autophagy.
mTOR is a key protein found in the upstream pathway of
autophagy and implicated in the regulation of cell growth,
proliferation, and autophagy. The inhibition of the PI3K-
AKT-mTOR pathway is effective in inducing autophagy. In
this experiment, the mTOR level (Fig. 4b) was significantly
weakened when Cr(VI) was supplied. When PTAwas added,
the mTOR level was significantly enhanced compared with
that in the Cr(VI) group.

PTA Attenuated Cr(VI)-Induced COX-2 in LMH Cells

The study of our group has elucidated a novel molecular
mechanism of Cr(VI)-induced DF-1 cell autophagy and injury
dependent on the ER stress-regulated COX-2 overexpression.
COX-2 expression was assessed after the cells were exposed
to Cr(VI) to explore the role of COX-2 in Cr(VI)-induced cell
dysfunction. When Cr(VI) was added, the COX-2 level in-
creased significantly. By contrast, after PTA treatment was
administered, the COX-2 levels decreased compared with
the Cr(VI) group (Fig. 5c). Thus, PTA could inhibit Cr(VI)-

induced increase in the level of COX-2. Compared with chro-
mium treatment, the expression of LC3-II decreased signifi-
cantly and the degradation level of p62 increased significantly
after adding NS-398 (COX-2 inhibitor), indicating that COX-
2 played an important role in chromium-induced autophagy.

Discussion

At present, since chromium(VI) toxicity is significantly higher
than chromium(III), research on chromium poisoning has fo-
cused on Cr(VI). The previous study of this group determined
the dose and treatment time of Cr(VI) [8]. Therefore, the cells
were treated with 20μMCr(VI) for 20 h. At the same time, the
cell survival rate was tested by the CCK-8 method to verify
whether the concentration and treatment time met the test
requirements, and the verified results were true (Fig. 1).

The selection of PTA concentration was also based on the
previous study of the research group [17], using PTA at con-
centrations of 50 μg/mL and 100 μg/mL, and the cell viability
was measured by the CCK-8 method. The anthocyanin con-
centration was determined tomeet the requirements of this test
(Fig. 1). Therefore, the test was carried out by using PTA

Fig. 3 Effect of PTA on Cr(VI)-induced LC3 and p62 protein expression
after 20 h of treatment. a LC3-I and LC3-II detected by Western blot and
quantitative analysis of LC3-II/I protein level. b p62 detected byWestern

blot and quantitative analysis of p62 level. Data were presented as mean ±
SD (n = 3). Bars without a shared common letter were significantly dif-
ferent (P < 0.05)
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(50 μg/mL, 100 μg/mL) and a concentration of 20 μM of
Cr(VI) which were used for 20 h.

Related studies have reported that Cr(VI) could cause
autophagy in L-02 hepatocytes and BEAS-2B-Cr cells [7,
27]. Therefore, this experiment investigated the intrinsic
link between Cr(VI) and autophagy. Autophagy is required
in many physiological and pathological processes and im-
plicated in maintaining cellular metabolic balance and ho-
meostasis [28]. Anthocyanin is a large class of polyphenols
and water-soluble pigments that produce a reddish blue
appearance in various plant tissues [29]. Anthocyanins
have several health benefits, such as anti-atherosclerotic
activity, visual improvement, and anticancer and anti-
inflammatory activities [11, 13, 30, 31]. Zhang et al. found
that anthocyanin protects INS-1 cells from exogenous
H2O2-induced autophagic cell death and anthocyanin pre-
treatment to reduce the degree of autophagy in early β-cell
transplants after transplantation [16]. And Zhao et al. indi-
cate that PSTA can interact with Cr(VI) in advance to pro-
tect the secondary and tertiary structures of BSA [32]. As
such, the effect of anthocyanin on the Cr(VI)-induced au-
tophagy of LMH cells was investigated in our study.

Autophagy protects the body in most cases, but when au-
tophagy is over-activated, it can cause damage to cells and
even induce autophagic cell death [33]. Autophagy could be
inhibited by the inhibition of autophagy by genetic or chem-
ical methods, thus confirming the autophagic death of cells
[33, 34]. Therefore, this experiment involved the determina-
tion of cell viability to observe cell death progression accu-
rately. In Fig. 1, the cell viability of the 3-MA+Cr(VI) group
was significantly higher than that of the Cr(VI) group, and
PTA had the same effect as 3-MA. The inhibition of autoph-
agy could alleviate cell damage and death caused by Cr(VI),
indicating that Cr(VI) treatment caused excessive autophagy
in LMH cells, and PTA could reduce the level of autophagy
caused by Cr(VI).

Zhang et al. reported that Cr(VI) can lead to ER stress in L-
02 hepatocytes [35]. ER stress activation also induces autoph-
agy [8, 36–38]. In Fig. 1, the cell viability of the 4-PBA+
Cr(VI) group was significantly higher than that of the Cr(VI)
group, and the cell viability of the Tg+Cr(VI) group was sig-
nificantly lower than that of the Cr(VI) group. GRP78, as the
molecular chaperone of ER cavity, is involved in the folding
and processing of ER proteins and the binding of calcium ions

Fig. 4 Effect of PTA on Cr(VI)-induced Beclin1 and mTOR protein
expression after 20 h of treatment. a Beclin1 detected by Western blot
and quantitative analysis of Beclin1 level. b mTOR level. Data were

presented as mean ± SD (n = 3). Bars without a shared common letter
were significantly different (P < 0.05)
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to maintain ER homeostasis [39]. During ER stress occurs, an
unfolded protein activates GRP78, releases sensors, and trans-
duces unfolded protein signals to the cytoplasm and the nu-
cleus [40]; in addition, GRP78 dissociates from PERK, which
is activated by phosphorylation [41]. Our results (Fig. 2)
showed that Cr(VI) could increase the expression of GRP78
and PERK proteins and induce ER stress, whereas PTA could
effectively relieve ER stress.

This study showed the effects of Cr(VI) and PTA on ER
stress in LMH cells, and previous studies revealed that ER
stress could activate autophagy. As such, autophagy-related
proteins were examined to explore their effect on autophagy.
Beclin1, LC3-II, and p62 are important proteins during autoph-
agy. Beclin1 can participate in autophagosome formation at the
initial stage of autophagy [42]. At the maturation stage of au-
tophagy, LC3 acts as an LC3-II by binding to phosphatidyleth-
anolamine (PE, LC3–PE) to form autophagic vacuoles via a
ubiquitination-like enzymatic reaction [43]. LC3-II is located
on the autophagic membrane. Therefore, the detection of the
LC3-II protein expression can be used as a classical indicator of
autophagy. At the late stage of autophagy, the polyubiquitin-
binding protein P62/SQSTM1 degrades the contents in
autophagosomes by directly binding to LC3 [7]. In Figs. 3
and 4, Cr(VI) treatment increased the LC3-II and Beclin1 levels
and decreased the p62 protein level in LMH cells, whereas PTA
treatment reduced the effects of Cr(VI) treatment. This finding
indicated that Cr(VI) induced autophagy in cells, whereas PTA
attenuated the degree of autophagy caused by Cr(VI).
Autophagy is important for cell survival, and autophagy dys-
regulation is the cause of many diseases; excessive autophagy
activation can induce cell death and pathological changes
through overactive degradation processes [44–46].

Chen et al. found that blocking the autophagic upstream
signaling, such as ER stress and COX-2 signaling, improves
cell growth, indicating that the ER stress–COX-2 pathway
may contribute to autophagy-related growth [8]. Therefore,
the changes in the expression of COX-2 were detected after
the cells were treated with Cr(VI) and PTA. The result (Fig.
5c) showed that Cr(VI) increased the expression of COX-2,
whereas anthocyanin significantly decreased the change in the
Cr(VI)-induced expression. In addition, the effect was
strengthened as the concentration increased. When COX-2
was inhibited, Cr(VI)-induced autophagy was significantly
inhibited (as shown in Fig. 5a, b). However, the intrinsic rela-
tionship between autophagy, ER stress, and COX-2 should be
further investigated.

Conclusion

In summary, Cr(VI) could induce autophagy by activating ER
stress in LMH cells, and PTA(100 μg/mL) could attenuate
Cr(VI)-induced cell dysfunction via autophagy by regulating
ER stress and COX-2. Therefore, PTA might be a potential
natural active substance that alleviated the cytotoxicity of
Cr(VI)-induced LMH cells.
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